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-Is more critical for public heal th, especially during emergency situ-
ations in host areas where the population may increase as much as
five fold.
This report is presented in three parts. Part I, the technical report
provides background mater ial , references , and the rationale behind the
development of the manual , which is Part II. Al so discussed is the
field testing phase incl uding observations and conclusions obtained
from this testing. This part of the report may be of interest to De-
fense Civil Preparedness Agency and statejivil Defense personnel as
well as to sewage plant operators. ~~

Part II, a sewage treatment operati~~ .~manual for Crisis Relocation(CR
• is directed primarily at sewage treatme~lt~plant operators . The manual

is organized around the various treatment )jycesses. Following a brie
descri ption of each process are worksheets dt~ailing each Individual
calculation needed to estimate performance of”~he different processes
and identify trouble areas within the plant. Th~ worksheets provide
a step-by-step analysis of present operating con~4tions , the projectedoperational loadings during CR , and the effect of \hese increased load
ings on process operations . Discussion of operatio~~l problems likely
to occur during CR is followed by a detailed troubleWiooting guide and
brief discussion of labo ratory tests that will be mos t\, useful in ana-
lyzing potential probl ems associated wi th CR. \
A sun~nary worksheet Is provided which helps the user cat’~gorize theseveri ty of potential problems associated with each proc~~s for a
particular plant. A variety of load reduction measures av~e described ,
and some sample forms dealing with various logistical arrahgements
pertinent to CR are Included.
Part III deals wi th the disposal of wastes in non-sewered are~s. This
will be a significant problem during CR for those relocation ~ostareas not serviced by a sewage treatment plant. Topi cs d1scu~sed in-
clude various types of disposal , public health issues , and prober dis-
posal and control measures. This part of the report may be of\interes
to local civil defense personnel including local mayors , chiefs\of
police, fire chiefs as wel l as Defense Civil Preparedness Agenc~ andstate Civil Defense personnel.
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SUMMAR Y REPORT

~ S ~~~~

This work was conducted in support of Crisis Relocatlon Plannlng (CRP),
a comprehensive effort by the Defense Civil Preparedness Agency to pre-

• pare contingency plans for the relocation o.f population from high-risk areas
to protect them from the combined blast and radiation effects Of nuclear

• weapons. This program considered one of the most Important support func-
tions— sewage treatment — In the host areas. WIth the possible excep-
tIon~ of an adequate safe water system, no other municipal function is more
crit1~al for the protection of the health of the population. This is
especially true during emergency situations in host areas where the popu-
latlon may be Increased as much as five fold. • .

I . ~~~
‘
~~
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This report fs presented in three parts. .• • Part I. is the technical re-
port which provides background Interl a:l, references, and the. rationale behind
the development of the manual wh1d~is Part lI. Also discussédis the field
testing phase includtng observations afid conclusiofle obtained from this test-
ing. Thts part of the report may be of Interest to Defense Civil. Prepared-. ~s

ness Agency and State Civil Defense personnel as well as to sewage treatment
plant operators.

Part Ills a sewage treatment operations manual for Crisis Relocatibn (CR).
This manual Is organized around the various treatment processes. FirSt there
is a brief description of each process; then, to aid the plant operators,
worksheets have been set up to detail each Individual calculation that is
needed to estimate performance of the different processes and Identify tro~~le• areas within the plant . A brief worksheet description precedes each worksheet.
The worksheets are arranged to provide a step-by-step analysis of present
operating conditions, the projected operational loadings during CR, and the
effect of these Increased loadings on proomas operations. Following each

•~ L •.



worksheet there is a discussion of operational problems likely to occur dur-
Ing CR, followed by a detailed troubleshooting guide and brief discussion of
laboratory tests that will be most useful in analyzing potential problems
associated with CR.

Following the sections on treatment processes, a simmiary worksheet is
provided which hel,s the user categorize the severity of potential problems
associated with each process for a p6Pticuiar plant . The next section de-
scribes a variety of load reduction measures which can be implemented depend-
Ing on the nature of the anti tipated problem. The manual concludes with
some sample forms dealing with various logistical arrangements pertinent to
CR. Part II may be of interest to Defense Civil Preparethiess Agency and
State Civil Defense personnel but Is primarily directed at sewage treatment
plant operators. .

Part III deals with the disposal of: wastes in non-sewered areas .. This:
will be a significant problem during CR since many of the relocation host
areas will not bi serviced by a sewage treatment plant~ Topics discussed
Include various types: Of disposal, p~~lic health issues, and proper d~s-~posal and ~~ntral .easures~ This part of~ the report may be Of:. 1nteres~t$o
local civil defense ~~reonne~l including local *yors,ch$efs bf~po1tce, fire
chiefs as well as Defense Civil Prepareckiess ~ enW and State Clvii : Defense ,
personnel. S . •~ • , ;. • .
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Section 1
INTRODUCTION

CRISIS RELOCATIO N PLA fINING

Crisis Relocation Planning (CRP) is a comprehensive effort by the De-
fense Civil Preparedness Agency to prepare contingency plans for the relo-
cation of population from high-risk areas to protect them from the combined
blast and radiation effects o-f nuclear weapons. This concept assumes that¶ a nuclear attack on the United States would be preceded by a crisis buildup
phase allowing sufficient time for protective action to be taken, such as
the relocation of residents from possible target areas to areas of low risk ,
and the preparation of facilities and services for taking care of the re-
located population of the host areas . The relocat i on time will be very
short, i.e., probably a few days-. While this report period does allow
sufficient time for relocation and some preparation for providing services
and protection for the relocated population , it most certainly does not
allow time for planning. Thus , ~ll necessary pl anning for the various

• operating and support functions must be completed prior to the crisis
period.

The concept of CRP wherein concentrated populations of metropolitan
p areas are evacuated creates problems for both the cities so evacuated and

for the receiving host areas. Many aspects of this problem have already

• been considered in previous studies of CRP and , as the concept becomes more
viable , it becomes necessary to consider In greater detail the basic sup-
port functions that will be required In the event such planning Is iniple-
mented. A number of support functions will be required such as transporta-

tion requirements during and following relocation , revision of existing
food networks, p ov ision of fire and police protection, etc.

1-1
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One of the most important support functions not previous ly studied,
and which is the subject of thi s report and associated manual , Is sewage
treatment . Wi th the possibl e exception of an adequate safe wa ter system,
no other municipa l function is more critical for the protection of the
health of the population during CR.* This will be especially true during
emergency situations in host areas, when the population may be increased as
much as five fold.

OVERVIEW OF PROBLEM

The major concern of those dealing with emergency sewage procedures
• during CR or of those planning for CR is the potenti al public health prob-

lem associ ated with the transmission of diseases . The primary objecti ve of
any sewage disposal or treatment system is the prevention of the spread of
disease. A properly designed and operated system will accon~ lish this ob-
jective . However, during CR , increased waste production can overtax sewe r-
age facilities . Unless adequate measures are taken , this could lead to
less efficient pathogen removal and destruction creating a greater poten-
tial for the transmission of enteric diseases . Private sewerage systems ,
such as septi c tanks , also may be overloaded by the influx of relocatees, 

-

causing an added strain on these systems.

The transmissIon of disease from sewage usually occurs by either of
two mechanisms : contamination of a water supply by wate rborne organisms
or contamination of food by vectorborne organi sms (usually flies) . Trans-
mission via water is the usual mechanism of contamination and can occur
due to the mixing of sewage effluents with surface receiving wate rs or due
to the contamination of ground wate rs by seepage from lagoons , land dispos-
al sites, septic tanks or privies.

The potential for transmission of wa terborne diseases is a function of
the incidence of a particular disease In the population served by a water

* Throughout this report, the cri sis relocation period will be referred to
as CR. Similarly, prs-CR is used to refer to operations prior to CR.

1-2

__________  
-- -- --~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~ - - -~~~~~~- - -~- - -  -~



and sewerage system. Public heal th data show that gastro-intestinal di s-
eases, shigellosis , and hepatitis are the major waterborne diseases of
concern transmitted by drinking water wi th typhoid having the lowest in-
cidence (see Table 1-13). Fortunately, most of the typhoid carriers are
documented with public heal th officials , thus allowing special planning for
the relocation of these indi viduals to minimi ze the public health impact of
their relocation . Other known diseases which may be spread through waste-
wate r discharges are cholera , polio , and tuberculosis.

As shown in Table 1-13, page 1-60, the incidence of waterborne disease
outbreaks appears to be on the increase. This phenomenon could possibly be
due to better reporting of disease outbreaks; however, a movement from
urban to rural areas is also likely to be a partial cause of this increase.
Berg (Ref. 1) notes that upri vate and semi—private water supplies have
accounted for about 70 percent of recognized wate rborne outbreaks in the
U.S. at least since 1938k while 76-90 percent of all cases of waterborne
diseases are associ ated with public systems. Berg also notes that “In
more than 50 percent of the outbreaks associated with private or semi-
public water supplies , visitors or tourists were invo l ved rather than reg-
ular users, suggesting the possibility that very many small outbreaks in-
vol ving regular users go undetected unti l illness among visitors provi dec

a dramatic and easily recognized epidemiologi c cl ue. It appears likely ,
therefore, that private and semi-public water supplies are responsible for I - .
an even higher I~roportion of cases and of outbreaks than has thus far been
recorded. ”

Craun (Ref. 2) notes that about 57% of all wate rborne disease outbreaks
in private and semi-public systems during 1946-70 were caused by contaminated
untreated ground water wi th the ove rfl ow or seepage of sewage being the prI-
mary source of contami nation . In a series of five regional studi es, EPA
(Ref. 3) noted that septic tanks and cesspools rank highest In total volume
of wastewate r discharged directly to ground water and were the most frequently

-f reported sources of contamination. The Inplicatlons of the above statistics
for CR are obvious . With massive, rapid influxes of people Into rural areas

‘-3 5
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which rely primarily on septic tanks and cesspools for waste disposal and
untreated groundwater as the source of drinking water, the ~otential for
waterborne disease outbreaks will be significantly increased. For this
reason, a separate Part III is incl uded -In this report dealing specifically

• with waste disposal in non-sewered areas.

In addition to the publicheal th issues in non—sewered areas, an in-
crease in populat ion in sewered host areas woul d increase the quantities of

the four major inputs of sewage treatment systems which are:
o Hydraulic load
o Organic load

o Solids load
o Inorganic nutrient load

In a sewage treatment system that is insufficient to handle the in-
creased population, the following woul d likely occur:

An Increase in the hydraulic load would decrease the detention time
throughout the existing pl ant causing a decrease in the efficiency of
sedimentation tanks due to increased overflow rates. Disinfection of
the effl uent would be decreased because of reduced detention time in
the chlorine contact tank; and the level of biological treatment woul d 

•

decrease because of reduced contact time between organic waste s and - 

-

the treating mi cro-organisms.

An increase In organic load woul d increase the amount of oxygen-demand-
ing material entering the plant and woul d create addi tional solids pro-
duction from the biological treatment process. This would overload the
solids treatment and disposal process. Increased organic loads woul d
also increase the oxygen demand by the biological treatment process.
If these demands cannot be met, the bIological system woul d be s tressed
causing odors, and most important, causing an increase in the biochemi-
cal oxygen demand (BOO) load on the receiving waters.

‘-4
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An increase in solids load would add to the increased biological solids
production from the Increased organic load to further stress the solids
treatment and disposal system. Failure of this system woul d result in1 the production of large quantities of untreated sewage solids which
would represent a signifi cant reservoir of pathogenic organisms in
the host area.

An increase in the inorganic nutrient load woul d increase eutroph-i ca-
tion in the receiving wate r, however , the consequences of this are pri-
marily aesthetic and would not be signi ficant unless the relocation
were long term.

All of the above would resul t in less treatment of the was te and poorer
quality effluent being discharged into receiving waters rai sing the likel i-
hood of fish kills, and other env i ronmental damage. Of most conce rn, of
course, would be the public health problem associated with transmission of
disease through drinking water intakes further downstream in the same body
of water.

MANUAL FOR EMERGENCY PROCEDURES DURING CR

To deal with the above potential problems during CR , a manual has been
prepared enti tled “Manual for Emergency Sewage Procedures During Crisis Re- - 

•
-

location”, August 1978 (Part II of this report). This manual is desi gned
with two objectives In mind: 1) to provide a set of guidelines with wh ich
a host area sew age treatment facility engineer/operator can estimate the
impact and determine how to cope with the added load caused by an increased
population associated wi th CR; and 2) to provi de DCPA personnel with an
approach for predicting how theIr CR plans will impact sewage treatment
plant operations and how and when sewage treatment plant capacities may be
a factor limiting the maximum number of relocatees that a particular hos t
area can support.

‘-5
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REPORT OBJECTIVES

This technical report is designed to supplement the above-mentioned
manual and to be used solely in conjunction with it. The report has three
primary objectives:

1. To provi de background material , references , etc. on the rationa le
behind the equations used in the manual worksheets and the rec-
omendations and actions suggested in the manual .

2. To discuss the “field testing” phase of the manual and report on
the observ ations and concl us ions drawn from such tes ting.

3. To discuss certain topics considered relevant to the overall
subject of the manual and report but not- considered appropri ate
for inclus ion in the manual .

REPORT ORGANIZATION AND AUDIENCES

Section 2 of this report provi des background information on the develop-
ment of the manual. This section may be of inte rest to Defense Civil Pre-
paredness Agency and State Ci vi l Defense personnel and sewage treatment
plant operators.

Section 3 discusses the testing of the manual and incl udes a discussion
of the treatment plants visited , both in California and Colorado , and presen-
tat-ion of some generalized findings concerning potential problems with treat-
ment plants during CR based on this testing phase. This section may be of
interest to Defense Civi l Preparedness Agency and State Civil Defense per-
sonnel and sewage treatment plant operators.

Secti on 4 of this report discusses two- issues not covered in the manual :
1) environmental impact evaluation of CR sewage treatment plant operati ons ,
and 2) pre-CR construction modifications which woul d allow for increased
capaci ty during an emergency CR situation . This section may be of interest
to EPA ; public health personnel and local engineering departments planning .

future facilities or expansion of present faciliti es.

1-6
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Section 2
MANUAL DEVELOPMENT

METHODOLOGY

Review of Envi ronmental Protect ion Agency data (Ref. 4) inventorying
sewage treatment facilities in the Uni ted States indi cates that the sewage
treatment facilities in small towns can be categorized as primary treatment,
tri ckling filters, ponds , aera ted lagoons , and acti vated sludge. Thus,
this report and the associate d manual deal with these types of treatment
facilities. Each of the above types of treatment plants can be broken down
into a series of treatment systems such as primary sedimentation , biologi-
cal treatment, digestion, solids handling, etc.

To ensure optimum operation during CR, it is important for the treat-
ment plant operator to be able to anti cipate problems within each of the
various systems . This will help determine priori ties in terms of system
monitoring and operational modi ficati ons . To aid the p lant operator in
this task, worksheets are included in the manual to detail each indivi dual
cal culation that is needed to estimate performance of the different sys-
tems, and to identify trouble areas wi thin the plant. The manual work-
sheets are arranged to provide a step-by-step analysis of present operating
conditions , the projected operati onal loadings during CR, and the effect

of these increased loadings on system operati ons . Each individual calcu-
lati on and its answer are indexed by a number and letter which allows easy
cross-reference to related calculations and secti ons wi thin the manual .

The method used to quanti fy the effects of CR on was tewate r treatment

plant performance was to take exi sting empiri cal data on the effects of
- - .  loading on effi ciency for the various plant operati ons . These data were
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generalized and simplified , usually by a linear curve representative of the
data. For some systems empi rical equations and generalized design curves,

such as the National Research Counci l equati on for tri ckling fi l ters (Ref. 5),

have been developed to predi ct the effect of loading on removal efficiency .
The actual performance of the designed system , however , may vary from these
generalized curves because of the peculiarities of a particular waste or
equipment configuration. Even though these generalized descri ptions cannot
predi ct the exact level of treatment , they do descri be the effects of changes

in loading on treatment efficiency. The app rooch used to predict the effects
of CR on the various treatment systems was to utilize the ability of these
generalized descripti ons to predict the change in treatment due to changes
in loadi ng , rather than to predict the exact level of treatment. This was
done by assuming that the rate of change in treatment effi ciency as a func-
tion of the loadi ng gi ven by the linear approxi mati on developed for each
system can be used to descri be the effect of crisis relocation. Speci fi-
cally , the change in loading multiplied by the slope of the linear approx-
imation yields the change in treatment efficiency.

Each plant, when designed, i s gi ven a nominal cap-acity which in most
cases is different from its effecti ve capaci ty during CR. Thus , physical
size is used to esti mate the actual effecti ve capaci ty of each treatment
system with respect to the organics , solids , and hydraulic loading. Actual
tank dimensions are used to generate the volume , surface area, wei r lengths ,
etc. Each of these treatment systems have finite capacities so that if the
increase in waste generation due to CR is large enough , the capaci ty of
any of them can be exceeded. Because each treatment plant consists of an
interdependent combination of unit  processes , the description of likely
defi ciencies w i l l  therefo re requi re analys is of each p lant as a whole.

The per capita waste production of relocated population is divided
into three components: solids , organi c or BOO, and hydraulic flow . In-
creases In all of these components are expected during CR, however, each
of the treatment systems would not be expected to have problems wi th all
three. That Is, the response of each system would be relatively insensi-
tive to one or more of these i ncreases. Table I-i identifies the criti cal
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I

• Table 1—1

Identi fication of the Critical Waste Contributions
for the Major Components of Various Waste Treatment Syst~ns

Waste Contribution
Hydraul ic Organic Suspended

System Flow BUD Soli ds

Primary
Primary X -- - --
Clan fier
Digesters -- X

Trickling Filters
Filter X X --
Secondary X -- —-
Clari fier

Ponds -- X --

Aerated Lagoons -- X —-

Activated Sludge
Aeration Tank -- X --
Secondary X X —-
Clari fier -

Individual Systems -

Septic Tank -- -— x
Disposal System X —— —-

X denotes maj or impact expec ted.
* when combined with secondary treatment.
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I
V

waste contributi ons for the major components of each of the treatment sys-
tems . While the non-indi cated waste contributions will have some effect

on the treatment systems , the contributions identified as cri tical in
Table r-.i can be expected to be the major cause of decreased treatment.
The manual provides worksheets which allow the qualitati ve data in Table I-i
to be evaluated as follows : Fi rst, to eliminate the decrease in treatment
as a function of waste increase and second, to identify whether a major

decrease in treatment (i.e., fail ure) occurs.

PER CAPITA SEWAGE LOAD CONTRIBUTIONS

The first task in assessing the impact of CR on sewage treatment plants
is to develop the probable per capita contributions of ROD, sol i ds , and hy-
draulic flow that will be added by the relocated population. This was done
by reviewing published val ues for waste production under various condi tions
and then developing probable contributions.

Unfortunately, most sumary values on per capita loadings for combined
sewer systems represent ave rage conditions and not the purely domestic con-
tributions expected during CR. The increases in sewage load during CR will
be assumed to be total ly domestic In nature. (This is because industry
woul d not be moved during the crisis , only the domesti c population.)
Table 1-2 presents a suninary of the findings of numerous studies on resi-
dential wate r use.

A study by Watson et al. (Ref. 6) shows similar levels of domestic
water consumption affecti ng the flow to the treatment facility. The study 

-

consisted of monitoring three homes from different income levels and the
per capita dai ly flow and market value of these homes Is presented in
Table 1-3.
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Table 1-2
Interior Residential Water Usage Comparison as a

Percentage of Average Daily Use

Cat.~ory oV tin.
brinkini

~sl$rsncs TolI.t .nd

________ ~~~~~ ~~~~~~~ ~~~~~~~ j~~~~r DIIPn.mnh!~, Co.kI,~j  MI~~all.nsou$ To tal Flaw
,pcd

I 1,3 27 4- • 17 —a- S
(1976)

Cal i f o rn i a  DWR 2 1,3 32 1k 4 - • —  - 12
(‘976)

I~C0 3 35 31. II, 6 5 2 6k
(1975)

Laa k 1. 1,7 2l~ 18- ~~~— 9’ ~~~~~4 1.1’
(“ 75)

Mura..c zyk and lkrI g 5 62
(1973)

Li gn.n 6 61 26~- 19 ~~-— — — IC - —- --— -# 1,5*
(‘9 72)

Vat lean 7 27—65 18—36-- 18- 4—- — -  i3~ - — — - - - 30 50~(1972)

Ho..S , s1 SI S 1.5 30 ~ - 2 0 - -  a- 5

(197 1)

SaHs y and ttalIna n 39 36 II, ~~— - II — - —- ~~ 2 56
(1971)

U5~~ 12 1.1 37 1, ~~~~~~~~~~~~~ I I  -o 7
(1362) -

tansy and Kassne 13 39 32 11. a- - 6 61.5
(1365)

u,,wl.j , II, ~3- 2 6 -  27~ a- — - - 16  —- — a- - 66 .5’
($9 75)

Sls~v t s t~ h u t  and Soy li 15 2 2 -  23~ 25~ 
.—-— — - — I I -  —a I5~

(“ 7’)
Waist (øcylcpidla 16 67 33 

- 
7 a—— — I I—  —- 2

(‘970)

Sontlan: UA 17 77-65 22—3 6 II a- - —I) — -  -a- 2
(‘ 973)

US PItS II 30 35 70 - - IS -- -~~
(1367)

Ch.nl.ti I~ 63 38 7 a—- --——--— II —a- II

(“ 3)

Wala. of W1 c. 26 60 30 IS — -- - -  ---10 —4 5 50
(I~ 73)

Si l ls-,, it al 25 ¾9~ 32~- 6* - - — —-- a-

(‘36,)

• *OUAU 60 30 Is 6 5 6 60

t~wril FIp.P.s.

Source : Weston Enviro nmental Consultants-Designers , 1978.(Ref . 7)

L
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Table 1-3
Comparison of Ma rket Value with Flow in GPO

Home
1 2 3

Market Value $45,000 $25,000 $18,000

Flow gpd/capita 65 45 25

The average flow is 45 gpd/capita for these three test homes.

Another study by Zanoni in 1972 (Ref. 8) indicates per capita contribu-
tions wi th a flow val ue of 58 gpd per capita. This study was totally resi-
dential with a population of 1,207: 613 adu l ts and 594 children. The survey
ran from November 1969 to May 1970. The maximum flow was 80 gpd per capita
and the minimum was 41 gpd per capi ta. Based upon these data, it is esti-
mated that the dai ly sewage flow will be 50 gal lons per relocatee: 3 for
drinking and cooking, 20 for bathing, 3 for oral hygiene , and 24 for toilet
flushing.

Existing sewage flows and designed treatment capaci ty for various
towns are presented in Table 1-4. One of these (Canon City, Colorado) has
been selected as a potential relocation site and can serve as an example
of the magnitude of the problem during CR. The current populati on of 11,000
produces 2.036 mgd of sewage ( 185 gal per capita per day) and during re-
location there will be an expected 36,709 relocatees as projected by DCPA
in January 1976 (Ref. 9). AssumIng 50 gal per capita per day, this repre-
sents and addi tional 1.835 mgd of flow or an approximate doubling of the
flow to the plant while experiencing an approximate four-fol d increase in
population.

Besides the hydraulic flow , the major effects of the relocated popula-
tion on sewage treatment will be the Increases in suspended solids and in
BUD. The literature was surveyed to estimate the daily per capita suspended
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solids and BOO contributions of the relocated population. As with flow,
the estimates of the daily contributions per relocated person are based
upon the literature values for purely domestic contributions . These litera-
ture data are sumarized in Tables ;I—5 and 1—6 and from these data, the
estimated daily suspended solids and BOD contributions per relocated person
are estimated to be .08 pounds of suspended solids and .1 pounds of BOO
(5 day, 20°C). Combini ng these per capita contributions with the number of
relocatees will provide the added load on the existing facilities due to
CR.

Using Canon City, Colorado , aga in as an example, the plant is a trick-
ling filter plant wi th an existing flow of 2.036 mgd and an i nfluent BOO

• of 150 mg/L or 2,547 pounds per day. The relocation of 36,709 persons to
Canon City would increase the ROD load on the plant by an estimated
3,671 pounds a day, an increase in the BUD load of approximately 2.5 times .
Again, this demonstrates that CR will place large demands upon the existing
sewage treatment facilities .

Before the effect of this large demand on a particular treatment fa-
cility~can be evaluated, it is necessary to look at the designed capacity.
For example, sewage treatment plants are designed to take into account
diurnal and seasonal variations as well as the future growth of the plant.
Fig. I-i shows a typical diurnal flow variation affecting plant function.
Flow consists of the household water which is used and discharged to the 

- 

- -

sewer showing a diurnal flow pattern with given variations in sewage flow ; -

rates upon reaching the sewage plant: (1) low flows being in the early
morning hours when the base flow consists of leakage, infiltration , and low
vol umes of sanitary waste ; (2) peak flows arrive at the plant by the late
morning from early morning water consumption; often a second peak flow will
occur in the early evening. Fig. 1-2 gives us an example of seasonal •
changes . An obvious increase Is shown in wet weather flows due to infiltra—
tion and illegal househol d connections to gutters . There Is even a more
drastic flow change for a combined sewer system (storm drains as well as

-- - sewer lines).

_______________________- 
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Table 1-5
Watson (1967) Three Homes Study*

Home 1 Home 2 Home 3

Flow gpd/capita 6 45 25
SS lb/capita/day .19 .09 .09
BOO (5 day, 20°C) .26 .14 .10
lb/capita/day

*H Ref. 6.

• Table 1-6 
-

1967-1970 Study By Zanoni (1972) Population- 1,207 (Domestic Waste ,*

Maximum Minimum Average

Flow gpd/capita 80 41 57.6

SS lb/capi ta/day .1363 .0707 .0973

BOO lb/capita/day .1145 .0453 .0837

* Ref B
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PRIMARY SEDIMENTATION

Primary sedimentation consists of clarification of the raw waste by
holding the waste under quiescent conditions to remove suspended solids by
settling under the influence of gravity. Primary sedimentation is an inte-
gral part of most treatment plants because it provides the most economical
method of removing approximately one-third of the BOO and about two—thirds
of the suspended solids from domestic wastewater. In addition , it is the
effluent and sludge streams from primary sedimentation that must receive
treatment by the other treatment processes. Thus, analysis of the expected
effects of CR on primary sedimentation are a necessary part of the manual -

Two aspects of primary clari fier operation are important and must be
predicted for the relocation period. One is the BOD and sol ids removal from
the liquid effluent and the other is the volume and character of the sludge
solids produced. Fi rst , the effect of CR on the remova l of sol ids and BOO
will be discussed and then the effect on sludge will be presented.

• Four operating parameters were considered for the solids and BOD re-
moval by the primary clarifier. These were the hydraulic overflow rate,
the hydraulic detention time, the weir overflow rate, and the horizontal 

—

velocity of the wastewater in the clarifier. However, because the hydrau-
l ic overflow rate is the major parameter that governs the efficiency of
primary clari flers for removing both suspended solids and BOO, it is the
only parameter included in the manual . -

Operational data for various treatment plants showi ng the efficiency
of suspended solids removal as a function of the hydraulic overflow rate
are presented in Fig. 1-3. Both of these curves are nearly linear over
the typical design range so that a linear approximation, also shown in

- ‘ - .  Fig. 1-3, is used to estimate the effects of CR on suspended solids re-
moval in the primary clarifier. The slope of this approximation indicates

1-18
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that, for each increase In overflow rate of 1,000 gallons per day per
square foot, the treatment efficiency will decrease by 14%. Thus , from
the projected increase in hydr~uI ic overflow rate, reduction in solids re-
moval efficiency can be estimated .

Organic BOO removal curves from two different references are shown in
Fig. 1—4. These curves are also nearly linear so that a linear approxima—
tion was aga in used. The slo pe of the linear approx imation for BOO remova l
indicates that , for each increase in overflow rate of 1,000 gpd/sq ft, it
is expected that the BOO removal efficiency will decrease by 8%. As wi th
the suspended solids removal , the reduction in organic BOO removal eff I-
ciency in the primary clari fier during crisis relocation is estimated by
mul tiplying the projected increase in hydraulic overflow rate by the slope
of the linear approximation line. -

The remaining three operating parameters were not included in the
manual for reasons of simplicity . For a gi ven tank , the detention time
will be an inverse function of the hydraulic overflow rate, and therefore
would not provide any useful additional information. The weir overflow
rate and the horizontal velocity are both a function of hydraulic flow. For
this reason, their values vary directly with the hydraulic overflow rate.
A given Increase in the hydraulic overflow rate will be accompanied by a
proportional increase in the horizontal velocity and weir overflow rate,
and decrease in hydraulic detention time. The decreasing rates of sus-
pended solids and BOO removal as a function of the hydraulic overflow rate
as shown in Figs. 1-3 and 1-4 would be expected to incl ude -the decrease in
efficiency due to the higher horizontal velocities and weir overflow rates
and lower hydraulic detention time associated with higher hydraulic loading .
Sources such as Metcalf and Eddy (Ref. ].Q agree that the effect of these last
two parameters is small compared wi th that of the hydraulic overflow rate,
and so it was felt that no signi ficant additional operational information
would be provided by the Inclusion of these in the worksheets of the manua l .

