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FOREWORD

The U.S. Environmental Protection Agency was created because of
increasing public and government concern about the dangers of pollution to the
health and welfare of the American people. Noxious air, foul water, and
spoiled land are tragic testimony to the deterioration of our natural
environment. The complexity of the environment and the interplay between its
components require a concentrated and integrated attack on the problem.

Research and development is that necessary first step in problem solution
and it involves defining the problem, measuring 1ts wmpact, and searching for
solutions. The Municipal Enviornmental Research Llaboratory develops new and
improved technology and systems for the prevention, treatment, and management
of wastewater and solid and hazardous waste pollutant discharges from
municipal and community sources, for the preservation and treatment of public
drinking water supplies and to minimize the adverse economic, social, health,
and aesthetic effects of pollution. This publication is one of the products
of that research; a most vital communications 1ink between the researcher and
the user community.

In recent years, individual on-site wastewater treatment and disposal
systems have enjoyed increased attention as technically viable and
environmentally sound, cost-effective alternatives to traditional gravity
collection and centralized wastewater treatment facilities 1n rural areas.
This renewed 1nterest has spawned considerable research and development of
technology applicable to on-site wastewater handling. This report provides an
evaluation of both existing and potential on-site wastewater alternatives for
the purpose of: defining the application of existing and conceptual
wastewater systems, determining the needs for future hardware development, and
assessing the desirability of future demonstrations of untested but promising
on-site wastewater handling alternatives.

Francis T. Mayo

Director '

Municipal Environmental
Research Laboratory



ABSTRACT

A literature review of published and unpublished data was conducted to
1dent1fy all conceivable alternative on-site systems, including wastewater
manipulation, treatment and disposal options. Wastewater manipulation options
1ncluded flow reduction, wasteload reduction and waste segregation. Treatment
options 1ncluded disinfection, biological, and physical/cnemical methods.
Disposal options included air, soil and surface water methods, and practical
combinations.

Both tested and untested systems were 1dentified, an” coroinations of the
various components were developed. An equipment 1nventory was then performed
to determine the availability of hardware for the systens and system
components 1dentified. Data on engineering, economic, and envirornental
acceptability characteristics were collected.

These systems were evaluated on the basis of performance, operation and
maintenance, environmental acceptability, and total annual cost for 15
specific site conditions. Site conditions were defined by so1l percolation
rate, so1l depth, slope, avaiiable land area, direct discharge effluent
requirements, and net evaporation.

Where site conditions are appropriate, septic tank - conventional so1l
absorption systems were found to be the least-cost and top-ranked method of
on-s1te wastewater treatment and disposal. Under other conditions, systems
incorporating other methods of disposal, such as so1l disposal with modified
distribution, mounds, evapotranspiration, irrigation, evaporation, or direct
discharge, are appropriate. A septic tank normally provides adequate
pretreatment for most of these disposal methods. Where irrigation or surface
discharge disposal 1s used, additional treatment, such as that provided by an
intermittent sand filter and 10dine disinfection, may be required. Use of low
pressure membrane filtration where high quality effluent 1is required also
appears promising, based on very limited operating experience.

This report was submitted in fulfillment of Contract No. 68-03-2627 by
SCS Engineers under the sponsorship of the U.S. Environmental Protection
Agency, Municipal Environmental Research Laboratory. This report covers work
performed from October 1977 to October 1978.
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SECTION 1
INTRODUCTION

The provision of adequate wastewater treatment at a reasonable cost 1n
rural and unsewered areas has become a matter of increasing concern for both
public officials and private citizens. According to the 1970 census, 19.5
million housing units or roughly 30 percent of the housing units 1n the
United States dispose of their wastewater through some form of private
wastewater treatment system (1). Most of these households use septic tank -
so1l absorption systems.

Septic tank - soil absorption systems have often been considered &
stop-gap measure to be used until municipal wastewater collection and
treatment becomes available to unsewered areas. However, two-thirds of the
total annual cost of a conventional municipal system is often for the
collection sewers. As a result, multiple treatment and disposal systems
serving dispersed individual houses or groups of houses (not requiring an
extensive collection system) may provide a cost-effective alternative to
centralized municipal treatment 1n rural areas (2).

Sections 201(h) and (J) of the Clean Water Act of 1977 (P.L. 95-217)
authorized construction grants funding of privately owned treatment works
serving individual homes or groups of homes (or small commercial
establishments), provided that a public entity {which w11l ensure proper
operation and maintenance) apply on behalf of a number of such 1individual
systems.

PROJECT OBJECTIVES AND SCOPE

Section 104(q)(1) of P.L. 92-500 directs the EPA Administrator to
conduct a program of research and development of alternatives to conventional
sewerage and septic tank - soil absorption sytems for rural areas where these
traditional approaches are either technically or economically 1nfeasible.
Development of alternative on-site systems as part of the resulting EPA Small
Flows Research Program and increased system development and promotion 1n the
private sector made this study of the alternatives desirable. The major
objectives of this twelve month study were:

o Ident1fy all potential in-the-house and individual home on-site
wastewater treatment, handling, reuse, and disposal options. The
on-site system umit processes (components) considered 1ncluded
in-the-house water conservation devices, waterless systems, recycle



systems, separation systems, and other wastewater manipulation
schemes; biological and physical/chemical treatment options; and
disposal options.

e Conduct a technological and economic comparative analysis of all
manipulation, treatment, and disposal options resulting in a ranking
of alternatives and 1dentification of a small number of selected most
feasible alternatives.

The data base for the project included both published and unpublished
literature and personal interviews. Published l1terature was first reviewed
to extract pertinent data. Where data was lacking or 1ncomplete, 1ind1vidual
researchers, sanitarians, and consultants were contacted to obtain available
unpublished data. Equipment manufacturers were also contacted to obtain
non-proprietary data and to discuss relevant specific topics. Data collection
and subsequent system evaluations focus on the following topic areas: (1)
performance, (2) operation and maintenance requirements, (3) environmental
acceptability, and (4) cost.

Technical ranking criteria and a standard cost baseline were then
developed to provide a basis for system evaluation. The ranking criteria used
are discussed in the body of the report (see Section 3). The cost estimates
are based on manufacturer price quotes, literature data, and standard
engineering cost estimation guides. All costs are presented 1n January 1978
dollars.

For the purposes of this study, on-site wastewater systems are defined as
systems which serve a single residential dwelling. Thus, systems serving
groups of houses or commercial establishments are specifically excluded, as
are pressure or vacuum sewers and similar technologies appropriate for these
applications.

This report 1s 1ntended for use by technical R & D personnel familar with
on-site wastewater systems. It is not intended for use by the layman. Speci-
fic design information has purposely not been included as this was not the
intent of the study. In addition, not all possible wastewater treatment and
disposal alternatives have been considered. For example, pit privies,
although considered to be primitive by many, are a well known and demonstrated
means of waste containment. However, 1in this study, septic tank - so1tl
absorption systems have been considered a baseline from which other, less
conventional alternatives could be evaluated to determine their technical and
economic feasibility and to determine whether further demonstration would be
justified.
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SECTION 2
CONCLUSIONS AND RECOMMENDATIONS

PROJECT FINDINGS AND CONCLUSIONS

A review of the available 1iterature on on-site wastewater treatment and
disposal systems for single family homes has been conduc‘ed. Evaluation of
the information collected, based on the ranking criteria and site conditions
considered, lead to the development of Table 1 which su.marizes the top
ranked systems for each of fifteen site conditions. Systems included in
Table 1 were generally limited to those with & total annual cost within $250
of the top ranked system for esch site condition. As shown, systems were
ranked on the basis of performance (5 points, maximum), operation and
maintenance (5 points maximum), and environmental acceptability Fnu1sance and
hazard) (3 points maximum).  Brief discussion of the systems shown 18
provided 1n the comments section of Table 1.

Additional ‘EoncIus‘lons are &g follows:

1. Reduction of wastewater flow 1s particularly desirable where 1limited

‘ land area is available for disposal or relatively expensive disposal
options are required, since reduced flow generally permits reduced
disposal unit size (and may permit reduced treatment unit size).

2. Flow reduction in the range of 10 to 40 percent (depending primarily
on the device used) of the normal household total should be
consistently achievable utilizing flow reduction devices for
batch=-flow sources (1.e., toilet, lTaundry and dishwasher). The flow
reduction achieved from batch-flow sources depends primarily on the
specific devices utilized, and secondarily on user habits. Flow
reduction achieved on continuous flow sources is highly dependent on
user habits and 15 extremely variable (1.e., showers, sinks).

3. Wastewater reuse is a potential method of flow reduction. However,
the cost of treatment for reuse of either combined or segregated
waste streams is not typically offset by reduced disposal costs
resulting from reduced volume for any of the site conditions
considerad. Thus, systems incorporating wastewater reuse are not
normally economically viable, although they occasionally may be
applicable in specific situations (e.g., very limited water
avatlability).
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Systems 1incorporating wastewater segregation options are generally
not cost-competitive for any of the site conditions considered,
unless segregation is a part of flow reduction and flow reduction in
excess of approximately 35 percent of the normal household total 1s
required. However, use of a non-water carriage or recircul ating
toilet system to control wastewater nitrogen concentrations, or
segregation of bath and laundry wastewater from kitchen and toilet
wastewater to facilitate denitrification, may be appropriate 1f
nitrogen discharge lTimitations are applicable.

Systems with available hardware and performance data are available at
a reasonable cost for the site conditions considered, except 1) where
steep slopes prevent area 1ntensive construction and direct discharge
is not feasible; 2) where soi1ls have very limited purification
capacity, and direct discharge and evapotranspiration disposal are
not feasible; or 3) where available land for disposal 1s very
limited, soi1l percolation is slow and direct discharge 1s not
feasible. In these 1nstances, holding tanks wi.a periodic pump-out
may be used, but this 1s very costly.

Septic tanks normally provide adequate pretreatment for all methods
of soil disposal (except 1rrigation), evapotranspiration (ET), and
infiltration/evaporation lagoon disposal. Additional pretreatment 1s
required for soil absorption disposal 1in shallow soils without
adequate purification capacity or direct discharge to surface
waters.

RECOMMENDATIONS

Demonstration of on-site wastewater systems for which there is available
hardware, and further development of treatment requirements and methods are
recommended. Specific recommendations for further development of treatment
requirements and methods are as follows:

1.

3.

Development of effluent quality requirements and treatment methods
for on-site irrigation and subsurface disposal in shallow so1ls with
limited purification «capacity. Requirements will likely be affected
by soil characteristics and available land area;

Further development of evaporation equipment which 1s relatively
independent of precipitation (i.e., mechanical evaporator); and

Development of a one-step process (i.e., membrane filtration) for
on-site applications to provide high quality effluent (including
nutrient removal, if necassary) for reuse and/or variety of dispos-
al methods (i.e., direct discharge, irrigation, or subsurface dispos-
al 1in shallow or excessively permeable so1ls) would be desirable 1f
future developments indicate the total annual cost would be compara-
ble to currently available alternatives.



Based on the ranking criteria and site conditions considered, 1t is
recommended that the following systems be field tested to obtain definitive
performance and cost data, determine operation and maintenance requirements,
and assess environmental acceptability:

1.
2.
3.

Septic tank - soil absorption with dosing and resting
Septic tank - soil absorption with alternating fields

Septic tank - covered intermittent or recirculating sand filter -
irrigation

Septic tank - evaporative lagoon

Septic tank - low pressure membrane filtration - irrigation or direct
discharge

Septic tank - mechanical evaporator (hardware could be made readily
available).



SECTION 3
SYSTEM CONCEPT DEVELOPMENT AND RANKING CRITERIA

SYSTEM CONCEPT DEVELOPMENT

The overall purpose of this study was the comparison and evaluation of
on-site wastewater alternatives. The first step necessary to accomplish this
was the identification of conceivable alternative systems, Identification of
alternative systems has been termed ‘"concept development" and i{ncludes
consideration of those systems and system components cu rently in use 1n on-
site applications; those which have as yet found application only on a larger
scale; and finally, those which are in the developmental or conceptual stage.

System components for both existing and potential on-site wastewater
systems logically fall into three general categories:

e manipulation
e treatment
o disposal

In general, wastewater manipulation options include flow reduction, wasteload
reduction, and segregation. Treatment options include biological, physical-
chemical and disinfection. Disposal may utilize the atmosphere, soil, or
surface water or various combinations.

Spacific comgonent options considered in developing alternative systems
are shown 1in Table 2. Since the vast mejority of wastewater manipulation
options are applicable to all treatment/disposal systems, manipulation options
and treatment/disposal options were handled separately in developing alterna-
tive systems.

In order to ansure consideration of all combinations of treatment and
disposal system components, a matrix of the options fdentified in Table 2 was
developad (see Appendix A). Since thousands of combinations of treatment and
disposal options are possible, the following criteria were used to identify
the more reasonable combinations:

o Treatment systems selected for a disposal method should not provide
a higher level of treatment than necessary. For example, 1f system
A can produce a 30/30 BOD/SS effluent, then system A with the
addition of a component to achieve a 10/10 effluent {s not
c?ns1de¥ed {f sacondary treatment standards control direct discharge
disposal.



TABLE 2. ON-SITE COMPONENT

OPTIONS

Manipulation

flow reduction
«asteload reduction
segregation

Treatment

biological

aerobic/anaerodic

aerobic

anaerobic

emergent vegetation

undeveloped treatment pracesses
composting

physical chemical

filtration

separation

coagulation end chemical precipitation
sorption

oxidation

desorption

undeveloped treatnent processes

- incineration

disinfection

D1sposal

air

- evapotranspiration
- lined lagoon

- sechanical

- thermal

water

- direct discharge
sofl

- "conventional® soil absorption field
- seepage pit

- sofl absorption field with modified distribution

- pressure distribution

- 2lternating beds

- dosing 8 resting
- sofl modification (i.e., mourd)
- trrigation

— e e e — - o ———— e = ad

coabinations

- evapotranspiration/absorption
- ynlined lagoon

- Yagoon with overflow

reuse

- toilet flushing

-

- toilet flushing, lawn watering, and car washing
- Yawn sprinkling, bath, shower, toilet flushing,

car washing and laundry




o Systems with 1nherent environmental acceptability 1limitations are
not considered 1f similar, but more acceptable systems are possible.
For example, an anaerobic lagoon is not considered 1f an aerobic
lagoon can accomplish the same objective 1n a given system.

o Treatment systems are based on compatible components so that unneces-
sary pre-treatment prior to a specific component 1s not_utilized.

o Treatment systems are based on samitary engineering principles
applicable to on-site conditions.

e Treatment/disposal systems provide adequate environmental pro-
tection. For example, disinfection 1s assumed to be required for
direct discharge.

As mentioned previously, the applicability of on-site systems is often
limited by variable site-specific conditions. The most significant site
conditions are identified 1n Table 3. As shown, the list 1s limited to
physical conditions. Variable conditions such as regulatory requirements and
aesthetic perceptions are not 1ncluded as site conditions since they are
continuously changing and are not relevant to the engineering evaluation of
alternatives which was the objective of this study. Since site conditions
often occur 1n combination to limit the applicdbility of on-site systems,
common combinations of site variables were also indicated in Table 3.

For each combination of site conditions the practical on-site systems
were identified by first determining the feasible disposal options. The pre-
treatment required for each disposal option was then considered 1n conjunction
with the "practicability" criteria listed above to determine the practical
system alternatives. Tabulations of the system alternatives 1denti1fied for
each of the 15 site condition combinations shown 1n Table 3 are provided 1n
Appendix A.

Wastewater manipulation options are discussed n detail in Section 5. In
general , the available options are applicable to all treatment and disposal
systems, although the degree of applicability depends on specific system and
site characteristics. However, specific treatment systems are appropriate for
segregated waste streams in some instances -- primarily when reuse is part of
the system. Thus, treatment options for segregated waste streams were
developed using a matrix format similar to that for combined wastewater
treatment and disposal systems (see Appendix A, Table A-16).

COMPONENT AND SYSTEM RANKING CRITERIA
In order to evaluate the alternative systems identified through the
concept development process, ranking criteria were developed (see Table 4).

The criter1a selected represent the characteristics of greatest concern (in
addition to cost) for on-site systems.

10
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TABLE 3. PHYSICAL SITE CONDITIONS FOR SYSTEM EVALUATION

253 slge considoad to be sxxinm for dlsms;l gtiors rapiring “ares imensive® arstnection (fe., sof) dsorpt fon field, lagoon, etc.).
Evaporation mns precipitatin for ontical sasn.
tnits are o/ 1.

i Available Lard® "
| (<o Direct D Depth to 6
{ o s ble—— Grosndater/Crevice Bedrock  EVP-PPT o {in
| Cordition Soil Percolation Do {1000~ MR o SlopeF Mot BO/SS  10/10 0/10 5 L 3-1. >l R .
No. XCeSSive nal t\vgo (<000 fe ) 4000 A ) (4000 ft ) o} ?ﬁ Fessible A0/ KW P  (Gft)  (14ft)  an)  (Q) (1) 02)
|
i 1 3 X X - X X
i 2 x X X . . X
: 3 . . X . 1 X
4 X . X . ]
H X X - - X 3
6 X X X . ¢ b
7 X X X . . d
8 X X X . ¢ .
9 X X X . . .
10 - a . . X X
118 i X X . X X
12 - 1 b 4 . » .
13 - X X . . . .
" . ~ X - . .
15 . X X . X .
FOTNOTES
A Excessive Represoriative of coxse, sandy, or Crevical ©ils with indequate prification capacity. * Considered to be o significant 1initation or restriction for the specific
B Acceptsble. Percolatim rate within rang considered accepteble by cost state or lacal regulat tons st of cordituns.
C Mrginl Ky be wnaccakable for cowentional soil dsorption gysten withowt design andificat fons
0. Liniting Consvdered fnaxdequate for ary systen relyig on sofl percolation, e g., tigt clgy soils. X ton-restrictive site condit fon.
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Since concept development included a range of options from proven systems
to conceptual and untested unit processes, the ranking criteria are best
applied by separating the alternative systems into three categories:

¢ systems with available hardware and on-site performance data;

e systems with available hardware but incomplete data (if any) on
on-site performance; and

o systems without hardware appropriate for on-site application.

Determination of the availability of hardware and performance data for
the systems identified required consideration of the specific configurations
and procass options within the general treatment/disposal categories (such as
“aerobic,” “filtration," or "separation") used to develop alternative systems.
Thus, process options within each treatment/disposal catagory were grouped
according to hardware and performance data availability and then evaluated
basad on the ranking criteria shown in Table 4 (see Secti~ns 6-9).

The most appropriate and highest ranked process options were then
selacted for each system. Systems in the first two categories were ranked
according to the criterfa while systems in the thind category were not ranked
dus to insufficient information. Systems with incomplete performance and 0&M
data ware ranked based on engineering judgment and these rankings are subject
to ravision when data becomes available, All rankings assume proper aquipment
installation and operation.

12



TABLE 4. COMPONENT AND SYSTEM RANKING CRITERIA*

I. Performance. Level and consistency of treatment achieved

Rating Description

5 High and consistent level of
treatment provided

4 Adequate and consistent level of
treatment provided

2 Adequate but inconsistent treatment

0 Inadequate and inconsistent
treatment

Il. 08M Requirements Scheduled service frequency, equipment
failure, and hardware complexity

A. Scheduled maintenance frequency Description
rating
2 /yr
1 2-4/yr
0 2 /yr
8. Equipment failure {requiring Description
unscheduled service) rating
1 Infrequent
(<1/yr)
0 Frequent
(>1/yr)
C. Hardware complexity rating Description
2 Simple, few or no moving

parts, minimal skills
required for servicing

1 Moderate, intermediate in
nmechanical/electrical come
plexity, servicing may re-
quire some degree of skill
and/or training

0 Complex, involves sophisti-
cated mechanical or electri-
cal equipment, skilled and
trajned serviceman required
for servicing

[1l. Environmental Acceptability Freedam from potential
hazards and nuilsances

Rating Description
3 No hazard or nuisance
2 No hazard, minor nuisance
1 Limited hazard and/or major
nuisance
0 Sigmficant hazard

+ Effluent toxicity, health effects (disease transmission
potential), safety (fire, explosion, chemical toxicity)

# Odor, vectors, noise, aesthetics, special residuais disposal
problems

* Criteria were applied assuming proper installation and
operation.
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SECTION 4
WASTEWATER CHARACTERISTICS

On-site wastewater quantity and quality characteristics have been
reported in the literature by several investigators. Data derived from actual
sampling and analysis of on-site wastewater are summarized in tabular form as
follows:

Table Information Presented
5 Wastewater Flow From Various Household
Sources
6 Combined Household Wastewater Characteristics
(excluding garbage disposal)
7 Wastewater Constituent Contributions from
Various Household Sources
8 Blackwater Characteristics
9 Greywater Characteristics
10 Garbage Disposal Characteristics

The data presented in Tables 5-10 are based on mean values reported in the
literature (1-10). These values fluctuate widely, depending primarily on
individual household occupant habits.

Wastewater flow values used for this study (presented in the next to the
last column of Table 5) are based on a weighting of the reported data into
similar wastewater generating sources. Factors used to weight the data
included distribution of "other" wastewater generation data into kitchen,
bathroom, and service sinks; assigning more weight to research based on a
larger number of data points; and giving less weight to data based on
literature review. Similarly, kitchen wastewater was distributed between sink
and dishwashing for those studies which had attributed all kitchen waste to
either the sink or the dishwaster.