One of the problems facing a treatment plant during CR will be the
• large volume of sludge produced duri ng primar y trea tment. The sludge , wh ich
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is typically 5% to 10% solids , consists largely of the organic matter re-
sponsible for the offensive character of untreated sewage. The volume of
sludge produced will depend on a number of variables including the strength
of the Influent was tewater, the amount of time that the solids have to
settle in the clari fiers, the concentration of the settled solids , and the
frequency of sludge removal operations. Processing of the raw sludge can be
accompli shed by a variety of methods. The most comon, however, involves
some form of biological digestion , usual ly anaerobi c, to reduce the sludge
to a relatively inert, humus-like material . Other methods include aerobic
digestion, sludge lagoons, and Imhoff tanks. Regardless of the type of
sludge processing, it will be necessary to estimate the projected volume
of sludge produced In order to evaluate the conditions under which the
sludge-handling equipment must operate.

The pounds of sol ids removed during primary treatment Is simply the
product of the pounds of solids entering the plant and the percent solids
removal by the primary clari fier . To calculate the volume of sludge solids
produced during primary treatment , it is assumed that the concentrati on of
the primary sludge will not change signi ficantly and thus the volume of
sludge produced is calculated by• divid ing the pounds of solids produced by
the existing solids concentration.

TRICKLING FILTERS

Trickling filters consist of one or more filters and a secondary clan - .

ficatlon tank as shown in Fig. 1-5. The filters consist of a bed of packed

media, typically rock 4 to 6 feet deep, over which the waste is periodi-
cally passe d to contact micro-organi sms that grow attached to the media. BOD

is removed from the waste by oxidation to carbon dioxide and synthesis to
produce new microbial mass. Excessive accumulation of micro-organisms is
prevented by s loughing of m1cro-~organ isms f rom the filter media. The

sloughed micrororganisms are then removed from the plant effluent by set-
• — tling under the influence of gravity in the secondary clarifier.

1-22

— -

~~ — -‘- ‘JiT~~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I
f

(S
z
-4

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

A —~~~~1• W W
~~3~~-

I-

CD~~~~UJ
I.-

5 - )— —  0
UJ~~~~~U- 5-,
(“ I—

z

1-23

~-: -~ ~~~~~~~T - ~~TT: ~~j~••, ~~~~~ 
—



Since trickling filters are designed primari ly to remove organic BOO
from the wastewater, it is most important to have a means of estimating
fi lter performance wi th -increased organic loading due to CR conditions .
The treatment efficiency of a trickling fi lter is dependent upon the amount
of contact between the micro-3rganisms contained in the fil ter media and
the organic matter in the waste effluent. The greater the effective con-
tact, determined by the product of the filter volume and the number of
passes of the waste through the filter , the greater the efficiency of waste
treatment expected. Likewise , the greater the applied organic waste load ,
the lower the expected efficiency. An increase above the ideal hydraulic
loading will decrease the contact time.

There have been extensive studies and various formulas based on empi-
rical data developed to model trickling filter performance. One of the
most widely used of these formulas is the National Research Council equa-
tion. In calculating organi c BOO removal efficiencies , this equation
takes into account three operating parameters: organic loading applied to
the filter; hydraulic flow coming into the filter ; and the trickling fil-
ter reci-rculati on ratio. It should be noted that in calculating the BOO
removal efficiencies , the NRC equation takes Into account the effect of
the secondary clari fier following the trickling filter. EPA ( Ref. 5)
notes that the changes in organic loading have the greatest influence on.
filte r efficiency . For example, typical values of the organic loadings
range from 5 lb to 25 lb BOD/day/1,000 Cu ft of trickling fi lter volume
for low-rate filters, to 25 to 300 lb BOD/day/1,000 cu ft for high-rate
filters.

In order to improve the BOO removal efficiency of the trickling filter ,
a certain amount of the effluent was tewater from either the filter itse l f
or the accompanying secondary clari fier Is returned to the filter inlet and
allowed to pass through the media again, with each addi tional pass removing
more organic matter from the wastewater. This recirculation ratio then is
the recirculated flow to the filter divided by the flow from the primary
treatment. Metcalf and Eddy (Ref.1fl)list typical recirculatlon ratio volumes
from one to four depending on the character of the wastewater and the degree



of treatment. Quite often in actual plant operations , this ratio will
vary throughout the day depending on influent flow conditions .

Because of the wide range of perfonnance of trickl ing filters due to
individua l design and flow characteristics, a study was conducted to esti-
mate the effect of CR on organic BUD removal efficiencies . The NRC equa-
tion was solved assuming that the total hydraulic flow to the fil ter was
fixed at the value before relocation . Thus , as the hydraulic flow from
primary treatment increased, the reci rculated flow was reduced in order to
keep the total flow constant. Al so the organic BUD loading to the filter
increased proportionately with the hydraulic flow increase based on the
daily per capita contributions of 0.10 pounds BOO and 50 gallons . Using
the initial BOO concentrations of 150,240 and 500 mg/L; initial BOD load-
ings of 25, 50, and 100; and initial recirculation ratios of 1, 2, 3, and
4, the NRC equation was used to determine the effect on trickling fil ter
efficiency. These data are shown in Fig. 1-6. These values represent the
range of typical BOO loadings and recirculation ratio reported in the liter-
ature and BUD concentrations greater than , the same as , and less than
would occur during CR. The data in Fig. 1-6 show that treatment improves

• - with higher recirculatlon ratios and decreases with increased BOD concen—
trations. Fig. 1-7 provides observed values of trickling filter perform-
ance, and a typical curve generated from the NRC equation. Also shown is
the range of values of the solutions to the NRC equation, shown prev iously
in Fig. 1-6. It was fel t that these concentrations represent a typical - •

range of concentrations that could be expected for municipal wastewater
during CR. Unlike the primary clar ifier , the curves cannot be approxi-
mated by a single straight line. However, a reasonably good fit can be ob-
tained with three straight lines, also represented on Fi g. 1—7 as the linear
approximation. The three segments of this line have different slopes which
correspond to the approximate changes In BOO loading on the filter. The
greatest decrease In efficiency would be expected in the range of up to
40 lbs 600/1,000 cu ft/day. The slope in this region indicates a decrease
In efficiency of 7.5% per 10 lb 800/1,000 cu ft/day. For loadings between

• 40 lb and 150 lb BOD/1,000 cu ft/day, the decline in treatment is more

gradu l and is represented by a slope indicating a decrease of 1.7% per
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Pre-CR BOD Loadings
25 lbs BOO/1,000 cu f t /day

\ 

50 lbs BOD/ 1,000 Cu ft/day
100 lbs BO0/1,000 cu ft/day

50 100 150 200 250 300 350

8
‘.4

8~
.

BOD CONCENTRATION • 500 mg/a

S ~~\\
•
~ •••

I 

I 

- -

50 100 150 200 250 300 350
ORGANIC LOADING LBS BO0/1000 Cu FT b A Y

- .  Fig. 1-6. Solutions to NRC Equation Assuming Constant Flow to Trickling
Filter and Varying BOO Concentrations and Recirculation Ratios .
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10 lb BOD/ 1,000 cu ft /day increase. For loadings above 150 lb BOD/1,000
cu ft/day, the slope of the linear approximation decreases to 0.5% per
10 lb BOD/1,000 cu ft day increase indicating the most gradua l decline in
treatment.

The linear approximation of the BUD removal efficiency of a trickling
filter (Fig. 1—7 ) was constructed to represent a conservative estimate of
the filter’s performance as a function of the organic loading . The rate of
change of performance as represented by the linear approximati on correlates
closely with the solution to the NRC equation and falls in the middle of
the empi rical data for trickling filter operations as presented in
Fig. 1—7.

One of the effects of CR on trickling filter operation will be an in .

crease in the biological solids growth synthesized from the increased
organic load on the plant. These solids will be removed in the seconda ry )
clarifier and concentrated to produce waste biological solids. The produc-
tion of waste biological solids by trickling fil tration is estimated at
0.5 pounds of solids per pound of BUD removed. The volume of waste bio—
logical solids requiring treatment and di sposal is estimated assuming that
the concentration of waste solids from the secondary clari fier is unchanged
during crisis relocation.

The following example shown in Table 1.7 illustrates how the manual can
be used to estimate the decrease in treatment efficiency at Canon City ,

Colorado, due to CR conditi ons.

The increased flow rates experienced during CR decrease the efficiencies
of the primary portion of the treatment plant as indicated in Figs. 1-3 and
1-4 in the primary sedimentation section, thus further increasing the BOO
and solids load on the trickling filters. Increases in the BOD loading on
the trickl ing filters can be expected to decrease the treatment efficiency

• as shown in Fig. 1-7 , while also causing the nuisance of odors and possibly
the growth of fi l ter fl ies. It is important to note that the effect of
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Table 1-7
Estimated Effect of Crisis Relocation -

at Canon City, Colorado

Parameters Before After

Population 11,000 47 ,709

Flow (mgd) 2.036 3.871

Infl uent
BOO lb/day) 2,547 6,218

(mg/& ) 150 192

Primary Effl uent*
BOO (mgd ) 130 144
lb/day 1,749 4,663

Trickling Filter Effect**
BOD mg/Z 21 36
lb/day 357 

- 

1,166

*Msthnad 2,000 ft 2 clari fier.
**Assumed 130,000 ft3 media.

I

- i

- 
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increases in the amount of waste produced during CR cause only a gradua l
reduction in treatment. Therefore, such a system would be expected to
handle the increases due to relocation and still provide substantial treat-.
ment. It is also important to note the Interrelationship between the pri-
mary and trickling filter portions of the plant—speci fically, that an
increase in hydraul i c flow decreases the BOO removal of the primary portion
of the plant , which in turn increases the BOO load on the trickling filters
reducing their efficiency.

Referring to Table 1-7, the treatment plant in Canon City , Colorado
was assumed to have 2,000 square feet of primary clari fier area , and
130,000 cubic feet of trickling filter media. Using Figs. 1-4 and 1-7,
the assumed plant size and the per capita contributions of flow and BOO,
the effect of the projected relocated population on the plant effluent was
calcul ated. The expected effect of CR for this example is an approximate
doubl ing of the effluent BUD concentration and four—fold increase in pounds
of BOD. If this projected increase in BUD is unacceptable, then the
various correcti ve actions need to be implemented.

ACTIVATED SLUDGE

Process Descripti on
Activated sludge is a treatment process which involves mixing and

aerating wastewater and biolo9lcal sludge (micro-organisms) together and

then separating the biologica l solids and returning a portion to the aera—
tion process as needed. Activated sludge systems contain two major corn-
ponents; the aeration tank or biological reactor, and the secondary clan -
fier or solids separator. In the aeration tank, the influent was tewater
is mixed wi th return activated sludge from the secondary clari fier. The
return sludge has a high concentratlon of micro-organisms which utilize the
organic waste (800) as food. Air is introduced into the aeration tank to
provide oxygen for the micro-organi sms. The BOD in the wastewa ter is re-

-. - .  moved by the micro-organi sms by two mechanisms : oxidation of the waste to
carbon dioxide gas; and synthesis of new microbial mass. The mixture of

- — wastewater and micro-organisms , called mixed liquor , is pumped to the
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• secondary clarifi er where the biological solids are allowed to settle.
Part of this settled sludge is returned to mix wi th the influent waste—
water to control the mixed liquor suspended soltds -(MISS) concentration in
the aeration tank. The excess sludge, called waste activated sludge, is
pumped to the digester or other sludge stabilization process, thus remov-
ing a portion of the solids from the activated sludge system.

4 Al though the manual concentrates primari ly on the conventional acti-

I - 
vated sludge process , there are numerous variations to the process , the
most coninon of which are the following:

1. Step Aeration where the infl uent wastewater is introduced
at several points along the aeration tank.

2. ~~nplete Mix where influent wastewater and returned sludge are

- 
introduced uniformly throughout the aeration tank.

3. Contact Stabilizati on where Influent wastewater is initially - -

mixed with activated sludge; then the settled sludge is
moved to a stabilization tank where the mi crobes are then
allowed to break down the absorbed organics. —

4. Extended Aeration which is essentially the same as the corn—
plete mix and is utilized by many small plants. These small
plants usually have no primary treatment and aerate the raw
wastewater for 24 hours rather than the 6 to 8 hours in con-
ventional plants .

Table .1-8 provides typical comparati ve design parameters for each of
these activated sludge processes.

- 

- 

To analyze the operation of an activated sludge system under CR condi-
tions , many operating parameters for both the aeration tank and the secondary
clari fier must be considered and the interrelationships among these par-

-~ - .  ameters Is rather complex . For this reason , the aeration tank and
secondary clarifier are analyzed sepa rately. The key to successful opera-
tion Of the activated sludge process is the efficiency of the secondary
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clari fier for it is here that the biological sol ids which represent a
large portion of the infl uent BOO are removed from the process infl uent.
For this reason , the secondary clarifier will be used as a starting point
for analyzing the system operation .

Secondary Clari fier
The secondary clarifier has two functions: separation of the acti—

vated sludge solids from the-mi xed liquor producing a clear effluent, and
concentration of the settled sol ids for return to the aeration tank and
for sol ids was ting. Each of these functions uses a separate operating

- 

- 
parameter to define the operational limits of the clarifier: hydraul ic

- overflow rate for solids separation, and solids loading rate for solids
- - concentrati on.

The hydraulic loading , expressed as the hydraulic overflow rate in
gallons per day per square foot of clarifier surface area, Is directly re-
lated to the clari fier’s ability to effectively remove solids from the
effl uent. The overflow rate, based on peak hourly plant flow, should
typical ly not exceed 1,200 gpd/sq ft because higher overflow rates
will increase the amount of solids being carried over the weir usually by
causing the entire sludge blanket to rise frQm the bottom of the clan -
fier. This loss of solids will result in a decrease in the sol i ds within
the system and can lead to process failure .

As with the primary clari fier , the plant operator can estimate the
overflow rates based on projected average and peak plant flow. If the
overflow rate based on the projected average pl ant flow exceeds
1,200 gpd/sq ft . the process will fail and the situation can be dealt
wi th only by reducing the flow to the activated sludge system. This can
be accomplished either -by the reduction of the flow Into the plant by
comeunity water conservation, or by diverting some of the flow elsewhere .

- -4 If flow cannot be reduced, severe degradation of effl uent qual ity will
be Inevitable. If , however , a hydraulic overload does not occur at the
average flow , community flow equalization should be considered to

- 
~~~~~~~
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mainta in a nearly constant acceptable flow into the plant.

The capacity of the secondary clari fier to concentrate solids can be
expressed as pounds solids per day per square foot of clarifi er surface
area. The increased organic load on -the plant due to CR will result in in-
creased biologi cal synthesis in the aeration tank increasing the MLSS* con-
centration . This increased MISS concentration will cause the clari fier to
compact the solids and becomes the governing factor in plant operations.
Fig. 1-8, Metcalf and Eddy (Ref.1O ) shows the relati onship among hydraulic

- 
- overflow rates , MLSS concentrations , and solids loading rates. Based on

the settl ing rates of normal activated sludge solids , a maximum solids
loading rate of 30 lb/day sq ft is typically suggested. At higher rates
the capacity is exceeded, solids- accumulate as a rising sludge blanket
ultimately increasing the amount of solids in the effluent. A solids load-
ing rate of 30 lb/day ft2 was used as an est imate of the capaci ty of the
clari fier. For a given clarifier , this value is used to determine the max-
imum amount of solids that can be removed by the clarifier per day for
recycle to the aeration tank and hence the maximum solids that can be main-
tained in the aeration tank. This value is used to determine the food to
micro-organism ratio as detailed later in this section.

Aeration Tank 
-

The aeration tank maintains a proper environment for the organisms in
activated sludge. This environment is usually charaôterized by the two 

. 

--

major operating parameters of food to micro-organism ratio (F/M) expressed
as pounds of BOO per day per pound of mi xed liquor suspended solids and
the dissolved oxygen level measured as milligrams of oxygen per liter of
mixed liquor.

Operation of the aeration tank to produce an acceptable final effluent
requires that conditions allow the sludge to settle properly in the secondary
clarifier. These conditions are determined largely by the balance between
the m1cro-or~an1smsin the mixed liquor and the amount of in-fluent waste
they use for food. This F/M ratio should Ideally be kept In the range of

* Mixed Liquor Suspended Sol ids .
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0.3 to 0.5 for conventional activated sl udge plants . The pounds of BOO
entering the aeration tank can be determined from the projected organic
load.* The pounds of mixed liquor suspended solids in the aeration tank
are determined using the maximum sol ids flux for the secondary clarifier
and the F/M is simply the ratio of the two. Fig. 1—9 illustrates the
relationship of sludge settleability to F/M ratios and indicates the de-.
sirability of keeping the F/M near 0.35.

At ratios greater than about 0.5, the settleability of the sludge

may be reduced, thereby hindering the ability of the clarifier to re-
turn micro-organisms tothe aeration tank, which further increases the

ratio , causing additional reduction to sludge settleability . In this
manner a steadily increasing F/M ratio will ultimately cause the complete

failure of the activated sludge process.

During the initial buildup of the population associated wi th CR , the
plant operator should attempt to prepare the acti vated sludge system for -

the increasing organic load by reducing the amount of solids being wasted
to increase the MLSS concentration. This must be done when first noti—
fled of CR because the BOO load to the plant wil l build up rapidly compared
to the time it takes for the solids concentration to increase. By increas-
ing -the MLSS concentration in anticipation of CR, the increase in the F/M
ratio caused by the rising BOO load will be minimized.

Proper functi oning of the acti vated sludge process requires sufficient
oxygen in the mixed liquor to satisfy microbial needs and ideally maintain
the dissolved oxygen concentration in the range of 1 to 3 mg/c~,. Biologi-
cal activi ty Is Independent of the dissolved oxygen content above this
minimum critical range, however , below this range the metabolism of the
micro-organisms ,and therefore treatment, is limi ted by the reduced oxygen

*For acti vated sludge systems that are preceded by primary sedimentation,
- .  the BOO concentration of the primary effluent will be used as the organic

load of the wastewater entering the aeration tank . For activated sludge
plants that do not have primary treatment, the BOD concentration of the
wastewater entering the plant will be used.
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Fig. 1-9. Effect of F/N on Settling Characteristics of Activated Sludge.

Source : Parker, D.S. et al. (Ref. 16).
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supply. In addition , the lower dissolved oxygen can result in a decline
in  sludge settl eability by causing sludge bulking, and can result In rising
sludge clumps in the final clari fier. Thus it is most important for the
plant operator to be able to estimate if the projected BOO load will demand
more oxygen than the aeration equipment can supply.

Aeration systems can be divided into two basic types: diffused air
systems and mechanical separators. Di ffused aeration systems can be eval-
uated using the maximum blower capacity , usually rated in cubic feet per
minute . For coarse bubbl e di ffusion , typical values range from 1,400 to
1,200 cu ft air/ lb BOO removed. Mechanical aeration systems can be eval-
uated using a typical transfer efficiency of 2 pounds of oxygen per horse-
power per hour and an oxygen requirement of 1.25 pounds of oxygen for each
pound of BOO removed from the wastewater. If the aeration capacity Is
less than the projected BOO load during CR then dissolved oxygen defici ts
can be expected.

Microscopic examination of the mixed liquor suspended solids can be
a helpful aid in the eval uation of the activated sludge process. The
presence of various micro-organisms withi n the sludge flocs can rapidly
indicate problems . When filame ntous organisms predominate, this condition
is associated wi th a poor settling sludge. Listed in Table 1-9 are some P

micro-organisms that play an Important role in the activated sludge process.

Compari son of the microscopi c exami nation results with the organism
balances shown In Fig. 1—10 wil l help the operator determine the optimum
range for the activated sludge process and which organisms are of impor-
tance for a good settling floc.
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Table 1—9

Significanceof Micro-organisms in Activated Sludge

Sludge Condition Protozoan Population

1. Bad Sludge 1. Preponderance of:

A. Bacteria dispersal A. Flagellated amoeba and
B Sludge does not B. Other Rhizopods

flocculate 2. RelatI vely few ciliates

2. Unsatisfactory Condition 1. Present:
A. Bacteri a dispersal A. Flagellates
B. Some flocculation B. Amoeba and other rhizopods

2. -  Some ciliates
- A. Free-swininers -

‘

B. Stalked

3. Satisfactory Condition 1. Few:
A. Bacteria flocculate A. Flagellates
B. Improved sludge B. Amoeba and other rhizopods

settleability 
- 2. Preponderance of free-swiimning

cil iates

3. Some stalked ciliates

4. Good Condition 1. Very few flagellates
A. Good sludge 2. Some free-swinining d ilates

setti eabi ii ty
B. Effluent 5-day BOO low 3. Preponderance of stalked d ilates

4. Few rotifers

Source: Llnn Benton Comsiunity College (Ref. 17).
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WASTE TREATMENT PONDS AND LAGOONS

Ponds and lagoons are earthen basins designed to retain wastes while
biological treatment takes place . The EPA (Ref. 19) states that there
are currently over 4,000 publicl y owned ponds and lagoons in the United
States; most of these are located in small coninunities and have design
flows less than 1 mgd . There are many variations of waste treatment ponds
and lagoons, but they are often divided into the following four general
categories, based on the nature of the biological activity that is taking
place:

1. Aerobic pond (also called photosynthetic pond)
2. Facultative pond (also called aerobic-anaerobic stabilization

pond)
3. Anaerobic pond
4. Aerated lagoons.

For this study , l agoons are considered to be artificially aerated (number 4)
whereas ponds are non—aerated (numbers 1, 2, and 3). The division among 4

the three types of ponds is somewhat arbitrary and the general character-
istics for each are given here.

Ponds
Ponds use natural aeration , primarily algal photosynthesis , to pro-

vide oxygen. However , heavily loaded ponds sometimes have supplementa l

aeration equipment to help maintain dissolved oxygen concentration and to
periodically mix the wastewater. These would be analyzed as lagoons. The
usual design cri teria for ponds are population per acre loading or areal
BOO loading. Because of wide variations in temperature and sunlight in-
tensity throughout the country, state design guidel ines vary greatly.

j  Table 1-10 lists typica l design values for facultative ponds showing the
effects of clima te and location.
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Table 1-10

Typical Design Values for Oxidation Ponds

Population Loading BOO Loading
Location (People/acre) lb BOD/acre—day

South Dakota 100 20

Oklahoma 200 --

Missouri River Basin 400 45
Texas 450 50

Source: Envi ronmental Protection Agency , (Ref. 20), and Metcalf and
Eddy , (Ref. 10)

)

An anaerobic pond is a relatively shallow (12 to 18 in.) body of water,
generally with a long hydraulic detention time (10 to 40 days). The

shallow depth al lows algae to provide oxygen for aerobic bacteria through-
out the entire pond. Being shallow , these ponds are very land-intensive
so that the majority of ponds used in waste treatment are facultative

ponds . Ideally, these ponds maintain three bi ological zones : an aerobi c
surface zone where bacteria and algae exist in a symbiotic relationship; - -.•

an anaerobic bottom zone where accumulated solids are decomposed by
anaerobic bacteria; and an intermediate zone containing both aerobic and
anaerobic bacteria. To mainta in the aerobic zone, on~j’anlc loadings are
generally in the range of 20 lb to 50 lb BOD/acre-day. This corresponds
to a population loading of approximately 100 to 300 persons per acre of
surface area for ponds without primary treatment and 150 to 450 persons
per acre with primary treatment.

Because anaerobic ponds do not require aerobic conditions , they have

the highest organic loadings — typically in the range of 200 lb to
1,000 lb BOO per acre per day. The high organic loadings are necessary to
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main ta in  anaerobic conditions throughout the ponds , and wa rm temperatures
(75° F minimum) are required to maintain a population of methane bacteria.
Anaerobic ponds have been used extensivley to treat -high-temperature , high-

4 strength industrial wastes, such as those from the meat packing industry.
Because of the relatively low BOO concentration and cool temperature of
domestic wastewater, anaerobic ponds are seldom used to treat municipal
waste.

Al though there are many variations of ponds, they all exhibit certain
general operating characteristics , i.e., treatment efficiency is affected
most notably by the organic l oading , hydraulic detention time, temperature
of the wastewa ter , and sunlight intensity . Because of these interrrelated
factors , effluent quality cannot always be related simply to the organic
loading and in some cases , as loadings are increase d , effluent quality
may not change significantly. Of the treatment processes examined in this
report , ponds and lagoons are generalll y the least sens iti ve to over loads
resulting from CR. However, it should be noted that at lower temperatures,
the rate of biological activity is reduced, so that CR could have an im-
pact on ponds.

Because it is difficul t to quantify the effects of the numerous envi-
ronmental factors that infl uence pond performance, a regression model de-
veloped to relate BOO removal efficiency to hydraulic detention time and
areal organic loading was adapted to describe the effects of CR. Equa- 

. 

-

tion 1, adapted from Parker et al. (Ref. 16) represents an operational
relationship developed for all three types of ponds.

E = k y O.QB
~~TO.I21 (EquatIon 1)

where E = BOO removal effic iency
k = local plant operational constant
V BOD loading In lb 800/acre-day

-. - .  I hydraulic detention time In days.

‘-43 

~~~~~~ ~~~~~~~~~~~~ 
- -



In order to ensure proper operation of ponds des igned us ing this
equation, Parker, et al. suggested the limitations listed in Table I-li:

Table I-il
Suggested Range of Conditions for Ponds Designed Using Equation 1

Range of BOD Removal
Pond Type Efficiency Maximum Depth

Aerobic 68 - 96 3 ft

Facultati ve 60 - 90 6 ft

Anaerobic 50 - 80 
- 

12 ft

I

To simplify the calculations that must be made by the plant operator,
a graphical presentation of the functions Y °°~

2 (Fig. 1-11) and 10.121

(Fig. 1-12) were plotted. The term , Y 0~ ’82 is replaced by a variable
designated UA~ and similarly the term, T0~

21 is replaced by “B” . Using
the graphical functions, the parameters in Equation 1 can be determined
without performing exponential mathematical calculations.

The pre-CR efficiency of a pond is influenced by many environmental
factors and by the process loading. Because environmental conditions are
unchanged during CR, the efficiency of a pond will be infl uenced only by
the increased loads. -

- The change In pond efficiency during CR will be predicted, assuming
- - ,  the effect of the increased organic and hydraulic loads are described by

Equation 1. That is, the ratio of the pre-CR and CR pond efficiencies Is
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equal to the product of the ratios of pre-CR and CR val ues of the variables
A and B. The following sample calculation Is an example of how this
approach can be used to rapidly determine the expected decrease in treat-
ment efficiency which will result from projected CR conditions.

S~ !ple Calculation
1. Pre—CR val ues

A. BOO removal efficiency - 85%
B. BOO loading = 40 lb BOO/acre-day
C. From Graph 1, for 40 lb BOD/acre-day, A = 1.355
0. Detention time = 10 days
E. From Graph II, for 10 days, B = 1.32

2. CR Values
A. From worksheets, BOD loading = 100 lb BOD/acre—day
B. From Graph I, for 100 lb BOO/acre-day, A = 1.452
C. From worksheets, detention time = 4 days
0. From Graph ii , for 4 days, B = 1.18

3. Removal efficiencies
A. Effect of increase in BOO load

/pre-CR “A” 1.355\ R1 = .93

~CR “A” 1.452 / 

=

B. Effect of decrease in detention time

(CR_“B” 1.18 \ — R2 = .89
\Pre-cR “B” 1.32/ 

-

C. CR removal efficiency
- 

(Pre-CR removal [la]) x R1 x R2 = CR efficiei~~
85% x .93 x .89 = 70.7%

— --
I
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Lagoons
Lagoons are s imil ar to ponds, but usually have shorter detention

times and higher BOO loadings because artificial aeration is used to supply
greater amounts of oxygen for bacterial growth. Algae are sometime s present ,
but they are not the main source of oxygen.

A lagoon is a very stable system that will experience only slowly de-
creasing treatment with increased loading. If sufficient aeration capacity
is available to maintain aerobic conditions , the major variable affecting
performance is the hydraulic detention time. The effect of detention time
on lagoon treatment efficiency is usually described using fi rst—order
kinetics and assumi ng a completely mi xed basin. For such a system, the
effect of detention time on treatment efficiency can be described using
Equation 2:

- E 14- ke (Equation 2)

Where E = fraction of BOO remaining after treatment
k = rate constant

o = detention - time

The system’s rate constant , k, descri bes the ability of the system to treat
wastes and is a function of temperature, waste character, and similar fac-
tors. Existing pre-CR conditions (E and e) are used to calculate the rate
constant for the system from Equation 2. Using this rate constant and the
CR detention time, Equation 2 is used to estimate the CR efficiency.

In addition to the detention time, the adequacy of the aeration Ca-
pacity wil l affect lagoon performance. If aerobic conditions cannot be
maintained, then biological rates will be somewhat reduced and odors can
develop. The efficiency of aeration equipment varies, but a general rule
of thumb is 1 pound of oxygen per horsepower-hour; to remove 1 pound of
BOO requires approximately 1.5 pounds of oxygen. Using these values , the

capacity of the aeration equipment was estimated and then compared to the
organic load imposed on the system.
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SOLIDS HANDLING

A major problem facing the plant operator during CR will be the treat-
ment and disposal of the sludge produced by the var ious treatment processes .
The sources of sludge considered in this study are the primary clarifier
and secondary clarifier associated wi th either trickling filter or acti-
vated sludge systems. Table 1-12 (Metcalf and Eddy, Ref. 10) lists typical
values for sludge production.

Table 1-12
Typical Sludge Quantities Produced by

Different Treatment Processes

CuF t
Sludge

Lb Dry Per Lb Sludge
Gal Sludge Sol ids - 1,000 Per 1,000

Per Million Per Mil. Gal People People )
Process Gal Treated Treated Daily Daily

Prima ry 2,950 1,250 95 39 125

Trickling Filter 745 476 92.5 9.9 48
Acti vated Sludge 19,400 2,250 98.5 258 225
Primary and 6 ,900 2,340 96 92 234
Activated Sludge

The main objective in any solids handling process is the stabilization
and/or disposal of the raw untreated sludges by biological or chemical - 

-

means to significantly reduce organic solids , pathogenic organisms , and
odor. Anaerobic digestion is the most frequently used method of stabiliza—
tion, but there are numerous other methods incl uding aerobic digestion ,
sludge lagoons, and lime or chlori ne treatment. After stabilization , the
treated sludge is usually pumped to some type of dewatering or drying

- 

- 

process.

In order to evaluate the solids handling operations , the total dai ly
sludge production during CR must be determIned. It will be assumed that
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the concentration of the sludge will not change signifi cantly during CR.
Thus the volume of sludge produced by each process duri ng CR will be de-
termined using the pre--CR solids concentration and- the average CR flow.
The sludge volumes calculated in each process worksheet are then compiled
in the sludge handling worksheet for easy reference. The total sludge
volume can then be compared to typical pre—CR values to determine the
approximate increase in equipment operation time and labor necessary to
handl e the load. The total volume can also be compared to digester ca-

- - pacities to determine the detention time in the digester. This is dis—
cussed in greater detail in the section on di gestion.

If the total sludge volume anticipated during CR cannot be handled ,
primary sludge must be given priori ty in treatment as it represents the
greatest problem with respect to pathogenic organisms. The untreated
secondary sludge can be mixed with digested sludge In temporary lagoons
resulting in some degree of treatment. In this situation , the sludge lagoon
serves partially as an “open air ” di gester.

SLUDGE DIGESTION

The purpose of the vari ous sludge digestion processes is to convert
untreated primary and secondary sludge into a relatively inert humus-like
material. The treated sludge is less offensive wi th respect to odor and
pathogen content. The amount of dry sludge solids is considerably reduced
by the digestion process. In the United States today the most conunon
process is anaerobic digesti on, but the use of aerobic digestion is grow-
ing, particularly in small activated sludge plants . These two processes
will be discussed separately.

Anaerobic Digestion -

Anaerobic digestion of waste organic matter is carried out in two
phases which occur simultaneously In a properly balanced digester. The

4 . 
- — waste matter is first converted into volatile ac ids by the acid-forming

bacteria and then these organic acids are utilized by the methane-forming
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bacteria to produce methane and carbon dioxide gas (see Fig. 1-13). The
methane-formers are very sensitive to changes in load , pH, and temperature
and have a much slower growth rate than the acid—formers. The stability
of the process relies on the proper balance of the two populations of
bacteria. Wi th the rapidly increasing organic loads associated with CR ,

the acid-formers (which are relati vely insensitive to changes in load and
environmental conditions ) can produce quantities of volatile acids in

excess of the assimilative capacity of the methane-formers causing an
accumulation of volatile acids which potentially can lower the pH in the
digester. A pH dro p much below 6.6 results in an environment that is
hostile to the methane-formers rcducing their capacity to convert volatile

acids to methane and further lowering the pH. This trend will eventually
lead to a complete process failure.

Anaerobic digestion can be divided i nto -single-stage or two-stage
processes. Single-stage digesters, shown in Fig. 1-14, generally represent

older designs found in plants of 1 ragd or less where the functions of di—
gestion , sludge thickening , and supernatant formation are carried out
simultaneously in the same tank. Because of the stratification in the

tank, usually no more than 50% of the total vol ume is used for digestion .

Because of this mode of operation it is diffi cult to evaluate the true

capacity of a single-stage digester at any given time . For this reason,

potential host coninunities served by plants with a single-stage digester

should be avoided where possible as it will be difficul t to quantify the

maximum plant capacity. However, single-stage di gesters can be modified
by adding gas mixing equipment which provides some degree of control (see

discussion in the section on new construction modifications).

Because of the problems with single-stage digesters, most conven-

tional digestion is carried out as a two-stage process, as shown i n
Fig. 1-15. Here one tank is used for digestion and the other is used for
storage and concentration of the digested sludge and for the formation of

a relatively solids free supernatant. By separating the functions, the

digestion process In the first tank can be more carefully controlled and

its capaci ty more easily determined. The second tank is general ly unheated,
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I ecuM LA’i’ER SCUM ~~ MOVAL
SL.LV~E. I NTL~.T .

~- 9UPE~NATANT C 5 E~~~~~r4J,fl-
REMOV~~

frCTIVE.L(
DIG~S11NG SLUP~e~

8TA8IUZ~P

V
-

I

S1~UD6E. OUI1.ET(A)
9TAND~RD PAlE DIE~E5T)ON

I. UNH~A1~ O
2. DETEN-rIOw TIME. 30—~o0 QA~~
3. LC%°~DING 0.03-0.10 lb. V66/c.uft /ä~~
4-. INTERMITTENT ~~~~~~~ AND WrTHDRPWAL
5. BTRATFICAflON

Fig. 1-14. Single-Stage Anaerobic Digester .
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may be open to the atmosphere, and in some locations is simply a sludge
lagoon.

The operation of the anaerobic di gester is relatively independent of
the hydraulic flow. However, an increase in the primary or secondary
effluent suspended solids immediately affects the digester by causing a
proportionate increase in the waste sol ids stream. The primary effect of
the increase in the waste solids stream is to decrease the digester deten-
tion time which , as shown in Fig. 1-16, causes a decrease In the treatment.
Furthermore, if an increase in solids decreases the digester detention
time much below 7 days, the process can be expected to approach a failure
condition.

An estimate of the daily volume of sludge produced by the plant treat-
ment processes i s made in the manual worksheets in order to evaluate the
capacity of the digester and the sludge pumps. If treatment is limi ted
either by the pumping capacity or the digester , then alternative methods
of sludge disposal such as temporary lagoons must be considered. Because
digesters are subject to total failure when stressed, their maximum ca.
pacity may be the limiting factor determining the maximum population that
can be adequately served by the plant.

If the projected sludge volumes are greater (refer to solids handling
worksheet in the manual) than can be handled by the existing digester facili-
ties while maintaining a detention time greater than 7 days, then the sludge
volumes must ei ther be reduced (refer to discussion on load reduction) or
some sludge must bypass the digester . Secondary sludge is the preferred
sludge to bypass the digester because it has less nuisance value and con-
tains fewer pathogens . Combining the bypassed sludge with the treated
sludge after digestion can result in some treatment of the bypassed sludge
if the mixture is maintained in a secondary digester , sludge lagoon, or

s imi lar storage.

j  - 
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Aerobic Digestion

Aerobic digesters are designed as a complete-mi x activated sludge
process for the sepa rate aeration and stabilization of waste sludges .
They are commonly used in small package plants to treat waste activated
sludge which is highly aerobic in nature, has a low solids concentration ,
and thus does not lend itself to conventional anaerobic treatment. As in
an activa ted sludge system, oxygen is supplied to the process either by
mechanical or diffused aeration equipment. A minimum dissolved oxygen
concentration of I to 2 mg/t is considered necessary for adequate treat-
ment. Stabilization requires an extended peri od of aeration varying from
10 to 20 days , depending on the nature and source of the sludge (i.e.,
primary, secondary , or a combination). Typically, a 35% to 45% reduc-
tion in organi c solids can be achieved in 10 to 12 days at temperatures of
20°C or higher. Solids reducti on continues at a considerably reduced rate
as the detention time is increased above 12 days, as shown in Fig. 1-17. 

)

At lower temperatures , the detention time must be increased to maintain the
same level of treatment because of the slower rate of biological activity.

The increased loadings during CR will result in lower detention times ,
greater demands on the aeration equipment and a corresponding reduction in

treatment. However , because of the wide variations in operating conditions ,
it is impossible to quantify a reduction in efficiency wi th respect to de-
tention time or aeration capaci ty. As the detention time drops rapidly,
but unlike anaerobi c digestion, a complete failure of the process will not
occur.
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AEROBIC DIGESTION

% Reduction of Volatile Sol ids

I: i~Et~ ~~iz~:: I
0 35 0 \ç~~ading lb/day/cu ft - Vola ti le

V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

8 16 2’. 32 ‘.0 ‘.8 56 60

/ Detention Time - Days

Removal of Volatile
Solids lb/day/cu ft

- - Fig. 1-17. Effect of Time and Temperature on the Volatile Solids Content of - 
-

Aerated Sludge. (Lb/day/cu ft x 16 = kg/day/cu m.)
Source : Lawton (Ref. 21).
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PUBLIC HEALTH

The first goal of sewage treatment is the prevention of waterborne
disease. A properly designed and operated treatment plant will accomplish
this objective . However , during CR , increased waste production can over-
tax the treatment facilities . Unless adequate measures are taken, this

could lead to less efficient pathogen removal and destruction creating a
greater potential for the transmission of waterborne enteric diseases .
Private sewerage systems , such as septic tanks , also may be overloaded by
the influx of relocatees , causing an added strain on these systems .

¶ The potential for any given disease being spread during CR due to in-
sufficient waste treatment depends upon: (1) the incidence of that disease
in the population served by a treatment plant; (2) the removal efficiencies
of the various treatment processes; and (3) the possible modes of trans-
mission . This section will briefly discuss -each of the above three issues .

Incidence of Disease
Data on the incidence of various diseases attributed to drInking water

in the United States are given in Table 1-13. These data show that gastro-
intestinal diseases, shigellosis, and hepatitis are the major diseases of
concern wi th typhoid having the lowest incidence. Fortunately, most of

the typhoid carriers are documented wi th public health official s , thus

allowing special planning for the relocation of these individuals to
minimize the public health impact of their relocation. Other known dis-
eases which may be spread through wastewater discharges are cholera , polio ,
and tuberculosis.

Modes of Transmission

The transmission of disease from a sewage treatment facility usually
occurs by either of two mechaql-sms : contamination of a water supply by
waterborne organisms or contamination of food by vectorborne (usually
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flies ) organisms . Transmission via water is the usual mechanism of con-
tamination and can occur due to the mixing of sewage effluents with sur-
face receiving waters or due to the contamination of ground waters by
seepage from lagoons or l and disposal sites. As will be seen in a suc-
ceeding discussion , the majority of the infl uent organisms are removed
during primary and secondary treatment with only a small fraction being
discharged into the receiving waters.

Even though sewage effluents are vastly diluted when mixed with re-
ceiving waters , and even though the number of organisms are further reduced
in natural waters by sedimentation , exposure to light and low temperatures ,
predation by aquatic animals , and simple starvation through the lack of
nutrients , the smal l fraction di scha rged into rece iv ing waters do, however,
pose a threat to public health because of the direct contamination of sur-
face waters . Because of this , proper disinfection of the liquid effl uent
is required. This will require a greater consumption of chlorine during
CR , which is discussed in the secti on on chlorination.

Pathogen Removals by Treatment Process
Representative removals of selected organisms by various treatment

systems are presented in Table 1-14.

Table 1-14
Estimated Wastewater Pathogens *

Raw Primary Secondary
Pathogen Wastewater Effl uent Effl uent Disinfectlon**

Salmonel la 2 x 1O’° 1 x lO ll) 5.0 x 10~ 5.0 x iO~(typhoid)

Mycobacterium 2 x 108 1 x lO~ 1.5 x 1.5 x 10~
Virus 4 x  lOb 2 x  1010 1.O x ~~ 2.O x 1O~

*The term pathogen is used to describe bacteri a and vi ruses capable of
causing human or animal infection.

~~Conditions sufficient to yield a 99.9% kill.
Source: El liot , L.F. and J.R. Ellis, 1977 (Ref. 22) .
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These data indicate that about 50% of the infl uent pathogens are removed
during primary sedimentation and approximately 45% are removed during bio-
logical treatment resulting in approximately 95% overall removal efficiency .

5 4

This section briefly discusses the public health issues of various treatment
processes .

Primary sedimentation which is used in most communities removes about
half of the pathogens. Studies show that no significant reduction of

I 

- pathogens occurs during the fi rst 3 hours of primary sedimentation , but

that some reduction occurs between 6 and 24 hours of settling . Within
this period , large amounts of pathogens are removed by settling in the
prima ry clari fier. Since about 50% of the pathogens are removed in the
primary clarifier, this also means that the primary sludge will contain
about 50% of the pathogens .

During CR, the detention time in the sedimentation basin will drop off
which will affect the removal efficiency of pathogens . Due to the in-
creased CR hydraulic load , the use of chemical coagulants can increase the
amount of solids and pathogens removed. However, chemical coagulation and
flocculation cannot be expected to operate with a high degree of efficiency
in tems of pathogen removal when the wastewater contains hi gh organic

- 

- 

matter.

Unfortunately, no actual destruction of pathogens occurs during sed-
imentation. Because pathogens remain active -In the settled sludge follow-
ing their removal from wastewater by coagulation and flocculation, care 

- 

-

must be taken in the disposal and handling of sludge as discussed later in
this section .

Biological treatment systems such as activated sludge, trickl ing
filters , and stabilization ponds are more effect ive than sedimentation in
the removal of pathogens . They provi de not only destruction of pathogens

V 

via predation by the biological organisms but also settl ing in the secondary
sedimentati on. The greatest removal of pathogens In biological treatment
comes as a result of their adsorption onto sludge particles . However, only 

—
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after an indefinite time can tne complete removal of pathogens be accom-
plished in this manner alone. Removals of pathogens in ponds are thought
to be the result of adsorption, chemical insults , destructive rays of sun-
light , warm temperature, and time in variable combinations . Thus where
land is plentifu l , stabilization ponds often can serve as secondary treat-
ment. Wi th 20 days retention time, stabilization ponds generally are a
very effective pathogen treatment.

Because there will be greater volumes of sludge produced and less
treatment of these sludges, the potential for contamination from these
sludges will also be increased. Although the removal of pathogens by pri-
mary and secondary treatment are nearly identical , the secondary treatment

provides pathogen destruction via predation while primary treatment does
not. Thus from a public health standpoint, the treatment and disposal of
primary sludges has a higher priority than the treatment and disposal of
secondary sludges assuming adequate removal time is allowed in the bio-
logical treatment processes. Therefore, if the vol ume of sludge produced

during CR is greater than the capacity of the digester , alternative treat-
ments or disposal of the secondary sludge should be explored while provid-
ing complete digestion of the primary sludges. The digestion àf sludges
should be sufficient for inactivation of pathogens if allowed 8 to 10 days
at temperatures of 85°F to 135°F (37°C to 50°C) with 850F to 100°F being
the most common. Even wi th adequate digestion , sludge disposal must be
done carefully so as not to permit surface runoff to pollute streams and
lakes . -

Because the influent pathogen concentration is very high , large quanti-
- ties potentially remain after primary and secondary treatment. Thus chlo- V
rination of the effl uent is normally practiced to reduce the pathogen level
to acceptable levels. The next section discusses various issues relating
to chlorination.
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I

CHLORINATION

The primary concern in wastewater treatment , especially during CR,

is the prevention of waterborne disease. There are extensive histori cal
accounts of transmission of typhoid and other enteric di seases by the in-
gestion of contaminated water. With the increased population expec-ted
during CR there will be a greater demand placed on water and wastewater
disinfection . The major disinfecting agents used in wastewater treatment
are chlori ne (Cl 2 ) and its derivati ves . These chemicals are strong oxi-
dants and are non-selecti ve microbial poisons . Because of these proper-
ties, chlorine finds wi der application in wastewater treatment than just
disinfection. - Some of these uses are outlined in Table 1-15. However,
because of the increased demand for chlorine as a disinfectant during CR ,
these seconda ry applications should be minimi zed to conserve the treatment
plant 5 s existing supply of chlori ne.

The consumption of chlorine used as a disinfectant can be broken down
into two major parts : the chlorine demand and the chlori ne residual. Be-
ing chemically reactive, a large portion of the chlorine added to waste—
water is consumed by reactions wi th vari ous constituents in the waste.
The amount of chlorine required for these reactions is cal led chlorine
demand and is usually not avai l able for disinfection. Representative values
for various chlori ne demands are presented in Table ~-16. The amount of
chlori ne added over and above these demands is called the chlorine residual
and is available for disinfection . The chlori ne dose is then the sum of
the chlorine demand and the chl orine residual .

Wastewater is disinfected by mixing it with the chlorine and then
hol ding the chlorinated wastewater in a chlorine contact tank to provide
the time requi red for disinfection prior to discharge . As shown in
Fig. 1-18, the effectiveness of chlorination is enhanced by increases both

- 
- in residual chlori ne concentration and in the contact time. The rate of

disinfecti on Is also affected by temperature , the pH of wastewater , the
amount of SOD in the wastewater , and the initial bacterial population; but ,
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Table 1-16
Chlor ine Demand for Var ious Wastewater Processes

A rule-of-thumb estimate of chlorine demand for various
wastewater is as follows :

Raw fresh domestic waste 8 — 15 ppm
Raw septic domestic waste 15 — 30 ppm
Primary sedimentation effl uent 8 — 15 ppm
Recirculated biofi l ter effluent 5 - 8 ppm
Biofi lter effl uent (secondary) 3 - 8 ppm
Trickling filter effl uent 3 - 10 ppm
Activated sludge effluent 2 - 8 ppm
Sand fil tered effluent 1 - 5 ppm
Septic tank effluent 30 - 45 ppm

These figures are based upon the immediate appearance of
color using orthotolidine after a 15—minute contact time .
These values are adequate for choosing equipment capaci ty .
Special situations should be investigated on an individual
basis.

Source: White, G.C. (Ref. 24)

4 .
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these variables cannot be controlled by the plant operator. Detention time
in the chlori ne contact chamber should provide sufficient Hcontac t time 1’

to insure that pathogens (disease-carryi ng organisms ) have been killed.
The contact time depends upon the hydraulic flow and with the increased
flows associated with CR , the contact time will be reduced; thus the chlor-
ine dose must be increased.

Al though the ultimate aim of all disinfection activities is to destroy
pathogenic organisms , pathogens are few and difficult to isolate . Thus
coliform organisms (rod-shaped bacteria inhabiti ng the Intestinal tract of
all humans) are used as an indicati on organism for pathogens.

The reduction in coli-fo rm density as a function of contact time and
chlorine residual closely fits the following equation from White (Ref. 24,
p. 427):

= (1 + .23 ctY3 (Equation 3)yo
Where c = total atmospheric chlorine residual in mg/ i

t = contact time in minutes
y0= colifo rm bacteria density at time zero
y = coliform bacteria density at time t

This equation was used as the basis for the analysis of chlorination require-
ments during CR. Because it is impossible to accurately predict the chlo-
rine demand ,it was assumed to be proportional to the chlorine residual so
that the chlorine dose applied to the wastewater will increase proportion-
ately with the increasing chlori ne residual predicted from Equation 3.

Equation 3 indicates that to maintain the same level of coliform
reduction, the product of the chlorine residual (which is proportional to —

the dose) and the contact time must be a constant. Because the contact
time is determined by dividing the vol ume of the chlorine contact tank by
the average plant flow, for any given size tank the change In chlorine
consumpt ion can be related di rectly to the change in flow. Knowing the
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pre—CR average daily chlorine consumption (from plant records) and average
plant flow, the plant operator can use Equation 3 to estimate the increased
chlori ne consumption required for the estimated CR flow .

If contact tank sto rage is ava i lable for a long contact time , the
amount of Cl 2 required can be much less than if limi ted storage is available.
When limi ted storage is available , the plant operator must consider methods
to insure sufficient kill by increasing the contact time. Some methods for
accomplishing this are as follows :

1. Rapid dispersement of Cl2 at the additional point to
increase Cl 2 contact.

2. Baffles could be installed in the contact chamber to
crea te turbulence and increase mixing.

3. MechanIca l mixing or air agitation where plant
hydraulics will not allow for the use of baffl es .

4. A portion of the chamber could be converted to a mix-
ing chamber and the remainder of the basin and/or
outfall could serve for needed contact time .

5. Prior to CR, the contact chamber should be cleaned
to reduce the solids buildup.

If the available chlorine supply is less than what is required to
maintain the current level s of disinfection, then the plant operator should
determine a daily consumption rate that would extend the supply of chlorine
for the estimated duration of CR. This will result in some decrease in
disinfection efficiency, but will be preferable to exhausti ng the supply
of chlorine during the later stages of CR. However, before this alterna-
tive is pursued, local heal th and water quality regulatory personnel should
be contacted, particularly if downstream uses of the receiving water include
human contact or consumption.
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METHODS FOR OVERALL REDUCTION OF TREATMENT PLANT LOADS

During CR, many treatment plants will not be able to effectively proc-
ess the entire load coming into the plant. If the results of the work-
sheets in the manua l indi cate that a hydraulic , organic, and/or solids
overloading may cause severe problems during CR, an al ternative to proc-
essing the entire CR load at a reduced l evel of treatment is to reduce the
load coming into the plant. -

Loads on a treatment plant can be reduced either by decreasing or
elimi nating wastes entering the col lection system or by diverting part of
the collected waste around the treatment plant by an -intentional or unin-
tentional b~’pass. Some of the methods of controlling wastes entering the
coll ection system are : wa ter conservation, flow equalization , temporary
industry shutdowns , and provision for emergency facilities . A brief de-
scription of each of the above methods for load reduction is given in the
manual . This discussion will elaborate on some of these methods.

Home/Congregate Care Center Water Conservation
The practice oc water conservation measures in the home and congregate

care centers can signifi cantly reduce the hydraulic load on a sewage treat-
ment plant. As an example, water conservation in San Rafael , California ,
during the 1976-1977 California drought resulted -in a 50% reduction in
sewage flow, demonstrating that the effect of conservation on the hydraulic
load can be signifi cant. Water conservation does not affect the solids or
or9mnlc load so that the flow reduction causes a corresponding increase in

‘~~
. BOO and suspended sol ids concentration, as shown in Fig. r-19.