Wastewater influent to on-site wastewater systems is received
intermittently throughout the day according to the general pattern shown in
Figure 1 (1). Maximum hourly flows averaging approximately 11.5 lpch (3.0
gpch) generally occur between 7 and 10 a.m. and 5 and 7 p.m. Low flow periods
of less than 3.8 lpch (1 gpch) are generally experienced between midnight and
6 a.m. In addition, instantaneous peak flow rates of 30 to 65 lpm (8-17 gpm)
are reported to occur periodically throughout the day (9). Seasonal
variations of wastewater generation rates are not significant when compared to
the variation of wastewater generation rates between households (8).

14



TABLE 5. WASTEWATER FLOW FROM VARIOUS HOUSEHOLD SOURCES
Investicator This Study
Rl 1
e & &3
i} L“ . ] — gfd
-E- 5] - [+1} S'E =
pl ——— N~ = o mwo
2 5= -=] £ =3 798
o 2o s g o = =5 52 e~
5 o - > ool &% e v ooz
~ [~ =) us ] o= cSwnc
Source S ~ g= enl =< = 5= |8cad
(1pcdP* | 50 B 2% SE| £E 5 oc |532B
O ~— - PR =) [~ ] = mw wn = O~ T W
Kitchen
~Total? - | - - | 17.0] 28.4 ] -- 22 14
Sink -- 13.6 -- 9.8 5.7 -- 9 6
Dishwashery -- -- 13.3 4.21 12 18.5 13 8
Garbage
Disposal -- -- -- 3.0 10.6 -- -- -
Laundr ;
(machine) 39.8| 28.0} 37.9] 43.9| 56.5 | 39.8| 37 23
Bathrooms,
Total -- 40.1 -- 51.8} -- - 45 28
(w/o toilet)
Bath/
shower 23.8] 32.2 47.31 32.9} 18.5 37.9 33 21
Sink -- 7.9 -- 13.9| -- -- 12 7
Toilet 65.1] 74.9 -- 55.6] 26.6 34.7 50 3
Fecal -- -- -- -~ 7.1 -- -- --
Non-fecal - -- -- -- 19.5 -- - --
Water
Softener - -- -- -- -~ 10.0 -- --
Qther
{sinks not
included
above) 68.3] -- -- -- - 20.6 6 4
TOTAL 197.0f 156.6 - 168.0| 130.0 | 161.2} 160 100
Greywater 131.9] 81.8 -- 709.71 92.8 ) 126.5] 110 69

Manual and/or automatic dishwashing
* Values represent daily per capita water usage
# Excluding garbage disposal
* Data have been rounded
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TABLE 6.. COMBINED HOUSEHOLD WASTEWATER CHARACTERISTICS
(Excluding Garbage Disposal)*

Investigator This
- Study
b=ty l”'; 2 § 7]
e e | - | %%
830 € | g2 | B s |
Parameter A=~ - ¢4 o5 503
weeer, 1222 | 5 | B\ 235 8 | §E:
B0Dg 45 4.7 3.8 49.5 49,5 | 48
BODg f11tared - e - 30.4 .4 | 30
€00 120 119.4 121.5 - - 120
T0C - - - TR 2.1 2
TOC filtered - - - 22,0 22,0 | 22
1 130 - 146.3 N3.4 3.4 | 128
™S 83 - 74.6 63.1 63.0 | 70
8§ 48 o 47,3 385.4 3.4 | 40
vss .40 - 41.6 26,6 | 26.6 3
TKN 12.1 - 8.8 6.1 6.1 8
NNs'N hbd 3.2 . 1.3 1.3 [4
NOy=N - 0.1 e 0.1 0.) 0.1
NOg=N . - - - .o ve
™ 3.8 - _— 40 | 4.0 4
PO4=P . 4.0 3.7 1.4 1.4 1.4
011 and Grgase - - - 14,6 - 18
MBAS - . - . e 3
flow (1ped) 131.8 | 168607 166.3 119.4 | 161.2 | 160

* Also axcludes water softeners
* Data have been rounded
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TABLE 7. WASTEWATER CONSTITUENT CONTRIBUTIONS FROM
VARIOUS HOUSEHOLD SOURCES* (percent)+
Source * Laundry
Kitchen Clothes Washer Bathroom Totlet Flush
Automatic Bath/ Non-
Parameter Sink Dishwasher] Total* Wash Rinse Total Shower Fecal Fecal Total
BOD5 17 26 42 22 8 30 6 9 13 22
3005 filtered 15 26 41 23 9 32 6 8 13 21
TOC 16 23 39 24 8 32 5 n 13 24
TOC filtered 19 21 40 25 9 33 5 7 14 22
TS 12 16 28 33 10 43 4 9 16 25
VS 15 17 32 23 8 31 6 12 19 k]|
SS 12 15 27 23 9 k]| 6 18 18 36
VSsS 14 17 N 18 7 25 6 19 19 38
TKN 7 8 15 10 2 12 5 25 44 68
NH3-N 3 4 7 2 1 2 3 47 41 88
N03-N 3 6 9 25 15 40 11 9 31 40
TP n 21 31 40 14 54 1 7 7 14
Ortho-P 13 27 39 29 8 37 2 8 13 22
Grease 16 17 33 13 10 22 22 6 17 23

* gxcluding garbage disposal

+ Rounded to nearest percent.

Source:

Reference 2 and 8.

and water softener, and sinks other than kitchen.




TABLE 8. BLACKWATER (TOILET ONLY) CHARACTERISTICS
Investigator This
— Study
=M~
e -
25 ~ | 23 EM
- O o™ S o -
L5 i o _ > £
—_— — - —— [~} ©
" — :n’ » T [ I S [V I 4
52 58| & & |2l
Parameter ‘o > Ee Po E 2% 3
(g/cap/d)* 55 s 85 25 a 225
8005 20 23.5 6.9 10.7 10.7 15
BOD, filtered -- -- -- 6.3 6.3 6
cop 72 67.8 65 - - 68
TOC -- -- -- 7.7 7.8 8
TOC filtered -- - -- 4.8 4.8 5
TS 53 -- 76.5 28.5 28.5 45
TS 39 -- 55.8 19.7 19.7 30
SS 30 -- 36.5 12.8 12.5 20
VssS 25 -- 3 10.2 10.2 16
TKN 11 .- 5.2 4.1 4.1 5
NH3-N -- 2.78 -- 1.1 1.1 1
N03-N -- 0.02 -- 0.03 0.03 0.03
NOZ-N -- -- -- -- - --
TP 1.6 - -- 0.55 0.55 .6
P04-P -- 2.16 3.1 3 0.31 3
0i1 and Grease -- -- -- 3.35 --
MBAS -- - -- -- - --
pH 8.9 - 5.6 -- - --
Total Bacteria 6.2x1010}  -- -- -- -- --
(#/cap/d)
Total coliform 4.8x109 -- -- -- -- --
(#/cap/d) '
Fecal coliform  [3.8x10° | -- -- - -- --
(#/cap/d)
Fecal strep -- -- -- -- -- --
Flow (1pcd) 8.5%| 74.9 | 55.6 | 26.6 | 34.7| 50

* Study households equipped with vacuum TOTIELS
+ Data has been rounded

18




TABLE 9.

GREY WATER CHARACTERISTICS*

Investigator This
= - Study
o~ ’5-«- - o
D = —— o~ 3
] 82 | o3 | T =z
ss | s 2. | 50 | 8. | = |3F
- - o~ — +~ -—— @
. o ) - —o 0> ~ ge
§2 | o > l1g8 22| .8 | s |52
Parameter o g C So EZ | S Z 793
(g/cap/d)*™ | S = = 513568 a5 =5 a xSn
8005 25 - 25.2 24.5 27.9 38.8 38.8 33
8005 filtered -- - -- -- -- 24.1 24.1 24
coD 48 -- 51.6 -- 56.5 -- -- 52
TOC -- - -- - 17.8 24.4 24.4 24
T0C filtered -- -- -- -- -- 17.2 17.2 17
15 17 -- - 70.8 69.8 85 85 80
™S 44 - -- - 18.8 43 43 a0
SS 18 - -- 15.4 10.8 22.6 22.6 20
vSS 15 -- -- - 10.6 16.5 16.5 15
T 1.1 -- -= - 1.3 1.9 1.9 2
NH3-N -- -- 0.48] -- -- 0.16 0.16 0.2
N03-N - -- 0.6 -- -- 0.04 0.04 0.05
NDZ-N trace -- -- -- -- - -- -
™ 2.2 .- -- 2.7 - 3.43 3.43 3
P04-P - - 1.8 - 0.6 1.10 1.10 1.1
011 and Grease| -- - - -—- -- 11.3 -- 1M
MBAS -- - -- -- 3.4 - - 3
pH - 7.2 - -- .- -- - 7.2
Total Plate 0
Count (#/cap/d}7.6x10 . - -- - -- -- -
Total coliform 1 7
(8/cap/d) 136101071 g5x10°} - -- .- psoo*~ |esoo** | --
Fecal coliform
(#/cap/d) 2.5x10 - - - - 550** | S50** | -
Fecal strep '
(#/cap/d) .- - -- -- -- g+ 94 ** -
Flow (ipcd) 121.5* -- 81.8 98.3 | 109.7 92.8 126.5 | 110
¥ Excluding garbage disposal and water sortener.

+ Based on ba
# Based on ki
** gased on l1a

th/shower, dishwashing, and laundry only.
tchen and bath/shower data only.
undry and bath/shower data only.

++ Data have been rounded.

19




TABLE 10. GARBAGE DISPOSAL WASTEWATER CHARACTERISTICS
Investigator This
Study
o™ e
- "3 b
s briant - a
$3 7y, | 822
Iy (1] -
Parameter = 29 S5F §’
(g/cap/d)+ a0 FH8 | g=s8
8005 12.3 10.9 1
5005 .- 2.6 3
€00 35.6 - 36
TOC - 7.3 7
TOC filtered .- 3.9 4
TS 32.5 25.8 28
TVS 2.1 24.0 a3 -
SS 20.2 15.8 18
VSS 19.0 13.5 15
TKN 0.2 0.63 0.5
NHa-N .= 0.01 0.0
N03-N .. trace trace
NOZ-N .- .o ..
TP .- 0.13 0|1
P°4'P 0.1 0009 001
011 and Grease - 2.1 2
MMS LA v ow
pH 604 .- 614
T°t°1 COHfOY'm o= L] 1)
(MPN/100 m1)
FFéCBT*c011form - - -
(MPN/100 m1)
Fecal strep .- .- --
(MPN/100 m1)
Flow (1pcd) 3.0 10.6 7

* Garbage grinders did not receive all meal waste.

owned dogs which received table scraps.

+ Data have been rounded
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SOURCE: Reference 1.

FIGURE 1. AVERAGE DAILY FLOW PATTERN FROM
ELEVEN RURAL HOUSEHOLDS
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It is also mmportant to note that variations of constituent Tloadings to
on-site wastewater treatment systems occur concomitant with variations 1n
wastewater flow from individual household sources throughout the day. Thus,
on-site wastewater treatment systems must be able to accommodate considerable
Tong and short-term fluctuations 1n pollutant as well as hydraulic load1ings.
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SECTION 5
WASTEWATER MANIPULATION

On-site wastewater treatment systems can be sigmficantly affected by the
1nfluent wastewater quantity and characteristics. Wastewater manipulation
techniques consisting of flow reduction, wasteload reduction, and/or
segregation can be used with both new and existing systems to fac1litate and
enhance wastewater treatment and disposal, extend system life, reduce system
0&M requirements, reduce system capital and 0&M costs, and reduce household
water consumption.

A summary of generic types of household wastewater flow and wasteload
reduction devices for greywater and blackwater generating sources are
presented in Tables 11 and 12, respectively. Flow reduction data 1n Table 11
assumes full open flow for continuous functions and full volume per use for
batch functions as baseline conditions.

Additional capital costs included in Tables 11 and 12 are the incremental
costs for flow and wasteload reduction devices in excess of the capital costs
for conventional (non-flow or -wasteload reducing) equipment. For example,
the difference 1n capital cost between a faucet with an 1n-line flow
restrictor and a conventional faucet is the additional capital cost. Where
there is no comparable conventional equipment (i.e., a faucet aerator), the
capital cost of the device 1s considered to be an additional cost. In Table
12, the present worth of the incremental capital costs, including replacement,
(amortized over 20 years assuming 7 percent 1interest, discount, and 1nflation
factors) are added to the annual operation and maintenance costs.

FLOW REDUCTION

Significant water consumption and wastewater flow reductions have been
observed without installation of flow reduction devices 1in several locales as
a result of government agency water conservation education programs, and/or &
perceived need by household water users (1). The potential savings of flow
reduction devices is presented in Tables 11 and 12. Actual’ performance of
many devices depends on user habits. On the other hand, successful per-
formance of some flow and wasteload reduction devices 1s virtually independent
of user habits. Estimates of achievable flow reductions (the amount of water
that can actually be saved by a typical household) for various household
wastewater sources are presented in Table 13. These estimates are based on
data reported in the literature and on engineering judgement, focusing primar-
ily on studies of observed flow reductions demonstrated in household moni-
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TABLE 11. FLOW AND WASTELOAD REDUCTION-EXCEPT TOILET
Performance Additional
Oependent Tndependent TFlow Wasteload Capital
Flow On User of User Reductions Reduction Cost Range (S['
Generic Type Range* Habits Habits (Percent]) (Constituents} ew etrofit
KITCHEN (22 1/cap/d)*
. Sink faucet {9 1/cap/d} 15-30 1pm
Flow restrictors
In-1ine, upstream of
faucet X 30-70 None 1-10 10-25
incorporated inte
faucet X 40-80 None -5 <i-3
Aeration devices X 40-70 ttane <1-5 <lI-5
Spray taps 14 30-70 tione 7-12 7-12
Cut-off vaives X 60-90 None 10-110 20-140
Specialty faucet systems
(pre-tet mixing valves,
ate) X 50-90 None 25-80 35-100
Dishwasgher (13 1/cap/d) 45-70
1/cycle
Kulti-cycle control X 10-40 None 50-90 50-100
Ultrasonic {combined
with microwave oven) X 100 80D, SS 2, 0AL  Unknown Unknown
Garbage disposal
(7 V/cap/d)e+
Reduced flow disposal X 0-40 None 10-20 15-30
Grinder w/centrifuge/
separator X 95 80D, SS, 086 Unknown Unknown
£liminate garbags disposal X 95 800, SS, 086 .- .-
LAUNDRY {37 V1/cap/d) 100-260
Veycle
Automatic washing machine
fulti-level/cycie control X 10-40 None 50-75 50-75
, Suds-savers X 10-30 P, BOD, SS 15-25 15-35 ,
. Detargents w/low P or .
filler solids X 0 P, S§ ——- -
Sink faucet (see kitchen)
+ BATHROOMS {45 1/cao/d)
Bath/shower (33 1/cap/d)
Bathtudbs 210 1/use
Low water volume tub X 0-30 None Q ]
Showers 20-60 Vpm
Flow restrictions
In-1line, upstrean
of showerhead X 40-80 None 1-10 10-35
incorporated into
showerhead X 1040 None 5-15 S-15
Compressed air
assisted aeration .
devices X 60-90 None 260-300 300-500
Cut-off valves X 60-90 None 10-110 20-140
Specialty faucet
systems {pre-set
mixing valves, etc.) X 40-90 None 25-80 35-100

$ink faucats (12 1/cap/d)
{sem kitchen)

* Indicate full-open flow rate (continuous functions) or standard water usa

s for conventional fixtures

ge per svent (batch functions)

+ Indicates percent reduction in flow ite when flowing vids‘u en, or {n volume o
user habits with changing flow rate are not included pems fuse  Potential changes fa

# Capital costs are the incremental costs for flow and wasteload reduction devices in excess of

costs for conventional equipment

** Baseline value used for purpose of this stud
various functions) in individua) homes

++ Not included in kitchen tots)
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TABLE 12. FLOW AND WASTELOAD REDUCTION TOILET
System O3M Roqsirenents
Equdpment
Perforuance Freqency of failire
Flow uasteload Schuduled {requirig
Flow on User of Usar Rediction® Reduct ton M intenance terdwrre  wnschedul ed Emironmntal Aceptbility
Generic Type Rangp  Habits Habits [Percent)  Selected Comst ftuerds _ Adequicy {#/yr) Cuplexity service)sd {potential hazarus and nuisances)
TOILETS (50 Vead)d 1520 Vusa'™
Mater carviag:
Reduced tank flush X rone aprears relidble <1 singte infrequent -
vater volwie
Dwl gcle flsh Y 10-30 none aears relidble (! simpie {nfreqent .-
Cayressed air assist X 70-90 none appears relidble ¢ mukydte infreqpuent -
flush
Flush valve X ron: appcars rehidble 4 noderate infreqent —
{wo tark)
Vacumn assist flush X 0-90 o apuars rehidle < aoderate freqent -—
CQossd-tayp recycling 4 10 N, S5, B, P, @peas rehidble M nocks ate- frequent residuals disposal
toilet gystoms micrubiological caipl ex
Non—water carrage
Thermal
Incinceration X 100 N, S5, 00, P, oprars relible N aoderate freqent ajor, air emssios, ad safety
{carbust ion) micrubtol ogical
Evajoration. X 100 N, SS, 80, P, wnknown uknow compl ex uknown ador, ard reskduals dismsal
oondensat fon micrablological
Freezirg X j 0] N, SS, BD, P,  potuntially b ol ate frequent adrr, veutors, ard restduals disposal
mivrabiological reliable
0fl recirculating X 1w N, SS, B0, P,  potentially 24 cumplex frequatt wior ard residuals disposal
miurwiologicat rliable
Canasting
Snat ) X wo N, SS, 6w, P,  potontiatly b mxierate freqent alor, wxtors, residwls disposdl,
microblological relidle safety and health ef fects
Large X 100 N, S, B0, P, potentially 24 suple infreqent odor, vectors, reswdwls dispsal,
wmicrabiological relidle safity and health ef fects
toldiny
Packaging X w N, SS, HD, P,  potentially 4 roderate fraqent wor, wators, and residuwls
wicrubiological relidle dispsal

*  Indicates parcent rmu_:;lu:_h_\‘f\dl-qen flow rete (;ulmns functions) ar standand sater wsaye per event (batch functions) for coventiona) fixtures

e« Bisal on | to 3 torlets par household.

¢ Aortizad caprial cost (in excess of “corvantional” equipnait) plus awwal gperation wd maintenance custs.

4 Baselie valw usud for purgoses of this study, subject to wde fluclwtions (a3 eun as ¢ 501 o aore for verios functions) in wdividual hoes. (Bt chukal n battroon total ).

** Only tur covetional fixtures.

24 Redative W Un outar devices Visted.

 Amrti12 cital st (assuming neplaceunt of existing eipent W rahce flo) Pl el gueralion & swintenance Qusts.



TABLE 13.

WASTEWATER FLOW REDUCTION

Flow Rate: Estimate of Estimate of
Weighted value achievable achievable
used in this (actual) {actual)
study flow range flow reduction
Wastewater Source (lpcd) (1pecd) (percent)* Reference
Greywater
Kitchen
Total 22 14-21 5-35
Sink 9 6-9 0 30 (5,9)
Dishwasher 13 8-12 10-40 (2,6)
Laundry 37 22-33 10-40 (1,2,6)
Bathroom
Total 45 17-45 0-60 ,
Bath/shower 33 3-33 0-70# (1,3,4,7,8
Sink 12 7-12 0-40 (5,9
_ Other 6 4-6 0-30 (9)
Greywater Total 110 57-105 5-50
Blackwater
Toilet 50 0-45 10-100* (1,4,6,8)
Household Total 160 50-150 5-65

* Values are rounded.

+ Achievable reduction is 100% with recycle or non-water carriage toilet.

4 Estimated achievable reduction approaches 70% with compressed air assist

showerhead (8).

28



toring programs, where available (1-10). In many cases, the estimates pre-
sented in Table 13 are much lower than the flow reductions lTisted 1n Tables 11
and 12. Explanations for some of the apparent discrepancies are:

o Flow ranges and reductions listed in Tables 11 and 12 are based
on full open flow, although most conventional continuous flow sources
are not regularly operated 1n this mode.

e User habit changes. Continuous flow source fixtures equipped with
flow reducing devices may be operated to actually increase the volume
of wastewater generated due to longer duration of usage.

o Inadequate device design. Some batch flow devices may require 4
second batch operation due to inadequate device performance, or
improper operation by user. For example, a reduced volume toilet may
be flushed a second time in order to completely clean the bowl.

¢ Improper device 1nstallation. For example, an improperly installed
toilet dam may lose its seal and become ineffective.

e Incompatibility of device with existing plumbing. Pipe cloggings may
occur due to 1ncreased waste solids concentrations and reduced
wastewater flow volumes caused by wastewater flow reductions.

e Device removal or circumvention by homeowner.