Pi~~ multip le uses w ithin the home or congregate care center and
..~~~ ~~. ~~~* $ts OM, methods of conservation to minimi ze the health hazard

~~~~~~~~~~~~~ W y s  of instituting water conservation for some of
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V V

1. Toilets . Because toilet flushing usually uses more water
than any other fixture in the home (5 to 6 gallons per
flush), it is often the focal point of conservation measures. 

-

However% since aesthetic and health considerations are in-
volved , conservation of toilet water has limitations . Water
consumption for toilet flushi ng can be reduced either by
using a smaller volume per flush or reducing the number of
flushes. The volume of water per flush can be reduced by
placing weighted plastic bottles (milk bottles) or bricks in

- 
- the tank of the toilet to displace water or by lowering the

tank level . Reduction in the number of flushes can be
achieved by letting inoffensive wastes accumul ate in the
bowl between flushings . For example, a slogan that could
be applicable during CR is: “If it’s yellow , let it mellow ;
if it~s brown, flush it down.” 

-

2. Personal Hygiene. The amount of water used for bathing can
be reduced by bathing less frequently. Less water can also
be used by taking shorter showers or more shallow baths.
Al so, rather than continuously running the tap while shaving,
washing hands , and brushing teeth, the volume of water needed
can be stored in a glass or in the bas in.

3. KItchen. Run the dishwasher only when fully loaded. For
manual dishwashing and cleaning vegetables, fill the basin
rather than letting the faucet run. For cold drinking water ,
place a jug in the refrigerator rather than running the tap
to cool the water.

4. Laundry. Run the washer only with a full load.

5. Grey Water. Grey water is usually defined as all the waste-
water generated by the non-toilet plumbing fixtures. If
grey wa ter i s reused, the volume of water entering the sewer JIs reduced. Although most plumbing codes prohibit the reuse 

/ 

--



of grey water, it can be safely reused if the proper

precautions are taken. Some examples of safe grey
water use are given in the two pamphlets by the Cali-
fornia Department of Health (Ref. 25) and California
Department of Water Resources (Ref. 26), and includes
the following :

a. Collect shower water and with buckets use
- - it to flush the toilet.

b. Disconnect basin drains and catch waste-
water for toilet flushing or irrigation of
plants.

c. Divert dishwasher and washer drain hoses into
a garbage can for further use toilet flush-
ing or irrigation. )

Flow Equalization
Flow equal ization refers to methods designed spec ifically to dampen

the normal diurnal flow variations in hydraulic, organic, and solids load-
ings . The benefi ts from flow equalization are numerous. It can reduce
the peak overflow rates in settling basins , resulting in improved effi -
ciericy and possibly fewer disruptions from peak flows . Aerobic biologi-
cal treatment processes can also benefit from the concentration damping
and flow smoothing by eliminating peaks In organic load in excess of aera-
tion capacity . Its major advantage is to protect sensi tive treatment proc-
esses from failure due to shock loads and to improve overall process
treatment efficiency.

Dur ing CR , flow equalization measures can take two forms: (1) measures
directed at modifying the timing of the loads at the source, or (2) meas-
ures directed at modifying treatment plant operations . Measures directed

• - -
~ at modi fying the timing of the loads at the source depend on changing

people’s water-use habi ts and thus may be difficult to implement.

1—73 

-

_ _ _ _ _ _ _  - -V - -~~~~~~~ -----   - ,—___ -- -— —

— ~~~~~~~~~~~~~~ V~~ V ~~~~~~~~~~~~~ . .  -- — ~~~~~~~~~~~~~~~~~



Fi g. 1—20 is illustrative of the hourly variation in home water use by type
of water use, and demonstrates the wide variations that can occur. Plant
flow records can be used to identify the peak hourly flow and then efforts
can be directed at trying to encourage these uses at low-flow times of the
day. V

Temporary Industry Shutdowns 
-

V 

Industrial wastes are often major contributors to the hydraulic , organ-
ic , and solids loads handled by a wastewater treatment facility. Under
severe overloading conditions , mutual arrangements could be made to tempo-
rarily shut down certain industries to reduce overloading problems . Thus ,
industrial contributions need to be inventoried prior to CR to assess the
potential impact on the operations of the treatment plant.

For most host a reas, it is anticipated that a comprehensive record of
industrial waste discharges will be available from historical records of
sewer charges . For example, the Ten-State Standards of the Great Lakes-
Upper Mississippi River Board of State Sanitary Engineers (Ref. 14) requ i res
that engineers list all establishments producing industrial wastes and gi ve
quantity , producing periods, and the character of industrial wastes inso-
far as they may affect the sewerage system. Also , the federally funded
PL 92-500 construction grants require that industry pay its “fair share;”
thus , records of industrial contributions should be available in many CR
host areas.

When existi ng records are not available to assess industrial waste
contributions , it is reconinended that a rapid industrial waste survey be
conducted to determine the hydraulic , organic , and solids load for each
i ndustry. Hydraulic contributions may be obtained from past water con-
sumption records , while the organic and solids load can be estima ted from
laboratory analysis from each source . The reconinended laboratory tests

V1 
- 

to estimate the organic and solids loading are given in Table I-li and
include both rapid approximate tests and the more lengthy direct tests that
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are preferred if time is available. Samples for these tests should be

grabs taken throughout the day and combined to provide a representative
composite of the waste generated by the industry.

- 

Table I_~7
Reconvnended Laboratory Tests

to Assess Industrial Waste Loads

Rapi d Approximate Test Preferred Test

Organ ic Loa d COD BOD

Solids Load Total Solids Suspended Solids

As an example of the types of industrial contribution and impacts
which could affect the treatment plant , Table 1-18 shows results of a sur-
vey of a coninunity 0f 145,000 with several contributors to the municipal
treatment plant. These data illustrate the potential magnitude of indus-
trial waste contributions in that approximately one-sixth of the hydraulic
l oad , one-half the organic load , and one-fourth of the solids load for this
plant are from industrtal sources. Depending on the nature of the antici-
pated CR overloads (i.e., hydraulic , BOD, suspended solids ) , this type of
data can be used to determine which industries should be shut down, if I 

--

this measure is deemed absolutely necessary . For example, if BOD overload- 
V

Ing Is anticipated to be a problem , shutting down the meat processing
— plants will be most effective in reducing industrial BOO levels.

L
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Section 3
MANUAL TESTING AND EVAL UATION

The inttial testing of the manual took place at four local San Francisco
Bay area plants . The sites were chosen so that at least one of each of the
major types of treatment plants (i.e., trickling filter, activated sludge ,
and aerated lagoon) was visited. To simulate CR conditions , the current
population served by each plant was tripled. The data from these visits ,
as compiled on the followi ng summary sheets, indicated a variety of poten-
tial problems at the di fferent plants .

All of the plants were found to have an adequate supply of chlorine for
disinfection . Because of the demand for chlorine due to the increased BUD
and hydraulic loads , supplies ranged from less than 1 day to a maximum of
3.4 days , while maintaini ng the current levels of disinfection. In each
case, the amount of chlorine necessary to provide a current l evel of dis-
infection during the CR period would create storage and handling problems
even if it were available.

The analysis of the trickling filter plants at Redwood City and San
Carlos (see Tables 1-19 and 1—20 , respectively) indicated excessive hydraulic
overflow rates in the primary and secondary clari fiers. The projec~’~d in-
crease in the BOD loads to both plants initially indicated a complete loss
of treatment in the trickling fil ters. This was particularly a problem at
the San Carlos plant where the trickling filter was found to be currently
operating at about 29% efficIency and the secondary clari fier overf l ow rate
already exceeded the recomended maximum of 1,200 gpd/sq ft. A mi nor niodi-
f ication of the trickling filter analysis was made based on the problems

J encountered at these plants . The analysis now provides for a more realistic
decrease In treatment efficiency based on the organic loading increases to
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the fi l ter and takes into account the somewhat extreme increases in loadi ng
that might occur during CR.

The activated sludge plant in San Rafael (Table 1-21) would experience
potential hydraulic overloads in both the primary and secondary clarifiers
when subjected to a 3 to 1 increase in  population . It was also found that
only about half of the capacity of the first stage digester was available
for actual di gestion because of an excessive accumulation of gri t in the
tank . This resulted in a detention time of only 1.7 days for the total
sludge production and about 6 days if only primary sludge was treated. Sig-
nificant increases in detention time would occur if the digester could be
cleaned prior to CR indicating that all of the primary sludge and at least
some of the secondary sludge could be treated.

The aerated lagoon facility at Menlo Park (Table 1-22) exhibi ted the
fewest problems of the plants visited. This is due in part to the plant be-
ing currently overdesigned thus allowing for some increase in population
without exceeding the design capacity of the plant , In addition , lagoons
are generally less sensitive to hydraulic and organic overloads because of
their size. Wi th the projected 3 to 1 population increase it was found that
the mechanical aerators were inadequate for the organic load , but this de-
ficiency would probably result in only a relatively minor decrease in
effluent quality .

General ly, there were no problems experienced in obtaining the opera-
tional data necessary to complete the worksheets. The Redwood City plant
did not keep their laboratory test records at the plant and thus had to
consult with their central offi ce to obtain these data . This resulted in

• only a slight delay and did not prove to be a great difficulty . It was
pointed out t~tat in the event that such records were unavailable at the
local level, representati ve operating data should be availabl e from state

- - 
regulatory agencies.
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The manual was distributed to three operators of treatment plants in

the Canon City , Colorado area . SSI personnel met with these operators and

with Civil Defense officials in Canon City on September 30, 1978 to di s-

cuss the manual . The general consensus of the operators was that they

found the manual easy to follow and they could suggest no additions nor

deletions.
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Section 4
OTHER ISSUES

This section will briefly discuss two other issues pertinent to the
• subject of this report but which are not conveniently included under the

preceding report sections. These two issues are: (1) the envi ronmental
impacts of sewage treatment pl ant operations during CR, and (2) new con-.
struction modi fications .

¶ ENVIRONMENTAL IMPACTS

This section briefly discusses the potential environmental Impacts of )
the operation of sewage treatment plants during CR. Impacts can be cate-
gorized according to whether their effects are positive or negative and
whether they are short term or long term. Since the purpose of the manual
is to help plant operators minimi ze the environmental impacts of their
plants during CR (i.e., actions with positive impacts), this section will
deal only with the negative inpacts. Short-term impacts are assumed to be
any impact that occurs during CR or up to 1 to 2 months thereafter. Long-
term impacts (called legacy impacts) are assumed to last for 6 months or
more.

Most of the Impacts associated with the operation of sewage treatment
plants duri ng CR will probably be short term. The following is a brief
discussion of the most signi ficant short-term impacts:

1. Disposal of Sludge. Depending on the degree of stabilization
and treatment provided during CR, the disposal of the addi-

• tional CR solids In sanitary landfills or by land application
methods could cause public heal th problems If surviving
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pathogens are allowed to contaminate drinking water
supplies . Thus care must be taken to ensure that the
sludge is properly dewatered, or alternately, the
leachate and runoff from the landfill should be col-
lected and treated.

2. Decreased Effluent Quality. The impacts of decreased
effl uent quality are site-speci fic and thei r magnitude
depends on many factors including the time of the year ,
the magnitude and nature of the decreased effluent qual-
ity, the downstream use of the receiving waters, etc. If
the receiving water is ultimately consumed and the path-
ogen standard is exceeded , then potential public health
problems could occur. If the ROD load is increased it
could decrease the oxygen level in the rece iv ing waters
to the extent that it could either stress or even be
lethal to some fauna .

3. Toxic Effects of Chlorine. Chlorine can be toxic to cer-
tam freshwater organisms, especially certain cold water
fish, such as trout, salmon, and fish-food organisms. Basch
and Truchan (Ref. 29) recom mend maximum concentrations of
0.02 and 0.005 mg/L for warm water and cold water fish ,
respectively. However, If no pre-CR chlorine toxicity
problems exist, then the possibility of CR toxicity prob-
lems is remote unless for some reason the CR effluent
chlorine concentration is increased. This Is very remote
since chlori ne will probably be In short supply during CR.

4. Exfl l tratlon from Sewer Lines. The increased hydraulic
flow during CR could cause some sewage to seep out from
the joints and cracks in the sewer pipes. The magnitude
of this impact will probably be small and will depend on
the location and amount of seepage in relation to nearby
drinking water supplies.
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5. Temporary Construction Impacts. Any temporary construc-
tion such as bypasses, ponds or lagoons, overflow con-
tainments , etc. will i nvolve all the impacts associated
with construction projects such as construction equipment
noise , air pollution , so il eros ion, etc.

6. Septic Tank Failure. Failure of a septic tank system
occurs when the drain field can no longer assimilate the
waste flow. The environmental consequences of such a
failure vary wi th the situation. The usual symptoms
are contamination of surroundi ng we l ls or surfac ing of
odorous effluent. Each drain field has some finite
hydraulic capacity which could be exceeded during CR.

• Quanti fication and predi ction of this capacity is diffi-
cul t because the wide local variations in soil type in any
geographic area can stronyly Inf luence this capacity . One
effect of increased hydraulic flow on drain field capacity
is that continuous Inundation of the so il w ill , even with
clear water, eventually clog the soil. Thus, the longer
reloca tion continues, the greater the chance for septic
tank failure.

The potential long-term impacts of the operation of sewage treatment
plants during CR are few. They could Incl ude any of the following:

1. DIsposal of Solids. Land which was utilized as a sludge
disposal site should not be used for at least 1 year for
the production of human food crops normally eaten raw.

• This will ensure that any pathogens surviving the sludge
treatment process will be destroyed by various envi ron-
mental factors.

2. Decreased Effluent Quality . If the magnitude and condi-
tions associated with the decreased effluent quality are
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lethal enough such that a particular species of
fauna is killed In a localized area , then the eco-
logical niche filled by that species will be replaced
by another according to the principles of ecological

succession. This process may or may not upset the
localized ecological balance but in any case will be
a long-term change.

CONSTRUCTION MODIFICATION

One task under this program was to determine modifications which could
be installed during construction of new or renovat ion of old plants which
could significantly upgrade their capability for handl ing increased loadings .

During the development and testing phases of the manual it became clear
that, aside from oversizing the entire plant and minor changes like en-
larging the effluent handling equipment (which could only be determined on
a plant-by-plant basis*), there were only three significant modifications
that could increase the capacity of any plant. These are: installation
of a bypass; provision for emergency storage and treatment; and increased
chlorine inventory. Each of these will be discussed in detail below.

Bypass
To bypass a portion of the effluent, with or without partial treat-

ment, is standard operating procedure in many areas of the country, partic-
ularly during the rainy season or in plants of marginal capacity. This
procedure Is illegal in many states (including California) and typically
violates EPA effluent regulations.

It may under certain conditions , I.e., to prevent failure of the entire
plant, be necessary to bypass a portion of the effluent during CR. This

*This analysis could be performed using the worksheets in the manual .
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should be done with considerable care, however, to prevent contamination

of water supplies , spread of di sease , etc. In al l cases the bypassed ef-

fluent should be partially treated (disinfected with chlori ne , for example).

Emergency Storage and Treatment
The most practical and economical facility for emergency storage

and treatment of effluent is a pond or lagoon . These are large earthen

basins used to retain wastewater and allow biological treatment to take
place. A lagoon is usually defined as a retention basin which uses arti-

ficial aeration and a pond — whether aerobic, facultative, or anaerobic—
usual ly relies on natural aeration. Ponds or lagoons are relatively

simple to construct and if sufficient land is available could be added
during construction or renovation at very littl e increased cost.

Chlorine
As noted many times in this report and in the manual , CR will require

increased use of chlori ne. In conversation with operators there is a re-
luctance to store more than a few days to a week ’s normal supply. One

reason is the hazard associated with this volatile chemical and the
second is the cost assoc iated with the demurrage charges for chlor ine
cylinders. This suggests that the following be done: an increased storage
capability should be provided , backed up by a pre-CR plan to move chlorine
to the host area. Minor pl ant modifications should be explored which would
allow use during CR of the larger containers — trucks , railroad cars, and
the like — coninonly used for transportation.

None of these modifications Is cost Intensive and would probably not

increase the cost of construction more than 2% to 5%. There is the addi-
tional modification which should also be discussed , however, that of emer-
gency power. The assumption has been throughout most of the manual that
electric power would be available. In case of attack, however , this may
not be the case and provision for emergency power either within the plant
or from an outside source should be made.
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METRIC CONVERSION TABLES
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INTRODUCTION

CRISIS RELOCATION PLANNING

Crisis Relocation Planning is a comprehensive effort by the Defense
Civil Preparedness Agency to prepare contingency pl ans for the relocation
of population from high-risk areas to protect them from the combined blast
and radiation effects of nuclear weapons. This concept assumes that a nu-
clear attack on the United States would be preceded by a crisis buildup
phase allowing sufficient time for protective action to be taken, such as
the relocation of residents from possible target areas to areas of low
risk , and the preparation of facilities and services for taking care of
the relocated population in the host areas. The relocation time will be
very short, i.e., probably a few days. While this short period does allow
sufficient time for relocation and some preparation for providing services
and protection for the relocated population , it most certainly does not

• allow time for planning. Thus, all necessary plann i ng for the various
operating and support functions must be completed prior to the crisis
period. One Important support function is sewage treatment. An adequate
sewage treatment system is absolutely essential during CR* for the protec-
tion of the heal th of the relocatees and the prevention of spread of com-
municable diseases. Of particular concern is the contamination of water
supplies .

1:; - -

* Throughout this manual , the crisis relocation period will be expedi-
tiously referred to as CR. Similarly, pre-CR Is used to refer to
normal operations prior to CR.
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OBJECTIVES 01 THIS MANUAL

This manual is designed with two objectives in mi nd . One objective
is to provide a set of guidelines with which a host area sewage treatment
facility engineer/operator can estimate the impact and determine how to
cope with the added load caused by an increased population associated with
CR. The other objective is to provide DCPA personnel with an approach for
predicting how their CR plans will impact sewage treatment plant operations
and how and when sewage treatment plant capacities may be a factor l imit-
ing the maximum number of relocatees that a particular host area can support.

APPLICATION OF MANUAL TO ACTUAL TREATMENT PLANTS
I

A review of Environmental Protection Agency data inventorying sewage
treatment facilities in the Un ited States Indicates that the sewage treat-
ment facilities in small towns can be categorized as primary treatment,
trickl ing filters, ponds, aerated lagoons, and activated sludge. Thus,
this manual concentrates on these processes. Fig. Il-i represents a “typ-
ical” generalized sewage treatment plant that might be found in a “typical”
CR host conununity. This “typical” treatment plant has the following gen-
eral ized characteristics. Raw wastewater first undergoes pre-treatment
consisting of screening, grit removal , flow measurements, and possibly
pre-aeration. After pre-treatment, the wastewater usually is subjected
to primary treatment consisting of suspended solids removal by sedimen-
tation. The effluent from primary clarification is usually given biologi-
cal treatment, chlorinated and discharged or simply chlorinated and dis-
charged. Sludge solids are subjected to some type of biol ogical treatment,
de-watered, and removed to a disposal area.

Obviously any particular plant may be somewhat different from the
generalized scheme since there are an infinite number of ways of combin-
ing the basic processes into a properly functioning sewage treatment plant.

11-2
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The manual is organized to deal with most combinations of processes that
might be found in CR host coninunities. The manual also assumes that most
users have a basic knowledge of both unit treatment processes and the op-
eration and characteristics of their particular plant. Wi th this basic
knowledge and some judgment, the approach presented in this manual can
be modified to analyze most sewage treatment plants. For example, the
worksheets analyze each treatment process as a single unit. However,
treatment plants comonly have two or more processes operating ei ther in
series or paral lel. The worksheets can be used to analyze such combina-
tions. One typical series of combinations woul d be a high-rate trickling
filter (sometimes called a roughing filter) followed by a standard trick-
ling fi l ter. In this case, the worksheet would be used to determi ne the
performance of the first unit. The effluent values of the first unit
woul d then be used as the infl uent val ues to the second unit. Processes
in parall el such as two primary clarifiers or two secondary processes
will be analyzed according to how the processes share the infl uent hy- )
draulic load. If two primary clari fiers accommodate the infl uent flow
equally, each clari fier shoul d be analyzed using half the infl uent by—
daulic , BOD, and suspended solids loads.

Each of the treatment processes have fi~nite capaci ties so that, if
the increase in waste generation due to CR is large enough, the capaci ty
of any of them can be exceeded. Because each of these treatment processes
is interdependent with other processes, the description of likely defi-
ciencies requi res analysis of each treatment system as a whole.

ORGANIZATION OF MANUAL

To ensure optimum plant operation during CR , it is important for the
• treatment plant operator or CR planner to be able to anticipate problems

within the various treatment plant processes. This will help determine
priorities in terms of process monitoring and operational modifications.
Thus , this manual is organized around the various processes . First , there
is a brief description of each process. Then, to aid the plant operator

11-4
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or CR planner , worksheets have been set up to detail each individual cal-
culation that is needed to estimate performance of the different processes
and identify trouble areas wi thin the plant. A brief worksheet description
precedes each worksheet. The worksheets are arranged to provide a step-by -
step analysis of present operating conditions , the projected operational
loadings during CR , and the effect of these increased loadings on process
operations. Following each worksheet there is a discussion of operational
problems likely to occur during CR , followed by a detailed troubleshooting
guide and brief discussion of laboratory tests that will be most useful in
analyzing potential problems associated with CR.

Following the sections on treatment processes, a summary worksheet
is provided which helps the user categorize the severity of potential prob-
lems associated with each process for a particular plant. The next sec-
tion describes a variety of load reduction measures which can be implemented
depending on the nature of the anticipated problem. The manual concludes
with some sample forms dealing wi th various logistical arrangements perti-
nent to CR.

INSTRUCTIONS ON USE OF THIS MANUAL

For each worksheet, each individual calculation and its answer are
indexed by a number and letter which allows easy cross-reference to related
calculations and sections within the manual . (Note: the line i tem numbers
are not consecutive.) The Table of Worksheets (page v) lists all the work- - •

sheets, the line numbers of each calculation contained therein , and the
page numbers of the worksheet. The calculations on each line of the work-
sheets are set up in the order that they would be performed using a hand
calculator. Only where there would be possible ambiguity as to the cor-
rect calculation sequence to be performed is standard algebraic notation
using parenthesis provided . A word of caution is in order wherev~~~~ r-
centages are encountered on the worksheets. Numerical values express~~
as a percentage should not be converted to a decimal; where this is nec-
essary , the~~~ropriate conversion is incorporated into the computation.

11-5
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Because of the wide variation in the treatment efficiencies experi-

enced for a gi ven process throughout the U.S., the calculations in the

worksheets were developed to reflect the operations of a “typical” plant.

The worksheets will be most appropri ate for those plants that are “normal ”

in their pre-CR design and operation. Applying the worksheets to plants

with unusually low pre-CR treatment efficiencies may result in some incon-

sistencies in the worksheet calculation results.

Regarding the laboratory/process control test sections of this manual ,

it is assumed that the users of this manual will have access either to a

state laboratory wastewater test manual or to Standard Methods for the

Examination of Wate r and Wastew ate r, 14th edition, American Publi c Health
Association. Thus, no detailed descriptions are provided of the labora-
tory tests mentioned In this manual .

‘I
The following “road map” is provided as a brief Illus tration of how

this manual can be used. The pre-CR and CR loading worksheet is completed
first; this compiles the basic data on hydraulic flows, suspended sol ids,
and organic BOD loads which are inputs to the other worksheets . Then, de-
pending on the design and operati on of a parti cular plant , select and com-
plete the applicable process worksheets. For example, if the plant Is a
“typical” trickling filter plant , complete the following worksheets in
this sequence: Primary Clarifier, Trickling Filter, Solids Handling , An-
aerobic Digestion, and Chlori nation. Following this , using the information
in the various process worksheets , complete the Summary Sheet of Criti cal
Process Values , Their Generalized Effects, and Actions Reconiiiended. This
summary sheet is designed to provide the operator, or CR planner, with a
generalized hierarchy of problems so that prioriti es can be establ ished
in allocating scarce resources to the solution of the most critical prob-
lems. If the suimnary sheet indicates a process failure or potential fail-
ure, then load reduction measures need to be investigated. Ways of accom-
plishing this are reduction of the population contributing to the plant,

11-6
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V

the elimination of non-essential waste contributors , and water rationing.

The next section explores the first option and is primarily for CRP
planners . It is designed to show how the worksheets can be modified to
estimate the maximum CR popul ation based on the treatment plant capabil-
ities . If a process failure is indi cated during CR, then the next section
on load reduction methods describes various alternatives for accomplishing
this Including bypasses, water conservation measures, flow equalization ,
temporary industry shutdowns, and emergency facilities. Depending on the
nature of the overload problem (e.g. , hydraulic or organic load) the ap-
propriate load reduction measures should be explored. The last section
contains some sample forms dealing with CR logisti cal arrangements which

should be compiled prior to CR.

r 

•
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PRE-CR AND CR LOADING CONDITIONS

Crisis Rel ocation involves rel ocating the population from high-risk
urban areas to less densely populated host areas. The magnitude of this
relocation for any particular host area is currently being determined by
DCPA. Whatever the magnitude of the relocated population , the relocatees
will generate an increased load on the host sewage treatment plant in the
form of hydraulic flows , suspended solids , and organic BOO loadings . To
assess the effects of this increased population on the operation of the
host sewage treatment pl ant requires a knowledge of both the pre-CR and
CR loading characteristics.

The following worksheet is used to compile and tabulate the basic
data on both pre-CR and CR treatment plant loading conditions; these data

• will be used frequently throughout the manual as inputs to the various
treatment process worksheets. The required data include hydraulic flows,
suspended solids loadings , and organic BOO loadings . Plant records should
be able to provide hydraulic flow values for average dry weather flow and
peak dry weather flow, and historical records of laboratory analyses of
infl uent and effluent wastewater should provide concentrations of organic
BOO and suspended solids . In the rare event that these data are unavail-
able from plant records, laboratory analyses will be required to obtain
an estimate of these loadings.
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PRIMARY SEDIMENTATION

PROCESS DESCRIPTION

Primary sedimentation or clari fication consists of holding the waste-
water in a large tank under quiescent conditions to remove suspended solids
by settling under the influence of gravity. A primary clarifier provides
the most economical method of removing approximately one third of the BOO¶ and about two thirds of the suspended solids from domestic wastewater. The
amount of BOO and suspended solids removed in the primary clarifier has a
direct effect on the loads which must be handled by the other treatment
processes; for this reason it is important to evaluate the treatment ef-
ficiency of the primary clarifier under CR conditions.

There are four main operating parameters associated with the primary
clarifier: the hydraulic overflow rate; the hydraulic detention time; the
weir overflow; and the horizontal velocity of the wastewater in the clan -
fier. The hydraulic overflow rate, however, is the major parameter that
governs the efficiency of primary clanifiers for removing both suspended
solids and BOD and therefore , it is the basis in the worksheet for evalu-
ating clarifier performance . .

The primary clarifier generally produces the greatest quantity of
sludge solids of the various treatment processes, and thus will present
a major solids handling problem during CR. Primary sludge~ consist of
the organic matter responsible for the offensive character of untreated
sewage and pose a major problem with respect to disease transmission .
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WORKSHEET DESCRIPTION

The work;heet is used to estimate the increase in the hydraulic over-
flow rate due to CR, and to determine the decrease in suspended solids (SS)
and BOO removal efficiencies as a function of the overfl ow rate. In order
to calculate the decrease in treatment efficiencies , the average pre-CR
efficiencies must be known. If the pre-CR treatment efficIencies of the
primary clarifier cannot be determined from plant records , then an esti-

4 mate mustbe made based on the typical performance graphs in Fig1 11-2, which
can be used to determine the pre-CR suspended solids and BOO removal effi-
ciencies based on the average hydraul ic overflow rate before CR. As shown 

)

in the example, for an overflow rate of 1,000 gpd/sq ft, the suspended sol-
ids removal would be approximately 58% and the BOD removal 32%. The pre-
CR and CR removal efficiencies will be used in later worksheets to calcu-
late the efficiencies of the various secondary treatment processes.

The worksheet also provides for the calculations of primary sludge
product-ion during CR, which will be used to evaluate the solids handling
equipment and digester operation. The concentration of the sludge will
probably not change signifi cantly during CR. For this reason the average
pre-CR concentration will serve to calculate the voltine of sludge pro-
duced during CR.
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OPERATIONAL PROBLEMS/TROUBLESHOOTING GUIDE

The major problems that will be encountered with primary sedimen-
tation during CR are decreased solids and BOO removal as a result of the
increase in the hydraulic overflow rate. Fig. 11-3 shows a generalized
relationship of how these factors will affect the operation of a primary
clarifier. The decreases in both BOO and solids removal, however, will
be gradual and no “fai lure” of the system will result and the major im-
pact of these decreases in treatment will be to increase the load on the
secondary treatment systems.

I
The troubleshooting guide which follows provides more detailed in-

formation on how to deal with these operational problems.

--I -
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LABORATORY/PROCESS CONTROL TESTS

The most useful tests for monitoring the operation of primary clan-
flers during CR are the depth of blanket and jar tests. The depth of blan-
ket test will indicate a potential rising blanket problem , thus allow ing
process modifications before the effluent suspended solids concentration
becomes too great. The jar test is used to determine the quantity and to
evaluate the effectiveness of the addition of chemical coagulants. Typi-
cal coagulants and typical concentrations used are as follows: polymers
(0.5 mg/l), ferric chloride (20 mg/i Fe), alum (100 mg/l).

One word of caution is in order regarding the use of chemical coagu-
lants in the primary clarifier. The use of these coagulants can Increase

the volume of waste solids requiring disposal by up to fifty percent.
Because the solids handling systems are going to often be overtaxed during

CR, It is recoimnended that the use of coagulants be limited to periods of
peak flow to minimi ze the solids production.
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I-

TRICKLING FILTER

PROCESS DESCRIPTION -

A trickling filter consists of one or more biological fi l ters and a
secondary clarifier. The filters consist of a bed of packed media , typi-
cal ly rock four to six feet deep, over which the wastewater is passed to
contact micro-organisms that grow attached to the media. The BOO of the
wastewater is removed by the micro-organisms that use the organic waste
material as food. Excessive accumulation of micro-organisms is prevented
by sloughing of micro-organisms -from the media , which are then removed
from the process effluent by the secondary clarifier.

Since trickling filters are designed primarily to remove BOD from
the wastewater, it is important to be able to evaluate the filter perform-
ance during the Increased organic loads associated with CR. The treat-
ment efficiency of a trickling filter is dependent upon the amount of con-
tact between the micro-organisms in the filter media and the organic matter
in the wastewater. The efficiency can be related primarily to three oper-
ating parameters: the organic loading appl ied to the filter; the hydraulic
flow through the filter; and the filter recirculation ratio. Of these
three parameters, changes in the organic loading have the greatest influ-
ence on filter efficiency. Although the BOO removal efficiency can nor-
mally be improved by increasing the number of times the wastewater is re-
circulated through the filter, the increased hydraulic load to the plant
during CR may limi t the amount of wastewater that can be recirculated.
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WORKSHEET DESCRI PT ION

The worksheet is used to estimate the decrease in the BOO removal
efficiency of the trickling filter as a function of the increasing or-
ganic loading (measured as lb BOD/day/1,000 Cu ft) caused by CR. The rate

of decrease in treatment efficiency -is greatest up to a loading of about
40 lb BOD/day/1,000 cu ft. At loadings greater than 40 the efficiency
drops off at a more gradual rate. For this reason the calcu lations for
the reduction in treatment due to CR are broken down into three sections
depending on the range of the change in organic loading . In order to de-
termine the CR efficiency of the filter, an average pre-CR efficiency must
be determined either from plant records, or from pre-CR BOO loads, and
primary BOD removal as shown in Line 35.

The worksheet is also used to determine the secondary clarifier hy-
draulic overflow rates and the solids production.

I 1-22

— F —  —

~~~ ~~I~II~~~lt ~A



0)
C CO < CO C) 0 LU

“ a” - — — Cs) Cs) (5.) Cs) Cs)
(V) (V) (~) 

(5) (51 C’) C’)

-; 4 ) 4 1  ~~‘ ~~~~~~~~~~ 4_~~~~~~~~’p- 
—

4.’ 9- 9- “0 V “0 ~ V ~-~~ 5- 5- 5 - 0  5 - U

• 

.:( ~~~

4J 4J a-~~~~. a- U C 1- >5in 01 44 -a- 4’ 45 51 4) “a- r-1 4’ 45 . K
C B • ’* - 9- > 1 - 0  1 - C )  “0 >50 4 5 1 5  0 U 41~~~~ 0 ) 5 -  ‘S
-a- “a- ~a- ‘4- 0” B 4.1 3 II -I.’ L.J C .0 “0 >, - -

UI “0 “0 0 ‘1) 4) 0 a- C .a- a-. 5- ISo 1- ‘S 9- V 
~.. I 0) .0 V

0 a- 9- a- ‘5 I C a- 5-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I.
~

)
~~

I
1. ‘5 14- ‘S 14- CO 0 a- ~-, ~a-

4) . - ~~~~1 

~~ 44 0 
~~ , ~ 

“0

~~~~~~~C 3 1. 0 0. -a- ~ - m o 0. 
~ a- 0 .a-

C UI 41 > 4)  U C  0. “0 O C O  C
a- 44 U 0 51 “a- Si ~~ 0 0 ~~ ‘S Ca- 1 - 4 4 1 -45 -a- C) 0 C~~~~ ~~di di 9-. ~ ‘S “a- 41 -a- C) ~. 0 CO C) I

I— 0 41 ‘S 41 1- 1- 0 _1 I 0. 0

41 < I CO C)
C .

“a- v.4 Cs)
~~ 0, 0,

11—23

— — - • _ • • — • • 
___________— ____,, __________

- -~ — 
-

~~~•— i~T _ i  ~~~~ & ‘..~~ i ~~~~~ —



41 CO C) C U) U
0, 0, CI~ C’) (5) C’)a.. 
CV) C’) C~) CV) C’) C’)-J

UI

~~
-~~ .0

I II I I
4.) I
C I I
‘0 I I I

I I I
I I I

—.“ ~~~~. I-I

U) ~~~~~~~-““--.— 1CM
I ’— 0 ‘4’

UI II I a~ LI)
Cl) 

II ~~~ —
U 

~~~ I .
~~~ I C 0

41 N- II I ~ N. I 00) 0 — .0 —4.) K C L1) II a- II 4)
“‘-O r —  .a- N. K II

O r-. C V  £.
C IS K N- C) 0 U) 4) 4”’ II

~~ .“-4 0 •“ -~ 0 b~ 4”’ 9-
.
~. 

a- U 0 II 5) — K I ‘~~ II
45 a- .0 0 K .0 “ .~. I U S

— . -  40 -~~ ~~ a-i 4.’ 4) 0 I S.. U ~~“0 LU 4”) C) a- C ~~ .0 0 C) —
Cs) 2 9- a- 0 I 4”’ ~~ — —

U “ a- —~ — I S a- 9- (5.) 4) 8S
1- 

~~ 4”’ ~. 
.0 a- 1. 0 r )  0

4.’ (p. “a- S ‘5 — C0) 0 a- — C’J Z U 0 5- K 4
C 0 0 ‘5 3 0 -~~~ 0 LI) + ~~ >5 1.

S.. -a- 0 0 4.’ > U ‘5~ CC) a— 0 — 45 0 —

4.) ‘5 5- .0 ~ 0 I > 5- C.)
U “0 ~~ ~ 2 + —~ 45 “0

a- 0 0 >4 ~4 “C .0
“a- a- _a- 45 a-

0 0  ~~~~~~~ ~~~~~~~~~~~~~~~~ CO& U.. “ C O
0) “a- 0 .0 0 >4 ~ 

0 “0 3 — a- a- 0,
C C “a- a- C CO ‘5 I .—I ‘5 C 5- U ‘“4 “0 

~~“a- 40 4.’ 4 I ‘S “0 0 —“ 0 .0 45 “ CV)
• a- C) U .0 C 5- 0 C CO a- 8 0 I 0, a”—

.
~~ 

S.. 5 I 4.) -a- .0 0 II U I LU 40
4) IU 0 “0 p.) I a- — U 0 0 
9- I C9- I UI 0 5- ~~ .a- — ~~ a-S.. I U I  0 I > 5 a - 4 - ’  l 5 - a - . CJ a-

4-” C) S __ U -a- I 45 45 4) 0 >4 ‘5 .a- S ~~
‘ -~~ 4

0) U a- 4.’ I V  > .0 0 ‘5 > (5.) 4.’
“ 0 . 0 _I 5 -Q  “a- “0
0 4~ 0 CM 

__ .0 ~~ UI 4.) 5- a- 8 ~ .~ ~‘5 o .a- “C a- “a- U 
~~ 

‘~~ ‘5 0 0) 5) —.
— C 5-_~~~~~~~~~~~~~~~ s) 

C~~~~~~ LU 

~~~~~~~~~~~ -~~

‘-‘ •~~~~~~2~~~~
a) I c 0~~~~ ~~ 4 5 4 5  4 —

a- I 
~~ “~~~~o >40) 4.4 ~~ 0 01 “~~ I C 01 “0 I C C 0 5- a- 45C ‘4- .0 a-- C C “0 ~~~ -a- C 4.) ‘5 a-.~ 

.p. -a- 0 .0 ~4 “0 “0
“a- a- .a- 0) ‘5 . .  “a- 0 “0 CO a- I ~1 5-“0 5 I ~~ V .0 0 ~~ C “0 C a-U I C . )  I S 4 ) a -~~~~ 0 4 5 41 g ~ 

I C ) a -  I > . 0
I 0 ~~~~ a- 0 ” 0 ~~~~~~LU .a- a- ”a-

45 0 0 C) 01 0 01 0 ~~ C I 0. 1-
• a- a- 0 a- a- ~~ 4.) a-. 4;)

> 0 0 .—., 0.. U U) I C S U • 0.) 0 3 C) 0 i— .
0 5.. -a- “0 I “a- a- 8°~~~~~~~~~~~j 

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ C ’ S C O~ C 5 -~~~~ 
~~~ V 0 . ’S  5.. I S a - i

0 0 0)~~ 
~~~ “~~~ ‘“‘ ~~~~‘S I a - a - S - C  a - a -0 0 5 - 0 )  0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~° Cs)0 . 0 0  0 ~~CO ~~ a-. “a- ~~ 45” C) 0 ~~ 44 — C) 0 4) “a- I. (#1
5-) “0 5-) ~-‘ I— C) 4--4 J I O I S  I C  I S -

~~~~~~~~~~~~~ a-p.- 0.. 0 0. ,“4 (5) (V) 0. ‘S a-I (5.) 0) 0. C a 
CO

~~~~~~~~~~ •~~~~ 5... ~~-‘ • U) U ‘4- 0 1.) 14- U 9- 9- 0 5-) ~~ A. ~~ C)
0. a-’ 4’ — — .0 a-I 01 P..4 41 C.) ~~ C.)

L~1

‘- d IJ~ uL

11-24



.;

C CO C..) LU Li. CD
a- 

~~~ 
45. 

~~
. .

~~
. aq-~~~~.CV) (f) C’”) C’) C’) C’) ()

4/) 4) 4.) ~~~4.’ ~~~~“C
9.. 44_ ‘ 4— “0 a- “V

\ c r  5- ’~~ 0.
.5.. 0” 0” “0 ~ U) “

~~~ ~0” .0 j75 a)
.:) UI U) ‘Il/) a-
— -. 

0) 05

4”’

C
‘0
:3

U) 
a-

9. 
II 

~~

“0 .0 E ~~~~~~ > % . . 4 0 . 0
• 4”’ 4”’ 45 CO CO CL.

C “C “ a- E 0 4 - ’
0 “a- “0 C’) 4 ) 0  ~ S.. LU3 5- 5- 5” 

“a- ~~~~~ C
K 0 0 0 . 0  C ’S- ~~ o

S.. II )< — C a- 0 a- “a-
4) 4.) ~~~“ C O 5-  0 1 .  4.’
4) .0 —.  4- 

LU

a- 4.’ 4~ 
C’) .0 “0 4) a- 0 5..

“ a- “0 ‘5- 
LU LU a- -a- ~~ U 0 4.’

Li. “a- 40 tO a - V
3 6) 4) 1 . 0 5 1 -  4) 4)

C) 1. .1” 5- S.. 5) ~~~~a- 4) 0 0
C - 4) a5 -I” 40 0. 4/) 4”’ 5 0

4.’ 4.) 4.) .0 a- “0 0
a- 9- .0 9.- 0) 0 0) 0 U U) a- 5. “a- 0 U
“~~~ 4”’ 0 U 0 U “C 0) ‘4- 1..
U 0) *5 • (0 0 40 “a- CC) a- 0.. 4)
.a- C -a- 0 ‘I— — 9— a- “ 4— 0) 01
1. 0) “0 0 S.. 0 1- 0 0 “ a- C U) “C

I— a- — 0 3 0 3 U) 1. “a- “C S
II — a- U) C U) K 45 a- a- a-

II — a- .0 a- a- U)
.0 S.. ‘-I S. a- U U 0
4) -. 1. 4.’ • - 4) 5) >4 -a- 5/)
0) 4.’ 5) 9- ~ 

K .a- X “a- LI) 40 5. “ S . .  C)
C 4- 4.3 4.3 —. 9- 4.. • “0 4) .4.) 5-
U 44 0” 40 “0 “ a- - -  — •a- 0 5- 4’ 4) 0)
a- 0” U~ 1- 0) 1. 5) “0 1- .0 a- >5 “a- 1-

UI ~ E 45 4.) 01 40 C a- -a- .0 i.. ~~. 
•

“a- C 3 a- IS C a- 0 I 9- “a”” s..-- - C “0 -a- 0 U 5. 0 I “0 5..
1- “a- a- “C I 0) 0) (0
41 40 45.. 4) I C  U a-

I S 0~ 1- UI I ” a -  3 ” U
9- U 5.. 5.. Si ~~~ a- IS a- “0
~a-~~~~~~~~~~~~ E~ > CO 

~ -. .0 .~~ 0 0 5 . -
• 5-~~~~~~~~IS

9_ O a-4
U a- U ‘a”- 4) U LU 5.. 4) a--

“a- 5 ) 0 1 - t i  “ a- 3 0 ’-’ 0 4 ) 4 )
9- IS 40 IS a- 0 “a- a- E 1. 4-
“a- 1- 9- a- ‘4... S a- U 4.1 IS ~~ 3 4) 1-
1 - 4 5 1 - 5 ) 1 -  45 54~. -a- 3 5.) > C ) a -  C C )
I S a-  S 3 1- a - b  S ~ I O W  C
a- S UI 5 - U I  “~~~ ~~ 3 a- .  “ C E O ) >  U ” a -  U
C) 01 (5 >) C) ‘5 9.- 0 U 1- C a-

C 1- a- 1- .0 5. 1- 1- 0. 5) 0 .)~
~ ‘S U ~ U U “C ~~ 0. 01 5) 5)
‘S 4.’ a- U -a- 4) 0) >4 5..) 0 di “C a-
“C U 9- 5.. ‘s- 01 IS .0 U) 0 Cl S U I..
C U a- “a- “a- ‘5 5.. ~~~ “0 CO 45 r-- 0) 4.)

p... 0 1 - S - U S -  S - U  .~~ IS •a- 1.. ((I V - 
a-

U 45 IS U > IS Ci a- ~~ U S ~~
LU ‘4- a- 9- a- > *5 U 0. 0 C) > ~~ a- C)

VS —. C) — C) < — 0. VS ~~ C) U)

) . . . . 1
C CO 5.) 0 U) I.i.. CD 9-

11— 25

- - • -~- • ---~~~- -- - “-—-... - - — - • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .~~~~~~ .— . - —a



— - - —

C ~~ CO C)
U) U) U)
(a-) C’) CV)

_“) -~In ‘5 ‘S
4.) “0 “0
-a- 5._. 5- ~Q
C .0 .0

a- a-

>
4”’

4’
C
(0
:3

0
II — 0

>) —
— IS
>4 0 —45 5-

1.. “0 .0
4) 5- a- “V4) .0
a- a- .0
“a- a-
9-

C-’
0) 0
C 45.
“a- C-) LU ~~a- C 14)

45. (I)
U CM a- LU

—. “a- -
~~~ 5.

“0 5 a- 4)
4.3 43 

~~ 9- 43

9- ~ ‘ti; !
“a- 9-

5”— ~~ Co ~ 0
5.. 0 CO
4) “a- 0 “

~~~4) 41 0
a- a- CO I.r- ‘5 • a-

o
C) a- 4.) ~~ 0
C CO
.a- U UI ” .- t
a- “

~~~ 
9- 0. — ~~.~~ UI 

~
. >4

(.~ 
a- 0 45
. 0 5) 0  “0

5- 4.1 U - a -  I
S - a -  ~~ .0 —

__ . . 0. a-— —“~~~ C - a -
(fl ‘ 5 1 -  S

U E C ” ~~ ~~ 
a-

. a - 9 - 4 1 a -  ~~~~~‘S

~~~~~~ I ~~~~~~~LU
a-~~~~~~ CO~~~~~~ a- Ca -
4 5’S  LU ’S  0 IS
> > 9 -  > CO

~~~S n 4 . 1 a- ~~~~ 0 ~~

C)
C) U 5-) 5 C) I 8 I
I -a- 5 4 ) 1 4 ) 1 4 1

La)
• 0. U A. — 0. ~.— 0.. —

5.’, - —

a CO C)
0 C

11-26

- - - ----.- • • -- • .— — I—-- —~~~- ---

~- — ~~~~~~~~~~~~ .- • .-—



OPERATIONAL PROBLEMS/TROUBLESHOOTING GUIDE

The operation of a trickl ing f ilter during CR will be affected pri-
man ly by the increases -In organic and hydraulic loadings . Increases in
the organic loading will result in increased growth and increased oxygen
consumption by the micro-organisms wi thin the filter as well as potential
pondi ng. Increases In the hydraulic load will result In an increased over-
flow rate in the final clarifi er and also will probably result in a de-
creased recirculation ratio because of limited pumping capacity to the
filter. It is anticipated that the Increased load during CR will , in
some instances , produce nusiance problems such as odors and filter flies.
Fig. 11-4 shows how the above factors can lead to potential operational
problems during CR. A more detailed description of these problems, their
causes and possible solutions is given in the troubleshooting guide.
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LABORATORY /PROCESS CONTROL TESTS

The trickl ing filter requires mostly visual observation for identi-
fication of the problems that may occur , such as ponding and filter flies.
Microscopi c examination of the sl ime on the media, however, will Indicate

- the onset of filter flies if small worm-like larvae are present. 
-

Measurement of the dissolved oxygen of the filter effluent will allow
detection of when the organic load exceeds the natural aeration capacity
of the filter. If no dissolved oxygen Is detectable, then Increased ven-
tilation should be provided if possible.
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ACTIVATED SLUDGE

PROCESS DESCRIPTION

Ac tivated sludge is an aerobi c, biolog ical treatment process which Is
unique in that biological sludge (micro-organisms ) are separated and re-
turned to the biological reactor. Fig. 11-5 showsa generalized activated
sludge system consisting of two major components, the aeration tank or
biological reactor, and the secondary clarifier or solids separator. Air
is introduced Into the aeration tank to provide oxygen for the micro-organ-
isms and to mix the influent wastewater with the micro—organisms. In the
aeration tank BOO is removed by two mechanisms : the micro-organisms either
oxidize the BOO to carbon dioxide or use It for synthesis of new microbial
mass. After aeration the mi xture of wastewater and micro-organisms (called
the mixed liquor) is pumped to the secondary clarifier where the biological
solids are removed from the process effluent by sedimentation . Part of the
settl ed sludge is returned to mix with the Influent wastéwater to control
the mi xed liquor suspended solids (MISS) concentration in the aeration tank
and the remainder is wasted by pumping to the digester or other sludge
handling process.

Many modifications of the activated sludge process have been developed,
some of which are: step aeration, complete mix, contact stabilization , ex-
tended aeration, and oxidation ditch. Since all of these systems consist
of an aerated reactor and solids separation,- this manual will be appl icable

• to each of these modifications. However, specific threshold values for some
parameters may vary somewhat from process to process.

- - Activated sludge is perhaps the most complex sewage treatment process
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I

and functions efficiently only wi th the proper control of a number of
interrelated parameters. Because some parameters are fairly sensitive
and must be controlled wi thin a fairly narrow range, activated sludge
plants must be closely monitored during CR , espec ially when sudden changes
in hydraulic and organic loadings are anticipated. When activated sludge
is operated within process limits and is given proper control , the process
will provide high degrees of treatment. However, when process limits are
exceeded, or when insufficient control is given , the process can undergo
a sudden decrease in treatment or complete failure. The following work-
sheet will aid in assessing the impact of CR on the operation of activated
sludge plants and help to identify and correct critical problems which

• may occur.

WORKSHEET DESCRIPTION

The worksheet predicts the impact of CR on the activated sludge proc-
ess by comparing the projected waste load to the capacity of the existing
tankage and aeration capacity. The worksheet predicts values for two key
loading parameters (final tank overflow rate and food-to-micro-organism
ratio) and also tests the sufficiency of the aeration capacity. Compar- L
ison of these projected values to known adequate values allows isol ation I ’

of potential problem areas In the troubleshooting guide.
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OPERATIONAL PROBLEMS/TROUBLE SHOOTING GUIDE

Most operational problems that might occur during CR will be the re-
suit of increases in the organic and/or hydraulic loads. FIg. 11-6 shows
a generalized relationship between these loads , process parameters and
potential operational problems . This section consists of a brief descrip-
tion of the problems expected to occur most freq~~ntly, followed by a
simplified troubleshooting guide Indicating the probable cause, laboratory
or process control checks , and suggested solutions.

Success ful treatment by the acti vated sludge process requi res proper
solids removal in-the secondary clari fier, which can only result when the
overflow rate does not exceed sludge settleability . Sludge settleability
is usually reduced by bulking which , as indicated in Fig. 11-6, is influenced
by increases in the organic load and the overflow rate, which is directly
related to the hydraulic load . Increasing the organic load Increases the
growth rate of the micro-organisms and their associated oxygen requirements.
If the mixed liquor solids concentration is not sufficient to handle the “

,

increase in the growth rate (F/M > 0.5) or if there is insufficient aeration
capacity (excess aeration is negative) sludge settleability will have a
tendency to decrease , producing a “bulking sludge”. A bulking sludge is
indicated by an increase -in the sludge volume index (SVI) usually caused
by increased presence of filanientous organisms . The best settl ing sludges
require an overfl ow rate below 1,200 gpd/sq ft and bulking sludges require
an even lower overflow rate . An overfl ow rate in excess of sludge settle-
ability will resul t In a rising sludge blanket throughout the clarifier
which , if not corrected, will cause the effl uent to degrade, leading to a
Icss of biological solids and ultimately resulting In process failure . In
addition to this loss of solids , excessive loadings can result in the
minor problems of rising sludge clumps and foaming.

The troubleshooting guide provides a more detailed description of the

above problems and their solutions .
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LABORATORY/PROCESS CONTROL TESTS

Sufficient Information to monitor the operation of an activated sludge
pl ant and to determine major problems can be obtained from a few simple
tests. One ser ies of settlometer, sludge blanket depth, microscopic exam-
ination and dissolve d oxygen tests can be run in about 90 mInutes so that
multiple tests can be run each day as needed during CR.

The following easy-to-perform tests will be useful in assessing condi-
tions that are likely to occur during CR:

1. The depth of blanket test will detect a rising sludge blan-
ket -In the final clari fier to al low process modifications
before solids washout occurs. -

2. The measurement of settleable solids test indicates the
sol ids/liquid separation capability of the sludge that goes
to the final clari fier. This test will provide the first
Indication of a bulking sludge and an increasing volume of 

-•

settleable solids will probably precede a rising sludge 
- 

-

blanket .

3. MIcroscopic examination of the mixed liquor suspended solids
is a helpful aid and can confirm a predominance of filamentous
organisms as the cause of a bulking sludge.

4. Measurement of the dissol ved oxygen in the aeration tank will
confirm Insufficient aeration and can provide the basis for
increasing mixed liquor aeration or other controls.
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PONDS AND LAGOONS

PROCESS DESCRIPTION

Ponds and lagoons are large earthen basins used to retain wastewater
and allow biological treatment to take place. For this manual , a lagoon
is defined as a retention basin which uses artificial aeration to maintain
aerobic conditions. On the other hand , a pond—whether aerobic, facul-
tative, or anaerobic—relies on natural aeration. Ponds and lagoons are
less sensitive to increased loadings because they are generally designed
with long detention times of several days and rely on both sedimentation
and biological activity to provide treatment. Treatment efficiency of
both Is affected by the organic load, hydraulic detention time, wastewater
temperature , aeration capacity , and various other environmental factors.
The aeration capacity of lagoons is easily defined while -the natural aera-
tion of ponds depends heavily upon local climatic conditions. Because of
the wide variations in cl imate throughout the country, state design and
operational guidelines for ponds should be used to determine acceptable
“loadings.

WORKSHEET D (SCRIF !014

The worksheet ana lyzes ponds and aerated l agoons separately because
of their different operating conditions. The BOD removal efficiency of a
pond Is based on areal BOD loading and hydraulic detention time. To sim-
pl ify calculations, fJg 11-7 is used to determine an operational parmieter ‘1A”

-“ 

from the creel BOD loading, and Ftg 11-8 Is used to determine parameter “B”
from the detention time. These two parameters relate the effect of changes
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in the areal SOD loading and detention time to the BOD removal efficiency
of the pond.

In the section on aerated lagoons, pre—CR influent and effluent BOD
loads and pre-CR detention time are used to determine a “local plant oper-
ational constant” . Thi s constant takes Into account local var iations in
BOD removal rates 4ue to various environmental factors, and can then be
used to determine the CR BOO removal eff ic iency based on CR detention time
and influent BOO load to the l agoon. The last section of the worksheet
is used to determine the sufficiency of the aeration capacity of the lagoon.

Sfnce environmental factors play such a significant role in the opera-
tion of ponds and lagoons (see discussion In operational problems), and
since it is impossible to predict what specific environmental conditions
will exist during CR, these worksheets can be used in two ways :

1. During an actual CR situation , the specific environmental
conditions will be known. Thus, the worksheets can be used
to operationallycontrol the treatment process by considering
the current values of the key input parameters (e.g., deten-
tion time).

2. Prior to CR, the specific environmental conditions will not
be known. Thus , if the worksheets are used to predict what 

- 

-

is likely to happen to the treatment process during CR , two
- pre-CR conditions should be investigated (i.e. , suniner and

winter) to provide a range of how CR will affect the treat-
ment process. 

-

1~ - 

- 

- 

- 
-
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OPERAT IONAL PROBLEMS/TROUBLESHOOTING GUIDE

The operational problems that might occur during CR will be the result

of the increased hydraulic and organic loads. Because ponds and l agoons

rely more on “natural” phenomena than other treatment processes , environ-

mental conditions such as sunl ight, wind , ice, etc. existing during CR can
have a significant impact on the available treatment capacity. Fig. 11-9
shows a generalized relationship of various factors which- will affect the

operation of ponds and lagoons during CR. As shown in Fig. 11-9, environ-
mental factors are indicated - by a dashed box and the solid boxes are used
to indicate only those factors that are a direct result of CR.

The major problems wi th ponds and lagoons are: decreased treatment
and odors caused by overloading and oxygen depletion . Neither of these
will cause a failure of the system and therefore, these systems are less
susceptible to overloads caused by CR.

LABORATORY/PROCESS CONTROL TESTS

The most useful laboratory test for monitoring lagoons and ponds is
the concentration of dissolved oxygen. Absence of detectable dissolved
oxygen will indicate potential odor problems and decreased treatment due
to insufficient aeration.
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SOLIDS HANDLING

PROCESS DESCRIPTION -

The main objective In any solids handling process is the stabilization
and/or disposal of the sludges produced during primary treatment and bio-
logical treatment. These sludges represent signifi cant- concentrations of
organic solids and pathogenic organisms, and have a high potential to
cause nui sance or di sease. Sol ids handling, as used in this manual , is a
term referring to the wide variety of methods used to treat and dispose of
sludge generated from the various un it processes in any sewage treatment
plant. Treatment methods include gravity and flotation thickening , chemi-
cal conditioning , aerobi c and anaerobi c digestion, vacuum filtration ,
sludge drying beds, sludge lagoons , centrifugation , incinerat ion , and wet
oxidation. Disposal methods Include landfills , ocean disposal , dumping
and use as a soil conditioner/fertilizer. Since there are so many differ-
ent methods in use today, many of which use proprietary equipment having
widely varying capacities , this discussion will not deal wi th each method
per se; rather it will provide some general coninents on issues common to
most solids handling methods and some specific comments on a few methods
that are more frequently employed in areas designated as CR areas. Aerobic
and anaerobic digestion are exceptions to the above statement and are dis-
cussed in detail in a separate section.
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WORKSHEET DESCRIPTION

The solids handling worksheet estimates the increases In sludge vol-
umes caused by CR, which in turn -Indicate the increased solids handling
efforts that will be required. The estimated sludge vol umes calculated
in each process worksheet are summarized in the sludge handling worksheet
for easy reference. Comparing the projected sludge volume to typical
pre—CR values will determine the approximate Increase in equipment opera-
tion time and labor necessary to handle the load. Where digestion is
used, the total volume is also compared to digester capacities.
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OPERATIONAL PROBLEMS/TROUBLESHOOTING GUIDE 
-

A major problem facing the plant operator during CR will be the treat-
ment and disposal of the increased volumes of sludge produced by the various
treatment processes. Most of the solids handling problems anticipated
during CR will be due to the fact - that these activities are very intensive
wi th regard to- the use of labor and transport equipment. By estimating
the increase in sludge volume, the worksheet provides rough guidelines as
to the anticipated increase In labor and operational time for equipment.
The best alternative available for dealing with these increased demands is
operating the solids handling equipment over increased shifts and for more
days per week. To accomplish this might require arranging for relocated
personnel to assist in the labor-intensive operations and utilizing unused
local transport vehicles to assist in solids or sludge disposal .

If the total sludge volume anticipated during CR cannot be handled
with increased operation, the plant operator may have to consider alterna-
ti ve sludge disposal methods. In this case, primary sludge must be given
priority in treatment as it represents the greatest problem with respect
to pathogenic organisms. An example of an alternative method is to mix
untreated secondary sludge with digested primary sludge in temporary lagoons,
thus resulting in some degree of treatment. In this situation the sludge
lagoon serves partially as an open air u digester. Lagoons have the advan-
tage that the sludge can be stored indefinitely until conditions return
to normal. A further discussion of this option is given in the emergency
alternatives portion of the flow reduction section of this manual.

The following troubleshooting guide provides- a more detailed descrip-
tion of problems and possible solutions associated with two commonly em-
ployed solids handling processes: sludge drying beds and lagoons. -
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LABORATORY/PROCESS CONTROL TESTS

The following tests will be most useful during CR to ensure that the
solid s handling process can be carr ied out effectively :

1. Total Residue. This test can be used to determine the per-

cent solids of each sludge being appl ied to sol ids handling.
If the sol ids become too dil ute, operation of clari fiers to
produce a thicker sludge will reduce the sludge volume.

2. Jar Test. If chemical coagul ants are applied to sludges, a
jar test should be run to determine the proper condition for 

- 
)

good coagulation of the solids in the process. 
-

3. Mi croscopic Examinati on. Fly larvae will be noticeable
w ith examination of a grab sample and insectic ides can then
be applied prior to the completion of their life cycle.
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DIGESTION

~ 
- 

PROCESS DESCRIPTION

Sludge digestion consists of biological processes that convert un-
- ~ treated primary and secondary sludges “Into a relatively inert humus-like

material that is less offensive with respect to odor and pathogen content.
~ ~ Digestion reduces the amount of organic solids in the sludge and makes it

easier to de-water when applied to drying beds. Anaerobic digestion is
the most common method of biological solids treatment but aerobic digestion )
is commonly found in small package plants. Anaerobic digesters are sensi-
tive to shock loads , changes In temperature, and particularly changes in
the hydraulic detention time . If the detention time of an anaerobic di-
gester falls below 12 to 15 days, the system becomes stressed and can po-
tentially fail; and if the detention time falls below 7 days, the digester
will fail completely. Aerobic digesters, on the other hand , are very
stable and will nnly experience a gradual decrease in efficiency wi th the
increased loads and decreased detention times during CR. Since anaerobic
and aerobic digestion are radically different processes, the remaining
discussion In this section is organized around the two processes: pp 11-62 to
11-65 deal with anaerobic digestion and pp 11-66 to 11-68 deal wi th aerobic

digestion. -

L WORKSHEET DESCRIPTION

The worksheet predicts the hydraulic detention time of the anaerobic
p.4. digester based on the total sludge volume and primary sludge volumes.

Line 71 of the worksheet evaluates the Impact 0f the projected detention
time 
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OPERATIONAL PROBLEMS/TROUBLESHOOTING GUIDE —Anaerobi c Digestion

The major problem fac ing anaerobic di gestion during CR will be the
~ 

- 

increased volume of sludge produced in the primary .and secondary treat-
ment processes in response to the increased CR population . This increased
sludge volume will require increased sludge pumping which could affect not
only the detention time of the sludge but also the temperature in the dl-
gester. When the detention time Is between 7 to 15 days, the volatile
acids begin to accumulate and destroy the natural bicarbonate buffer,
leading to a stressed digester. If sufficient bicarbonate buffer (greater
than 1,000 mg/l) is not maintained, the digester pH will drop below normal
(less than 6.5) poisoning the methane-forming bacteria. This will , in turn,
inhibit the gas production and result in the complete failure of the proc-
ess. A detention time of less than 7 days removes the bacteria faster than
they can grow, leading to a rapid, complete digester failure. If sludge
pumping exceeds the heating capacity of the digester and the temperature
drops, the rates of reaction will decrease, causing symptons simi l ar to an
increased loading. Fig. 11-10 shows the interrelationships among these fac-
tors and how they can lead to potential operational problems or failure of
an anaerobic digester.

The following troubleshooting guide provides a more detailed descrip-
tion of various operational problems , their causes , and possible solutions.
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LABORATORY/PROCESS CONTROL TESTS—Anaerobic Digestion

Anaerobi c diges ters should be closely monitored during CR to ensure
detection of possible process upsets. The gas production, pH , concentra—

- 
- tion of volatile acids and the total alkalinity should be measured daily.

These tests will be useful in detecting possible upset conditions as follows :

I. Measurement Of the alkalinity provides an estimate of the
buffer capacity 0-f a digester against an accumulation of
vola ti le ac ids.

2. Measurement of volatile acids is important because an accu-
mulation of volatile acids will precede a drop in pH. Cal-
culation of the bicarbonate alkalinity

(BA TA - 011 VA)
will provide a better estimate of the digester ’ s pJI stability .
The BA should be maintained above 1,000 mg/l .

3. Digester pH should be monitored regularly because the methane
bacteria are very sensitive to pH values below 6.5 and a drop
in pH below this value will cause process failure.

4. Measurement of the gas production is essential because an-
aerobic waste stabilization can only occur with gas produc-
tion. Thus , any decrease in treatment will be reflected in
a decrease In gas production .

In addition to these lab tests, measurement of the depth of the grit
and scum layers Is required to determine the digester capacity In the work-

- - sheet.

I
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OPERATIONAL PROBLEMS/TROUBLESHOOTING GU IDE —Aerobic Digestion

Fewer operational problems are associated with aerobic digestion than
with anaerobic digestion . The only problems that could occur in the aerobic
digester will be a reduction in solids stabilization . Fig. 11-11 shows how
either an increase in sol ids l oading in excess of aeration capac ity or a
decrease in detention time can lead to decreased treatment. As a general
rule, a complete failure of an aerobic digester rarely occurs.

When an increasing hydraulic load causes the detention time to fall
off, a decrease in the volatile solids reduction occurs. As the detention )
time falls below 10 days, the rate of decrease will be much faster. An
increase in the organic load increases the oxygen demand. Should the dis-
solved oxygen fall below 0.5 mg/i , the decrease in volatile solids will
result in decreased treatment efficiency.

Where possible , aeration should continue until the volatile solids
are reduced to a level where the s ludge is reasona bly stable, does not
create a nuisance or odors , and will readily de-water.

LABORATORY/PROCESS CONTROL TESTS-— Aerobic Digestion

Aerobic digestion efficiency is dependent upon the reduction of vola-

tile solids . To monitor this process, a total volatile sol ids test must

be run . Another important test to be run regularly is the dissol ved oxy-

gen content which indicates whether or not the organisms receive a suff 1-
den t supply of oxygen to metabolize the volatile solids.
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DISINFECTION

PROCESS DESCRIPTION

The primary concern in wastewater treatment, especially during -CR , is
the prevention of waterborne disease. With the increased population expected
during CR there will be a greater demand placed on water and wastewater dis-
infection . The major disinfecting agents used in wastewater treatment are
chlorine (Cl 2) and its derivatives . Because these chemicais have the prop-
erties of being strong oxidants , are non-selective microbial poisons , and
are easily stored, chlorine finds wider appl ication in wastewater treatment
than just disinfecti on . Some of these uses are the control of odors , cor-
rosion and sludge bulking. The use of chlori ne, however, dur i ng CR must
bal ance the avai l able supply with the increased disinfectant demand to de-
termine whether these secondary applications shoul d be minimized to con-
serve the treatment plant’ s existi ng supply of chlori ne. Thus, this dis-
cussion covers the use of chlori ne only for disinfection purposes and not
for secondary applications . Since it is recognized that chlori ne may be
in short supply during CR, there is a brief discussion at the end of this
section on alternative methods for disinfection.

The use of chlori ne as a disinfectant requi res applying enough to
satisfy the chlorine demand and to produce a sufficient chlori ne residual.

- - A portion of the chlor ine added to any was tewater is consumed by reactions
with various constituents in the waste; the chlori ne requi red to meet these
demands is called the chlorine demand and is usually not available for dis—
infection. The amount of chlori ne added over and above these demands is
called the chlorine residual and is available for disinfection . The total
chlori ne dose -Is the sum of the chlorine demand and the chlorine residual •
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Disinfection of wastewaters usually is carried out by mixing the
water with chlorine and then holding the chlorinated wastewater in a chlo-
rifle contact tank to provide the time required for disinfection prior to
discharge. The level of disinfection achieved will increase if either the
contact time or chlorine dose is increased . If the current level of dis-
infection is to be maintained during CR, chlor ine consumption w ill increase
during CR because the dosage must be increased to compensate for a decrease
in the contact time resul ting from the increased hydraul ic load and a l so
because there will be more wastewater to treat at that dose. The worksheet
for chlorination predicts the chlorine consumption during CR required to
provide the same level of disinfection as during pre-CR and calculates how
many days supply of chlorine are available to meet this demand.