Overall, the potential exists for sigmficant flow reductions from both
continuous and batch flow sources. In general, the most effective flow
reducing devices (primarily for batch functions) are those that are virtually
independent of user habits. Slightly less effective devices simply require
the user to select the reduced flow cycle. For example, reduced flush water
volume toilets are virtually assured of wastewater flow reductions (unless
additional flushes are required as a result of inadequate flush water
velocity) while multi-cycle dishwasher or dual cycle flush toilets require
selection of the appropriate cycle to achieve flow reductions. On the other
hand, decreases in wastewater quantity directly attributable to installation
of flow reducing devices on continuous flow sources have had mixed successes
(1, 3, 4, 5), depending primarily on the perceived need for flow reduction.
For example, flow reductions as high as 50 percent resulting solely from
changes in users habits were reported in California during the summer of
1977.

Since the toilet, laundry, and bath/shower typically generate the largest
quantities of household wastewater, installation of flow reducing devices on
these sources can have a significant impact on the quantity of wastewater
requiring on-site treatment and/or disposal. From the foregoing discussion
and the information presented in Tables 11, 12, and 13, it can be seen that
instatlation of flow reducing devices for the toilet, laundry, and dishwasher
(batch-flow sources) are most likely to be consistently successful, but are
more expensive. Installation of flow reducing devices for the shower
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(continuous flow source) are not always effective, but most of them are
inexpensive. Similarly, installation of flow reducing devices for sink
faucets may not always be effective, but they are normally 1inexpensive.
Combined small wastewater flow reductions from individual sink faucets can be
significant.

Wastewater reuse is an additional method of flow reduction. On-site
wastewater reuse systems generally treat the waste stream from one or more
household fixtures to provide the water supply for the same or other water
consuming fixtures. Since the operation of wastewater reuse systems is almost
completely independent of user habits, their effectiveness 1n reducing flow 1s
virtually assured. The amount of the flow reductions achieved depends upon
the type of reuse system and the household fixtures served.

Reuse water quality criteria are presented in Appendix B. Several of the
numerous wastewater reuse options available are describe! 1n the wastewater
segregation section of this chapter as part of Tables 19 and 20 and 1n
Appendix A, Table A-16.

WASTELOAD REDUCTION

As previously indicated n Tables 11 and. 12, some flow reduction
techniques reduce the mass of waste constituents generated as well as decrease
constituent concentrations. These techniques may be used individually, in
combination, or in conjunction with segregation of specific household waste
generating sources to facilitate on-site wastewater treatment and disposal.
Other flow reduction techniques have no effect on the mass of waste
constituents (wasteload) requiring treatment and/or disposal, as indicated in
Tables 11 and 12, although they 1ncrease waste constituent concentrations.
These resulting concentration 1increases primarily affect individual treatment
and disposal system component design (size, configuration, etc.); they usually
have little impact on the selection of unit processes (component types). In
addition to wastewater flow reductions accompanied by wasteload reductions,
wasteloads alone may be reduced.

Methods to achieve household wasteload reductions and the constituents
affected are described in Table 14. As an example of wasteload reduction
methods, both with and without flow reduction, the quantity of phosphorus
influent to an on-site treatment system may be reduced by eliminating toilet
discharges and the use of high phosphate detergents. The value of these
efforts might be to eliminate a specific phosphorus removal treatment step
prior to surface discharge. Similarly, elimination of toilet discharges to
the treatment system would reduce the input of all constituents considered in
Table 14. With the exception of toilet discharges, the methods of wasteload
reduction listed in Table 14 are self-explanatory and need no further
discussion.

Several methods for eliminating toillet waste discharges (and thereby

reducing flow) were 1dentified in Table 12. All but one of these methods
1nvolve the use of non-water carriage toilet systems. Descriptions of these
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TABLE 14. WASTELOAD REDUCTION

Wasteload Reduced Accompanied
Micro- by flow
Method BOD SS N P 0& biological reduction
Eliminate garbage
disposal X X X X X X X
Eliminate use of
detergents with
phosphorus ang/or
filler solids X X
Install laundry
“sud-saver" X X X
Eliminate toilet
discharges X X X X X X X

* "X yndicates constituents reduced.

+  Inert solids added by detergent manufacturers as abrasives to enhance

detergent performance.
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non-water carriage toflet systems for which there 1{s available on-site
hardware and performance information follow.

Incinerating Toilets

Non-water carriage, incinerating toilets can be used to eliminate
household blackwater flow and reduce wasteloads by drying and 1incinerating
toilet wastes, as briefly described below.

System Type System Requirements Comments
Gas-fired Toilet bowl, combustion chamber, Frequent removal of
(1iquified insulation, ignition source (elec- combustion residuals
propane or tric spark plug), air-fuel supply is required. In-
natural gas) system, flue gas vent and blower, complete combustion of
and system controls consisting of was:es may result in

cycle activation switch and timer. odor problems. Slight
p-sential for explo-
sion or fire hazard.

011 fired Same as above Same as above
Electric (115 Toflat bowl, combustion chamber, Frequent removal of
or 220 volts electric heating element, in- combustion residuals
AC, or 12 sulation, flue gas vent and blower, {3 required. Waxed
volts OC) and systam controls consisting of paper bow! l{ner

cycle activation switch and timer. may be required to be
placed in toflet prior:
to each use.

Gas and oilefired incinerating toilets require significantly more
frequent maintenance (associated with fuel supply and combustion equipment)
than electric incinerating toilets. On the other hand, electric incinerating
toilets have significantly higher energy costs. Thus, the applicability of
the various types of incinerating toilets s largely site dependent.

Performance=-

There are a number of commercially available i{ncinerating toilets.
However, discussion of performance of these units will be limited to the
gas-fired and electric units since oil-fired unit performance data were not
readily available.

In general, {ncinerating toilets are designed to dry and incinerate
influent toilet wastes, producing ash which requires subsequent disposal. For
gas-fired units, the complete combustion/cooling cycle takes approximately
20 minutes (15 for combustion and 5 for cooling); while electric units
normally require approximately 45 minutes (15 for combustion and 30 for
cooling). Although the cycle can be interrupted for toilet use, additional
combustion cycles without 1introduction of waste may be required
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following peak use periods to avoid 1incomplete waste combustion. (Personal
Communication. T. G. Townley. March 19, 1978.)

System 0&4M Requirements--

Routine removal and disposal of combustion residuals about once a week are
necessary for gas-fired 1incinerating toilets. Residuals removal can be
performed using a vacuum cleaner or a dustpan-and-brush 1f waste 1ncineration
is complete. If 1ncineration 1s incomplete (as has been reported for some
units) waste must be scraped from the 1incineration chamber (11). The toilet
bow! must also be wiped clean with a damp cloth at weekly intervals. Periodic
cleaning and alignment of the gas-fired burner assembly, adjustment of the
air/fuel ratio, and adjustment and/or replacement of spark plugs may be
required two to four times per year by a trained technician to maintain
combustion efficiency. Frequent unscheduled maintenance necessitated by spark
ptug fouling, faulty timers, blower motor failure, or corrosion of 1internal
parts may be required (11,12).

Similarly, routine removal and disposal of combustion residuals are
required approximately once per week for electric 1ncinerating toilets.
Residuals can be removed by a vacuum cleaner or a dustpan-and-brush if waste
incineration is complete. As previously mentioned, a waxed paper bowl Tiner
may be required to be placed in the to1let (manufacturer specification) prior
to each use. Weekly cleaning of the toilet bow! by wiping with a damp cloth
is required. The heating element may require cleaning two to four times per
year to maintain combustion efficiency. Ventilation systems, includwng a
blower and piping, need to be cleaned with hot water, soap, and brush
approximately two to four "times a year. Infrequent, unscheduled repair and
maintenance include--inspection—-and- replacement of the heater element by a
trained technician.

Because positive ventilation is required to discharge flue gases, homes
using ncinerating toilet may consume additional energy to maintain household
temperatures due to heat losses or gains caused by flue gas venting.

Environmental Acceptability--

Although the high operating temperatures of incinerating toilets
adequately sterilize the ash produced by incineration of toilet wastes, there
are several environmental concerns related to use of incinerating toillets.
These are as follows:

o Odor problems resulting from incomplete waste combustion. (Masking
agents or catalytic deodorizer may help to alleviate or eliminate the

symptoms);

e Slight potential of explosion or fire hazards for gas- or oil-fired
incinerating toilets; and
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o Air pollution potential of combustion products escaping with flue
gases.

Cost--

Capital, operation and maintenance and total annual costs for gas-fired
and electric incinerating toilets ae presented in Table 15.

Composting Toilets

Non-water carriage, composting toillets can be wused to eliminate
household blackwater flow and reduce wasteloads by converting toilet wastes
into compost, which may be suitable for land application as a so1l conditioner

or fertilizer.

Types of composting toilets available are:

System Type System Requirements Comments
Large Compost tank with toilet Requires large space
composting stool (typical tank effec- for composter tans.
toilet t1§e volume of 30 to 70 Tank vclume expand-
ft®), and ventilation able 1n section fash-
system. Addition of dry 1on for some units.
carbon source, such as Loading of kitchen
sawdust, may be required. wastes allowable and
often desirable. Po-
tential odor problems
(resulting from exces-
sive liquid loadings),
vector problems, and
Timited fire hazards.
Energy may be lost
from household through
vent .
Small Compost tank with toilet Occasional odor pro-
Composting stool (typical tan§ effec- blems resulting from
Torlet tive volume 0.5-1m”), excessive liquid
and ventilation system. build-up. Potential
Electric heating element 1nsect problems and
and stirring or leveling fire hazard. Energy
on some units. loss from house
through vent may be a
problem.
Performance--

Both large and small
relatively stable end products.
compost volumes,

compost toilets should be capable of producing
As a result of the difference 1n effective
large compost toilets rely largely on low rate aerobic

biological mechanisms to degrade toilet (and kitchen) wastes, while small
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TABLE 15. INCIMERATING

TOILET COSTS

Design
Capital Cost T1fe Capital Cost ($)
[ tem (yr) Gas Unit Electric Unit
Toi1let unmit 20 600-800 600-800
Installation* - 200-350 150-250
Total Capital Cost* $800-1150  $750-1050

Annual 0&M Cost

Annual 0&M Cost ($)

Item Gas Unit Electric Umt
Maintenance (@310/hr)
Routine 70 70
Unscheduled repairs 20 20
Replacsment Parts 15 10
Energy” & liner (if required) costs 200 300
Total Annual 0&M Cost $305 $400
Annual Cost
Present worth of the sum of the capital
costs amortized over 20 years 8 7%
interest, discount, and i1nflation
(factor = 0.09439) 76-109 71-99
Annual 0&M Costs 305 400
Total Annual Cost* $381-414 $471-499
~ $380-410 ~$470-500

* Lower value 1s for new construction; higher value is for

+ retrofit applications.

Energy consumption is estimated to be 135 g (0.3 1b) LP gas/use

at $0.5/1b for gas units and 1.2 kwh/use at $0.05/kwh for electric

units (3).

35



compost toilets generally depend on thermal dehydration and high-rate aerobic
mechanisms to stabilize toilet wastes. Key factors relating to the perfor-
mance of compost toilets are as follows (Personal Communication. M. Findlay
and C. Lindstrom. April 1978.) (13):

Large Compost Toilets Small Compost Toilets
Long detention time Short detention time
Microorganisms as well as higher Microorganisms such as bacteria and
organisms such as arthropods and fungi predominate. Thermal dehydra-
earthworms predominate tion also takes place
Pathogens are killed by long- Pathogens killed by neat and natural
term predation, competition, die-off
and natural die-off
0pera81ng temperature ranges, Opsrating temper»tur. ranges, 15 to
20-35%C 557C

No comparative studies of the long-term reliability of composting units have
have been conducted in this country. Studfes of the composition of the end
product from varfous compost units {ndicate that 1t can be ralatively
pathogen-free for some commercially available units (13-15), However, the
continuous nature of the composting process in the available large composting
units provides the potential for short-circuiting and the contamination of
stabilized compost by "fresh" waste materials, At least one model of small
composting units provides a pasteurizing step immediately before the compost
container 1is emptied. If 1t 1s effective, this pasteurizing step would
aliminate a potential shortecircuiting problem,

The potential for short-circuiting in the large units {increases if
inadequate 1iquid absorption capacity i1s provided. Excess 11quid build-up can
also cause odors (which may be a particular problem {f the ventilation system
1s inadequately designed or installed) resulting from anaerobic conditions.
The relative health effects associated with the potential for liquid butld-up
and short-circuiting for compost toilets as compared to conventional systems
have not be determined.

System Operation and Maintenance Requirements--

Routine system operation and maintenance of large units includes periodic
removal and disposal of compost approximately once per year, after initial
compost mass davelopment. Also, periodic addition of sawdust or kitchen waste
to faci{litate the composting process is required approximately 6 to 12 or more
times per year. This is desired to pravent the compost mass from becoming
compacted, to equalize moisture distribution, and to facilitate system
aeration and waste decomposition. Infrequent unscheduled maintenance,
consisting of replacement of mechanical equipment ({.e., ventilation fan) and
compost mass mixing, removal, or sawdust addition is expected.
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For small composting toilets, periodic removal and disposal of compost 1s
required four or more times per year. Periodic mixing of the compost mass by
an electric or manual stirrer 1s also required to facilitate the evaporation
and aeration. Unscheduled maintenance and repairs for small composter toilets
include infrequent replacement of broken stirrers, corroded heating elements,
and ventilation fans, and mixing or removal of compost mass (13).

In addition, energy loss from the house through the to1let ventilation
system of both large and small compost to1let systems may increase the energy
requirements of a household.

Environmental Acceptability--

Potential factors affecting the environmental acceptability of both large
and small composter toilets include odor problems due to occasional anaerobic
conditions and inadequate venting, health hazards resulting from 1nadequate
pathogen destruction 1n the compost mass, fire hazards associatad with
addition of hot ashes to excessively dry compost mass, and air enission
problems. In addition, there may be vector problems associated with
inadequate venting of the units and handling of the compost. In general,
these potential problems can be minimized 1f the user 1s committed to proper
management of the compost process. -

Costs--
Capital, operation and maintenance, and total annual costs of the compact

composting toilet and large composting system are presented 1n Table 16.
Costs for both new homes and retrofit installation are included.

0il Recirculating Totlets

Non-water carriage, o011 recirculating toilets can be used to eliminate
household blackwater flow and reduce wasteloads for on-site treatment and
disposal. This is accomplished by separating toillet wastes from a
recirculating petroleum-base flushing liquid, as briefly described below
(Personal Communication. T. Woltanski. January, 1978.) (10,16):

System Type System Requirements Comments

0i1 recirculating Toilet bowl, waste separa- Waste separation and
tion and storage tank, holding equipment re-
flushing oil, oil-waste quires large space.
separation and purifica- The environmental ac-
tion system, pump and ceptability of dispo-
controls. sal of o1l-coated re-

s1duals is uncertain.
Disinfectant addition
may be required to
eliminate microbial
contamination and de-
gradation of the
flushing o1l.
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TABLE 16. COMPOSTING TOILET COSTS

Des1gn
Capital Cost 11fe Capital Cost (3)
Item (yr) Small Larget
Compost unit 20 650 1600
Shipping and installation -- 200-400* 700-1500
Total Capital Cost $850-1050  $2300-3100

Annual Q&M Cost

Annual 08M Cost ($)

Item Small Large
Electricity 3.t 15%
Replacement Parts 15 10
Maintenance requirement

@ $8/hr
Rout1ne 48 24
Unscheduled repairs 24 112
Total Annual 0&M Cost $125 560
Annual Cost
Present worth of the sum of the capital
costs amortized over 20 years @ 7%
interest, discount, and 1inflation
(factor 0.09439) 80-100 217-292
Annual 0&M Costs 125 60
Total Annual Cost 205-225 277-352+
~$210-230 ~$280-350

* Lower value is for new construction; higher value 1s for

retrofit applications.

+ This assumes one toilet per umit.

However, some large units

can accommodate additional toilet stools, which would result
in significant economies of scale for multiple toilet 1nstal-
lations of these units, as compared to single toilet units.

# Reference (14), $0.04/day for the large unit and $0.09/day for

the small unit.
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Performance--

0i1 recirculating toilets separate and store toilet wastes for subsequent
removal and disposal. Performance may be adversely affected by several
characteristics, including the following:

e Incomplete separation of aqueous base liquids from the flushing o011
due to the formation of o1l-water emulsions;

. Deterioration of the flushing o011 due to chemical reaction with
toilet wastes;

. Bacterial contamination and degradation of the flushing o11.
Addition of an 011 soluble bactericide disinfectant which 1s not
toxic to toilet users may alleviate this problem; and

. %dors and toilet discoloration due to inadequately purified oil
10,16).

Generally, these problems can be overcome by periodic replacement of the
flushing o1l.

System Operation and Maintenance Requirements--

Removal and disposal of residuals from the waste storage tank 1s required
annually for a system with a 1900 1 (500 gal) storage capacity. Inspection,
cleaning, and maintenance of the complex hardware by a skilled serviceman
should be performed one to three times per year. This includes addition of a
disinfectant and odor and color masking agents, and replacement of exhausted
filtration media and flushing o1l (50 1 (13 gal) per year) (Personal
Communication. T. Woltanski. January, 1978.) (10). Frequent unscheduled
maintenance of the coalescer and filter assemblies, system pumps and chemical
addtion systems (1f any) may be required.

Environmental Acceptability--

Flushing 011 odor and discoloration are minor nuisances associated with
011 recirculating toilets, while flushing oil microbial contamination 1s a
limited hazard. Addition of masking agents and disinfectants should alleviate

these problems. However, disposal of o1l-coated residuals and exhausted
filtration media and flushing o011 can be a more severe problem (18).

Costs--

Capital, operation and maintenance, and total annua1‘ costs for oil
recirculating toilets are presented 1n Table 17.

Component Comparisons

Non-water carriage toilet component comparisons for units with sufficient
on-site performance information and hardware to permit detailed evaluation are
presented in Table 18. Component comparisons for units with available on-site
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TABLE 17. COSTS OF OIL RECIRCULATING TOILET SYSTEM

m—
e —

Design Capital
Capital Cost Life Cost
Item (yr) (%)

2-toilet o1l recirculating 20 6,000

system
Shipping and installation -- 700-1,500*
Centrifugal o011 pump 10 150
Float Switches 5 140
Total Capital Cost $3700-$7500
Annual 0&M Cost Unit Cost Annual 0&M Cost

Item Amount {$) 3)

Maintenance required .

Routine 4 hr 12/hr 48

Unscheduled 2 hr 12/hr 24
Residuals removal and

disposal 1 50 50
Disinfectant and masking

agent refills and

filtration media re-

placement 2/yr 75 150
Flushing oil addition 50-1/yr  1/1 50
Electricity 240 kwh 0.05/kwh %g
Replacement Parts $3%%

Total Annual 0&M Cost

Annual Cost

Present worth of the sum of the capital costs
amortized over 20 years @ 7% interest, discount

and inflation (factor = 0.09439) $632-708
$344

Total Annual Cost $976-1052
~ $980-1050

—
——

* Estimated cost for new and retrofit fnstallation, respectively.
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TABLE 18. NON-WATER CARRIAGE TOILET COMPONENT COMPARISON FOR
COMPONENTS WITH SUFFICIENT INFORMATION*

Ranking
Total
0&M Envirommentatl annual

Ranking Performance requirements acceptability Total cost ($)
group Component (5 max.) (5 max.) (3 max.) (13 max.) New Retrofit
A Small composting 3 3 1 7 210 230
Large composting 3 4 1 8 280" 350"
Incinerating 3 2 1 6 380-470 410-500
B 011 recirculating 3 2 1 6 980 1050

* For components with sufficient on-site performance information and hardware avatilable to permit
detailed evaluation. See Chapter III for explanation of the ranking system.

+ This assumes one toillet per unit. However, some large umits can accommodate additional toilet stools,
which would result in significant economies of scale for multiple toilet installations of these units,
as compared to single toilet umits.
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TABLE 19. NON-WATER CARRIAGE TOILET COMPONENT COMPARISON FOR
COMPONENTS WITH INCOMPLETE INFORMATION*

Range of
Ranking total
0&M Environmental annual
Rank1ing Performance requirements acceptability Total cost (%)
group Component {5 max.) 5 max.) {3 max.) (13 max.) New Retrofit
A Freezing 3 1 1 5 125-175 150-225

Packaging 3 1 1 5 --

* For components with available on-site hardware, but insufficient on-site performance i1nformation.
This comparison 1s based on engineering judgement and 1s subject to revision when data become

available.



hardware but insufficient performance information shown 1in Table 19 are based
on engineering Judgment and are subject to revision when data become
available.

WASTEWATER SEGREGATION

Isolation or segregation of specific household waste generating sources
may be employed independent of or 1n combination with flow and/or wasteload
reduction to facilitate on-site wastewater treatment and disposal. For one or
more household waste streams, waste segregation and separate treatment and
disposal may result in the following:

¢ The reduction of the quantity of wastewater requiring on-site treat-
ment or disposal;

e The reduction of treatment and disposal system size, 0&M requirements,
and capital and 0&M costs;

e The extension of system 11ife;
e The reuse of wastewater for non-potable purposes; and

o The simplification, enhancement, or elimination of treatment prior to
reuse or disposal.