I

I

1.
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OPERATIONAL PROBLEMS/TROUBLESHOOTING GUIDE

The operational problems affecting chlorination activities during CR
will be directly connected to increased hydraulic and organic loads. Fig.

~ 

• 

11-12 presents a generalized flow chart of the relationship between various
loads, parameters and operational problems. The troubleshooting guide at
the end of this section indicates specific problems, indicators, and pos-

- ~ sible solutions.

Theoretically the same level of disinfection can be obtained for dif-
ferent combinations of contact time and chlorine res idual as long as the
product of the two remains relatively constant. Since the contact time ,
which is essentially a detention time, may decrease during CR due to the
increased hydraulic load, the same level of disinfecti on can be provided
by Increasing the residual . However, s ince more chlorine will be requi red
during CR to provide the same level of disinfection and since it probably
will be in short supply due to other competing demands, a minimum contact
time of about 15 minutes should be stri ved for to achieve adequate mixing
and dispersal and then only enough chlor ine should be applied to ac hieve
the required chlorine residual.

As a general rule, it has been found that improved mixing and longer
contact times are more effective than increased chlorine dosage in provid-
ing the same level of disinfection . Thus any actions, such as installing

t baf fles , mechanical mixing, or air agitation , which will either increase
the contact time or the mixing , should be preferred over increased chlorine
dosages. The troubleshooting guide provides a more detailed description
of some of these problems and possible solutions.

Because the length of the CR period Is somewhat uncertain, it will be
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most important to try and maintain some level of disinfection throughout
the entire CR period . If the supply of chlorine is not sufficient to main-
tam the normal level of treatment and additional suppl ies or other chem-
icals are unattainable, the chlorine feeder rate should be decreased to ex—
tend the supply. However, before this action is taken, local health and
water quality regulatory personnel should be contacted, particularly if
downstream uses of the receiving water include human contact or consumption.
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LABORATORY/PROCESS CONTROL TESTS

The two standard tests for determining adequate levels of disinfection

i - 

are the orthotolidine chlorine residual and the total col-i form MPN tests.
Disinfection is assumed to be adequate if sufficient chlorine is added
such that a residual of 0.5 ppm is present 15 minutes after the chlorine
is applied . This can be rapidly determined by the orthotolidine chlorine
residual test. It is important , especially during CR , that this test be
performed on samples taken during the peak flows. However, it is possible
that the above residual will not meet the local disinfection standard which
in many cases is 100 coliform bacteria per 100 ml. This can only be deter-
mined by the MPN test which unfortunately requires - over two days to perform.
Thus , this test is not useful for daily operational control . During CR ,
the MPH test should be conducted during the relocation buildup to assess how
the increased load is affecting the coliform count. If it still is within
the locally established limits , then the chlorine residual test can be used
to daily monitor the disinfection operation. If not, then steps must be
taken to rectify the situation .

It should be noted that the chlorine dose necessary for adequate dis- - F
infection will vary widely with the character of the waste, temperature,
pH, and numerous other factors that cannot be controlled by the plant
operator. For thi s reason it w ill be part icularly Important to continu-
ously monitor effluent quality to determine the level of disinfection .
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ALTERNATIVE DISINFECTION METHODS

Other disinfection methods exist as alternatives to chlorine such as
ozone, bromine, iodine, and ultraviolet. However, all of these alternatives
either require specialized equipment, an energy source , or are significantly
more expensive. Nevertheless, it is recognized that chlorine may be in
short supply dur ing CR, thus necessitating the use of other disinfectants.
This section briefly describes some of the other chemical dislnfectants
while recognizing that their availability in any particular area during CR
may be as uncertain as chlorine. Efforts should be made to identify local
sources of supply of other chemical disinfectants prior to CR so that they
can be rapidly obtained i-f chlorine supplies become critical.

1. Sodium Hypochiorite (NaOCJ). The disinfection potency of
1 mg/i of chlorine from sodium hypochiorite is just as
effecti ve as an equivalent amount derived from liquefied
chlorine gas. With the exception of the feeder, storage
and some piping , a hypochiorination system is very similar
to one using liquid chlorine. The availabi lIty of sodium
hypochiorite should be essentially the same as chlorine. I -

Both are produced by essentially the same process.

2. ~ romi Chloride. Bromine chloride has similar germicidal
qualities to chlorine. However , bromines are less stable
in water and break down to form bromine salts. Existing
chlorination facilities would require only minor modifi-
catlons to convert from chlorine to bromine chloride. As
of 1976, there were only three manufacturers of bromine
chloride and Its supply was limited —
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3. Chlorine Dioxide. Chlorine dioxide is a powerful oxidizing
agent and an excellent disinfectant; however, it is unstable
and extremely corrosive. The lack of an adequate method
for accurately determining low residual concentrations is
a serious drawback. Because it is a strong oxidizing agent,

more chlorine dioxide than chlorine may be required to a-
chieve the same level of disinfection.

4. Lime at pH o’f ll or higher. Even in the presence of rela-
tively high concentrations of organic matter and under the
adverse conditi ons of low temperature sewage can be disin-
fected to a safe level by lime treatment of p11 11.5 or 12.0.
The process of disinfection can be completed within a rela-
tively short time period (30 minutes or less), even at 1°C.
Lime treatment also invol ves the reduction of organic mate-
rials and phosphorus which will increase the amount of sludge
that will eventually need to be disposed of.

5. Bromine. Bromine is a good germicidal agent and effective
tests are available for determining residual concentration .
B romine , hypobromous acid (HOBr), and monobromamine are con-
sidered nearly equal in bactericidal properties and essen-
tially equal to free chlorine at comparable pH.

6. Low pH as a Disinfectant. Exposure of micro—organisms to
extremes in hydrogen ion concentration is a relatively in-
effective method of disinfection , since enteric bacteria
must survive the extreme acid pH of the s tomach before enter-
ing the small intestine. Thus, for low pH to be a truly
effective disinfectant, extreme acidity must persist for a
considerable period of time.
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SUMMARY OF CRITICAL PROCESS VALUES ,
; 

THEIR GENERALIZED EFFECTS AND ACTIONS RECOMMENDED

Each process discussion has identified the parameters which are key

I ~ 
to the efficient operation of that process and which most likely would be
affected by conditions associated with CR. As noted, some processes are
more sensitive than others to overloading conditions anticipated during CR;
a few processes may actually fail altogether if the value of a particular
parameter exceeds a critical value . The Sununary Sheet sutwiarizes the
following information for each process:

1. Key process parameters .

2. Critical values for the key process parameters.

3. Generalized effect if the value of a key process parameter
exceeds its critical value . These generalized effects are
categorized as follows: failure , possible failure , de-
creased treatment, and nuisance.

4. Actions reconmiended depending on the severity of the gener—
alized effect. These actions are categorized as follows :

a. Avoid at all costs— process failures should be avoided
at all costs since they will significantly affect the
treatment capability of a plant and could lead to severe
public health problems.

b. Intensive control — potential process failures need to
be closely monitored and require whatever actions neces-

I - 
sary to prevent the process from reaching a failure con-
dition .

c. Consu lt regulatory agency— the effects of decreased
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treatment which could lead to a substantial degradation
of effluent qual ity should be explored with local regu-
latory agencies. Depending on the nature and the magni-
tude of the effect of decreased treatment and its impact
on downstream water uses, this condition may be tolerable
during CR or may require corrective action.

d. Ignore —-nuisance effects do not pose serious public
health problems during CR and thus can Usually be ig-
nored.

At the top of the suninary sheet, space is provided for the user of
this manual to insert the values calculated on each process worksheet for
the key process parameters. These calculated values can then be compared
with the criti cal values shown on the worksheet. This comparison will
allow the treatment plant operator, or CRP planner , to tell at a glance
where the potential critical problems exist and what type of actions should
be taken to deal with these anticipated problems.
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PROJECTED CR POPULATION BASED ON TREATMENT PLANT CAPABILITIES

The data from the completed worksheets should give the plant operator,
or CR planner, some indications as to the level of treatment and the approx-
imate effluent quality that would be expected during CR. The suninary of
worksheet values can be used to determine potential process failures or ef-
fluent quality which may not meet state or Federal standards. In these
situations local regulatory agencies should be consulted to evaluate the
projected effect of CR on receiving water quality, the impacts of a de-
graded receiving water on downstream users, and the measures that could be
taken to minimize these impacts, particularly public health impacts.

For many potential host sites, It is anticipated that the projected
CR population, based on shelter requirements, will exceed the maximum
population that can be adequately served by the local sewage treatment
plant. If the projected CR population for a particular host site results
in one or more of a plant ’s critical operational values being exceeded,
one solution available to DCPA Is to reduce the number of relocatees as-
signed to that area. For the purpose of providing additional information
to CR planning personnel, the worksheets in this manual can be modified
to calculate the maximum population that a plant could safely handle.
There are two different ways of approaching this calculation .

The first approach uses the manual as written and involves making a
parallel series of calculations for each process for lower projected CR
population values. If the range of lower projected CR population values
is broad enough, the calculations should result in a bracketing of the
critical value parameters. Fir’. II-’~A briefly illustrates how the work-
sheets can be used to determine what percent of the original projected
CR population could be safely served by a lo~al treatment plant.
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A parallel series of calculations is done for 100%, 80%, and 60% of the
projected CR population . Then , an Interpolated CR population can be found
which just gives the threshold value of each critical operating parameter.

The other approach Involves identifying each treatment process that
has a criti cal va lue, and then, using the formulas given in the works heets,
working backwards to determine a maximum population that will just result
in that critical.value. The following worksheet is illustrative of how a
maximum CR population could be determined, based on the operational limi-
tations of one treatment plant process —activated sludge. The maximum
population is evaluated in terms of three operational parameters: the
aeration capacity; the final clarifier overflow rate; and the aeration tank
F/M ratio. The calculations result in three population values , the smalles t
of which should be used, as this represents the “weak link” in the system.
Fig. jI-1~ uses information in this worksheet to make comparable calcu-
lations for the same example given in Fig. II-13A, which used the first
approach.

Projected CR populations much in excess of these critical values will
indicate a potential problem with respect to the treatment efficiency of
a local plant. It Is recognized that it may not be possible to allocate
CR populations based solely on plant capacity; however, attempts should
be made to keep increases as close as possible to the maximum capacity of
a plant. Excessive population overloads will result not only In decreased
plant efficiency, but also in a marked increase in the potential for dis-
ease transmission and possible epidemics. Another alternative, of course ,
is to reduce the load on the treatment plant as discussed in the next sec.-
tion.

I-
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I

METHODS FOR OVERALL REDUCTION OF TREATMENT PLANT LOADS

During CR, many treatment plants will not be able to effectively proc.-
ess the entire load coming into the pl ant. If the results of the worksheets
in this manual indicate that a hydraulic , organic , and/or solids overload-
ing may cause severe prob lems during CR , an alternati ve to process ing the
entire CR load at a reduced l evel of treatment is to reduce the load caning
into the plant.

Loads on a treatment p lant can be reduced either by decreas ing or
eliminating wastes entering the collection system or by diverting part of
the collected waste around the treatr-ient plant by an intentional or unin-
tentional bypass. Some of the methods of controlling wastes entering the
collection system are: water conservation , flow equal izat ion, temporary
Industry shutdowns, and provision for emergency facilities . A brief de-
scription of each of the above methods for load reduction is given in this
section of the manual.

BYPASSES

Bypassing refers to a condition where a portion of the load is diverted
away from the plant usually because the influent load is greater than the
capacity of the plant. Bypassing can be either intentional or unintentional
depending on how the flow is diverted. Although Public Law 92-500 prohibits
the discharge of any pollutant into the nation ’s navigable waters without
a National Pollutant Discharge Elimination System (NPDES) permit , and al-
though many states prohibit the existence of bypass structures, there may
be situations during CR when bypassing Is advisable. Should these situa-
tions arise, local water pollution authorities should be contacted and the

_ _ _ _ _ _ _ _- - -  
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situation closely monitored to minimize the public health hazard.

Unintentional bypassing will occur when the hydraulic capacity of the

treatment plant or sewer system is exceeded . If the raw sewage pumps are
unable to handle the flow, sewer l ines will begin to back up, manhole covers
may be popped , and raw sewage could then begin to flow Into the streets.
This will pose a signifi cant public health problem and will require imme-
diate attention such as installing an intentional bypass. If the pumps are
capable of handling the flow, but the flow exceeds the hydraulic capacity
elsewhere in the plant, Individual process facilities within the plant
will begin to overflow. In this situation , the operator could di vert a
portion of the flow to a temporary holding basin , sandbag the walls of the
overflowing facility , or intentionally bypass the plant.

Intentional bypassing is usually done at the head works of the proc-
ess and can be directly passed to the receiving water or to the chlorine
contact chamber provided that the hydraulic capacity in the chamber is not
exceeded. Some treatment facilities may be set up to bypass individual
processes. Where possible , primary sewage treatment should be given to
all flow in an attempt to settle out the large percentage of pathogens
which are harbored In these solids.

If the treatment plant has no bypass l ines, it may be possible to in-
stall some temporary means of bypassing. This could involve some major
temporary construction and temporary pipe lines to divert the flow for
chlorination or to the receiving waters. Another alternative would be to
place a sump pump into the last manhole before the treatment plant and
divert the flow to a storm drain , thus allowing the flow to move directly
to the receiving waters. Disinfection at this point may be impossible un-
less some means for portable chlorination Is available.
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I

HOME/CONGREGATE CARE CENTER WATER CONSERVATION

The practice of water conservation measures in the home and congregate

care centers can significantly reduce the hydraulic load on a sewage treat-
ment plant. Water conservation does not affect the solids or organic load
so that flow reduction causes a corresponding increase in the BOD and sus-
pended solids concentration.

Water conservation measures can be categorized in two ways: those
measures relying on a change in people ’s water use habits and those relying
on installed devices. Measures that rely on changing people’s water use
habits not only require an extensive public education program but their
degree of acceptance is highly problematic and difficult to predict. Meas-
ures that rely on installed devices are continuously effective onceir~talled ; )
however, their impact on flow reduction is heavily dependent both on their
availability and on having them installed.

Water has multiple uses within the home or congregate care center and
each use has its own methods of conservation to minimize the health hazard
and inconvenience. Ways of instituting water conservation for some of these
uses are given In two pamphlets included at the end 0f this section. These
pamphlets are Included as sample pamphlets which could be reproduced and
distributed prior to or during CR. I t

FLOW EQUALIZATION

Flow equalization refers to methods designed specifically to dampen
the normal diurnal flow variations in hydraulic, organic, and sol ids load-
ings. The benefits from flow equalization are nianerous. It can reduce
the peak overflow rates in settling basins, resulting In improved efficiency
and possibly fewer disruption from peak flows . Aerobic biological treat-
ment processes can also benefit from the concentration damping and flow
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smoothing by elimi nating peaks in organic load In excess of aeration capa-

city. Its majo r advantage is to protect sensitive treatment processes from
failure due to shock loads and to improve overall process treatment effi-

ciency.

During CR, flow equalization measures can take two forms: (1) meas-
ures directed at modifying the timing of the loads at the source, or (2)
measures directed at modifying treatment plant operations. Measures directed
at modifying the timing of the loads at the source depend on changing
people’s water use habits and thus, may be difficult to Impl ement. The
hourly variation in home water use by type of water use can vary widely.
Plant flow records can be used to identify the peak hourly flow. If the
major uses of water during these times can be identified , then efforts can
be directed at trying to encourage these uses at low-flow times of the day.

Efforts to encourage a change in water use habits can either rely on
voluntary or regulatory compliance . Voluntary compl iance must rely on in-
formation dissemination and can exploit the “we ’re all in this together
attitude” by getting people together (e.g., at a town meeting) and conduct-
ing a rough survey of when people use water, to determine how people’s
water use habits can be changed to equalize the flow. Regulatory compli-
ance involves using some scheme for dividing up the host population Into
groups and then assigning each group a specific time of day for various
water uses.

The other category of flow equalization measures involves temporary
modifications to treatment plant operations. One alternative is to build
an earthen equalization basin at the treatment plant, provided land is
available, or to use an abandoned existing basin. Flows in excess of the
plant capacity can then be temporarily diverted to this basinand re-diverted
back through the plant during times of lower flow. Earthen basins are
generally inexpensive and can be built with a basic knowledge of lagoon
design. For CR, the most useful basin would be one that Is placed as a
side—line unit (as opposed to an In—l ine unit). A side—line basin can be
smaller in size than an in-line one since It only has to handle the flow
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1

in excess of the daily average; it also minimizes pumping requirements.

With the utilization of equal ization bas ins , pumps and above-ground pipe-
lines will be requi red. Al so, aeration should be provided to keep the
wastewater from becoming septic; this will be more critical In an in-line
basin as opposed to a side-line basin. Finally, gravity discharge from
an equalization basin will require automatic control regulators .

Still another alternati ve is to use large interceptor sewer lines
entering the treatment plant for temporary storage to dampen peak diurnal
flows . If used in this manner , the interceptor system may need flushing
out of solids accumulation periodically.

TEMPO RARY INDUSTRY SHUTDOWNS

Industrial wastes are often major contributors to the hydraulic , or-
ganic and solids loads handled by a wastewa ter treatment facility . Under
severe overloading conditions , mutual arrangements could be made to tempo-
rarily shut down certain industries to reduce overloading problems. Thus,
industrial contributions need to be inventoried prior to CR to assess the
potential impact on the operations of the treatment plant.

For most host areas , It is anticipated that a comprehensive record of
Industrial waste discharges will be avai lable from historical records of
sewer charges. When existing records are not available to assess indus-
trial waste contributions , it is recommended that a rapid industrial waste
survey be conducted to determine the hydraulic , organic, and sol ids load
for each industry. Carrying out such a survey under the pressure of CR
requires some innovation compared to a more conventional industrial waste
survey. Hydraulic contributions may be obtained from past water consump-
tion records , while the organic and solids load can be estimated from l abo-
ratory analysis from each source. Two rapid laboratory tests that can be
used to estimate the organic and solids loading are, respectively, the
Chemical Oxygen Demand and the total solids tests. Samples for these tests
should be grabs taken throughout the day and combined to provide a

11-92

- - -— 
~‘-L. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~—



representative composite of the waste generated by the industry. An ex-
ample of an industrial/commercial waste inventory formis given in Fig. 11-14 .

Depending on the nature of the anticipated CR overloads (i.e., hydrau-
lic , BOD, suspended solids) a knowledge of industrial contributions can be
used to determine which industries should be shut down, if this meacure is
deemed absolutely necessary . For example , if BOD overloading is anticipated
to be a problem, shutting down any meat processing plants will be very ef-
fective in reducing industrial BOD loads. The decision to temporarily shut
down certain industries should be taken only after del iberate consultation
among city officials , local regulatory officials , treatment plant .operators
and affected industry leaders. Priorities should be established based on
the nature of industrial waste contributions , the importance of the indus-¶ try during CR and many other factors .

)
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Name and Industrial Key
- Location Waste Description Personnel

Industries should be in List waste by common name, Give names, titles and
alphabetical order. chemical nomenclature, and phone numbers of all
Location should trade name, If applicable. Also key personnel. At least
include manhole where list any other hazardous one number should be
industrial waste enters materials on hand that can designated as a
municipal system. potentially enter municipal 24.hour a day number.

treatment system and give
neutral izing agents , if
applicable.

SAMPLE
ACME Mfg. Co. — Waste is acidic, pH below 4.0 John Doe
Industrial waste is dis- due to presence of sulfuric Plant Manager
charged into manhole acid, H2S04. There exists (phone)
at intersection of Main potential for a spill of con-
and Pine Streets. centrated sulfuric acid which Bill Smith

can be neutralized with strong Maintenance Supt.
basic materials such as lime. (phone)

Plant Security Office
(phone)’

‘24-hour number

Source: EPA, Feb. 1974, Emergency Planning for Municipal Wastew ater Treat-
ment Facilities .

Fig. 11-14. Sample Industrial/Comercial Waste Inventory Form.
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Sample Pamphlet
HOUSEHOLD/CONGREGATE CARE CENTER WATER REDUCTION IDEAS

Household water conservation will be ve ry important during CR, not
only because potable wate r may be in short supply, but also because of
its impact on the operation of sewage treatment facilities . A lot of
water in the home- may be going to the~sewer needlessly, adding to the
volume of sewage and putting an extra burden on treatment plants .

Here are some suggestions for reducing the amount of water flowing
into the sewers.
Bathing Showers generally use less water than baths, especially when

using a low-flow shower head. Turn off the shower while lathering;
then rinse off. Bathe children together.

Washing Hands Do not run the faucet continuously ; fill the wash basin.

Brushing Teeth Fill a drinking glass and use it for rinsing rather than
running the faucet while brushing.

S Toilets Remember the toilet is not a trash can — use the

- waste basket. Do not flush the toilet needlessly
____ (“If s ’’S yellow—let It mellow , if it’s brown—flush

- 
it down”). Placa weighted plasti c bottles or bricks

- 
-‘ - - -:: in the tank to reduce the flow per flush.

Kitthen With automatic dishwashers only run when fully loaded. If hand
washing is done, a sink full of wash water and one of rinse water

will do. Don’t let water run when washing produce; rather put a

-. stopper in the sink. For drinking water, store a jug in the re-

frigerator.
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Laundry Washing machines use 40 to 50 gal lons of water per wash so be
sure each load is full. The rinse water from the washer can be
ponded in a wash basin and diverted for grey water use. Hand

II 
washed clothing should be done in a stoppered basin.

Grey Wate r Grey water is any wastewater not origi-
nally in the toilet. If collected during CR, grey

- . water can be used for Other purposes (e.g., flushing
S toilets or watering plants ) thus not only saving water

but also reducing the flow to the sewage treatment plant.
The figure shows how grey water can be siphoned from any

- water basin. Al ternati vely , the “P” trap can be discon-
nected allowing direct collection of grey water (if this

• is done, the drain pipe should be capped to prevent over-
flowing in case of a plugged sewer line).

I
The following table cites some examples of the water use reduction that

can be achieved in the home/congregate care center.

Examples Normal Use Conservation

Ki tchen

Dlshwashing 30 gal lons 5 gallons
Automatic dish-
washing 16 gallons Use fully loaded

Bathroom

Shower 25 gallons 4 gallons
Tub 36 gallons (full) 10-12 gallons (minimum)
Handwashing - 2 gallons 1 gallon
Teeth brushing 10 gallons ½ gal lon

- 
- Toilet flush - 5-7 gallons 4-6 gallons

Laundry
Washing machine 40—50 gallons Use fully loaded
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A0~P1C,Sample Pamphlet RDMUND 0 SIOW N ii . G.,...~ o’

DEPART.’.~ENT OF HEALTH
2131 •Ct~ (L[~ WA~

St*k~UY 9170 .

PUBLIC HEALTH DIVISION APRIL 27, 1977
S ENV1RONt’ENTAL HEALTH SERVICES BRANCH - 

-

DROUGFT I~FOPt AT IOt AL EULLETIN NUNEER 1
CONTACT PERSON : WILLIAM F. JOPLING -

SAN ITARY ENGINEERIN G SECTION
(415) 8~3-79OO EXT . L113

INFOR MATIO N CIRCUL AR ON GREYWATER

The current drought has brought much attention to the need for water

conservation and is requiring more efficient use of our available water

supplies. l~any groups and individuals are advocating the reuse of certain

household wastewaters such as sink, shower, tub, or laundry washwaters for
S flushing toilets and for irrigation outside the home. These household

wastewaters other than toilet wastes are often referred to as “greywater.”

Toilet wastewater rust not be used under a~~ circuLastances.

The use of greywater stay be considered as follows:

1. As a temporary measure during the water crisis;

2~ Where water shortages exist, where all possible conservation
measures have been taken, and where no other water is avail-
able for hone irrigation;

3. After approval and guidance is obtained from the local health
jurisdiction.

Indiscriminate use of greywater cannot be condoned for it has long

been established that greywater can create n*m~erous nuisance conditions

and may be a potential source of waterborne disease.
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Sample Pamphlet

Recommended Practices and Procedures

- The only rccowncnded interior use of greywater is the dumping of bath
water, dish water, or sink water directly into the toilet bowl for
flushing. Greywater can be placed in the toilet tank only alter
physically disconnecting the water inlót pipe to the toilet . This
must be done if grcywatcr is to be placed in the toilet tank because
a drop in pressure could draw the grcywatcr back into the domestic
water lines. -

- Any modifications to plumbing systems should be done only after being
approved by the local health and building authorities. The plumbing
should be returned to normal after the emergency has passed.

- The storage of greywater must be accomplished in a manner that will
minimize the problems of odors, vermin, insects, and safety. All
storage containers should be screened or covered to exclude rcdents
and insects. Large containers stay become attractive nuisances and
pose a safety hazard to children.

- Grease and food scraps should be scraped off of dishes prior to
washing in order to minimize insect and odor problems if this water
is to be reused.

- Outside irrigation should be done in a manner that will minimize )
possible health risks and nuisances. Irrigation by greywater should
not result in ponding or runoff of the water. This can be avoided
by constructing beras around trees, shrubs, or plants and assuring
rapid percolation by utilizing gravel or other porous material.
Irrigation through perforated underground irrigation pipe is preferred.

- Greywater should not be used on root or low-growing food crops that
will come in contact with the water.

- If a family member is ill from a diarrheal disease, do not use their
shower, bathtub or laundry greywater for irrigation.

- Homeowners are urged to contact gardening or agricultural experts
prior to irrigation with greywater . Many household chemicals may
be toxic to , or otherwise adversely affect , vegetation .
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MECHANICAL EQU IPMENT

The wo rksheets and operati onal troubleshooting guides have emphasized
the treatment effi ci ency of the various processes . During CR, the capaci ty

I - of all equipment within the plant will be utilized more than normal and
some equipment may need to be operated at maximum possible capaci ty. Me-
chani cal equipment within a plant will also exper ience increase d uses (eg.,
24 hours per day, 7 days a week ) during CR and therefore may undergo more
frequent mechanica l failures . Equipment failure during CR can potentially
cause more problems than during pre-CR conditions because the increased
deman ds on equ ipment will make it more diffi cult to bypass equipment for
repai rs and servicing. Thus it is advisable to minimi ze both the time )
requi red to make repai rs and also the frequency of repai rs during CR.

• If an adequate supply of frequently needed or diffi cult- to-obtain parts
are avai lable at the plant during CR, repai rs can be made more rapidly be-
cause the time requi red for order and delivery wi ll be eliminated. Al so
if sufficient warning is avai lable , any parts or equipment scheduled for
overhaul or replacement can be tended to prior to actual relocation there-
by minimizing the chance of their failure during CR. One potential method
of identifying parts or equipment that should be serviced, replaced, or
maintai ned in adequate supply is to review plant maintenance records.
Those items that historically have been di fficult to obtain or frequently
require replacement shoul d be kept on hand. Another method of identi fy-
ing possible problems is to check for equipment that recently has begun to
“act up” manifested by such indi cators as unusual noises, erratic service,
etc.

-
j

i
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CR LOGISTICAL ARRANGEMENTS

To faci l itate an orderl y impleme ntation of CR pl ans , certain logisti cal
information should be readily accessible and updated periodically to keep it
current. This information wi ll not only be useful during CR but also during
any emergency situation . The following types of information will be most
useful ; sample formats for compiling some of this information are incl uded
whi ch were adapted from EPA , Feb. 74, Emergency Plann ing for Mun icipal
Wastewate r Treatment Faci l ities .

1. Key personnel diagram , see Fig. 11-15
2. Equipment and supplies inventory, see Fig. 11-16
3. Mutual aid agreement and fact sheet, see Figs. 11-17 and lI-lB.

Mutual aid agreements can be made between geographically adjacent agencies
an d bus inesses such as cities, fire departments, water companies , health
departments, construction companies , industri al fi nns for the purpose of
hel ping each other dur ing CR.

4. As-built drawings of treatment plant.
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I

WASTEWATER TREAT1€NT SYSTEM
EMERGENCY INVENTORY

SYSTEM: -

PREPARED BY:-________________________________________ DATE:
__________________

(Signature)

DUPLICATE E(IUIPMENT IN STOCK

DESCRIPTION MAKE SIZE TYPE VOLTAGE HP CAPACITY NO.