Matrices of 18 potential waste segregation options and potential impacts
are presented in Tables 20 and 21, respectively. This listing is not intended
as a complete list of all options. Rather, the segregation options shown are
based on systems previously tested by researchers, currently operating
systems, and theoretically promising systems (Personal communication. R.
Laak. May 1978. and L. Waldorf. April 1978.) (4, 5, 17-21). These matrices
systems were developed based on the following principles and assumptions:

e Wastewater will not be reused in the kitchen or for drinking purposes;

o The quantity of wastewater intended for reuse must satisfy 1ntended
demands or make-up water must be provided;

e Concentrated waste streams will not be treated for reuse if a
sufficient quantity of a more easily treated waste stream 1s
available; and

e Flow reduction will normally be used in conjunction with wastewater
segregation. However specific waste streams to which flow reduction is
applied and the level of flow reduction achieved is dependent on the
method of treatment and disposal selected and thus will be variable.
For the mass balances presented 1n Table 20, it is assumed that the
volume of wastewater generated will equal the volume required for
reuse.
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TABLE 20. WASTEWATER SEGREGATION OPTIONS MATRIX

*

Selected Comstitutents ted ent o
Segregation Uaste Streaw® ste Stream ste Stream aste Stream J
Option - T 7 3 BOD SS W P Uit BOO 35S N P Usk BOD 35 N P D&
a k...8,17 —_— — 100 100 100 300 100 —- - —— o= - cec  sam sae ece ems
b K.L,B v — M € W 85 15 20 I MO 15 28 cem oo v emn -en
3 L K.8.T - 30 30 0 5 20 70 M 9 45 B0 - o aem cee eee
4 8 g LT — 5 5§ § & 20 %5 9 95 295 8 c-- -oc cee aan e
e K,L.B e, ar- - 8 6 5 25 40 00 50 I - -an ean cee aes
f L l.B.l”L - 0 0 10 55 20 70 10 100 JO 8 --- oo ec emm -mn
9 8 €.1,1{8) — 5 S5 5 ¢ 2 9 95 100 W00 8
n L8 1 - I B 15 55 45 6 65 B5S 45 S5 cee e e
§ L8 K, T{L,8) — 3B B 15 S5 45 65 10 10 65 65 e e e
j 8 k,L(B),1(B) --- 5 § 5 ¢ 2 9% 9 100 55 8& cee e ees
i 8 KL " 5 5 § G 20 R0 0 & 8 5 0 15 %5
1 8 L(8) K,1(8) 5 § § & 20 2 W 15 S5 85 45 S5
- 8 K,L(B) T{8) 5 5 § ¢ 20 0 & 30 8 55 0 1B 25
n 3 L8 T(L,8 @ 25 15 » B B B 15 S5 45 85 35 35
° 8 L K, 1L 5 5 § ¢ 2 3 0 10 S5 2 95 65 60
P L8 L(L.8) K. T{(L8 ¥ 35 0 @ & XN N 4 0N T T
q K l{l,t.n;, T(K.L.B O 25 15 30 3B B W N W0 "w on
B(K.L,B

r L B K, 7(8) I 2V W S5 2 5 5° 5 < 20 6 65 S 45 55

1,2,) indicate individual or cambined waste streams with separate conveyance, treitment, or disposal systews

Approximite smean percentage of mass of selected constituents household total from Vebles IV-1 and 1¥-3, The sum of in-

dividual waste stream constituents may total more or less than 100 percent for segregation options fncorporated wastewater reuse.

Sevelopment of Tables V-9 and V-10 i3 based on principles listed fo the text asd reuse waler quality dbjectives presented in

Appendix B.

¢ ¢ e kitchen waste stream without a garbage grioder; L = laundry waste stream, B = bathri. was’~ strean {excluding torlet), T = toilet
waste stream.

es T(XLB) indicates lafluent to toflet stream is effluent from Litchen-laundry-bath system [following trertoment ).

b System miy include closed-loop recycle toflet, holding toilet with off-site treate~ L or uisposal, or on-site treatment and disposal.

¢# Constituent quantity is dependent on treatment system performance and volume of woslewater recycled.
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TABLE 21.

WASTEWATER SEGREGATION OPTION

IMPACT

Segregat ton
Option

Pot

ntial impacts®

Waste Stream
H

Reuse Wastewater
Within Household

aplify/Elim-
inate Treatment

rove Treatability
Required Prior to

Reuse or Dispossl

or S§

Tmp!

Wastewater Requiring
a Specific Type of

Treatment or Dis-

posal

Reduce Quantity of

Reduce Treatment
Size, O8M, or Costs

or Disposal System

Cosinents

a
b

T - ‘

Canvent iongl svstem

On-sTte treatment and disposal of greywater only
required when used in conjunction with closed-
loop recycle toidets, non-water carriage toilet,
or holding totlet Alternatively, separate
treatment followed by recombination of waste
streams may facilitate denitrification If
required, P-removal from waste stream 1 only may
be sufficient

KBV

Reuse of a portion of waste stream | may be
possible with minimal treatment

KLY

Required trestment of waste stream | required
prior to disposal {(or reuse). (For example, no
treatment may be required prior to disposal by
irrigation, or only disinfection may be re-
quired prior to lawn watering)

K,L.8

T{K.L,B)

Treatment of all greywater will produce
quantity in excess of thol required for reuse
as tollet flush sater Separate treatment, dis-
posal, and/or slternate reuse of excess rust be
proyided,

8.1 (L)

Docs not facilitate trealment of waste stream |
for reuse as effectively as option g

K,L.T(B)

Reduced treatment of wasie strean | required
prior to reuse. Quantity may be insufficient
unless Jow volume flush toilet is used or make-
up water provided

LB

K. T

1.2

T2 =

Waste stream | may not require N-removal prior
to disposal

[8:)

K. T((,B)

T2 1.2

Relatively diTute waste streams treated for re-
use Lf low volume flush toilet is used,
separate trestment, disposal, and/or alternate
reuse of excess must be provided

K,L{8).
T(8)

Reduced treatment of waste stream required prior
to reuse Quantity will be wnsufficient unless
very low volune flush toilet 1s used and/or
nave-up water is provided
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TABLE 21.

{CONTINUED)

Potential Impacts+
s o
= . Sy 5
52| 5878 | 53ef |38
22| ScEsk | 2385 | i3
F X f}‘gt: Y- X oY — 5
28] "Eps® | Ssge | PEx
FE1 45fps | S2Ef |%EE
P Pr8S Y sdgb $2 .
Segregation Wiste Stresm 58| gL=2g3 2588 | 208

Option 4 5; —oraa 232.-8 Eo; Cousnents

k B K,L T 1.} 1.2,3 1,2,3 “ae Use of closed-loop recycle or non-water carriage
toilet, aod segregaticn of remaining waste
streans may allow disposal {or reuse) of waste
stream with reduced treatment For system$ pro-
viding an-site disposal of all waste streams, P-
removal (if required) from waste stream 2 only
may be sufficient.

] B JR{:)] K,T{B) T 1,2 1,2,3 1,2,3 Reduced treatment of waste siresm ) required
prior to reuse. Quantity will be insufficient
unless very low volume flush tollet {s used and/
or make-up water is provided. Separate trest-
ment disposal and/or reuse of any excess =must be
provided. If required, N-removal from waste
stream 2 only many be sufficient

) B K,L(B) T{8) T 1,2 1,23 1,2,3 Reduced treatment or waste stream ] mdy be re-
quired prior to reuse Does not facilitate
treatment or disposal as effectively as option
1

n K L,B T(L,8) 2 1,2 1,2,3 2,3 Treatment of entire waste stream 2 will produce
quantity in excess of that required for reuse as
toilet flush waste. Separate trestment, dis-
posal, andfor alternate reuse of excess must be
provided

[ B 1 [ L(8)] 1.2 1,2 1,23 Z,3 Reduced treatment of waste stream | required
prior to reuse or disposal Quantity of treated
waste stream 2 may be fnsufficient unless low
volune flush tollet is used or make-up water
provided, Separate treatment, disposal, end/or
alternate reuse of any excess must be provided.

) L,B C{L.8) K. T{L.B) 1,2 1,2 1,2,3 1,2.3 "Frosh™ water enters recycle system as bathroom
wa .e stream, Concentrated wastes exit with
torlet waz.e stream

q K x.0, l, TK.[,B) 1,2 1,2 1,2,3 1,2,3 “Fresh™ water enters recycle system as kitchen

B{K,L, was « stream Coacentrated wastes exft with
N toflet waste stream
r |8 [} K, Y(B} 1,2 1,2 1,2,3 2.3 Reuse of a portion Of waste stream | may be

waste Stream.

K = kitchen waste stresm without a garbage grinder, L » laundry waste streams, 8

possible with minimal treatment Reduced
treatment of waste stresm 2 required prior to
reuse Quantity of treated waste stream 2 may
be wnsuffictent utless low volume flush toilet
1s used or make-up water provided. Separate
treatment, disposal, and/or reuse of any excess
wo=t he peov idmd,

« bathraanm waste strcaw {excluding toilets), T = toilet

« Potential) impscts (as compared with combined on-site wastewater treatment end/or disposal}) affecting waste streams Indicated by nuabers

1,2,3).



¢ The entire flow of an individual or combined waste stream utilized for
more than one reuse application will be treated to meet water quality
objectives of the more stringent of the reuse applications; and

e For the mass balances presented in Table 20, treatment of any
waste stream for reuse is assumed to result in 60 percent P removal
and 0 percent N removal.

The wastewater segregation options 1dentified 1n Table 20 can be
effective. However, the feasibility of the individual options is dependent on
the accompanying treatment and disposal system feasibility, 1ncluding the
successful 1mplementation of wastewater flow and wasteload reduction
techniques where utilized; site conditions; and comparative feasibility of
combined wastewaster treatment and disposal systems. For example, segregation
option G (segregation and treatment of bathroom waste--excluding toilet--for
reuse in the toilet) will effectively reduce total household wastwater flow.
The feasib1lity of implementing this segregation option will depend on the
cost and performance of system as compared to the alternatives.

In general, segregated systems compare favorably with combined systems
only in the following situations:

o When the cost of segregation and treatment of a waste stream for reuse
js off-set by reduced treatment and disposal costs;

¢ When Jimited land or water availability requires significant flow
reductions achieved by reuse, with treatment for reuse facilitated by
segregation;

¢ When off-site disposal (i.e., holding tank with periodic pumpout) of a
portion of total household wastewater is desirable due to limited land
availability for disposal, reduced level of treatment required, or
restrictive on-site environmental quality requirements; or

e When segregation facilitates treatment or containment of specific
pollutants, such as mtrogen.

Due to this relatively limited applicability, segregation options are

included on a case-by-case basis 1n the system comparative analysis (see
Section 10).
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SECTION 6

BIOLOGICAL TREATMENT

Many biological treatment options may be utilized for on-site wastewater
treatment applications to remove COD, BOD, suspended solids, phosphorus, and
nitrogen. Biological options are summarized in Table 22. Those with
available hardware and on-site performance data are summarized below, evcept
composting which was covered in Section 5.

AEROBIC-SUSPENDED AND FIXED GROWTH

Numerous aerobic suspended and fixed growth process variations have been
utilized for municipal wastewater treatment applications. Systems for which
on-site hardware and performance 1information 1s available include suspended
growth extended aeration units, fixed growth rotating disks, and fixed growth
packed reactors. Brief descriptions of these major system types are provided
below.

System Type System Requirements Comments
Suspended Growth- Process tank, aeration and Periodic pumpout
Extended Aeration circulation system, pro- of waste solids
(may be batch visions for solids separa- 1s required.

or continuous flow tion and controls. (Pre-

unit) treatment of grease and

gross solids, surge tank,
and solids return system
may be required).

Fixed Growth- Process tank, contactor Periodic pumpout of
Rotating Disks "media" and drive assembly, waste solids 1s re-
provisions for solids quired.

separation.and controls.
(pretreatment of grease, and
surge tank, may be required).

Fixed Growth- Process tank, media for solids Periodic pumpout
Packed Reactor separation, and controls. of waste solids
(bio-f11ter) (Pretreatment of grease and 1s required-

and gross solids; surge tanks;
and aeration, circulation,

or ventilation systems may

be required).
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TABLE 22. BIOLOGICAL TREATMENT OPTIONS
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Hardware alternatives which may be utilized to perform various system func-
tions include the following (1,2):

Functions Hardware Alternatives

Pretreatment of grease Settling chamber, septic tank,

and gross solids screens, and "hydraulic" com-
minutors.

Aeration and circulation Mechanical aerators, com-

pressed or forced air dif-
fusers, natural convection,
and fans and blowers.

Solids separation (see Physical- Clariffers (upflow and down-

Chemical Treatment Section 7) flow, batch and continuous,,
tube and plate settlers,
filtration {fz:ric and media),
skimmers.

Solids return Gravity, air 11ft pumps, and
draft tubes. (Units utiliz-
ing filter bags or batch flow
hydraulics don't require
solids return since they re-
tain solids within the aera-
tion unit.)

Performance

Information and data describing the performance of aerobic suspended and
fixed growth treatment units are presented in Tables 23 and 24, respectively
(2-11). Conclusions based on the results of these investigations are as
follows:

¢ Suspended growth units normally provide from 70 to 90 percent BOD and
SS reductions for combined household wastewater, yielding effluent BOD
and S$S concentrations in the range of 30-70 mg/1 and 40-100 mg/1,
respectively, depending on unit configuration, flow type (batch or
continuous), method of solids separation and return (if provided}, and
pretreatment and maintenance provided (2-9);

e Fixed growth units with prior settling produce effluent BOD and SS
concentrations in the range of 10-40 mg/1 and 10-25 wmg/l,
respectively. However, data are available only for units tested witn
municipal or synthetic wastewater and the performance indicated from
the data presented cannot be assumed to be representative of on-site
installations receiving combined household wastewater;

o Effluent BOD and SS variability normally requires that additional
treatment be provided prior to direct discharge disposal; and
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TABLE 23.

AEROBIC-SUSPENDED GROWTH UNIT (EXTENDED AERATION) PERFORMANCE

Reference

Yoell & Vance
)

McBnde
(#4)

Glasser

5)

Patterson

(6)

Tipton
4]

valdorf
®)

orthantt
9)

P
2)

Influont. wostesater

Canbined hosehold Corbined housetuld  Cabinud housedold  Catbined household Cambingd hassiold Cabined housahold  Coibingd housahold

Cmbinad haselold

Pretrestirent Settl iy chaiber —_— Cominut jon, -— —_ — —_ tre (batch and
settling continaus units),
septic tank
(continus wit)
Treatuat Units (total
nober of sites) n % 5 @ % 10 5 4
Haber of differut mdels 2 6 5 7 6 k) 4 4
Flow type Continuous —_ Batch or cntinuas Batch or continuous Batch or cotinous Batch Batch or cuntiruows Batch or continous
Saples (taat) s px 11} vl — 108-390 120 1406 78-118
Effleent (my/1)*
a00, ;] €0-160 21-10 24189 1329 18-54 a7 6-55
apD - - - -- 158-501 - - n-159
S 40 0-20 56-104 £§9-515 41-203 51-321 %A 1266
HR - - 10-73 - - - -- 07
10y - - 10-12.5 - - - - 1934
P - - - 4R - - - 9-32
Fecal colifora® - - - 3867 - 3749 - 3043
* Duta ranys presentad are ean ef flunt comentratios extranis far the spacifxc vt typs testal, where roortad

* values represent Yoy rurber per 100 mi
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TABLE 24. AEROBIC FIXED GROWTH UNIT PERFORMANCE

Reference sSSP Ahlberg & Kwong SSWMP, Mason

() (10) (2, M)
Influent wastewater Carbined household (synthetic)  Muntcipal Carbined household (synthetic)
Pretreatinent Septic tank (2.0-4.0 rn3) Settling charber -

Treatmert units (total
nnber of sites)

Nunber of different models

Type of umt

Flav type

Samples (nunber)
Effluent (ing/1)*

>

SEEVEE

2

Rotating disk
Continuous
27-69

17-38
51-52
15-16
7

3

32

1
1
Rotating disk

Cont1nuous

10
13
10
5
3.4

1
1
Packed reactor”
Cont1muious

55-85

1
53
15

1
19
36

* Lhere reported, ranges represent nean effluent concentration extranes for the specific umt types tested.

* Also referred to as “submerged nedia" (2)



o Effluent suspended solids concentrations are highly dependent on
solids separation methods utilized (2). For example, units with
pumped sludge return operate more effectively than those with gravity
return.

Finally, considerable controversy exists regarding the relative
performance of some subsequent treatment and disposal units receiving
aerobically versus anaerobically treated wastewater. At present, this issue
remains unresolved (1,12-14).

System 0&M Requirements

Periodic system maintenance consisting of mechanical adjustments of the
complex hardware (aerators, solids separation and sludge return mechanisms,
timers, pumps, etc.) by skilled servicemen is required two or more times per
year. In addition, removal and disposal of accumulated solids is normally
required approximately once a year.

Frequent unscheduled maintenance consisting of unclogging undersized
pumps, skimmers, and air and sludge return lines, and replacement of faulty
mechanical and electrical components has been reported (1, 2). Proper unit
design and component hardware may alleviate these problems.

Environmental Acceptability

Reported problems relating to the environmental acceptability of properly
operated and 1installed on-site aerobic suspended and fixed growth treatment
units include odors (especially when discharged to a dry ditch) and increased
noise levels.

Costs

Capital, operation and maintenance, and total annual costs are estimated
in Table 25.

ANAEROBIC-SEPTIC TANK

Traditionally, septic tanks have been utilized in most on-site wastewater
treatment systems to remove settleable and floatable solids.

Performance

Documentation of septic tank performance is widely available throughout
the literature. Data describing typical septic tank performance is presented
1n Table 26 (Personal Communication. R. Laak. May 1978.) (2,9,15-18). Con-
clusions based on these investigations are as follows:

e Effluent BOD and SS concentrations typically range from 120-150 mg/1
and 40-70 mg/1, respectively, but can vary over a wider range
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TABLE 25 AEROBIC SUSPENDED AND FIXED GROWTH TREATMENT UNIT COSTS

Design Capital
Capital Cost Life Cost
Item (yr) (8)
Aerobic treatment unit 20 21007
including installation
Total Capital Cost $ 2100
Unit Annual 0&M
Annual 08M Cost Cost Cost
Item Amgunt (%) (%)
Maintenance
Routine 8 hr/yr 10/hr 80*
Unschedul ed 4 hr/yr 10/hr 40*
Replacement parts - - 40*
(mechanical and electrical)
So)lids removed 1/yr 50 50
Electricity 1500 kwh/yr 0.05/kwh 75
Total Annual 0&M Cost $285
Annual Cost
Present worth of the sum of the capital costs
amortized over 20 years assuming 7% interest,
discount, and inflation (factor = 0.09439) 198
* Annual 08&M Costs $285
Total Annual Cost $483
~ 3480

e ———————— e — s e a—

* Manufacturers provide service contracts which typically cost $100
to $120 per year, including parts for the first 1 to 2 years.

+ Life of mechanical components is less than 20 years; cost of re-
placement parts is included in the annual 0&M costs.

g Price will vary approximately +$500 depending on location and
manufacturar.
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TABLE 26. ANAEROBIC SEPTIC TANK PERFORMANCE
Referance s S it Salavato Gervhardt  Tharas § Bordixen Lak"™ Brardes Brardes
(2) ) (15) (16) (9) on (1) sy
Wastestrean Carbined Grepater Carbined Cabined Corbined Corbinat Carbined Blacoater W/ Corbined hassetold
tousetold {sunil ated) tousetold housetold housetold haussetold hausetold bathroos sirk w/o taundry
Treatmert wiits
naber) 7 2 0 ] 4 1 1 1 1
Volue (s7) 4.7 (3.5-1.6) 3.0 (2.04.0) 2.6 (1.7-7 8) - 1.8 - 4.0 28 34
Saples (nuiber) ®-1% 251 4455 51 18-21 - 750 - -
Effluent (my/1)*
805 138 (57-212) 81 (62-101) 138 Ko 240 o 120 " 160
a0 =z gm&z) B (171-236) - - - 2] a0 - 48
ss 46 (46-47) 15 101 -3 45 E ] &
™ 5 zl-;si » (U-37) - E 3 - ko] - 133 15
N 31 (1946 18 (142.1) - - - - - 7 8
3 04 {0.10.7) - - - - - - @.1 01
I3 1B (N-3) R (30-4) - - - - - 19.2 15.0
Fecal r.nnfgm' 57 (5.36.4) (4 5-6.6) - - - - - 56 6.4
Fecal strep 3.6 (2.45.1) (@04.3) - - - - - Z -

: Data ramps presented are sean efflusk conoentration extremes for specific wit types tested,

Valies regresent log auber per W00 ol.

Constituent concentrations are based on sarpling of septic tank second copartment supermatant,
78.

= Parsondl Cnmnication, R Laak. May 19



depending on tank size, configuration (inlets, outlets, shape, etc.),
number of compartments, frequency of sludge pumping, and influent
wastewater characteristics (2,9,15-18).

System 0&M Requirements

Rout1ne system 0&M requirements consist of inspection of the siudge Tevel
and scum mat approximately every two years, and sludge pumping by an un-
skilled serviceman when necessary. Pumping 1s generally required approximate-
ly every three to five years to prevent excessive sludge or scum burld-up
which would cause a deterioration 1n effluent quality (18,19). Unschedul ed
maintenance, such as unclogging or replacement of baffles, 1s required very
1infrequently.