_____________ _______ ______ _______ ____________ ______ ____________ ______

PARTS S COMPONENTS IN STOCK

DESCRIPTION SIZE NO. APPLICATION IN SYSTEM

_ _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _  _ _ _  _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

FIg. 11-16. Sample Inventory Worksheet.
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I

EMERGENCY EQUiPMENT & REPAIR TOOLS

DESCRIPTION NO. APPLICATION IN SYSTEM 
-

1 sIzEJ _____________
~~~ LUPE j
— I LENGIH I 1

AVERAGE TYPE I ______________

CHEMICAL FO~1
STOCK QUANTITY 1 ——

COMMUNICATIONS EQUIPMENT

DESCRIPTIOK LOCATION

— —
~~ MAPS AND FACILITY LAYOUT DETAILS

OFF tCIAI. AUTHUaILINb
INVENTORY

I

.

—

- •  Fig. 11-16. S~~ le Inventory Worksheet (continued).
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MUTUAL-AID AGREEMENT *

EMERGENC Y SITUAT IONS COULD ARISE IN A MUNICIPALITY ’S WAST EWATER
TREATMENT SYSTEM THAT WOULD REQUIRE ASSISTANCE FROM AN ADJOINING
MUNICIPALITY TO RESTORE NORMAL OPERATION .

IF AN EMERGENCY SITUATION ARISES IN ______________________________ 
OR

(City)
______________________ 

THE OFFICIAL S IN BOTH MUNICIPALITIES AGREE
(City)

TO SUPPORT EACH OTHER DURING THE EMERGENCY.

• EACH CITY HAS A CONTINGENCY PLAN FOR RESPONSE TO EMERGENCIES AFFECTING

ITS WAS TEWATER TREATMENT SYSTEM. THE ____________________ 
AGREES TO

~ fty)
SUPPORT _________________ 

IN THE FOLLOWING AREAS: _______________

— (Ci ty) (Firefighting .

Wescue C rews, Comuni~~tf is,Portable Chlorination, Operational!

fliTntena ice, Personnel , etc.)

_ TO

THE EXTENT POSSIBLE UPON REQUEST INITIATED BY:

Name Name

Title 11th

City City

PERSONNEL RESPONDiNG TO THE REQUESTS FOR ASSISTANCE UNDER THIS AGREEMENT
WILL REMAIN UNDER THE CONTROL OF THE CITY PROVIDING THEM.

Signed Signed

Name Name

Title Title

City Ci ty

*51 mu ir to format suggested by Planning Section, VIrginia Office of Civil
Defense.

Fig. 11-17. Sample Mutual Aid Agreement Form
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METRIC CONVERSION TABLES

Ree. rvn,nse,r<Ied I tilts Rri ummended I ‘ri ggs

Cus tomary Custom syDe-uriipuiois Unit Symbol Comments Equivalen t s Omc rs plio n Unit Symbol Comn ,ents Fqu ,alenss
Length metre m I*wr SI unit 39 31 in .3.28 ft . Vetoc it .-

1.09 yd linear met re per rn/i 3 28 tpskilu miUr, km 0.82 ns, second
in ilhmet re mm 0.03937 in . millimetre mm/i 0.00328 I pi
micro metr e ian . 3.937 K 10 3~l03A per second

ki lo metr es km/s 2 730 mphArea square met re m2 10.764 sq ft per second
I.l 96sq yd

squ are k i lomet re km 2 6.384 sq mi ingot. , radians per ro d/s
247 acres second

squa r e mi lli met re mm’ 0.00156 sq in .
h,ctav e ha The hecla rt ( 10 000 2.471 ac re s Flow (vo lumetric ) cubic metre m 3/s Commonl y called l5,BSOgpm

m 2) u se recogni zed per second the cumec • 2 120 cfmmultiple unit .nd
will remain in inter- litre per second I/s 15.85 gpm
national use .

V isco s ity pasca l second Pu 0 00672Volume cub ic metre m3 35.314 cu lt - pouuid4ls!sq ft
I.3O7S cu yd

Pressure newton per N/rn 2 0 000 145 lb /sq inlitre I The litre it now 1.067 qt • 0264 gal square metre
reco !nued is the • 0.81 K 10-’ acre- or pascal PS
special name for ft
th , cubic decim etre. kilom etre per kM/rn ’ 0. 145 lb/sq in.

square metre
Mam kulogr im kg I/asic SI unit 2.205 lb or kit opetcel kPa

gram 0.035 ii • 15 .43 gr bit bar 14 .5 b/sq in .milligram mg 0.01543 pr
loAns or t I to nne 1 000 kg 0.884 ton (long) . Temper ature Kelvin K I/asic SI un/I SFmeyag,am Mg I Mg . 1 000 kg 1.1023 tOn (th ort) deqr,e Celsiu s C The Kelvin and — — 17 .77

Celsi us degreesTime second s Basic SI unit are idensicil.
day d Neither the day nor The use of the

the year is en SI unit Celsius scale is
year year but both are impo r recommended as

t int. it is the former
centigrade scale.Force newton N The newton us th at 0.22481 ~ (weight)

force that produces • 7 133 poundalt Work , energy, joule J 1 joule • 1 Nm 2 178 K i0~on acceler atio n of quits ts ty of bait whe re metres are kw hr
1 rn/s’ in a mass measured along 3. 725 K 10 ’of 1 kg. the line of hp-ts r — 0.13756

acti on of ft -l b • 9.4$ KMoment or newt on metr e N.m The metre ii 0. 7375 lt -lbt force N. 10’ Stetorque meatured perpendscs. kilojoul e kJ 2 178 km hr
lar t .the lWw.f
action of the faite 1 Power watt W I watt • I I/s
N. Not a joule. kil owatt kW

joule per second .1/s
Stress pucd Pa 00 2009 hf Faq ft

kilopaecel kPa 0 14465 mt/sq its

Applitotlon of Units Appliratlon of Un its

Customary CustomaryDescription Unit Symbol Comments Equ ivalents Description Unit Symbol Comments Equrvalsnss
Precipitation , millimetre mm Foe meteo r olog ical Concentration milligram per mg/I 1 ppmrunoff , purposes it may be litre
evaporation convenient to meas-

ure precipitation in SOD loading kilogram par kg/rn 3d 0.0624 lb/cu tt
terms of maw/unit cubic metre day
area (kg/rn 3). per day

• lmm of r,in.
I kg/rn2 Hydraulic be d  cubic metre m’/m’d If this is con- 3.25 ci ft/eq Is

per unIt area; psr square metre v .rtsd to aRiver flow cubic metre m’/s Commonly called 35.314 d o  e .g . filtration per day aelocity, It
per second the cumuc rites should b. es

pressed in mm/sFlow in pipes , cubic metre per m’Fa (1 mu4s . 86.4condwto,chan second m3/maday l.
silt , eve s we,,$,
pumping litre per second I/a 15.85 gy m Hydraulic load cubic metre m’/m’d

par unit volume; par cubic mitre
• Discharges on cub ic metre m3/d 1 1/0 • 86.4 m2/d 1.83 K 10’ gym e.g., biological per day

abstrectioiss, per day huts , lagoons• y ields
cubic metre m3/yeae Air iuppiy cubic matas or
per yaw lilt . sh Ire. air

—
~ 

- - per oecotod I/a
Usage of meter litre per person llpenon 0 214 gcpd

pee lay dip PIP.,
dimmeSt mIllimetre mm 0.03937 In.

• Density kilogram per kg/rn’ The density Sf 0.0124 lb/cu ll length metre rn 3~.31 in. .
cubic metre water under stand- 3.28 It

sedcossditioss us
I 000 kg/rn’ or Optical undo li,m.n per lamest/rn3 0.09211
1 000 gil or square metre rauudlelsq It
Ig/mI .
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Section 1
I NTRODLJCTION

Current Crisis Relocation (CR) plans require that a large proportion
of the host area populati on be locate d in rural areas which are generally
not served by public sewage syste~1s. For exan~ le, Ref. 30 indicates that
in rural areas sewe rs serve only 19% of the households, with sept ic tanks
and cesspools serving 66% and the remaining 15% utilizing privies or dis-
charging their sewage directly into drainage di tches or nearby streama .

It should also be noted that even in areas served by public sewers
there are likely to be many non-sewered waste disposal prob’ems. Consider,
for exanpie, the case where a warehouse is being used as a congregation care
fac ility housing two or three hundred people but which contains only one or
two bathrooms. To accol!unodatemostof these people will most likely require
supplemental non-sewe red emergency facilities.

Unfortunatley the use of non-sewered faciliti es greatly Increases the
possiblity of waterborne and vectorborne transmission of diseases. See, for
exanpie, the data in Fig. III-1,whichlndicates the incidence of enteric disease
for sewered and non-sewered situations. Other data from Refs. 1 and 2 m di-

• cate that 70% of the approxima te 1~6OO Illnesses caused by outbreaks of
wate rborne disease each year occur in areas without municipal services. In
suimiary, maintenance of public heal th will be a major concern during CR and

• proper sanitation and sewage disposal must be maintained to minimi ze the
occurrence of disease. - Historically maintenance of proper sanitation has
been more di ffIcult in non-sewered areas and under the pressures of the
large increase In population during CR can be a major problem.
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Fig. Ill-i. Dlarrheal 4lsease morbidIty rates : Shigella Infections in
-. - .  preschool children and percentage of study population infected

with Ascaris, according to selected sanitary facilities,
eastern Kentucky, 1954-56. Source: Re-f. 31.
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In most cases non-sewered disposal of wastes will utilIze some type
of “engineered ’ system, but without proper planning and control much of the
disposal will be “opportunistic”. An engineered system is defined as waste
disposal using a facility to minimize nuisance and disease potential while
opportunistic disposal is defined as the indiscriminate deposition of waste
as the result of the inconvenience associated with the movement of people to
the host area and the inconvenience associated with the increased population
density overtaxing existing engineered systems. This latter condition, some-

- 

times termed “promiscuous pissing” Is to be avoided at all costs. Numerous
instances of hepatitis and other infectious disease outbreaks following
large uncontrolled gatherings of people, such as rock concerts, are ci ted
in the literature. Numerous other cases are noted where smal l quantiti es
of sewage entering a water system have spread disease through large numbers
of people.

Thus it is imperative that the CR planners consider the problems of the
non-sewered areas and that sufficient control be established to prevent

“opportunIstic” disposal. This problem will exist both during CR transit
and after arrival at the host areas. It will probably be greatest during

• the early phases o-f the relocation while the relocatees are finding their
permanent shelter. During this transition the number of proper toilets may
be Insufficient and the relocatees will probably not be aware of their loca-
tion and availability. Proper management of the problem of opportunistic

• waste disposal should involve two methods: an extensive informational cam-
palgn and the enforcement of proper waste disposal . The informational cam-
paign should stress the hazards of improper was te disposal and shoul d in-
d ude guidelines for safe disposal. A prototype safe disposal booklet is
presented in Appendix A. The remainder of this part of the report is de-
voted to the so-called engineered sewage disposal systems; i.e., a was te
disposal system designed to minimize the spread of disease.

i . SectIon 2 discusses existing facilities likely to be found in non-
sewered areas. These Include cesspools, septic tanks and privies . Section 3
discusses facilities which can be constructed during the crisis period to
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supplement the existing facilities. Appendixes A , B, C, and D are sample
pamphlets which could be distributed during the crisis period and are as
follows : A - Methods of Safe Emergency Sewage Disposal , B - Household/
Congregate Care Center Water Reduction Ideas, C - Health ConsIderations
Using Household Grey Water, and D - Septi c Tank Maintenance.

• 

.
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~~~~~~~
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Section 2

EXISTING FACILITIES

Cesspools and Septi c Tanks
As of 1970 the EPA estimate d that about 85% of • onsite or non-sewe red

disposal systems were septic tanks or cesspools so that the majority of
the existing engineered systems during CR will be either of these two types.
A cesspool Is a large , buried chamber, which is walled wi th a porous material
such as concrete blocks. Cesspools serve the dual functions of a septic tank
and percolation system receiving raw sewage directly from home plumbing
fixtures . Cesspools are now generally prohibited by most local building
codes.

A septic tank system on the other hand, consists of three basic compo-
nents. The first is the septic tank itself, which is a watertight •non-
corrosive, and covered receptacle designed to remove solids by settlement
and to trap and store scum and sludge . The second is the di stribution box,

t 

which Is needed to ensure equal distribution of effl uent to the seve ral
lateral lines of the tile field. The third component is the soil absorp-
tion system or tile field. This consists of a series of pipes which are de-
signed to distribute as evenly as possible the sewage effl uent over an area
of soil large enough to absorb it.

Septic tanks and cesspools both use underground disposal to Isolate
wastes from the environment, however, two mechanisms for contamination exist.
One Is contamination of the ground water by the transport of pathogenic organ-
isms through soi l Into the water table and thf other is contamination of the
ground surface by transport of pathogenic organisms to the surface . Ground

1 water contamination is usually caused by improper location of the tank and
surface contamination Is usually caused by ponding of wastes at the surface
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I
when the hydraulic load exceeds the percolati on capacity of the soil.

Al though high degrees of puri fication of wastes can be achieved by
relatively small depths of soil , cases• of ground water contamination result-
ing in diseas e are known parti cularly wi th the following types of soi l con-
ditions (Ref. 30,pp 66-67) :

1) Shallow soils over creviced bedrock ,
2) Shallow soils over high ground water tables,
3) Impermeable soils.

Thus contamination of ground waters is usual ly caused not by the magni-
tude of the population served but by the physical confi guration of the sys-
tem. Therefore, in most cases , contamination of ground wate rs will exist
prior . to CR.

One effect of increased hydraulic flow during CR on drain field capaci ty
is that continuous inundation of the soil will , even with clear water, even-
tually clog the soil. When this occurs sewa ge will migrate to the surfa ce
leading to vectorborne or surface waterborne contamination. Thus, the longer
any CR continues, the greater the chance for septic tank failure.

Septic tank problems can be identified by a back-up of drains within
the house or by standing moisture or wet earth over the underground disposal .

If this occurs the hydraulic waste flow must be reduced. Some potential
methods of flow reduction are water conservation and the separation of “grey
water” . Various water conservation ideas are presented In a sample pamphlet
Included as Appendix B. Fig. 11 1-2 illustrates different grey water disposal
systems. Appendix C Includes sample pamphlets on alternative grey water
disposal systems and suggestions on the use of grey water.

Another problem likely to be encountered Is overloading. Proper opera-
tIon of a septic tank requi res periodic removal of the accumulated solids by
pumping the tank contents. If excessive solids are allowed to accumulate in

• the septic tank, some of the solids can be carried over into the drain field
causing plugging. Thus, the increase in solids load as a result of CR can be

• handled adequately by Increasing the frequency of septi c tank pumping. A
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Fig. 111-2 . ~mer-bu1lt grey water systems. Source: Ref. 32.
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suggested booklet which should be distributed to host area residents who

have septic tanks is presented in Appendix D.

Pri vies
The next most common rural sewage disposal system is the pri vy. Most

privi es consist of a hole dug into the ground away from water suppl ies and
covered by a structure. Ventilation is provided and all openings shoul d be
screened for vector control. Many types of pri vi es are in use with the most
common being the vault privy which is designed to function like a septic tank.
Other types of privies are the pit, drum and bored-hole privies. The major
requi rement for proper operation is routine application of lime or other
chemicals and proper screening to prevent vector transmission of di sease.

Unfortunately privies have a finite capacity and thus the major problem
to be expected during CR will be that they will become full. Aside from the
possibility that they could be pumped out if equipment were availabl e, the
best solution would be to cover them up and construct new emergency facili-
ties. Information for construction of these facilities Is presented in
Section 3. -

I 

_

- ••
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Section 3
EMERGENCY FACIL ITIES

INTRODUCT ION

In addi tion to the exi sting facilities discussed in Section 2 numerous
emergency facility alternatives exist including pit privies and latrInes,
new septic tanks and sanitation systems such as a combined aqua privy and
oxi dation pond.

The primary concern with any of these facilities is location and local
health offi cials sh ould be consulted wherever possible. General rules are
as follows :

o Avoi d contamination of water supply ~— do not locate emergency
sewage facility near or at a location where contaminants can
enter a water system. Avoi d shallow soils over creviced hard
rock , shallow soils over high ground water tables and imper-
meable soils. •

o Keep them clean and protected from insects , rodents, and other

diseas e transmitting vectors.
o ObtaIn an adequate supply of chemicals and equipment for ade-

quate maintenance.
o Initiate a stringent maintenance and control procedure.

EMERGENCY FACILITIES

Following are brief descriptions of candidate emergency facilities .

Privies

As noted in the existing facilities section, a pri vy is essentially a
hole dug in the ground and covered by a structure suitable to keep out

111—9

___________________________ • —~~~~~~~~ - -*~ 
- -•• — —;--- —

~
.— • - 

,— —

~~~~~~~ ~~- ---- — 
‘~~~ jJ~

_ ~~~ -x ~~~~~~~~~~~~ ~~~~~~~~~ x~~ -



vectors and the weather. They can be installed quickly and easily if

the necessary equipment and materials are available. For guidance on lo-
cation and installation of privies refer to the latrine discussion later
in this section.

Chemical Toilets
There are a wi de variety of chemical and portable toilets which are

used at constructi on sites, in recreational vehicles , etc. Use of these
facilities during CR depends on thei r avai l ability, and the availability of
chemi cals and support equipment to keep them maintained. Previous experi-
ence wi th these facilities at natural disasters and large gatherIngs of
people indi cate that stringent control afld continuous maintenance Is a
necessity.

Military Latrines
The U.S. Department of the Army has published extensive manuals on

field sanitation methods. These manuals give detailed step-by-step in-
structions on the construction or use of many methods which could be tempo-
rarily used during CR as emergency waste disposal facilities . The follow-
ing discussion on the construction of latrines is included verbatim from
the U.S Army FM 21-10, (Ref. 33).

78. Construction of Latrines
The following general rules apply to the construction of all

types of latrines:
a. To make sure that food and water will be protected from

contamination , latrines should be built at least 100 yards from
the unit mess and the neax 25t water source. Also, the latrine
should not be dug below the water level in t~~ ground nor in a
place where it may drain into a water sour;e. t!sually, latrines
are built at least 30 yards from the end of tht~ unit area but
within a reasonable distance for easy access. At flight , if the
military situation permits , they should be lighted . If lights
cannot be used , a piece of cord or tape may be fastened to trees
or stakes to serve as a guid. to the latrine.

b. A canvas or brush screen should be placed around each
latrine , or the latrine may be enclosed within a tent. In cold
climates this shelter should be heated. The screen or the tent
should have a drainage ditch dug around it. edges to prevent
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wa te r from flowing over the ground into the latrine. For fly
control, these shelters should be sprayed twice weekly with an
approved insecticide.

c. On the outside of each latrine enclosure a simple hand—
washing device should be installed. This device should always be
kept filled with water and should be easy to operate.

d. Latrines should be policed every day. Certain unit per-
sonnel should be assigned the responsibility of ensuring that the
latrines are being properly maintained.

e. When a latrine has been filled to within one foot of the
• surface, or when it i.s to be abandoned, it should be closed in

the following manner: the contents of the pit, the side walls,
and the ground surface to a distance of two feet from the side
walls should be sprayed with an insecticide. Then the pit should
be filled to the ground surface with successive 3-inch layers of
earth. Each layer is packed down and its sur face is sprayed with
insecticide before the next layer is added. Then the latrine pit
is mounded over with at least one foot of dirt. The purpose of
this method of closing is to prevent any irinature fly that may
hatch in the closed latrine from getting out. The location of
the latrine should then be plainly indicated with a sign which
is marked CLOSED LATRINE and is dated.

79. Straddle Trenc h La tirnes

A straddle trench latrine is dug 1 foot wide , 2½ feet deep,
and 4 feet long. This will accommodate two men at the same time.
The number of trenches provided should be sufficient to serve at
least 8 percent of the unit strength at one t ime. Thus, for a
unit of 100 men, at least 16 feet of trench, or 4 straddle trench
latrines are needed (Fig. 111-3). The trenches should be at least

• two feet apart. There are no seats In this type of latrine, but
boards may be placed along both side s of the trench to provide
better footing . Toilet paper should be placed on suitable holders
and protected from bad weather by a tin can or other covering.
The earth removed in digging is piled at the end of the trenche s
and a shovel or paddle is provided. This is done so that each
man can promptly cover his excreta and toilet paper. When the
unit leaves the area , or when the straddle trenche s are filled
to within one foot of the surface , the trenches should be closed
in the manne r described in paragraph 78e.
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Fig. 111 3 Straddle trench latrines for 100 ~,un, with
handwaehing device.

- I

80. Deep Pit Latrines -

The deep pit latrine is used with a latrine box. The stand-
ard type box provides four seats and is 8 feet long and 2½ feet
wide at the base . A unit of 100 men requires 16 feet of latrine
space , or two latrine boxes (Fig. III~-4) . The holes should be covere i
with flyproo f , self—closing lids . All cracks should be flyproofed
with strips of wood or tin nai led over them. A metal deflector
~hou1d be placed inside the front of the box to prevent urine
from soaking into the wood .

~IOU APNOX .
~ X I2~ ILUPS(
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Fig . 111—4 . Deep pit latrine / r  100 INI H .
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a. The pit is dug 2 feet wide and 7½ feet long. This will
give the latrine box 3 inches of support on all sides. The
depth of the pit will depend on the estimated length of time

• the latrine is to be used. As a rough guide, a depth of one
foot is allowed for each week of estimated use , plus one foot
of depth for the dirt cover. Generally , it is not desirable to
dig the pit more than six feet deep because of danger that the
walls may cave in. Rock ox high ground water levels often limit

• the depth of the pit . In ~~~e types of soil a support of plank-
ing or Other materi~.1 for the sides may be necessary to prevent
cave-ins. Earth should be packed tightly around the bottom
edges of the box so as to seal any openings through which flies
might gain entrance.

b. In order to prevent flybreeding in the pit and to reduce
odors, it is necessary to keep the latrine box clean , the seat
lids closed , and the cracks sealed; also , a good fly control
program must be maintained in the area. The use of lime in the
pit,or the burning out of the pit contents, is not effective for
fly or odor control and is not recommended. For fly control,
the interior of the box and the contents of the pit should be
sprayed twice weekly with a residual fly spray. The box and the
seats of the latrine should be scrubbed daily with soap and water.
When a unit leaves the area, or when deep pit latrines are filled
to within one foot of the ground surface , the -latrines should be
closed in the manner described in paragraph 78e.

81. Mound Latrine

This type of latrine may be used when a high ground water
level, or a rock formation near the ground surface, prevents the • -

~

digging of a deep pit. A dirt mound makes it possible to build
a deep pit latrine and still not have the pit extending into the
water or the rock (Fig. 111—5).

.: •
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Fig. III-5.Mound latrine.
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a. A mound of earth having a top at least 6 feet wide and
12 feet long should be constructed so that a 4-hole latrine box
may be placed on its top. The mound should be high enough to
meet the pit’s requirement for depth, allowing one foot from
the base of the pit to the water or the rock level. Before the
mound is built, the area where it is to be placed should be bro-
ken up or plowed in order to aid seepage of liquids from the pit.
The mound is then built in 1-foot layers. The surface of each
layer is roughened before the next is added. When the desired
height has been reached , the pit is dug into the mound. It may
be necessary to brace the walls with wood, sandbags, or other
suitable material to prevent cave—ins. The size of the base of
the mound will depend on the type of soil in the area and should
be made larger if the slope is too steep. It may be necessary
to build steps up the slope.

b. The mound latrine should be flyproofed in the same manner
as is the deep pit latrine. It also is closed in the same manner
as is the deep pit latrine.

82. Bored-Hole Latrine

This type of latrine consists of a hole, about 18 inches in
diameter and from 6 to 20 feet deep, covered by ~ one-hole latrinebox (Fig. III—6). - A converted metal drum may be sunk into the
ground for use as a box . Both ends of the drum are removed and
a flyproof seat cover, with a self—closing lid , is made to fit
the top of the drum. This type of latrine is satisfactory for
small units, provided the necessary mechanical equipeent for bor-
ing the hole is available .
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83. Pail Latrine

A pail latrine may be built. when conditions (populated areas,
rocky soil, marshes) are such that a dug latrine cannot be used.

a. A standard type latrine box may be converted for use as
a pail latrine by placing hinged doors on the rear of the box,
adding a floor , and placing a pail under each seat. If the box
is located in a building it should be placed against the outer
wall so that the rear of the box opens directly to the outside
of the building (Fig. 111-7) . The seats and X~ear door should be
selfclosing and the entire box made flyproof. The floor of the
box should be made of an impervious material (concrete, if pos-
sible) and should slope e-~ough toward the rear to facilitate rapid
draining of washing water. A urinal may also be installed in
the latrine enclosure with a drainpipe leading to a pail out-
side. This pail also should be enclosed in a flyproof box.

b. Pails should be cleaned at least once daily: oftener if
necessary. The contents may be buried, burned, or disposed of
by other sanitary methods . After having been cleaned, when the
pails are replaced they should contain one inch of Quartermaster
disinfectant.

I
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Combination Aqua Privy and Oxidation Pond
Fig. 111-8 shows the plans and specifi cations for an emergency sani-

tation system for 200 people which is a combination aqua -privy and oxida-
tion pond. The following description is taken verbatim from Mann,
(Ref. 34):

“For large—scale emergency facilities black polythene film
has many uses, as well as being light, cheap, and easy to trans-
port by air. A form of aqua privy combined with an oxidation
pond may be constructed by digging a lagoon and lining it with
polythene film reinforced with polythene bags filled with soil
after th fashion of sandbags. A polythene sheet 20 ft by 100 ft
can provide an emergency sewage treatment plant for about 200
people or more .

“The selection of a suitable site can make the organization
of public health matters easier. A sloping site with good sur-
face drainage which can be improved by trenching should be selected , 

)not too close to the water source, so that surface drainage can
be diverted to the downstream side of the water abstraction site.

- Treatment plants must be partially filled with water before use,
(surface water will suffice) and after the plants are function-
ing, the effluents can be combined to some extent with the sur-
face water drainage system, provided the drains are reasonably
protected.

“The operation of such simple sanitation systems depends on
diluting water being added to the raw waste at the rate of about
20 to 25 litres per person per day, to produce an initial concen-
tration of about 1500 mg/l BCt) in the anaerobic compartment. —

The volume of the anaerobic compartment should be constructed
to provide a retention period of not less than 2 days to the
total flow. This will enable a clarified effluent containing
about 500 mg/l ROD to pass through the transfer pipe to the
primary aerobic zone • The BOO reduction achieved in the aerobic
zones can be calculAted from the loading rate per unit area , and
the latitude. Further aerobic ponds may be added to reduce the
BOO to acceptable levels for final discharge. Sludge accumulates
rapidly in the anaerobic zone, and to ensure continued function-
ing surplus sludge must be periodically withdrawn, and stored
in plastic storage ccmtainera fitted with gas vents. After a
period of 3 to 6 months the sludge will be well digested and
almost free from harmful organ isms , and then may be buried or

• - discharged on land .”
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1 Sheet of Black Plastic Film 20 ft. x 100 ft.
12 Squatting Plates with Drop Pipes
Polythene Sacks , Pipe , Spare Sheet , Rope and Rough Timber

Plastic
Dividing
Wall

Effl uent £ 
- -Toi let

Blocks 

~~~~~~~~~~~~~~~~~~~~~ 

Outlet

~ um ~~J r*
_ _ _ _ _ _ _  

Boa~~~~~ ~~

~~~~~~~~~~=Transfer Pipe _ _ _ _ _ _ _ _ _ _ _ _

14 (J~ a r, a a ~~~~~~~~

t __________ ______________________ 
________________________I I ~~~‘ ~~~~~~~~~~. ~ 

~~~~~~- +
~/ ~i~

I’
~i9-i Prima ry Secondary

- F Anaerobic Aerobic Aerobicui Zone Zone Zone

Sulla ge Water ) Volume not less
+ Urin al  Water t than 3 gal
+ Operati ng Water ) person/day PLAN

Pl astic Sheet Suspended
Wall Buil t with from R im Weigh ted at

Black Plastic Cover Earth—Fi lled Plastic Base
Sacks

___________________________________ 
6” Freeboard

/ ~~~~~~~~~~~~~~~~~~~~~~~ 

- 

6H Gap

18 
____—l _________________________________________________

Trans fer Pipe

SECTION

Uri nal Channel
Overhung Type with Pour Flush Type Where-Appropri ate
Straight Drop Pipe. Front Edge 18” HIgh
Supporting Beam Necessary .

Toilet Arrangements
Notes : 1. Effl uent quality depends on pOllution load, adequate hydraulic flow

and adequate sunshine.
2. Fill with water before use. Desludge anaerobic zone as necessary .
3. Perimeter of excavation must be fenced for safety purposes .

Fig. 111-8. Combination Aqua Privy and Oxidation Pond for 200 People.
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APPENDIX A
METHODS OF SAFE EMERGENCY SEWAGE DISP0SAL~

WATER FLUSH TOILETS cannot be used, of proof container with a tightly fitted
course, when water service is interrupted. The cover. This should be lined with paper,
water remaining in the fixture is not sufficient and the cover should be fastened to the
to flush the wastes down th e sewer. Clogging can to prevent its loss. Such a can may be
may result, and your - living conditions then used for the emergency storage of body
become just that much more uncomfortable. wastes until the public sewerage system

Even if water Is available, local authorities can be put back Into action, or until other
may ask you not to use flush toilets, wash arrangements can be made. Empty your
basins, and other fixtures connected with soil smaller vessel into it as often as neces.
pipes. The sewer mains may be broken or sary. A small amount of household disin-
clogged, which would make it Impossible to fectant should be added after each use. If
carry off such wastes. Or water may be needed you live in an apartment, you may not
for fire fighting. It is necessary for every have a large garbage can or room to keep
family to know emergency methods of waste one. In that case two smaller covered )

disposal, in case such conditions arise, pails or other containers will do just as
Failure to dispose of human wastes properly well.

can lead to epidemics of such diseases as ty- C. Keep a shovel on the premises if there are
phoid, dysentery, and diarrhea. Sewage must be unpaved yard areas nearby. Burying
disposed of in ways that will prevent contami- human waste matter under 12 to 24
nation of water supplies used for drinking, inches of earth is a satisfactory method of
cooking, bathing, laundering, and other emergency disposal. Never deposit
domestic purposes.- Here are simple steps that a wastes, liqui d or solid , on the surface of
family can take to prevent such dangers and the ground. Insects and rodents may
discomforts : carry infections to other hum ans.
a. Right after a disaster, or during, you will d. Where radioactive fallout do’-’s not pre-

probably not have the time and tools to 
- sent a hazard, a temporary pit privy may

prepare a complex emergency sanitation be constructed in a yard area for use by
system. If there is a delay of several days several families. This offers a good
In restoring sewerage service to your method of waste disposal over extendedneighborhood, you may find that disposal periods of time. The structure need not beis a big problem Your first task, however, elaborate, so long as It provides reason-Is to make some temporary toilet provi- able privacy and shelter. The pit shouldsion for members of your family, espe- be made flyproof by means of a tight-fit-
cially the children. Almost any covered ting riser, seat, and cover. A low mound
metal container will do. You can use a of earth should be tamped around the
covered pail. A small kitchen garbage basie of the privy to divert surface
container with a foot-operated cover can drainage and help keep the pit dry. Accu-
be put to toilet use in emergencies. Any . mutated waste should be covered with not
thing that has a cover and will hold the less than 12 inches of earth when the 

-

contents until you can dispose of them privy is moved or abandoned. Outdo’~r II
b. Keep on the premises at least one extra are subject to flooding, and should be 

~~~~~~~~~

will serve for sanitary purposes, at first. toilets should not be located In areas that

1O.gallon garbage can or other water. built at len~t 50 fet9 from a~’3- w -ll ,
spring, or otht c souri~ of water su~.p ly . - ‘Thi. .pi. i”ll~ ~~%Iy b ..1n1-t J ~~ ~ r.I v,qiiIr~’nwt.tm b~ ii,.