Environmental Acceptability

No problems relating to the environmental acceptability of on-site sep-
tic tank treatment units are reported (2,9,15-18).

Costs

Capital, operation and maintenance, and total annual costs are summar1 zed
in Table 27.

ANAEROBIC - PACKED REACTOR

Anaerobic packed reactor (anaerobic “filter") treatment units can be used
to remove COD, BOD, and SS from on-site waste streams receiving varying levels
of previous treatment (20-22). Alternately, anaerobic packed reactors can
provide denitrification of previously nitrified influent waste streams
(Personal Communication. R. Laak. May 1978) (23,24). Anaerobic packed
reactor system requirements are summarized below:

System Type System Requirements Comments
Anaerobic packed Reactor (tank), media, and Primarily for COD, BOD,
reactor for Wastewater distribution and SS removal. Peri-
organics and piping. odic media cleaning 1s
solids removal required to prevent
clogging.
Anaerobic packed Reactor (tank), media, Primarily for demitrifi-
reactor for deni- carbon source addition cation. Methanol or
trification system, wastewater dis- segregated waste stream
tribution system (in- may be utilized as car-
cluding pump, controls bon source. Infrequent
and piping). media cleaning 1s re-
quired to prevent clog-
ging.
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TABLE 27. ANAEROBIC  SEPTIC TANK TREATMENT UNIT COSTS

Design Capital
Capital Cost Life Cost
Item (yr) ($)
Septic tank, including 20 400
installation
Total Capital Cost $ 400
Unit
Annual O&M Cost Cost Annual 0&M
Item Amount ($) Cost ($)
Maintenance
Routine 0.5 hr/yr 8/hr 4
Unschedul ed -- -- -
Sludge pumping -——t 50 12
Total Annual 0&M Cost $ 16
Annual Cost
Present worth of the sum of the capital costs
amortized over 20 years assuming 7% interest,
discount, and inflation (factor = 0.09439) 38
Annual 0&M Costs _16
Total Annual Cost $ 54
~$ 50

* Once every three to five years.
+ Price may vary approximately + $150, depending on the manufacturer,
material used, and site conditions.
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Performance

Data describing the performance of on-site anaerobic packed reactor
treatment units are presented in Table 28 (20-23). Based on this information,
it 1s concluded that anaerobic packed reactors used for organics and solids
removal perform as follows:

o Units receiving combined wastewater pretreated by a septic tank
provide average BOD and SS reductions of approximately 30 and 40
percent, respectively, yielding effluent BOD and SS concentrations in
the range of 50-100 mg/1 and 20-70 mg/1. Reductions achieved depend
on media size, loading rate and unit configuration (20-22); and

o Additional treatment of the effluent from these units will generally
be required prior to surface discharge.

In addition to the anaerobic packed reactor for denitrification described
in Table 28, system variations are currently being investigated by several re-
searchers (23,24). One of those systems involves the use of 'reywater saptic
tank effluant to provide the carbon source for denitrification of blackwater
gaptic tank-sand filter effluent in an upflow anaerobic packed reactor. (Pere
sonal Communication. R. Laak. May 1978,) Another variation incorporates the
denitrification system (with methanol addition) as part of a subsurface dispo-
gal system (24), This system {s not a packed reactor per se, but functions on
the same basic principles. Based on these investigations and information pre-
sented in Table 28, it is concluded that anaerobic packed reactors for deni-
trification parform as follows:

o The limited data available indicate that units receiving nitrified
effluent (septic tank-intermittent sand filter) provide average
nitrate reductions of approximately 90 percent, yielding effluent
nitrate concentrations consistently less than 7 mg/1 (averaging
app;?x;Tately 3 mg/1) {f a denitrification carbon source is
available.

System O&M Requirements

System 08M requirements for the uncomplicated on-site anaerobic packed
reactors consist of parifodic media cleaning by-an unskiiled serviceman approx-
imately every one to thrae or more years, depending on influent wastewater
characteristicss  Systems utilizing chemical feed for denitrification will
also require pariodic chemical refills and edjustment and maintenance of the
chemical feed equipment two to four times par year. Unscheduled maintenance
1s required infrequently.

Environmental Acceptability

Some concerns relating to the environmental acceptability of on-site an-
aerobic packed reactors for organics and solids removal are reported. On-
site anaerobic packed reactors for denitrification utilizing methanol as a
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TABLE 28. ANAEROBIC-PACKED REACTOR TREATMENT UNIT PERFORMANCE

Referunce Hamilton Raman & (haklada Ainncberger, et al. Slknrd.’e: al.
(20) (1) [t3} (23
Influan mastevater Cabinad houserold Blakvater s Raw mnicypl Cabined hausarold
Pretraatnent (m]) Septic tark (4.2) Sepic tark (2.2-3.9) Cammnut ton Septic - sard filter
Traaznont it { rurber) 1 , 3 1 [t
Medta volure (i) ) 0.40.6 0.8 0.8
Mana size (am) 1.9-5.1 0.2-1.9 18-6.4 0.9
Media depth (o) 1.9 Q.7-1.1 1.5 Q.7
Flow Lype Uprloe Upflow and domn flow-upflow Upflow Uoflaw
Gmnulative aeration
tine (ronths) 25 19-26* - 12
sanples (numer) 36 532 - -
(ara_teristics™ B
LU inflient 0 188240 - -
ef flust 73 .61 - 14
{ranoval ) [H (61-15) (-} ()
(3 4] influamt x5 465-11 310431 -
erfleent 26 176-329 117-166 -
Iranoval) (2 (53-0) (61-53) (-}
Ss inflient 6 181-812 129205 -
ef flumt 3 0-38 247 -
{ranoval ) ) . . {65-n) . (17-8) (neglible cherge) _
() mrhnt - - - N3
er flut - - 3 42
{ravoval) (=) =) () 8n
Nyl inflent - - - 0.7
efflunt - - 2 1
{ranovat) - - - (>85)
roj« 1nfluent - - - 8.9
efﬂuarr.) (-) - - 3.1
(raoval — (=) (=) (89}
7o inflient 8.2 1.1-7.8 - -
efflunt 8.0 6.7-1.5 - -

* Filter clogging ocourred at 19 or more gonths for units tested
* pemitrtfication start-up data has been deleted,
“Also ncludes Mtrate-Arrogens
ethyo! adat o acked rexctor nfluent,
*[aflient ad efflwent constitutes concertrations expressed as og/| wnless atherwise notad, removals expressad as percent.
5t smard puits.
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carbon source may require that service personnel wear respirators to avold 1n-
haling toxic vapors (23). This should pose no threat to the homeowner during
normal treatment umit operation, although excess unreacted methanol may cause
the effluent to be toxic. Reactors which uti1lize carbon sources other than
methanol (i.e., segregated wastewater) avoid toxicity problems, although ex-
cess carbon source addition will still adversely affect effluent quality.

Costs
Capital, operation and maintenance, and total annual costs are estimated
in Table 29.

LAGOONS

Lagoons may be utilized for both on-site wastewater treatment and dispos-
al applications. The use of non-discharging lagoons for disposal, such as
an infiltration/evaporation lagoon, is discussed in Section 9. System
requirements for discharging lagoons are summarized below: -

System Type System Requirements Coi ments

e Facultative Bermed lagoon, 1nlet pipe _Berm must be designed to

e Aerobic (not and support, fence, and prevent surface runoff
aerated) outlet pipe. Impermeable entering lagoon. Odor,

e Anaerobic 11ner may also be required. vector, aesthetic, safety,

and groundwater quality
considerations may affect
environmental acceptabili-

ty.
o Aerated Aerator 1s required 1In In addition to above
addition to the above comments, noise could be
requirements . an adverse 1mpact .

Performance

Although hardware suitable for aeration of on-site lagoons exists, no
performance data for aerated on-site lagoons were available. Furthermore,
detailed data describing on-site wastewater treatment applications of other
lagoon systems are largely unavailable. A summary of existing effluent
quality data describing aerobic (not aerated) lagoons 1is provided in Table 30
(25,26).

Conclusions. based on the data presented in Table "30 and other
vaestigations of on-site aerobic (not aerated) lagoons are as follows
25-29):

e Effluent BOD and SS concentrations range from <10-70 mg/1 and <2-130

mg/1, respectively (25-27). Thus, additional treatment is normally
required prior to surface discharge;

62



TABLE 29. ANAEROBIC PACKED REACTOR TREATMENT UNIT COSTS

Design Organics and Demitrification
Capi1tal Cost Life Sol1ds Removal Unit
Item (yr) Unit (3) ()
Reactor (tank) 1ncluding 20 400 400
excavation and access hatch
Media (crushed stone) 20 75 50
Distribution piping 20 100 100
Methanol pump, controls, 10 -- 250
and storage tank

Wet well 20 - 300
Pump and controls 10 -- 250
Total Capital Costs $575 $1350
Annual 0&M Cost Annual 0&M Cost Annual 0&M Cost

Item ($) ($)
Maintenance

Routine 16 30

Unscheduled 8 10
Residuals disposal (from media cleaning) 75 25
Methanol -- 60
Electricity - 2
Total Annual Q&M Cost 99 127

Annual Cost

Present worth of the sum of the capital
costs amortized over 20 years
assuming 7% 1nterest, discount, and

inflation (factor = 0.09439) 54 174
Annual 0&M Costs 99 127
Total Annual Cost $153 $301

~ $150 ~$300
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TABLE . LAGOON PERFORMANCE

Reference Asplent Karikari
(25) (26)
Influent wastewater Combined household Combined household
(from 2 homes)
Pretreatment Aerobic unit *  Septfc tank
Treatment unit Aerobic (non-aerated) Aerobic (non-aerated)
Yagoon lagoon
Volume (m) ' 1400 . 85
Depth (m) ' 2.1 ::' 0.8
Samples (number) 7-20 : 6-8
Effluent (mg/1)*
C0D y -- 308 (164-585)
BOD o 17 (3-66) 33 (15-68)
§3 , o 60(<2-130) -
TS 910 (560-1900) 742 2645-805)
N : - 33 (11-64)
NO4=N 0.21 (0.01-0.65) -
TP 1'94 (0'65'216) -
Dissolved oxyggn 10,3 (7.5-13.8) -
- Facal coliform 2.2 (<0.5-3.9) o

% Values within parentheses represent data range.
Log #/100 mi,

+ Non-discharging lagoon designed for infiltration/evaporation disposal.
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e Many supposed aerobic 1lagoons actually function as facultative
lagoons with an aerobic layer on the surface (27). This 1s primarily
dependent on the relationship between influent waste quantity, lagoon
temperature, surface area, and depth; and

o Lagoon performance has sigmificant seasonal variability which has
not been quantified (25,29). Also, growth will adversely effect
effluent SS.

System 0&M Requirements

Periodic operation and maintenance requirements for the simple aerobic
{not aerated) lagoons may consist of removal of accumulated sludge from the
lagoon bottom (particularly adjacent to the inlet pipe) once every three to
five or more years with a dragline or backhoe (39). Routine maintenance 1n-
cludes trimming vegetation and adding water to maintain the desired depth dur-
ing the summer (approximately 2 to 4 times per year). Unscheduled maintenance
of 1nlet and outlet pipes 1s required nfrequently.

Environmental Acceptability

Odor, vector, and aesthetic nuisances may. affect the environmental
acceptability of lagoons. Lagoon configuration utilizing rounded corners and
steep 1nterior siopes should help to reduce development of stagnant water and
growth of vegetation below the water level, thus reducing odor and vector
nuisances. Aesthetics may be mproved by screening with plants or fences.
Use of wmpermeable bottom soils or plastic liners should eliminate any threat
to groundwater quality, and safety fencing around the perimeter can keep small
children and animals out of the area.

Costs

Capital, operation and maintenance, and total annual costs are estimated
1n Table 31.

BIOLOGICAL TREATMENT COMPONENT COMPARISONS

Biological treatment component comparisons for components with sufficient
on-site performance 1nformation and hardware available to permit detailed
evaluation are presented 1n Table 32. Comparisons for components with avail-
able on-site hardware but insufficient on-site performance information shown
in Table 33 are based on engineering judgement and are subject to revision
when data become available.
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TABLE 31, AERQOBIC (NOT AERATED) LAGOON COSTS

Design Capital
Capital Cost Life Cost
Item (yr) ()
Lagoon 1ncluding excavation, 20 1000
installation of inlet pipe
and support, and seeding of
berm ’
Fencing (3 strand barb-wire @ $ 5/m) 150
Total Capital Cost 1150"
Annual
Annual 0&M Cost
Cost Un1t Cost
Item Amount ($) (3)
Sludge removal 1/10 yr 250 25
Maintenance required
Routine 4/yr 8/hr 32
Unscheduled 1/yr 8/hr _8
Total Annual 0&M Cost $ 65
Annual Cost
Present worth of the sum of the capital costs
amortized over 20 years assuming 7% interest,
discount, and inflation (factor = 0.09439) 109
Annual 0&M Costs 65
Total Annual Cost $ 174

* If a 1iner is required, total capital cost and the total annual cost are
estimated to 1ncrease by $700 and $65, respectively.
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TABLE 32. BIOLOGICAL TREATMENT COMPONENT COMPARISON FOR
COMPONENTS WITH SUFFICIENT INFORMATION*

Ranking
Total
0&M Environmental Annual
Ranking Performance Requirements Acceptability Total Cost
Group Component __ (5 max.) (5 max.) (3 max.) (13 max.) (%)
A Septic tank 4 5 3 12 50-100
(anaeraobic)
B Packed reactor for 4 2 3 9 300-400
denitrification

(anaerobic-fixed growth)
Extended Aeration 4 2 3 9 400-550
(aerobic-suspended

growth)

Rotating disks 4 2 3 9 400-550
(aerobic-fixed growth)

Packed reactor 4 2 3 9 400-550
(aerobic-fixed growth)

Packed reactor for 3 3 2 8 100-200

organics and solids
removal (anaerobic-
fixed growth)
Lagaon - Aercbic-shallow 4 4 1 9 150-300
(not aerated)

* For components with sufficient on-site performance information and hardware available to permit

detailed evaluation.

See Component Ranking Criteria for explanation of the ranking system.



89

TABLE 33.

BIOLOGICAL TREATHMENT COMPONENT COMPARISON FOR
COMPORENTS MITH IHCOMPLETE INFORMATIOR*

Ranking Total
[{T1] Environmental Annual
Ranking Performance uiresents Acceptability Total Cost
Group Component _ (5 max.) 5 max.) {3 max.) (13 max.) (%)
A HMixed reactor 4 2 3 9 300-450
(anaerobic-suspended
growth)
B Emergent vegetation 4 3 1 8 250-500
Oxidation ditch 3 2 1 6 400-650
(aerobic/anaerobic-
alternating process
Oxidation ditch 4 3 1 8 400-700
(aerobic-suspended
growth)
Extended aeration 3 1 3 7 500-650
(aerobic/anaerobic-
alternating process
Lagoon (facultatj_ve) 3 4 1 8 150-300
Lagoon (aerated) 4 3 1 8 200-500

information.

when data become available.

These are treatment lagoons for direct discharge.

For components with available on-site hardware, but insufficient on-site performance
This comparison ‘is based on engineering judgement and should be reevaluated
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SECTION 7
PHYSICAL-CHEMICAL TREATMENT

GENERAL

Physical-chemical treatment processes may be used for on-site wastewater
treatment 1in conjunction with, or independent of, biological treatment
processes. In general, physical-chemical treatment procesras may be utilized
for the following purposes:

o Reduce vastewater C0D, BOD and SS concentrations to lower levels than
possible using blological treatment processes alone;

o Remove wastewater constituents such as. phosphorus and ' dissolved
inorganic salts which do not respond readily to biological trestment
processes; and

o Remove wastewater constituents such as C0D, BOD, SS, ammonia, nitrate,
and phosphate without using biological treatment processes (1).

Physical-chemical treatment processes and their applicability to on-site
wastewater treatment are summarized in Table 234. Those with available
hardware and on=site performance data are summarized below.

MEDIA FILTRATION
Prassure Filtration
The use of pressurized media filtration to separate suspended solids and

associated wastewater constituents from on-site waste streams is briefly
described below:

System Type System Requirements Comments

Cartridge Surge tank pressurization Frequent cartridge
pump, tank, controls, replacement re-
cartridge filter, bypass quired (when pres-
piping and strainer, check sure drop across
valves. filter becomes ex-

cessive).

Diatomaceous Surge tank, pressurization Backwash water re-

Earth pump, tank, controls, dia- quires disposal
tomite filter, recircula- periodically.
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-TABLE 34.  PHYSICAL-CHEMICAL TREATMENT OPTIONS

OtH Reguri reuests
Tqipet

Senerte Typn _ SeVoETeT ETTugs Afered Aoy~

- il
' pressure
o gravity

- microstraining

- ngibrane
o pressure
. uitrafiltration

. reverse osmsis
. detrudialysis

.. - presSure
. fabric

SEPRRAT LB
- saluantation
. clarifiers
- tue o plate
settiers
- flotation

- centrifuge

COVAATIN RD GEMEAL
PR IPITATION

SO IR
- carbon adsorpt ion

- fon exchanye
USIRPTIN
- air stripping tover”

OXIOATION
« dumical

- themmal

Fregency of Failue Ranjpe of
Scheduled {requirtrg Total Al
Performance* Haintenrce  Handere wnschodul ed Ewiromnental Acceptability Cost
{#/yr) Canlexity service) {potent1al_hazards or ruisances) ($)~
, P) consistent -4 aoderate infreqent odor of backeash sater 150-300
SS, (b, M, &) consistent <14 stople infreqent odors ad vectors 100-300
sS [en) potentially ] anderate infreqent odor 200400
consistent
SS, (o0, B0, casistent 24 conplex fnfreqent disposal of concentrated residwils  Q0)-500
mnicrabiological)
SS, 00, B, potentfally 24 canplex wknown disposal of concentratul residwls 400400
aicrbiol ogical consistent
1SS, 4D, ED, Wik P congl ex [Ty ] dispusal of cocetratad residwls U0-600
micrabiol ogrcal
SS (B0} consistent 14 sinple tnfrequent -— 25450
SS [B0) BWEBFT consistent 24 muderate infreqent ofors 100-300
SS [to] potentially 24 noder ate- Wk adors wkiow
comsfstent complex
SS (&) potentially 3 mdate wknon odors uthow
cars | stent ol ex
SS (80) potentially b cuplen wikiow - rreren)
cons{stent
Ss, P [0, 4D, consistent 24 ruderate fropent tncreasd residuals genration 150-300
micrabfol oyrcal }
« D, 800 (sS] consi stent -4 shyle - tnfreqent dismsal of edwsted andia 250-350
mxlerate
Ng’, Ny, R, consi stent 14 stmple infreqent disypsal of exhausted nudia 20-500
(&3] nudrate
L1 uknow X aoderste ukno roise and desthetics uhknon
aw (sS, micrdbiotogical]  wnknown A ooderate - winown efflwent toxicity and safely uknon
caplex
B0D, SS, wicrbtol oyical ukomn bl cup! ex unknown air anssions wikaomn

* Bracketal constituents are secoidarily of fected.
“smortiay capital cost plus avw) geration and owintenance costs.



tion pump, bypass piping,
strainer, check valves,
backwash water supply,
distribution, collection,
and holding or disposal

system ,

Single media Surge tank, pressurization Backwash water re-
pump, tank, controls, quires disposal
filter media, tank or periodically.

column, bypass piping,
strainer backwash water
supply, distribution,
collection, and holding
or disposal system.

Multipie media Surge tank, pressurization Bac.wash water re-
pump, tank, controls quires disposal
filter media, tank or pe.10d1cally.

column, bypass piping
strainer, backwash water
supply, distribution,
collection, and holding
or disposal system.

Pressurized media filtration units which require very frequent {more than
4 times per year) backwashing will likely utilize automated backwash systems.

Performance--

Greywater filtration data for various pressurized media filtration
systems are given in Table 35 (2,3). Blackwater and combined household
wastewater filtration data were unavailable. Furthermore, performance data
for some commercially available units were considered proprietary and
therefore unobtainable. Conclusions based on available data presented for
pressurized media filtration systems are as follows:

e Greywater and bath/laundry suspended solids and turbidity reductions
of approximately 40 to 70 npercent can be achieved (2,3);

e COD, BOD, and phosphorus removed are the fractions associated with the
suspended solids removed (2); and

o Little bacterial removal was observed (2).

It should also be noted that the dual media filtration system performance
was less than optimal due to improper selection of media sizes, filter area,
and backwash system (2).

System 0&M Requirements--

In general, pressurized media filtration systems have moderately complex
hardware and require maintenance performed by semi-skilled servicemen.
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TABLE 35. PRESSURIZED MEDIA FILTRATION PERFORMANCE **
Cohen & Cahen & Coren &
Withee Withee Wal lman Wal men Waliran
Reference (2) (2) 3) 3) (3)
Vaste stream Greyater Greysater Bath ad Laundry Bath erd Laundry Bath and Laundry
Pretrestrent fqalintion fxterdd eeration ad  Eomliztion ad Equliztion ard chlorie  Equlization and chlorire
sed trentation chlorine disinfection disinfection disinfection
Trestrent it Oual cedia fual redia Diatmmaceous earth  Qartridge {surface-tyre)  Cartridge (depth-Hyre)
(0.9 m anthracite (0.9 om anthracite .
0.5 em sand) 0.5 mm sand)
Test ericd (days) 9 5 % 48 n
Yolure processad per rvn (1) - - 17,000 12,600 15,000
loaxding rate (evmn) 0,133 0.13 - - -
Nominal solids removal
siz (mnerors) - - - 15 10
Cuiative filter operation
time intfl nn temination
(hrs) 810 2 - - -
Head loss at erd of rn (psf) 0.9-7 1 0.4 12.4 12.4 2.4
Yethod of backkash vater, alr ag sater e vater rone rore
Constituerts®
inflent & )14 - - -
m% efflent 45 0 - - -
{romovat) (45) (17) - - -
S inflvert a3 7 - D-70 D-160
efflient & B 045 25-35 35-70
(reroval) (®) (X) - (4055} (60-75)
oo {nflient 4] -] - - -
effluat 19 [~ 3B - -
{reoval) (3) 3) - - - .
R)d-P inflient 3.0 18.5 - - -
effluet ( 240 18.8 - - -
{reroval) 13 - (2 - - -
Twbidity nfluent usf 13l . - 700}, o107
effilent T 6.6 1540 4065 3095
(ramoval) ) (49) - (2545) 60-80
toliforms’ inflient 6.2 63 - - -
efflunt 6.2 6.3 - - -
{reroval) (0) 0} - - -
e Inflent ad efflent comstitient concentrations expressed as my |, ranovals expressad & [ercent,
¢ Dpressed as JTU.
# Expressed os log ro. ter 100 ml., source does not indicate vhetrer valwes ere for tota) or fecal coliforms.
: Typical performarce dita for units testads

Expressed &s ppm.
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Routine adjustment and maintenance of filtration equipment generally 1s
required two to four times per year. Unscheduled maintenance, such as pump
repair, media replacement or system controls repair, is required infrequently.
Routine O0&M requirements for specific systems are as follows:

System Type System 0&M Requirements

Cartridge Require frequent replacement of cartridge ele-
filters ments five to eight or more times per year.
Diatomaceous Require continuous recirculation of filter
earth filters system effluent to maintain the diatomaceous

earth coating on the filter surface. Filter
backwashing utilizing 30 to 150 1 of filter
effluent 1s required every one to three months
(Personal Communication. W. Hypes. June 1978)
(3). Spent backwash water must be collected
and disposed. Also, addi“1on of make-up media
(lost during backwashing) is anticipated 2 to 4
times per year.

Single and multiple Require frequent ftlter backwashing utilizing

media filters 250 1 or more of filter effluent (up to 5
percent of filter forward flow) one to four
times per month. Spent backwash water must be
collected and disposed. Also, addition of
make-up media (lost during backwashing) 1s
anticipated two to four times per year
(Personal Communication. J. Scandon.  June
1978).

Environmental Acceptability--

There appear to be no problems relating to the environmental acceptabili-
ty of pressurized media filtration system effluents. Although odor problems
have been reported with the holding of spent backwash water prior to disposal,
proper design of the holding facility should eliminate odor problems (3). The
adequacy of landfill disposal of discarded filter media has not been
determined, but preliminary indications are that this method 1s appropriate.

Costs--

Capital, operation and maintenance, and total annual costs are presented
in Table 36.

Gravity Filtration

Gravity filtration of on-site wastewater has been accomplished using a
variety of configurations, as described below:
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TABLE 36

PRESSURIZED MEDIA FILTRATION COSTS*

Cost (§)
Single
Design or
Capital Cost L1 fe Diatomaceous Multiple
1tem {year) Cartridge Earth Med1a
Surge tank 20 150 150 150
Filtration unit and
controls 20 125 300 800
Pressurization tank 20 100 100 100
Pressurization pump and
controls 10 225 225 225
Pipe system (pipe, valves,
check valves, fittings,
bypass . strainer) 20 150 250 250
Recirculation pump (very
Tow h.p.) 10 -- 75 --
Total Capital Cost $750 $1100 £1525
Annual 0&M Cost Item
Maintenance required
(@ $10/hr) ~- e
Routine 90 50 50
Unschedul ed 10 10 10
Filter media 60 6 10
Electricity 5 30 8
Total Annual 0&M Cost $165 $96 $78
Annual Cost
Present worth of the sum of the capital
costs amortized over 20 years @ 7%
nterest, discount and inflation
(factor = 0.09439) 92 132 165
Annual 0&M Costs 165 96 78
Total Annual Cost $257 $228 $243
~$260 ~$230 ~$240

* Disposal of backwash water 1s not 1ncluded.

It 1s assumed that backwash

water residuals will be handled 1n conjunction with residuals from other

treatment processes (especially biological).
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System Type

Buried sand
filter

Single stage
intermittent
sand filter

Recirculating
sand filter

Seri1es inter-
mittent sand
filter

The four systems listed above are all
Upflow filters are discussed 1n Section 6.
proposed, but data on their performance are lacking.

System Requirements

Distribution and collection
piping; sand and gravel; surge
tank and self -priming siphon
(or pump and controls).

Surge tank and self-priming
siphon (or pump and controls);
sand and gravel; two filter beds;
distribution and collection
piping.

Recirculation tank with-pump and
controls; sand and gravel; dis-
tribution and collection piping .

Surge tank and self-priming

siphon (or pump and controls); -
sand (2 or more sizes) and gravel;
four or more filter beds and dis-
tribution and collection piping~

Comments

Conservative applica-
tion rates are re-

quired since routine
maintenance of media

surface is impractical .,

Freezing and odors may
11mit applicability un-
less 1nsulated cover
or furrowed sand sur-
face 1s provided .

Same as above.

Saine as above.

single media downflow filters.
Horizontal filters have also been

Gravity multi-media

filters have not seen wide application presumably since single-media filters

perform adequately for most applications.
(4), but sand 1s most commonly used.

A variety of media have been tried
Use of mixtures of sand and limestone or

“red mud” for phosphorus removal is discussed under SORPTION.

Performance--

Selected on-site sand filter performance data from recent 1investigations

are shown 1n Table 37.

As indicated, the sand filters studied consistently

reduced average BOD and SS levels of combined wastewater to less t?an 10 mgé]
10

and significantly

reduced coliform

levels by factors of 10" to

Nearly total mitrification (94 to 99 percent conversion of ammonia to nitrate)
was observed for intermittent filters receiving septic tank effluent.

Despite the consistently high level of treatment for BOD and SS 1indicated
in Table 37, filter performance depends on several

including:

¢ MWastewater characteristics;

interdependent factors,

e Filter characteristics, including temperature and media size, uniform-
ity and depth;
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TABLE 37. GRAVITY-FILTRATION UNIT PERFORMANCE

Bowne Hines & Favreau Saer Saer Cowdry Steyrist Siegrist
Referencs (5) (6) ) (1) {a)* (8} )
Filter Ope Recirostating Recircul ating I tent tert InuTmittet Intemittent Intermittent
Pretreamet wnit(s) Septic tark Septic tark Sept i tark Aercbic unit Sept ic tark Sept ic tard Septic tark
Wstaater Uyps Carbined Cabinad Canb inad Caibinod Carbined Grepiater Gropeter
Type of stuty Field Fleld Field Field Fieta Laborstory Lboratory
Average loxding ro
(vday (g@aV/day/f)) 0.12(3) 0.12(3) 0.2(5) 0.15(3.8) ((‘) (5;0;))7 0.15(3 8) 0.8(7 3)
.2
Const fuents’
(Averaga (Rarge))
o {nfleent - - 123 % 315 6(%6-68)** 62(56-68)*
efflue  4(1-11) 4(1-7) 9 24 4(2.2-9.3) 1(13) 1{13)
S5 tnflwent - - 8 8 25 46(41-51) 46(41-51)
JRSSUY - '- . J ) U -) [— 5{1-18) 6-9 $-1 6168-98) 9K 1(s-19)
K influent - - w2 0.4 k) 21012 5) 2101712 5)
effluat - - 08-1.1 0.3 05(0 21 4) - -
g inflient - - 0.3 38 03 - -
efflunt - - 19.6-20.4 %8 ® (1942) - --
P, inflient - - 8.7 81 1 {N-37) 3(31-37)
effluent - - 6.7-7.1 2.6 6(1 8-9 8) - -
E::I l‘olzfom‘))
erage (Ranye
N ~ - 5.9 x 102 19x 102 35108 - -
efflunt 6.7 x W5 1 x 0! 0.5 x 103- 1.ax 0} <I00-7500 - -
(22 x XP- @ x 102 0.8 x 103
5 x I9) 425 W)
:oul ol ifor?
Avera (Range))
S inflwent - ~ 90 x 103 1.6 1 WP &nxf - -
efflwnt - - 1.3x 10° 1ixw® 2x W - -
{12 x 19~

11x10°)

: Mata presonted for 9 filter buis. Wlues given are average wlies achieved 85 percont of the time.
Valee in my/) except ¢s indicated.

! 00 ol,

bl Log-mlmligm data,



o Wastewater loading rate; and
o Maintenance.

Thus, improper design, construction or maintenance can result in incon-
- s{stent and reduced levels of treatment.

System 0&M Requirements--

Routine operation and maintenance requirements of gravity filtration
units vary with the system type. Since buried filters are inaccessible for
maintenance of the media, 0&4M requirements consist of annual adjustment and
inspection of the self-priming siphon or pump and controls. The other three
types of fllters require maintenance of the media surface (raking and/or
replacement of the top 10 em (4 in.) of medfa) 2 to 4 times per year in
addition to siphon or pump maintenance requirements. Intermittent filters
(effective sand' sfze of 0.4 mm and a unfformity coefficient of 3 to 4)
receiving combined wastewater from a septic tank generallv require maintenance
4 times per year while filters receiving combined wastewater from an aerobic
treatment unit raequire less frequent maintenance, g;qrox1matoly 2 times per
year at load1ng rates of 0.2 m/day (5 gal/ft/day), Less frequent
maintenance would be required for lower loading rates. Filters recefving
septic tank effluent must be takan out of service’ for maintenance; therefore
}ggaf;lter beds are required. (Personal Communication. 0. K, Saver. June

For all 4 types of systems discussed, the equipment 1s fairly simple and
requires only mederately skilled personnel training to ensure adequate ser=
vices Unscheduled maintenance, such as repair of level control apparatus, is
raquired infraquently.

Environmental Acceptabilitye=

The environmental acceptability of gravity filters also depends on system
type. Uncovered filter units (typically the intermittent or recirculating
system types) have a limited potential for health hazards (including vector
prob'lems(; nufgance odors (primarily a concern with units receiving anaerobic
influent); and undesirable appearance. Covered filters generally present no
hazard or nuisance.
Costse-

, Capital, operation and maintenance, and total annual costs are shown in
Table 38,

MEMBRANE FILTRATION (PRESSURE)
Ultrafiltration

Ultrafiltration as applied to on-site wastewater treatment 1s a membrane
filtration process which depends on a rglatively low pressure driving force
and a membrane permeable to some wastewater constituents, and impermeable to
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TABLE 38. GRAVITY FILTRATION COSTS

Design
Capital Cost L1fe Installed Cost ($)

Item (year) Tntermittent Recirculating Buriea
Dosing (or recirculation) .
tank & self-priming siphon 20 200 300* 200
Pump and controls 10 - 225 225
Filter structure 20 400 400 --

Aggregatesi
e filter sand 20 300 150 800
e pea gravel 20 100 50 --
e coarse gravel 20 100 50 200
Distribution & collection
piping 20 200 200 300
Total Capital Costs $1300* - $1375 $1725
Annual 0&M Cost Item
Maintenance required
(6$8/hr)
Routine (1ncludes
replacement sand) 80 80 20
Unscheduled repairs -- -- --
Electricity == _10 ==
Total Annual 0&M Costs $80 $90 320

Annual Cost

Present worth of the sum of capital
costs amortized over 20 years
@ 7% interest, discount, and

inflation (factor = 0.09439) 120 130 190
Annual 0&M Costs 80 90 20
Total Annual Cost $200* $220 5210

T
et b e

* (Cost for units receiving anaerobic effluent; cost of units receiving
aerobic effluent 1s estimated to be $160 due to reduced maintenance

frequency.
Does not 1nclude siphon.
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others.
(9'16).

System Type

Closed-loop
recycle

Single pass

Membrane Materials

System Requirements

Feed tank, high capacity low

pressure pump and controls,
membrane elements.

Surge tank, high capacity low
pressure pump and controls,
membrane elements, pressure
reduction valve, concen-
trate holding tank._

Properties

Cellulosic (cellu-
lose moni-, di-,
or tri-acetate)

Non-cellulosic
(proprietary
synthetic poly-
meric formula-
tions)

Membrane

Configurations
Spiral wound

Hollow fiber

Narrow pH operating range
(3.5-7.5), susceptible to
aerobic microbiological
degradation.

Broad pH operating range
(0.5 to 12.5), resistant

to many organic solvents,
free chlorine, and both
aerobic and anaerobic micro-
biological degradation.

Characteristics

Moderate to high opergting
pressures from 3.5x10” to
1.0x10° N/m® (50-150

psi}, low flux rates from
1.2 to 2.4 m/day (30-50
gsfd).

Low operatingspres ures from
1.4 to 3.5x10° N/m“ (20-
50 psi), Tow to high flux
rates from 1.2 to 6.1 m/day

82

The most common types of ultrafiltration systems are summarized below

Comments

Membrane deteriora-
tion possible. Peri-
odic membrane cleaning

required to restore
permeate flux. Perio-
dically, concentrate

must be bled from sys-
tem and disposed.

Membrane deteriora-
tion possible. Peri-
odic membrane clean-
1°g required to re-
store permeate flux.

Comments

Not likely to be used
widely for on-site
applications {with
the possible excep-
tion of treatment of
anaerobic waste
streams).

Most applicable to
on-site treatment.

Comments

Fair resistance to
plugging and good
rasistance to
fouling. Generally
operated with turbu-
lent flow regime.

Fair resistance to
plugging and
fouling. May be
operated with



(30-150 gsfd), inside dia- laminar or turbulent

meters from 0.1 to 1.0 mm flow regime. May be
(0.004 to 0.04 in.). backwashed with pro-
duct.

Tubular Low to moderate operating Excellent resistance
pressures from 1.4 x 107 to to plugging and foul-
6.9 x 10° N/m® (20-100psi) ng. Operated
low to moderate flux rates with turblent flow
from 1.2 to 4.0 m/day (30- regime. May be
100 gsfd), inside diameters cleaned chemically or
from 1.3 to 2.5 ¢m mechanically. Suit-
(0.5 to 1.0 1n.). able for treatment of

highly concentrated
wastes with large
amounts of suspended
materials.

Most ultrafiltration systems employ more than one membrane element and
are described as having series, parallel, or tapered membrane arrangements.
Closed-1oop recycle, non-cellulosic, tubular ultrafiltration membrane systems
using either parallel or tapered membrane arrangements appear most suitable
for on-site wastewater treatment applications.

Performance--

Ultrafiltration has been used as part of on-site scale investigations for
treating toilet wastes for reuse as toilet flush water; treating segregated
and combined laundry and shower waste streams for reuse in the same fixtures;
and treating combined household wastewater following anaerobic treatment,
prior to discharge to a soil absorption system (17-20). Performance of the
ultrafiltration units within these systems 1s described in Table 39.

Conclusions reached by these 1nvestigations (17-22) were as follows:

e Ultrafiltration membranes consistently reduce blackwater average SS
Jevels to less tha9 15 mg/1 and reduce fecal coliform levels by
factors of 107 to 10°;

e Ultrafiltration membrane systems with molecular weight cut-off
220,000 have 1ittle effect on removal of dissolved solids (phosphates,
ammonia, nitrates, etc.) and only affect chemical- constituents
associated with wastewater solids (18,19,22); and '

¢ Low pressure membrane filtration systems utilizing reverse osmosis
membranes with molecular weight cut-offs <500 are moderately to highly
effective 1n removing BOD, COD, dissolved solids, and bacteria
contained in on-site waste streams (19,20).
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TABLE 39. ULTRAFILTRATION PERFORMANCE
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Depending on the specific ultrafiltration system ut1l1zed and the method
of wastewater disposal or reuse anticipated, additional treatment for removal
of BOD, nutrients, bacteria, color, and odor may be required.

System O&M Requirements--

Routine operation and maintenance of complex tubular ultrafiltration
membrane systems (estimated at 4 times per year) by highly skilled service
personnel consists of maintenance of mechanical components, removal and
disposal of concentrated residuals rejected by the membranes, and membrane
element 1nspection. If tubes become clogged, they may be cleaned mechanically
with brushes or chemically with solvents, detergents, or other cleaning
liquids which do not react with membrane materials. Unscheduled maintenance
may be required due to mechanical equipment failures, caused by excessive feed
stream concentrated residuals build-up or failure of the membrane or membrane
seal. Overall, tubular membrane element 11fe 15 expected to be approximately
15,000-20,000 hours of operation.

The reported length of membrane operation possible before mechanical or
chemical cleaning 1s required varies substantially from study to study,
depending on factors such as membrane material and configuration, influent
waste characteristics, bulk velocity of fluid over the membrane surface, flow
path channel height, and mode of operation (continuous or intermittent). Some
researchers have reported severe clogging by colloids for membranes receiving
septic tank effluent (Personal Communication. W. C. Boyle. October 1978).
Others have reported adequate membrane flow for 1500 hours of operation of
bench-scale membranes receiving septic tank effluent (20) and 15,000 hours of
maintenance fee operation for membranes receiving aerobically digested
wastewater in on-site applications (Personal Communication. A. Coviello.
November, 1977). Thus, it appears that membrane materials, configuration, and
operation can be matched with the influent wastewater characteristics to
minimize membrane maintenance requirements.

Environmental Acceptability--

Since membrane ultrafiltration 1s a physical separation process, no toxic
substances are generated. In fact, 1t has been shown that recycled laundry
and shower wastes concentrated more than 100-fold are not toxic or 1irritating
to humans when appropriate membrane systems are utilized (19). The applica-
bility of current methods of wastewater sludge disposal for disposal of
concentrated residuals has not been determined, although preliminary
indications are that these methods are suitable.

Costs--

Capital, operation and maintenance, and total annual costs are presented
in Table 40.
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TABLE 40
ULTRAFILTRATION SYSTEM COSTS*

Design Capital
Capital Cost Life Cost
Item {year) (%)

Vault for ultrafiltration

system including

excavation and access

hatch 20 500
Ultrafiltration system

1ncluding feed tank and

membrane elements 20 1200
Pump and controls 10 300
Total Capital Cost i $2000
Annual 0&M Cost Umt Cost  Annual 0&M Cost

Item Amount {$) (3)
Maintenance requirements

Routine 6 hr/yr 12/hr 72

> “Unscheduled 2 hr/yr 12/hr 24

t Electricity 800 kwh/yr 0.5/kwh 40

Membrane replacement 1/yr 75/ea 15

Total 0&M Costs $211

Annual Cost

Present worth of the sum of the capital
costs amortized over 20 years @ 7%

interest, discount and inflation (factor = 0.09439) 217
Annual 0&M Cost 211
Total Annual Cost $428

~ $430

* Disposal of concentrate is not included. It is assumed that con-
centrate is returned to the previous treatment unit in mdst
systems. When ultrafiltration of untreated wastewater is employed,
concentrate handling and disposal will cost an estimated $75
annually.
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COAGULATION AND CHEMICAL PRECIPITATION

Chemical addition to on-site waste streams may be utilized to enhance

settling

precipitate otherwise so

both.

of colloidal and

suspended wastewater

treatment are described below.

Chemical Type

Polymers (cat-
1onic, anionmc,
or non-1onic)

Aluninum salts
(aluminum sul-
fate (alum),
sod1um aluminate,
or aluminum
chloride)

Iron salts (fer-
ric chloride,
ferric sul fate
and ferrous

sul fate)

Lime

Sodium
bicarbonate

Purpose

Coagulation and sedimention of
colloidal suspended solids.

Coagulation and sedimentation of
colloidal suspended solids and/
or phosphorus precipitation.

Coagultion and sedimentation of
colloidal suspended solids and/
or phosphorus precipitation.

Coagulation and sedimentation of
colloidal suspended solids and/
or phosphorus precipitation.

Buffering of wastewater, sedi-
mentation of colloidal sus-

pended solids

soliwds, to
Tuble wastewater constituents (such as phosphorus), or
The types of chemicals which may be added for on-site wastewater

chemically

Comments

Cationic polymers
give most favorable
results. Not likely
to be used 1f filtra-
tion immediately fol-
lows coagulation.

Aluminum salt solu-
tions are corrosive.
Not likely to be
used if very low
effluent SS desired.

Iron salt solutions
are highly corrosive
and may cause stain-
ing. Ferrous sul-
fate ineffective for
coagulation of
anaerobic waste
streams.

May require consid-
erably higher dos-
ages than aluminum
or iron salts. Not
likely to be used 1f
low effluent SS de-
sired. Generates
more sludge than
other chemicals.