S,w.r .y. et lilt • I” i’e.j rat ln i .~~“ t~. øw,, ,,Itt IlvIl ~~~ Q~~e~tIae -~ e w tc’s m~ .statn sI~ I~e
•r~a ~‘atk’n. Lt d~,I, II.utI,.e ,,. i,, -~,,-ii. ,s
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FOR P~OPLR SEWAGE DISPOSAL YOU W ILL NEED. ...

62.The materials
— to rrioke soil

~~~~~~ 3. Newspapers , extra
- toilet tissue.

4. Insecticide and deodorants. / 
• 

- 

‘

- 

U,  -

S

I f 5. Tightly closed can for
emergency storage of

— 
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the water. Or, they might be washed out f. Insecticides and deodorants should be used
of the pit and deposited on the ground when necessary to control odors and
surface where they would be exposed to insect breeding in containers that cannot
flies, rodents, and other animals that be emptied immediately. At least 2 pints
might serve as disease carriers, of household bleach solution should be

e. Persons in city apartments, office build- kept on hand for disinfecting purposes.
ings, or homes without yards should keep g. Keep on hand an 

- 

extra supply of toileta supply of waterproof paper containers tissue, plus a supply of sanitary napkins.on hand for emergency waste disposal. If there is illness in the house that re-
Where flush toi!ets cannot be used and quires rubber sheeting or other specialopen ground is not available for the COn— sanitary equipment, make sure that ade-struction of privies, such disposable con-
tainers offe r a practical method of emer- - quate supplies are available. At least a
gency waste collection and disposal. week’s accumulation of daily newspapers
Building managers should plan for the will come in handy for insulating bedding
collection of such containers and for their from floo rs, and lining clothes against
final disposal . Before collection , the used cold, -as well as for the sanitary uses al-
containers may be stored in tightly coy- ready mentioned.
eyed garbage cans or other waterproof h. If you have a baby in your home you may
utensils fitted with lids. Homemade soil find diaper laundering a problem under
bags for this purpose may be prepared disaster conditions. It is best to keep an )
very easily by putting one large grocery ample supply of disposable diapers onbag inside another, with a layer of hand for emergency use. If these are notshredded newspaper or other absorbent available, emergency diaper needs can bematerial between. Apartment dwellers
should have sufficient grocery bags on met by lining rubber pants with cleansing
hand now for possible emergencies. A tissue, toilet paper, scraps of cloth, or
supply of old newspapers will come in other absorbent materials. Or , any mois-
ha ndy for other sanitary uses, too, such ture-resistant material can be cut and
as wrapping garbage and lining larger folded to diaper size ‘~ J lined with such
containers. ab8orbent material.

Source : “Civil Defense Management for Sewage Systems” , An Industrial Civi l
Defense Handbook, Department of Defense, Office of Civil Defense,
FG—F 3.42, November 1969.
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APPENDIX B

Sanpie Panphlet
HOUSEHOLD/CONGREGAT E CARE CENTER WATER REDUCTION IDEAS

Household water conservation will be very important during CR , not
only because potable water may be in short supply , but also because of
its impact on the operation of sewage treatment faciliti es. A lot of
water in the home may be going to the sewer needlessly, adding to the
volume of sewage and putting an extra burden on treatment p’ants .

Here are some suggestions for reducing the amount of wate r flowing
- into the sewers .
Bathinj Showers general ly use less water than baths, especiall y when

using a low-flow shower head. Turn off the showe r wh i le la theri ng;
then rinse off. Bathe chi ldren together.

Wash ini Hands Do not run the faucet continuously~ fil l the wash basin.

Brushing Teeth Fill a drinking glass and use it for rinsing rather than
running the faucet whi le brushing.

Toilets Remember the toilet Is not a trash can — use the
- waste basket. Do not flush the toilet needlessly

- (“If it’s yellow—let it mellow , if it’ s brown-fl ush
-

- 
It down ”). Place weighted plastic bottles or bri cks

- -
- 

- -~ in the tank to reduce the flow per flush.

Ki tchen With automati c dishwashers only run when fullyloaded. If hand
- ‘  washing is done, a sink full of wash water and one of rinse water

will do. Don’t let water run when washing produce; rather put a

stopper in the sink. For drinking water, store a jug In the re-

frigerator.

B~i 
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Laundry Washing machines use 40 to 50 gallons of water per wash so be

sure each load is full. The rinse water from the washer can be

ponded in a wash basin and diverted for grey water use. Hand
washed clothing should be done in a s toppered basin.

Grey Wate r Grey water is any was tewa ter not origi-
nally in the toilet. If collected during CR , grey

- water can be us ed for Other pur poses (e.g., fl ushing
- 

IL - -j toilets or wateri ng plants ) thus not only saving water
- 

but also reducing the flow to the sewage treatment plant.

fl1?I~
I© The figure shows how grey water can be siphoned from any

‘.-~9 water basin. Alte rnati vely, the “P” trap can be discon-
‘

~~~

— nected allowing di rect collection of grey water (if this
is done , the drain pipe should be capped to prevent over-
flowing in case of a plugged sewer line).

The following table cites some examples of the water use reduction that
can be achieved in the home/congregate care center.

Examples Normal Use Conservation

Kitchen
Dl shwashing 30 gallons 5 gallons
Automati c dish- 

-

washing 16 gallons Use ful ly loaded

Bathroom
Shower 25 gallons 4 gallons

- Tub 36 gallons (full) 10-12 gal lons (minimum)
Handwashing 2 gallons 1 gallon
Teeth brushing 10 gal lons ½ gal lon
Toilet flush 5-7 gallons 4-6 gallons

Laundry
Washing machine 40-50 gallons Use fully loaded

8-2
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APPENDIX C
HEALTh CONSIDERATIONS USING HOUSEHOLD GREY WATER

“ALTERNATIVE GRE’~’WATER DISPOSAL SYSTEMS”

By: William ‘Jopling
REQUJREHEN~S FOR GREYWATER SYSTEMS
(a) Site Requirements . Gr’eywa-ter disposal systems shall be installed onlyon sites that fulfill the following site requirements:

- 1. Greywater disposal system shall not b~ installed on sites where
fissured rock is evident or on extreme slopes.

2. Groundwater levels shall be at icast 5’ below the bottcin of the )drainfield trench .

3. The soil at the disposal site shall have a percolation rete not
slc~er than 60 minutes per inch . Percolation tests are reccitmendod-to determine the percolation rate and these tests shall be performed
in accordance with the requirtrTlents of the local authority.

(b) Operat ional Requirements. 
-

1. The greywater disposal system shall only be used for the disposal
of danestic wastewater produce fran kitchen, labatory, bath or
laundry facilities. Toilet waste shall not be disposed of in a grey—

- water system.

2. Accu~milated solids - should be r’enx)ved every two year’s, or sooner,fran the sedimentation tank and disposed of Ln a menner approved
by the local health authority .

(c) Design Requirements.

• 1. The greywater disposal system shall consist of a sedimentation
tank for the r~ rcval of grease and solids , and a leach field for
the disposal of wastewater.

2. The sedimentation tank would have a mininum capacity of 300 aallons
-- ‘4 and shall be constructed according to the accanpanying diagrvun and

specifications .

3. The sedimentation tank should be t~~ oonçart~rents, the first can-
partment 2/3, the second canpartment 1/3 of the total capacity.

c-i
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L~ach Field TrencPt DeaiEn
Pipe from Greyvoter Tank

Natur a l ~:arth flackfill

~ 
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Und isturd ed Open Drain Til.
earth • I 4” mm . Diameter
~

Effective Sidewall
- Are a

- 

______ Drain ~ock 3//.’ to 1 1/2”
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> 2
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Rock-Soil or Liqul4 Soil Interface

- _

~~~~~~~ ~~~~~~ 
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I
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- 
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p 
/  Drain Pipe — 4’ Plastic

a Perforated Pipe or C~en Tile, or Orangebu rg
0%, Joint Pipe ”or inverted

— — ~ i-J—__ ~ Wood Vee Plank - 2’ath

H 
_ _ _ _

12’—18” 
_____________________________ —

Top of Open Joint Pipe should have
Tar Paper Cover

l’xB” Redwood Perforated Boards

Source : California State Water Resources Control Board ; Rural Wastewater
Disposal Alternatives, September 1977.
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D[ PAR T:~.F.NT O F H ~A1TH
3131 IU’1~ LY #.A ~
StUiL( v 900.

PUBLIC HEALTH DIV iSION APRIL 27 , 1971
ENV1RO~~ E NT AL HEALTH SERVICES PRA F ICH

DROUGI~T I;;FOP~ATIO;:AL EULLETIN 1~Ut~EER 1
CONTACT PERSON : WILL IAM F. JOPL IN G

SAN ITARY ENGINEERI NG SECTION
(Ld5) 8143_/200 EXT . 1113

INF ORNAT I OM CIRCULAR O~ GREY WATER

The curr ent dr ought has broug ht r~uch attention to the need for water

conscrv ation and is rcçuiring core efficient use of our available water

supplies. rany groups and individuals are advocating the reuse of certain

household wastewaters such as sink , shower , tub , or laundry washwaters for )

• fIu~hing toilet s and for irri gation outside the home. These hou scho J d

wastewaters other than toilet wastes are often referred to as “grey water. ”

Toilet wastewater rust not be used under a~~ circur~stances.

The use of greywater ray be considered as follows :

I. As a ter~porary measure during the water crisis;

2. Where water shortages exist , where all possible conservation
measurcs hav e been taken , and where no other water is avail-
able for bore irri gation ;

3. After approval and guidance is obtained from the local health
j urisdiction.

Indiscrir~inate use of greywater cannot be condoned for it has long

been established that greywater can create numerous nuisance conditions

and may be a pctential source of waterborne disease.

C-4
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S~~p1e Pa~uph1et

l~ccor ;~~-~~ted P1-~~(t  ices ~in d r io c t d u r e s

- The only rc c~~ :’c’nded in t e r i or  use of greywatcr is the dui~p ing of bath
water , dish ~atcr , or s ink  water  directly into the toilet bowl for
f lushing.  Gr eywat cr  can be p laced in the -toilet t a n k  only a f t e r
phys ica l ly  d i5cenncct ing  the water inlet  pi pe to the toilet . This
must be done if grcywatcr is to i c  plac c~d in the to i le t  tank be cause

- 
. a drop in pressure could draw the grcywater back into the domestic

water lines.

- Any modificatior.s to p1ui~bing systems should be don e only af ter being
approved by the loca l health and building authorities. The pluiabing
should be returned to norna l after the emergency has passed.

- The støragc of greywater imist be accomplished in a manner that will
m ini m i z e  the 1rob1e~s of odors , yeruiin , insects, and safety, All
storage containers should be screened or covered to exclude rcdents

- 
- 

and insects. Large containers may becore attractive nuisances and )

pose a safety hazard to children . -

- Grease and food scraps should be scraped off of dishes prior to
washing in order to min i m i z e  insect and odor problems if this water
Is to be reused.

- Outside irri gat ion shoul d be done in a ranner that will minim ize
possible heal th risks and nuisances. Irrigation by greywatcr shculd r -

not r2sult in pc’r.ding or runoff of the water. This can be avoided
by constructing berms around trees , shrubs , or plants and assuring
rapid percolation by utilizing gravel or other porous material.
Irrigation through perforated underground irrigation pipe is preferred. . -

- Greywatex should not be used on root or low-growing food crops that
will cone In contact with the water.

— If a family mcvber is ill from a diarrheal disease, do not use their
shower, bathtub or laundry greywater for irrigation.

- Homeowners are urged to contact gardening or agricultural experts

F 
prior to irrigation with greywater. Many household chemicals may
be toxic to, or otherwise adversely affect, vegetation.
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ARE YOU USING GRAY WATER DURING THE DROUGHT?
Health Cons ider ations Using Household Waste Wa t er

RESOURCE EVALUATION OFFICE
DEPARTMENT OF WATER RESOURCES

The following information has been prepared* to supplement the Drought Information Bulletin Number 1.
“lnformatiøn Circular on Gray water”, released April 27, 1977 by the Pubik Health Division or the
Department of Health.

Who t is Gra y Wot.r? -

Gray water is all waste water which comes from a home .except for toilet waste water (or black water).
Gray water includes the w aste water from showers, bath tubs, bathroom sinks, kitchen sinks, clothes washing
or washing machines, and disbwashing or automatic dishwashers. Gray water has been approved for use to
flush toilets or Irrigate landscape In some drought Impacted areas for the duration of the drought when
guidance and approval have been given by local health authorities.

Whot a,. sh. health concerns?

Approval of the reuse of water has been with the concern however, that the public be informed on the safest
- - 

and most reasonable use of gray water The public health officials warn that gray water has the potential
of creating nuisance conditions when ponding or runoff of the water attracts flies and rodents or create.
mosquito breeding sites or odors . The water can also contain bacteria and virus ., and be the source of such
water borne diseases as typhoid fever, dysentery and infectious hepatitis. It may also carry certain
para sites. The insects and rodents which may be attract ed to the waste water can be carriers of these
disease producers. Gray water storage containers can be a hazard if children can acquire access to them.

When Is the use of gray water allow ed?

Gray water is defined by the Health and Safety Code as sewage and prohibits Its discharge where a threat to
public health or nuisance may be created. According to the Uniform Plumbing Code, waste water cannot
be disposed by any means except an approved plumbing and sewage system. However, local authorities
can adopt modifications of the code to meet the needs of local conditions such as water shortage,. Changes

- 
- 

in plumbing in order to collect gray water are not being recommended by most health departments • but
approval emphasizes that changes should be temporary for the duration of the drought. Further consideration
of health and design requirements for making future changes In codes Is a next step to possible long-term
water conserving household gray water systems. In the meantime, until such permanent systems are
developed and approved, those of you who are In rationed, water short areas should be aware of the recom-
mendations ci health officials and plant specialists concerning gray water use.

Th. above InfOrmation was ~~epsr.d by the Resource Evalusticn Office of the D.partmsnt of Water Resour ces spas
cos.uIUag ,.p,ee.ntat iv.s of local sad list. health official.. The U. C. Co.pera tlv. Extension L.aflet No. 2951.
‘Using Househola Waste Wate r for Plants” • . pubft catlá also available from the D.psrtm.nt of Water Resourc.s, was

conpmrntlv.Iy p,odoc.d by the EiivlrenSsfltal Horticulture D.pertmeat , University of CalUo,n~a Davis the UnIv.r slty
Si California Coop.rstlve Extsnsion at Davis and Rlvsrsid.~ the Resource Evaluation Office of the Department Si
Water Ras ources; and r.pr.seatat&v.s of local and Stat , health officials.

C—6 ~~~~~~~~~ -

~~~~~~~ 1l~ *-. - -~ ~~~~~ c ~~~~~~~~~~~ --~~~~ -~L.- .~~~~~.



What is the best way to use th. supp ly of clean and gray water oval lob le to your household?

1. The first emphasis of household management of water supp lies should be the use of existing water
conservation methods. The Department of Water Resources and your local water agencies have this
information readily available.

2. Water caught in containers wbfle waiting for bathing or sink water to heat before use is not considered
waste water and does not require special precautions for its use.

3. It is recommended that you first use gray water for flushing toilets. This is the only recom mended use
for gray water in the house. The water shou ld be poured directly in the toilet bowl and not the tank.
A drop of water pressure can draw water from the tank back into the main pipes and contaminate your
clean water supply. Gray water should be used in the toilet tank only If the water inlet pipe to the
toilet is di sconnect ed. The quantity of fresh water you save by usi ng gray water this way could be
applied, for examp le, to your vegetable garden.

4. If you find that your household generat es more waste water than you need to flush toilets and you still
are short on clean water supp iAes you may want to use the gray water for your outdoor wate r ing needs .
Consider the quality of different waste waters before you decide how to use your gray water supply.
Kitchen waste water originates from food preparation and di shwasbing, and so this source of gray water
often contains food residues , greases , detergent s, and scouring bl each. Because greas e and food sub-
stances can attract insects and rodents, and grease and detergent s can be harmful to soils, kitch en sink
waste water is the least preferred source for irrigati on water. The next sources of gray water which
require more cautious use are laundry wastes containing body oils, di rt , detergent , and other contami nants ,
followed by bathroom sink waste water from tooth brushing, hand /face washing and shaving. The order
of preference then for the selection of gray water for landscape use is bath water , bathroom sink , washing
•achlne or clothes washing, dish washing, and kitchen sink water . The use of rinse water from clothes
or dishes is preferable over wat er used in the wash process that contains the most soap, dirt , and grease.

5. Kitchen sink water can bean acceptable source of gray water If you minimize Its food and greas e content.
U you are catch ing water in your sink to reuse , the use of your garb age disposal should be discont in ued
because the lower t han normal flow of water may result in eventual clogging of sewage pipes with food
residue. Scrape your dishes thoroug hly into your garbage before washing and put a pea tr ap in your sink
if you are replacing your garb age grinder.

6. Bacteria .id viruses are present in large numbers In wash water that has come in contact with diap ers.
Phil. the Immediate fanlly may not be concerned by their exposure to this water , concern should be
gjv.n to neighbors If thi s wate r source Is used outside. Particular care should be given to the use of
gray ~~~er where it is being applied commonly in yards of populated neighborhoods because of the greater
chance of spreadi ng communicable disease. Rely on your common sense to guide your declsloits on
using gray wate r. If someone In your household Is sick , special care Is requi red to prevent the spread
of co.munjcable disease.

— 7. Pending ci gray water on the ground must not occur in order to avoid mosquito and fly breeding. Runoff
of gray wat er fro, your property is not allowable under any circuastarces.

-~~ - S. It Is best to restrlct use o( grsy watet oa th. landscepe to o,namertal plants. If you do not have clemi
wat.r for use on your vegetable garde., usa gray water for hI~~er growing, bush, and vine plants which
are nonroot crops such as beans, corn and tomatoes. Avoid contact with th. edible portion of the plast.
Gray water should not be used on root crops such as carrots and radiihes.
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How do you collect and transpor t grey water from Its source In order to use It?

The obvious method Is to collect the waste water from the tub, sinks, washing machine drain basins or
outlets, etc., In buckets and hand carry to the toilet or garden. If you disconnect a drain pipe to collect
the waste water , the sewer inlet must be capped or be left with water in it to prevent the escape of methane
gases from your sewer system. Using the gray water immediately can be preferable because It avoids the
problem of storage. This prevents the water from going sept ic, creating odors , and attracting flies. The
disadvantage of not storing the gray water is that it does not allow for the possibility of dilut ing more soap
or greasy sources with cleaner supplies , and eliminates the use ci filtering systems . It also does not
provide for th, even and thorough irri gation which is often necessary In order to be of value to the plants.
Storage tanks should be out of the reach of children and ti ghtly covered . In most homes you can take ad-
vantage of gravity to move the waste water through a hose down to a storage tank or for immediate use on
the landscape. If gravity feed is not possible, you can purchase a pump for a cost between appgpxima tely
$30 to $125. Filter systems can involve such methods as running the water though a hay filled drum or
through a drum with layers of sand, pea gravel, medium and large gravel. The latter system will collect
scum on the top of the sand that will require removal, if you use hay, compost it after a week’s use and
place new hay in the drum . Other filter systems have employed stocking or canvass begs which intercept
the water before it is applied to the ground. Again , these filters need to be regularl y cleaned or rep laced.

What is the best way to apply gray water to the landscape?

Never app ly gray water with an overhead sprinkler. The best way to app ly the water, whether you are using
a bucket , hose, drip tubing, tile , or ditch system is under the cover of ground or under mulch such as wood
chips and psbbles. An Irr igation ditch can be lined with mulch material s which can cover tubing or bucket
delivered water as It soaks into the ground. Many people are start ing to cquire drip-irrigation systems for
watering landscapes which you may want to try using to deliver gray water. Th. systems consists of Y~-inch
tubi ng with small boles or emitters that relea se water slowly from the tube to the soil. This irri gation method
avoids surface evaporation , runoff and ponding. Do not use a dri p system with the micro-tubing because the
possibility of clogging these small drip tubes is very likely. For purposes of using gray water you may want
to punch holes In some tubing with a nail so that the holes are ~lightly bigger than those in the conven-
tionally designed dri p hoses. An example of a simple underground distribution system is shown on the
following p.ge.
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A system using underground tubing for gray water application must use well filtered water in order to prevent
clogging.

f

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ) -

I~~~~~~~~~~~~~~~~~~ Yc~~~~~~~~~~~~~~~~~~~~~~4 Y~~~~~~~~~~

--

~~~~~ 

I

~fcix wPIw -

~~

wdl~ibv~kzk - 
- - 

-

II I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1$ 
- 

4~ ~ 
~ nrg”riuec I

I

_ _ _ _ _ _ _  

7tlII ~~~~ 
- ) ~~

__
__)~~~~~~~~~~ 4,

T 
_ _

~ ir~k ~ picj~p

~ 4L.

Local Health Departments or UnIversity Extension OffIces should be contacted for the information they have
concerning systems for undergrou nd gray water application. 
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APPENDIX D
SEPTIC TAN K MA I NTENANCE

General information on Septic Tanks
Ckaning.—Septic tanks should be cleaned before too much sludge

or scum is allowed to accumulate. If either the sludge or scum ap.
pro ;iches too closely to the bottom of the outlet device, partic les will
be scoured into the disposal field and will clog the system. Eventually.
when this happens. liquid may break throug h to the ground surface ,
and the sewage may bat-k up in the plumbing fixtures. When a dis-
posal field is clogged in this manner, it is not on1y necessary to clean

- the tank , but U also may be necessary o construct a new disposal field.
The tank capacities given in Table 5 ot~ page 29 will give a reason•

able period of good operation before cleaning becomes necessary. There
are wide differences in the rate that sludge and scum will accumula te
from one tank to the next . For examp le, in one case out of 20. the tank
will reach the danger point, and should be cleaned , in less than 3 years.
Tanks should be inspected at leas t once a year and cleaned when
necessary.

Althoug h it is difficult for most homeowners , actual inspection of
sludge afld scum accumulation s is the only way to determine definitely
when a given tank needs to be pumped. When a tank is inspected, the
depth of sludge and scum should be measured in the vicinity of the
outlet baffle. The tank should be cleaned if either: (a) The bottom
of the scum mat is within approximatel y 3 inches of the bottom of J
the outlet device; or (b) sludge comes within the limits specified in
Table 6 (see Figure 18) . -

T.Ws 5.—ASkwobI. sIi,ig. .ecwa ud.H.a

Liquid &pth 
--_________

Liquid capacltj - - -

2~4 
~~ 

S feet 4 feet s feet

Distance fro m bottom ol outlet device to mop of sludge. inc hes

750 5 6 10 13
900 4 4 7 10
1.000 4 4 $

Tanks smaller than the capacitie, listed will require more frequent cleaning.
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Scum can be measured with a stick to which a weighted flap has 
-

been hin ged, or with any device that can be used to feel out the
bottom of the scum m at. The stick is forced throug h the mat , the
hiiigcd flap falls into a horizontal position, and the stick is raised
until resistance front the bottom of the scum is felt. With the same
tool, the d,stance ~o the bottom of the outlet device can be found (see
Figure 18) .
A long stick wrapped with rough, white toweling and lowered to the

bottom of the tank will show the depth of sludge anti the liquid depth
of the tank. The stick should be lowered behind the outlet device
to avoid scum particle s. After several minutes , if the stick is carefully
~-emoved, the sludge line can be distinguished by sludge part icles cling-
ing to the toweling.

In most communities where septic tanks are used , there are firms
which conduct a busin ess of cleaning sept ic tanks. The local health
departme nt can make suggestions on how to obtain this service.

Cleaning i~ usually accomplished by pumping the contents of the tank
into a tank truck . Tanks should not be washed or disinfected after
pumping. A small residual of sludge should be left in the tank for
seeding purposes. The material removed may be buried in uninhabited
places or, with permission of the proper authority, emptied into a
sanitary sewer system . it should never be emptied into storm drains
or discharg ed directl y into any stream or wa tercourse. Methods of dis-
posal should be approved by the health authorities.

When a large septic tank is being cleaned , care should be taken
not to enter the tank until it has been thoroughl y ventilated and
gases have been removed to prevent explosion hazards or asphyxiation
of the workers. Anyone entering the tank should have one end of a
stou t rope tied around his waist , with the other end held above ground

- - 
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i.iy anot !ler pem son ctr~ng caiiug h to pull h u n  out if he should be
ovcr (ome by an> gas remaining in the tank.

( rease Intcrccplors .- Crease ili teri eptors (grease traps) are not ordi
n am il y onsideicd necessary on household sewage disposal systems. The
discharge from a garbage grinder should never be passed through them.
The septic tank capac ities recomm ended in this manual are sufficient
to rece ive the grease normall y dischar ged from a home.
Chcmicals.—--The functional operation of septic tanks is not improved

by the addition of di sinfec t ant s or other diemnica ls. In genera l, the addi-
tion of chemicals to a sept ic tank is not r c -&oimi mcn ded , Some proprie.
ta m-y p ioducts which are claimed to ‘clean ” septic tanks contain sodium
hydioxide or potassium h ydroxide as the active agent. Such compounds
may result in sludge bulking anti a large increase in alkalinity, and
may interfere with di gestion. The mesult ing effluent may severely dam.
age soil stru cture and cause accelerated clogg ing, even though some tem-
porary relief may be expeiicnced immediatel y after application of
the product.
Frequently, however, the harmful effects of ordinary household

chemicals are overemphasized. Small amounts of chlorine bleaches ,
added ahead of the tank, may be used for odor control and -will have
no adverse effects. Small quantities of lye or caustics normally used in
the home, added to plumbing fixtures is not objectionable as far as
operation of the tank is concerned. IF the septic tanks are as large as
herein recommended , dilution of the lye or caustics in the tank will
be enoug h to overcome any harmful effects that mi ght otherwise occur.

Some 1 ,200 produc ts, many contain ing enzymes , have been placed
on the market for use in septic tanks , and extravagant claims have
been mad e for some of them. As far as is known , however , none has
been proved of advantage in properly controlled tests.

Soaps, detergents , bleaches, drain cleaners, or other material , as nor-
mall y used in the household, will have no appreciable adverse effect
on the system. However, as both the soil and essential organisms mi ght
be susceptible to lar ge doses of hcmicals and dis infect ant s , mod eration
should he the rule. Advk c of responsible officials should be sought
before chemicals arisin g from a hobb y or Irnin e industry are d ischarged
~nio the systems.
Mjsccfl~,,rouc - — It is general l y ad visable to have all sanitary wastes

from a household discharge to a single septic tank and disposal system.
For household installations , it is usuall y more economical to provide
a sing le disposal system than two or more with the s~im e total capacity.
Normal houschokl waste, including that [tom the laundry, bath , and
kitc hen, should pass into a sing le system .

• Roof drains, foundation drains and drainage f -o*n other sources pro-
ducing large i f l t e im ni t t cn t  or t tmns t a nt  volumes of clear water should
not be piped into the septic tank or absorption area. Such large volumes
of water will Stir U~~ the contents of the tank and carry some of the
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solids into the outlet line; the disposal system following tIme tank will
likewise become (tootled om clogged . and imia y fail. l)r ainage [rou t gal-age
floors or ot her sourcc~ of oil y waste should also be excluded fm o uim tIm e
tan k.

Toilet paper subs t i tu tes  should not be flushed into a septic tank.
Paper towels , news paper , wrapp ing paper , ra gs, and sticks m a y not
decompose in the tank , and arc likel y to lead to clogg in g of the pimimb-
ing and disposal system . -

Waste brines from household warem softener un it s  has c no adverse
effect oim the action of time septic tank, hut imm ~y cause a slight shorten-
ing of the life of a disposal (‘meld imistalled in a struaured day type soil.

Adequate venting is obtained through the building plumbing if the
tan k and the plumbin g are designed and installed properl” . A separate
vent on a septic tank is not necessary.

A chart showing the location of the septic tank and disposal system
should be placed at a suitable location in dwellings served by such a
system. Whether Furnished by the builder , septic tank installer , or the
local health department, the charts should contain brief instructions
as to the inspection and mim aint enanc e requ ired. The charts should assist
in acquainting homeowners of the necessaiy maintenance which septic
ta nks require , thus fot esta ll ing failures by assuming satisfactory opera.
tion. The extension of the manholes or ins pection holes of the septic
tan k to within 8 incites of the ground surface will simp lif y maintenance 

-

and cleaning.
Abandoned septic tanks should be filled with earth or rock.

Source : Manual of Septic Tank Practi ce, U.S. Department of Coninerce,
Na tional Center for Urban Indiistria l Healt h , Cinc inna ti , Ohio ,
1967.
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