Less effective than
the alternatives for
SS removal

In addition, combinations of the chemical types also may be ut1l1zed.
Use of combinations of chemicals generally will serve a combination of the
purposes described above for each chemical type.
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These chemicals may be added to waste streams in either liquid or solid
form. Hardware usually consists of chemical metering pumps or siphons which
add a preset quantity of chemical to fixed volume of wastewater. Fixed waste-
water volumes are provided using a tipping bucket arrangement (which activates
the chemical feed), or by operating the treatment unit in a batch mode (with
the]crem1ca1 feed activated by the same mechanism which operates the batch
cycle).

Following chemical addition, mixing and separation must be provided.
Mixing may rely on turbulence induced by the waste stream flow and treatment
unit configuration, or on mechanical mixing provided by impellers or aeration
equipment. Separation generally consists of sedimentation which takes place
in the treatment unit following mixing, with additional solids removal
occurring in subsequant treatment or disposal components.

Performance

Data describing on-site chemical addition investi atfons are given in
Table 41 (23-29). In general, these investigations have focused on the
applicability of the various chemical types and dosages in combination with
biolo?1ca1 wastewater treatment, with 1ittle or no emphasis on chemical
addition, mixing, and sedimentation hardware performance. From the data
presented the following conclusions are drawn:

o Consistently, catonic polymer or aluminun sulfate addition can
provide approximately 50 percent BOD reductions and 70 to 90 percent
SS reductions; _

] Phosfhorus removals in excess of 80 percent, along with substantial
fgg:ti coliform reductions, can be achieved with aluminum sulfate
a on;

¢ Significant increases &approx1mat01y 300 gercent? in sludge generation
accompany aluninum sulfate addition. Although sludge density may also
be increased, it 18 not likely to offset the need for additional
sludge storage volume (27,28); and

o Sodiun bicarbonate appears to provide approximately 75 percent
reduction in septic tank effluent suspended solids concentrations
based on an axtremely small number of samples (26). -

In general, conclusions applying to aluminum sulfate addition are 1ikely
to apply to the addition of other salts of aluminum and iron, with the pos-
sible excertion of ferrous sulfate. Ferrous sulfate 1s genarally ineffectiva
as a coagulant in anasrobic waste streams (30-32).

System 0&M Requirements

Routine operation and maintenance of coagulation and chemical
precipitation systems may vary significantly for different types of hardware.
In general, chemical refills, adjustment of feed quantities, and maintenance
of the moderately complex mechanical equipment by a semi-skilled technician is
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TABLE 41.

COAGULATION AND CHEMICAL PRECIPITATION PERFORMANCE
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required 2 to 4 times per year. In addition, removal of accumulated sludge
directly resulting from coagulation and chemical precipitation 1s required
approximately one to four times per year depending on the chemical used and
the system characteristics. Frequent unscheduled maintenance may be required
for existing hardware as a result of plugging and malfunctioning of chemical
feed equipment. The latter may be caused by the corrosive nature of chemicals
stored or by hydraulic overloads.

Environmental Acceptability

The corrosive nature of iron and aluminum salt solutions may create safe-
ty problems for those handling the chemicals, but should pose no threat to the
homeowner during system operation. Also, effluent dissolved solids (especial-
1y iron or aluminum concentrations) may increase substantially, but effluent
toxicity should not present any problems. However, staining problems may
occur at high effluent iron concentrations.

Cost

Capital, operation and maintenance, and fotal annual cos.s are shown 1n
Table 42.

SORPTION
As applied to on-site wastewater treatment, sorption processes involve

the accumulation of initially dissolved wastewater constituents on or in solid
media. The sorption processes which are currently most applicable to on-site

wastewater treatment are briefly described below.

System Type

Carbon adsorption
(activated carbon)

lon exchange:

clinoptilolite
limestone

o “red mud" (bauxite
purification by-
product)

System Requirements

Surge tank, self-priming siphon
or pump and controls, carbon
adsorption media, media tank or
column. (Systems incorporating
pressurization and backwashing
require additional equipment
similar to pressurized media
filtration systems).

Surge tank, self-priming siphon
or pump and controls. Ion ex-
change media, media tank or
column. (Systems incorporating
pressurization and backwashing

90

Comments

Media replacement
(or regeneration)
may be required at
frequent intervals
for wastes with high
organic or solids
concentrations.

Media. replacement
(or regeneation)
may be required at
frequent intervals
depending on the or-



TABLE 42

COAGULATION AND CHEMICAL PRECIPITATION COSTS

Chemical
Addition
Chemical Unit with
Design Addition Sedimentation
Capital Cost Life Unit Chamber
Item (years) ($) ($)
Chemical storage and
feed unit 10 300 300
Sedimentation chamber 20 == 300
Total Capital Cost $300 $600
Annual 0&M Cost Unit Cost Annual 0&M Cost
Item Amount ($) ($)
Maintenance requirements
Routine 6 hr/yr 10/hr 60
Unscheduled 3 hr/yr 10/hr 30
Chemical Costs ’ 4-8 kg/yr 2-10/kg 8-80
Chemical sludge pumping 1/yr 50/pumpout 50
Total Annual 0&M Cost $148-220
Annual Cost
Present worth of the sum of the capital costs
amortized over 20 years @ 7% 1interest, discount,
and inflation (factor = 0.09439) 28- 55
Annual 0&M Costs 148-220
Total Annual Cost $176-275
-~ $180-280
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o hydroxy-aluminum require additional equipment ganic and solids

saturated cationic similar to pressurized media concentration of the
resins filtration systems). wastewater and the

e other synthetic exchange capacity of
cationic the resin used.
anionic resins “Red mud" is not

generally available
in parts of the
country.

Generally, most on-site sorption process units will receive flow
intermittently. Both pressure and gravity application of wastewater can be
utilized, with media backwash capabilities frequently accompanying pressure
distributfon units. In most cases, sorption processes will be preceded by
biological or other physical-chemical treatment. Exhausted media will be
replaced by medfa regenerated off-site, or by new media (2,4,33).

A listing of specific wastewater constituents and -orp.ion media which
may be utilized to remove them from on-site waste streams are 1isted below.

Wastewater Constituents Sorption Media Type
coo, B8OD, C1=, I°, S°, Activated carbon

and odor producing substances

NH4+ Naturally occurring
catfonic resins such
as the alumininosilicate
zeolites (Including
clinoptilolite) and
gsynthetic resins

N03' Naturally oceurring
and synthetic anionic resins

P04'3 Naturally occurring
anfonic resins such as lime-
stone (including calcite and
dolom1te). activated alumina,
"red mud" and synthetic resins

Performance

Data describing on-site sorption unit performance are given in Table 43
(1,2,4,33-36). Several full-scale applications of activated carbon treatment
of on-site waste streams exist for which performance information fs not
readily available. One application involves pressurized, downflow activated
carbon treatment of blackwater preceded by anaerobic and aerobic treatment,
sedimentation, and ultrafiltration. Following disinfection, the treated
blackwater 1s recycled for toilet flushing (Personal Communication. A,
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TABLE 43.

SORPTION PERFORMANCE
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Coviello. November 1977). Another application described 1in Table 43 also
produces an effluent which 1s reused for toilet flushing (35).

Conclusions based on the performance of the sorption processes included
in Table 43 and those discussed 1n the preceding paragraph are as follows:

System Type Performance
Activated carbon Consistently provides significant removals of COD (60-75

percent), BOD (40-70 percent), and volatile dissolved
sol1ds (30-50 percent) from all waste streams tested
(2,35). Suspended solids are removed by carbon acting
as a filtration media {2).

Clinoptilolite Consistently provides significant ammonia removals (>9
percent) from septic tank effluents, with similar
results anticipated for other non-ni.rified waste
streams (33). Suspended solids and organic nitrogen
removed by clinoptilolite acting ac filcration media
(33). Rapid med1a exhaustion experienced (1).

Limestone Dual media (sand and sand-limestone mixture) filtration
provides significant phosphorus removal (50 percent in
the first year of operation) from septic tank effluent
in excess of that provided by sand filtration alone.
Other sand filter performance characteristics are
unaffected. Similar results are anticipated for other
anlugnt waste streams suitable for sand filtration

4,34).

Large limestone chips provide less sigmificant
phosphorus removal from sand filtered (mitrified)
septic tank effluent under anaerobic conditions than 1s
provided with the smaller diameter, sand-limestone
mixture discussed above (4,34).

"Red mud” Dual media (sand and sand-red mud mixture) filtration
{bauxite purifi- consistently provides significant phosphorus removal
cation by-product) (70 percent the first year and 60 percent the second
year) in excess of that provided by sand filtration
alone. Other sand filter performance characteristics
are unaffected.  Similar results are expected for other
zzfgxgnt waste streams suitable for sand filtration
» L]

Generally, all sorption process efficiencies decline during treatment
unit operation (1,2,4,33,34,36,37). Since the rate of decline depends on the
wastewater characteristics and sorption media, these two factors must be
properly matched to miniminize O0&M requirements. Additional methods of
alleviating the decline include the following:
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o Media backwashing;
e Prefiltration; and

o Chemical addition (chlorine, iodine, etc.) to inhibit growth of
biological slime.

System 0&M Requirements

Routine system 0&M requirements consist of media addition or replacement
2 to 12 or more times per year by semi-skilled service personnel, depending
primarily on the system design, influent wastewater quality, and media volume
and exchange capacity. In addition, routine maintenance of mechanical
equipment 1 to 2 times per year is also required. Unscheduled maintenance of
the pump and controls and/or media will be required infrequently.

Environmental Acceptability

Sorption unit effluents should not present any environmental problems.
Symilarly, media regeneration and disposal will take place off-site, and
should not pose any special problems.

Cost”

Capital cost, operation and maintenance, and total annual costs are
presented 1n Table 44 with the exception of pressurized sorption units
equipped with backwash capabilities. Costs for these units are similar to the
costs for pressurized media filtration units equipped with backwash
capabilities, previously presently 1n Table 36.

PHYSICAL-CHEMICAL COMPONENT COMPARISONS

Comparisons for physical-chemical components with available hardware and
on-site performance information sufficient to permit detailed evaluation are
presented in Table 45. Component comparisons for components with available
on-site hardware but insufficient on-site performance information shown in
Table 46 are based on engineering Judgment and are subject to revision when
data become available.
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TABLE 44
SORPTION UNIT COSTS

——

96

Design Capital
Capital Cost Life Cost
[tem (year) ()
Sorption column or tank
" (including media) 20 600
Surge tank (wet well) 20 200
Pump and controls 10 300
Distribution piping 20 100
Total Capital Cost $1200
Annual 0&M Cost Unit Cost  Annual O&M Cost
1tem Amount ($) ($)
Maintenance required |
Routine 8 hr/yr 10/hr 80
Unschedul ed 2 hr/yr 10/hr 20
Sorption media 50-1000 kg/yr 0.15<0,30/kg 80-300
Electricity 200 kwh/yr 0.05/kwh 10
Total Annual 0&M Cost $190-410
Total Annual Cost
" Presant worth of the sum of capital costs
amortized over 20 years §'7% interest
discount, and 1nflation (factor = 0.03439) 161
Annual 0&M Cost 190-410
Total Annual Cost $331-551
'~$330-550

——
——
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TABLE 45. PHYSICAL-CHEMICAL COMPONENT COMPARISON FOR COMPONENTS WITH SUFFICIENT INFORMATION™

Ranking

Total
. O&M Envirommental Annual

Ranking Performance Requirements Acceptability Total Cost

Group Component (5 max.) 5 max.) (3 max.) (13 max.) ($)
A Gravity filtration 5 4 3 12 150-250
Pressure filtration 4 3 3 10 200-300
Carbon Adsorption 4 3 3 10 250-350

B Coagulation and chemical

precipitation 4 2 3 9 150-300
Ultrafiltration 5 2 3 10 400-500

Ion Exchange 5 2 3 10 450-500

* For components with sufficient on-site performance information and hardware available to permit

detailed evaluation. See Section 3 for explanation of the ranking system.



86

TABLE 46. PHYSICAL-CHEMICAL COMPONENT COMPARISON FOR COMPONENTS WITH INCOMPLETE INFORMATION*

Ranking
0&M Enyironmental Annual
Ranking Performance Requirements  Acceptability Tot al Cost
Group Component (5 max.) 5 max.) (3 max.) (13 max.) ($)
B Clarification 4 3 3 10 100-300
Microstraining 4 2 3 9 200-400
Reverse 0Osmosis 5 2 3 10 400-600

*

For components with available on-site hardware, but insufficient on-site performance

infonnation. This comparison is based on engineering judgement and should be reevaluated when
data become available.
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SECTION 8
DISINFECTION OPTIONS

GENERAL

On-site wastewater treatment system effluents may require disinfection
prior to disposal by direct discharge, 1rrigation, or non-potable reuse (e.g.
toilet flushing) to meet environmental and/or public health requirements.
Disinfection is the selective destruction of disease-causing organisms and can
be effected by both physical and chemical agents (1). Disinfection options
and their applicability to on-site systems are summarized 1n Table 47. Those
with available hardware and on-site performance data are summarized below,
except composting and incineration which were discussed in Section 5.

CHLORINE

Chlorine used as a wastewater disinfectant may be added n several forms
as briefly described below.

System Type System Requirements Comments

Solid Feed Pellet or cake storage chamber Chemical feed malfunc-
with flow=-through mixing provi- tion due to “"caking"
sions, and contact tank. Surge possible. Pellet or

tank and self-priming siphon (or cake storage must be re-
pump and controls) may be utilized filled periodically.
for more accurate dosage control.

Solid chemi- Surge tank and self priming Dry chemical storage
cals to create siphon (or pump), dry chemical must be refilled perio-
T1quid feed storage and feed device, solu- dically.

tion mixer, solution storage and
feed tank, feed activation de-
vice. (If water supply for solu-
tion s household potable water,
a cross connection preventer
must also be provided.)

Liquid Feed Surge tank and self -priming Feed equipment mal func-
siphon (or pump), dry chemical tion possible. Liquid
storage and feed tank, feed solution storage must
activation device, and contact be filled periodically.
tank.
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TABLE 47.

DISINFECTION OPTIONS

O Tequfrements —
Qu ipmen

fFrequancy of Failure Range of
Scheduled {requiring) Annual
Maintenance Hardware unscheduled Envirommntal Acceptability Cost
Genaric Type Performance (#/yr) Complexity service) {potenttal hazards and nuisances) (3)*
CHEMICAL AGENTS
- Halogens
. Chlorine Consistent 2-4 Simple Frequent Toxicity (chlorinated organics) 150-250
lodine Consistent 2-4 Simple Infrequent Toxicity uncertain 150-250
. Bronine Potentially consistent Unk nown Uaknown Unknown Unknown 250-350
Halogen Mixtures Potentially consistent 2-4 Simple-moderate frequent Toxtcity (halagenated organics) 250-350
- Ozone Consistent 2-4 Complex requent Toxfcity unknown, safety (for
pure oxygen feed) 450-600
- Halogen plus Ozone Potentially consistent 2-4 Complex Frequent Toxicity uncertain 500-650
- Acids and Bases Roteatially consistent Unknown Moderate Unknown Meutralization required 450-600
- Alcohols Potentially consistent Unknown Moderate Unknown Increases effluent BOD 250-450
- Oyes Ineffective .- ——- o= - —-
- Heavy Metals Potentially consistent Unknown Unknown Unknown Toxicity, residuals disposal 450-600
- Hydrogen Peroxide Ineffective —— - —-- --- P
- Permanganate Potentially consistent Unknown Unknomm Unknawn Residuals disposal 450-600
- Phenols Potentfally consisteat Unknown Moderate Unknown Effluent toxicity 250-450
- Quaternary Ammonia  Potentially consistent Unknown Unknown Unknown Toxicity 450-600
- Surfactants Ineffective --- --- --- --- -
PHYSICAL AGENTS
- Irradiation
Uleraviolet Consistent 2-4 Moderate Infrequent Toxicity unknown 150-250
Gamma ray Appears consistent 2-4 Complex . Infrequent Safety 500-200
X-ray Potentially consistent Unknown Moderate Unknown Safety 400-600
- Electrochemical Unknown -- .- --- .-- ---
- Thermal
. Heating Potentially consistent 2-4 Moderate Frequent High effluent temperatyre 1500+
Freezing Potentfally consistent -- --- --- --- -==
- ultrafiltration Potentially consistent 2-4 Noderate Frequent C.ncentrate disposal 250-400
- Ultrasonics Unknown -- --- --- . v
PHYSICAL PLUS CHEMICAL
AGENTS
- Ultraviolet plus
orone+ Appears consistent 2-4 Moderate Infrequent Tox{icity unknown 150-250
- Ultraviolet plus
halogens Potentally consistent 2-4 Moderate frequent Toxicity (halogenated organics) 300-600

* Aortized capita) cost plus annual operation and maintenance costs
+ Ozone genarated by specialized UV lamp



Gas Feed Gas storage cylinder, regulator, Tox1c gases or explosion

feed equipment with diffuser, possible 1f equipment

and contact tank. fails. Gas storage
cylinder refilling re-
quired periodically.
Gaseous feed chlorination
not likely to be widely
used for on-site applica-
tions due to potential
hazards.

Premixed liquid solutions or dry solid feed chlorination systems are
normal ly most suitable for on-site applications.

Performance

Currently available dry feed chlorine disinfection units have been shown
to provide adequate disinfection of various on-s1te wastewater treatment
system effluents. Specific data describing the performance of these units 1s
shown in Table 48 (2,3). Additional data documenting on-site applications of
cnlorine disinfection of wastewater were not available.

o Number, type, nature, and condition of organisms that are to be
killed;

o MWastewater pH and temperature;

o Presence 25 ox1d1zable inorganic and organic substances 1n wastewater
(HyS, Mn™%,  NHq, amino acids, carbohydrates, proteins, etc.);
an

e Presence of microorganisms enmeshed 1n solid material contained 1n
the wastewater (1,2,4-7).

These variables also affect the amount of contact time and therefore the
size of the contact chamber required to achieve the desired level of
disinfection (1,4,6,7). Overall, bacteria are readily killed by chlorine
disinfection, while viruses are somewhat resistant, and spores and cysts are
more resistant (6,8).

Due to the inherent variability of influent wastewater characteristics,
on-site systems with flow . proportional chlorine feed (yielding constant
chlorine dosages) exhibit a wide range of free and combined chlorine residuals
and levels of disinfection. Furthermore, many systems are not capable of
achieving uniform (flow-proportional) chlorine dosages, consistent levels of
disinfection, or chlorine residual. Thus, overdosing is normally required to
ensure that the desired level of disinfection is consistently achieved for
systems which are not capable of providing consistent chlorine dosages. As a
result, high levels of chlorine residual may be found 1n the effluent.
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TABLE 48. DRY FEED CHLORIME DISIMNFECTION PERFORMANCE

Disiafection Unit Performance

Flowe Chlorise Cemtact* 1afluest Effluent Reduction of O ism Cuunt
Estering Bistafection Rate Bosage Tiee Log #7100 m) Meas Log #7100 w] Mean tog Units E

head
Parameter Sait From — f(epé) bys 95% Conf. Iat. 952 Coof. lat.) Mean

fecal Coliform  Septic Tank - Sand Filter 200-400 7-% 918 2.8 {2.0-2.7 0.3 {-0.3-1.}1) 2.5 9.7
Septic Task - Sand Filter  400-800 -1? [ R ] 1.7 (2.7-4.7 1.8 {0.2-2.9) 1.9 98.7

Acvohic Git - Samd Filter ID-150 - -18-17 13 {32.0-3.6) 0.9 (0.5-1.3) 2.4 9.6

Total Coliform Septic Vamk - Samd Filter 200400 V7-3 9-18 kN ) :l.l—l.o 0.5 s-o.:-l.z) 26 9.7
Septic Tank - Sand Filter 400800 -7 4.5% 4.2 (2.3-5.0 2.3 {1.0-2.6) 1.9 98.7

Aercbic tait - Samé Filter 100-150 8 n- - 4.2 (J:H.J) 1.8 (1.0-2.1) 2.7 9.8

Fecal Strepto-  Septic Vamk - Somd Filter 200-a00 17-3%6 '9-|8 1.8 (1.0-2.2) 0.3 (-0.2-1.8) 15 96.8
eocct Septic Tank - Sind Filter  400-800 7-37 .59 2.3 {1.3-3.0) 1.1 {0.3-2.0 12 93.6
ferchic Umit - Sand Filter 108-150 1) w-2 2.7 (2.2-3.1) 0.9 (0.5-1.2 18 98.4

Total Bacteria Sepitc Tank - Samd Filter 200400 17-% 918 6.8 (5.9-2.8) 5.0 (4.0-5.9) 18 98.4
Septic Tank - Sead Filter 400-800 7-17 4.5-9 7.7 (1.2-8.1) 2.5 {1.0-1.8 0.2 3.0

Aerchbic Umit - Saad Filter 100-150 18 nw-17 6.8 {6.5-2.1) 5.6 {5.1-6.0 1.2 93.7

Pseuvdomonas Septic Tank - Sand Filter 200-400 17-3% 9-18 1.4 (0.7-2.1) 0.3 (--) ) 2.1
seruginosa Septic Tamk - Samd Filter  405-800 - .59 — - -— --
ferobic Dait - Saad Filter 100-150 18 -7 2.4 (2.0-3.0) 0.7 (0.3-1.1) 17 98.0

4 Percent destructiona are from origina) sarce (2). Oue to wmit comversioes, discrepancies have resslted

+ Chlorine residuals typically saried fram 0.1 to 1.0 ag/). althowgh comcestratioms i were repor
* Flow rates varfations camsed costact times to wry. & B &5 160 w371 ted

Source: References 2 aad 3.



System 0&M Requirements

Routine operation and maintenance of premixed 11quid feed chlorination
systems consists of chemical refills, adjustment of feed quantity, and
maintenance of mechanical components two to four times per year. Currently
available dry feed chlorination systems require somewhat less frequent
chemical refills, but require more frequent chemical feed chamber cleaning to
prevent caking of hypochlorite tablets or pellets. Caking problems can cause
the system to provide 1nsufficient chlorine dosages, requiring that the
equipment be cleaned and the chemicals replaced at least four times per year.
Additional unscheduled feed chamber cleanings will st111 be required. New
feed chamber designs may eliminate this problem.

Environmental Acceptability

Levels of combined chlorine residual as low as 0.05 mg/1 have been shown
to be toxic to aquatic life 1n receiving waters (9,10).  Since measurement of
a free chlorine residual 1s generally required to demonstrate that adequate
disinfection has taken place, chlorine disinfection of on-site wastewater
effluents may be environmentally undesirable for surface discharge. However,
the relatively small flow volumes from on-site systems may be diluted many
fold by the receiving waters, in which case the problem 1s minmmized.
Disinfection requirements will be determined by state or local regulatory
authorities.

Costs

Capital, operation and maintenance, and total annual costs are shown 1n
Table 49.

[ODINE

lodine application to wastewater effluent provides disinfection, as
briefly described below.

System Type System Requirements Comments

Solid Feed Tank for iodine crystal storage Iodine crystal storage
and saturated 1odine solution, must be refilled peri-
with wastewater flow-through odically.

provisions (iodine “saturator"),
and contact tank. Surge tank
and self-priming siphon {or pump
and controls) may be used for
more accurate dosage control.

Liquid Surge tank and self.-priming Feed equipment mal func-
siphon (or pump), solution tion possible. Liqurd
storage and feed tank, feed solution storage must
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TABLE 49. CHLORINATION COSTS

Design
Life Initial Capital
Capital Cost Item {yr) Cost (5)
Vault for chlorination system including
excavation and access hatch 20 $ 400
Chlorination unit 10 200
Contact Chamber 20 100
Total Capital Cost $ 700
Unit Cost Annual Q&M
Annual 0&M Cost Item Amount (%) Cost (§)
Maintenance requirements

Routine 4 hr/yr 8/hr $ 32

Unscheduled repairs 2 hr/yr 8/hr 16
Chemical cost (calcium hypochlorite

@ 70% available chlorine) 4,75 kg/yr 2.65/kg 13
Total Annual 0&M Cost $ 61

Annual Cost
Present worth of the sum of the capital costs amortized

over 20 years @ 7% interest, discount, and inflation -

(factor = 0.09439) 85
Annual 0&M Costs 61
Total Annual Cost $ 146

~ $ 150
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activation device, and contact be refilled periodi-

tanks. Systems continuously cally. Liquid solu-
preparing solution on-site must tions not widely avail-
provide 1odine crystal storage able commercially,

and mixing tank, and water necessitating solution
supply. If water supply for preparation on-site.

solution 1s potable water, a
cross connection preventer 1S
required. [f pH control 1s
required, a second chemical solu-
tion storage and feed tank, and
feed activation device must be
provided.

Solid feed 10dination systems appear most suitable for on-site 1odine
wastewater disinfection applications. Factors affecting ijodine dosages
required to achieve a desired level of disinfection are as follows:

o Number, type, nature, and condition of organisms to be killed;

e Presence of oxidizable 1norganic and organic substances 1in the
wastewater; and .

o Presence of microorganisms enmeshed 1n solid material contained 1n the
wastewater (6,11,12).

These variables also affect the amount of contact time and therefore the
size of the contact chamber required.

Performance

Limited data 1ndicate that 1odine ‘“saturators” provide adequate
disinfection of effluent from an aerobic treatment unit followed by a holding
tank. Analysis of effluents from 1odine contact chambers providing approxi-
mately 20 min detention times reportedly revealed only trace fecal coliform
counts (Personal Communication. L. Waldorf. April 1978.) Virtually no other
documentation of 1odine disinfection of on-site wastewater treatment system
effluents was found.

Data summar1zing a recent study which attempted to achieve target fecal
coliform counts of 200/100 ml using various secondary and tertiary municipal
wastewater treatment system effluents are presented 1n Table 50 (12). In
general, these investigations revealed a strong linear correlation between
wastewater turbidity and 1odine dosage required to achieve specific effluent
fecal coliform counts (12). Municipal wastewater and on-site water
disinfection experience (11) 1indicate that bacteria are read1ly killed by
10dine disinfection while viruses are somewhat resistant and spores and cysts
are more resistant (11,13-18).

Since the solubility of 1odine in water nearly doubles as temperature
increases from 0 to 20°C, the concentration of 1odine contained 1n the
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TABLE 50. IODINE PERFORMANCE DATA FOR VARIOUS EFFLUENT TYPES*
{Contact Time - 45 min)

lodine -

astaater (haracteristics

Oosage
Applied Res idmal
Efflumt Type [C74))] {wq/1)

Tarbidity TS
_{ra)

Activated Sludge $.20 o6
(5.79-11.63) (0.18-1.64)

Dual Media Filtered 5.4 07
Activated Sludge  (4.70-6.32) (0.10-0.54)

Rotatiog Film 3.96 0.65
Costactor Mitri- (1.84-5.80) (0.24-1.50)
fied Effluent

Activated Sludge 2.8 0.26
Aftrified (2.81) (0.22-0.30)
Efflumt

7.0 00 -
(5.1-12.0) (12.7-29.0)

3.8 129
(2.7- 5.2) { 9.3-15.7)

2.1 6.3
(1.8- 2.3) ( 33 8.7)

1.2 2.4
(0.9- 1.6) { 1.1- 3.6)

- 0B e ) Temp.
) {wg/3] {c%)

Fecal Colifors Count
Infloent  €ffluent Reduction of Colifors Count

L 1 reent
[/ gg‘n [) g(gqnl (Log units) (Pe )

6 14.2 Ww.2
(25.0-45.0) (10.8-18.5) (13.0-151)
9.7 7.3 - 20.0
{ 6.3-15.6) (16.0-19.8) ({19.0-21 1)

" 9.5 e.6 23.6
{ 5.9-14.5) ( 0.9- 2.8) (22.4-25.0)

3.5 0.0 13.6
{ 3.0- ¢.0) (0.0}, {1.0-14.2)

4.9 2.2 2.7

(4.1-5.3) (06-31) 99.75
4.9 25 24

(3.1-5.5) (10-2.1) 98.57
42 30 1.2

(3.7-4.6) () 6-3 6) 8l 6
2.6 14 1.2

(2.0-3.0) {(1.0-17) N 94.91

* musbers of parentheses indicate range of data.

Source. Reference 12.



saturated 1odine solution feed tank 1s highly dependent on the wastewater
temperature (11,19,20). Thus, flow-proportional feed of a constant strength
1odine solution 1s difficult to achieve. To cope with this and the
variability of 1nfluent wastewater constituents reacting with 1odine,
overdosing may be required to consistently achieve adequate levels of
disinfection. Manual or automatic control of flow through 1o0dine saturators
could reduce the degree of overdosing resulting from increased 10dine
solubility at higher temperatures (11).

System Q&M Requirements

Routine system maintenance (2 to 4 times per year) and chemical refills
(once every 1 to 2 years) are required for 1odine disinfection systems. As
part of the routine maintenance, 1t may be necessary to adjust the valves
controlling flow through the iodine saturator (as discussed above), and to
redistribute iodine crystals within the saturator 1f flow “channelization”
through the saturator occurs. Unscheduled maintenance, such as adjustment of
the 10dine dosage or pump maintenance, 1s 1nfrequent (Personal Communication.
L. Waldorf. April 1978.).

Environmental Acceptability

Although iodine generally does not react with organics present 1n
wastewater to form carcinogens, the toxicity to aquatic Iife of free 1odine
residuals and wastewater constituents oxidized by 1odine 1S uncertain
(11,18,21). Slight overdosing of effluents intended for reuse should not be a
problem (e.g., toilet staining should not occur) (22).

Costs

Capital, operation and maintenance, and total annual costs are shown in
Table 51.

0ZONE

Use of ozone as a wastewater disinfectant 1s briefly described below.

System Type System Requirement Comments
Injection of Surge tank, self-priming siphon Explosion hazard with
ozone gener- (or pump), oxygen gas cylinders pure oxygen gas cylin-
ated from pure and regulator, ozone generator der failure. Gas
oxygen gas controls, ozone injection and storage cylinder re-
cylinders contact device and cooling water placement (refilling)
supply (optional). required periodically.
Injection of Surge tank, self.priming siphon 0zone generators uti-
ozone gener- (or pump), ozone generator, 11zing air as an oxygen

m



TABLE 51. COST ESTIMATE FOR AN IODINATION UNIT

FOR ON-SITE WASTEWATER DISINFECTION

Design
Life Initial Capital
Capital Cost Item {yr) Cost (%)
Vault for iodination system including
excavation and access hatch 20 $ 400
Iodinator, (iodine saturator) 8-1b unit 10 300
Contact Chamber 20 100
Total Capital Cost $ 800
Unit Cost Annual 0&M
Annual O&M Cost Item Amount (%) Cost (%)
Maintenance Required

Routine 3 hr/yr 8/hr $ 24

Unscheduled repairs 1 hr/yr 8/hr 8
Chemical (crude iodine) 2.5 kg/yr 16/kg 40
Total Annual 0&M Cost $ 72

Annual Cost
Present worth of the sum of the capital costs amortized

over 20 years @ 7% interest, discount, and inflation -

(factor = 0.09439) $ 104
Annual 0&M Costs 72
Total Annual Cost $ 176

~ § 180
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ated from controls, ozone injection and source without air pre-

oxygen 1n contact device, and cooling paration equipment re-
ambient air water supply (optional). quire more frequent

V maintenance and reduce

service life.

Injection of Same as above, with addition of Air dryer desiccant
ozone gener- air filter and heatless air cartridge refills re-
ated from dryer. quired periodically.
oxygen con-

tained 1n pre-
treated ambient
air

Air feed ozone generators with or without air preparation equipment are
available and appear suitable for on-site wastewater disinfection
applications. Dosages required to achieve a desired level of disinfection
depend on several factors including:

e MNumber, type, nature, and condition of organisms that are to be
killed;

.8 Presence of reactive 1norganic and organic substances present 1n the
wastewater;

e Presence of microorganisms enmeshed 1n solid material contained 1n the
wastewater; and

e Method of ozone injection into and contact with the wastewater.

Performance

Virtually no data are available in the literature docunenting performance
of on-site ozone wastewater disinfection units. Data summarizing a recent
study which attempted to achieve target fecal coliform counts of 200/100 ml,
using various secondary and tertiary mumicipal wastewater treatment system
effluents are presented in Table 52 (12). These and other investigations
revealed the following trends:

o There 1s a strong correlation (quadratic) between wastewater turbidity
and ozone dosage required to achieve specific effluent fecal coliform
counts (12);

o Time required for bacterfal kill is short, with most'bacteria killed
within the first three minutes of contact (12,23);

e Dissolved COD, mitrite, and TOC are the primary wastewater constit-
uents that reduce the effectiveness of ozone as a disinfectant. The
method of ozone injection and contact 1s also significant (24,25);
and
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TABLE 52. OZONE PERFORMANCE DATA FOR VARIOUS EFFLUENT TYPES*
(Contact Time - 1.6 min) N

Feca) Coliforo Count Reduction of
Wastexater Charvacteristics Jnfluent Effluent Coliform Count
Gzone Dosage Tarbidity s L] B (Log (Log (Log Units) (Percent)
Effluent Type _(=mg/)) { c ml) /100 =)
Activated Studge 13.40 7.0 20.0 0.6 n.2 w.z 4.9 2 23 99 34
{10.60-14.65) (5.1-12.0) (12.7-29.0) (25.0-45.0) (10.8-18.5) (12.0-15.1) (6.3-5.3) (1 3-32)
Dual Media Filtered 4.28 3.8 2.3 9.7 2.3 20.0 4.9 24 2.5 99.02
Activated Sludge (2.94-5.02) (2.7-5.2) (9.3-15.7) (6.3-15.6) (16.0-15.0) (19.0-21.1) (3.7-5.5) (20-27)
Entating File 3.58 2.0 6.3 9.5 a6 n.6 4.2 22 99.30
Contactor Bitri- (2.96-4.08) (1.8-2.3) (3.3-8.7) (5.9-14.5) (0.9-2.0) (2.4-250) (3.7-46) (15-22)
tied Effluent
Activated Sludge 3.66 1.2 2.4 3s 0.0 13.6 26 11 15 92.02
:::-l»lﬂed (3.33-4.92) (0.9-1.6) (1.1-3.6) (3.0-4.0) (0.0) (13.0-14.2) (2.6-30) (07-15)
uent -

* Nuxbers of pirenthesss iadicate range of data.
Source: Reference 12.



# Ozone residuals dissipate to zero within approximately three minutes
of injection nto the wastewater (12,23,24). Thus, pathogenic re-
growth and/or recontamination 1s possibie (6). Additional
disinfection may be required if disinfected wastewater 1s to be stored
prior to reuse or recycle. This may be achieved by continuously
recirculating the wastewater through the disinfection system,
recirculating it mmediately prior to reuse, or by the addition of a
secondary, residual producing disinfectant.

Although the method of ozone 1njection 1nto and contact with the
wastewater affects the overall efficiency of the disinfection process,
performance of the various ozone 1njection and contact systems for on-site
application 1s largely untested or proprietary 1in nature.

System Requirements

Routine system maintenance 1s required two to four times per year if
ozone 1s generated by electrical current. This maintenance consists of
cleaning precipitated material (1f any) from the ozone generator tubes, and
replacing the air dryer desiccant cartridges (if system 1s so equipped).
Generators ut1l1zing air-fed oxygen without air preparation equipment require
significantly more frequent maintenance -(4 or more times per year) and have a
potentially reduced service life since moisture in the air can combine with
oxides of nitrogen formed in the generator to produce highly corrosive nitric
acid. Additionally, cooling water may be required. Highly sk11led personnel
are required to maintain these ozone disinfection systems. Frequent
unscheduled maintenance, such as desiccant replacement or generator
adjustment, 1s anticipated.

If ozone 1s generated by UV 11ght, routine replacement of the UV lamp 1S
required annually. This maintenance can be performed by an unskilled
serviceman. Infrequent unscheduled maintenance such as desiccant replacement
or generator adjustment, is anticipated.

Environmental Acceptability

The explosive potential of pure oxygen feed systems, when considered
along with both the positive and negative factors relating to their use
(increased ozone generation rates versus frequent gas refills) 1s likely to
inh1bit their wide acceptance for on-site applications.

Generally, ozone disinfection is not thought to produce any lasting
residual compounds toxic to higher life forms (although additional research is
presently being conducted) (6,10,23,25). Since free ozone injected into
wastewater dissipates rapidly, ozone disinfection of on-site wastewater
treatment system effluents with dosage levels required to ensure adequate
disinfection (including possible "overdosing") should be acceptable for direct
discharge (providing other discharge requirements are met) . However,
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unreacted ozone gas may destroy adjacent vegetation and other oxidizable
materials as a result of prolonged low-level oxidant exposure. (Personal Com-
munication. W. C. Boyle. May 1978.).

Costs

Capital, "operation and maintenance, and total annual costs are shown 1in
Table 53.

ULTRAVIOLET IRRADIATION

The use of ultraviolet 1rradiation to disinfect on-site wastewater
effluent 1s briefly described below.

System Types System Requirements Comments

Thin film (thin Surge tank, self-priming siphon Periodic UV Tamp
wastewater (or pump), ultraviolet disin- auart- sleeve clean-
layer thick- fection unit (with Tamp emitting ing and occasional
ness, high UV UV radiation of 254 nm), and lamp r. placement re-
intensity, controls. quired. Automatic
short deten- lamp sleeve wiper
tion time) systems are available

which should reduce
the frequency (but

not eliminate) clean-
1ng and improve UV
radiation transmission
between cleanings.

Thick film Surge tank, self priming siphon Same as above, except
(thick waste- (or pump), ultraviolet disin- lamp may not have
water layer fection unit (with lamp emitting quartz sleeve. Lamp
thickness, UV radiation of 254 rm), and may require more fre-
low UV 1n- controls. quent replacement.
tensity, Relatively large

long deten- irradiation chamber
tion time) required as part of

disinfection unit.

Thin film UV disinfection systems appear to be more practical for on-site
applications than thick film systems. The dosage of UV irradiation required
to achieve a desirad level of disinfection depends on several factors,
including:

e Nature, type, number and condition of organisms that are to be
k1lled;

e UV lamp intensity;



TABLE 53.

OZONATION SYSTEM COSTS

Design Initial
. Life Capital Cost
Capital Cost Item (yr) ($)
Vault for ozone generator including
excavation and access hatch 20 $ 400
Ozone generation system including tube type
?enerator, controls, air preparation package
filters, compressor and dryer), and injection
system and contact chamber 10 1800
Surge tank and self-priming siphon {or pump) 10 200
Total Capital Cost $ 2400*
Unit Cost Annual 0&M
Annual 0&M Cost Item Amount ($) Cost (§)
Electricity
{ozone generator, pumps,
compressor and dryer) 160 kwh/yr  0.05 kwh/yr $ 8
Maintenance
Routine 4 hr/yr 12/hr 48
Unscheduled 2 hr/yr Tw/hr 24
Water 9100 gal/yr 0.001/gal 9
Desiccant cartridge 1/five yr 75/ea 15
Total Annual 0&M Cost $ 104
Annual Cost
Present worth of the sum of the capital costs amortized’ over
20 years @ 7% interest, discount, and inflation - (factor =
0.09439) 415
Annual 0&M Cost 104
Total Annual Cost $ 519
~ § 520

*price will vary depending primarily on the manufacturer and 1
eneration of ozone will be significantly less expensive (a

ocation. UV
n estimated $150 -

200 total annual cost), but the capacity of current units (single lamp)

requires some previous removal of pathogenic organisms.

performance was not available.

nz

Data on multi-lamp



o Wastewater layer thickness and distance from the UV lamp;
o Wastewater transmissivity; and

e Wastewater detention (exposure) time and flow pattern within the
disinfection unit (2,6,25-29).

Performance

Currently available UV disinfection  units appear to be capable of
providing consistently high levels of disinfection provided that routine
maintenance is performed. Data describing the performance of specific on-site
thin film UV disinfection units are shown in Tables 54 and 55 (2). Additional
data documenting on-site wastewater applications of UV disinfection were not
available. It should be noted that these investigations did not present data
detailing wastewater transmissivity or power per unit area actually received
by the wastewater. In general, these and other investigations revealed:

o Mean log coliform reductions are inversely propo.tional to wastewater
{;gv rates and directly proportional’ to wastewater transmissivity
; i , 2y

o Suspended solids concentrations as h1?h a§ 35 mg/1 and flow rates as
great as 25 1/min (6.5 gpm) did not significantly affect the level of
disinfection achieved (2); and

o Wastewater transmissivity 1s most significantly decreased by the
presence: of turbidity, color, digsolved organics, and iron (6,28,30).

Overall, bacteria and viruses are most readily killed, while sporas and
cysts require somewhat higher levels of UV energy and detention times (28).:
It should be noted that pathogenic regrowth or recontamination of UV
disinfected wastewater is possible since UV irradiation does not produce a
residual cagable of providing long-term disinfaction. Additional disinfection:
may be required {f disinfacted wastewater {s to be stored prior to reusing or
recycling. This may be achieved by continuously recirculating the wastewater
through the disinfection system, recirculating it immediately prior to reuse,
or by the. addition of a secondary residualeproducing disinfectant.

System O&M Requirements

, Periodic manual cleaning (at least 3 times per year) of accumulated
materials 1s required to restore transmissivity of the UV Jlamp and/or the
quartz sleeve surrounding the UV lamp to fts initial level for systems in
which the equipment fs in contact with the wastewater. Cleaning {s required
more frequently for systems which receive wastewater intermittently, but
operate the UV lamp continuously. Automatic mechanical wiper systems for
cleaning UV lamp sleeves are commercially available, and their use should
reduce the frequency of perfodic manual cleanings to twice or less per year.
(Personal Communication. D. Sauer. Feb. 1978.) However, operation of
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TABLE 54. ULTRAVIOLET DISINFECTION UNIT DESCRIPTION

Disinfection Chamber

Intensity Effective Wastewater Quartz Chamber
Unit Watts o Length Film Sleeve Wall
@ 2,537 A (cm) Thickness (cm) 0.D. (cm) 1.0. (cm)
A 15 75 2.5 2.4 7.3
8 10.2 30.5 1.0 5.6 7.6
SOURCE: (2)
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TABLE 55. ULTRAVIOLET DISINFECTION UNIT PERFORMANCE
Fstimated
Thearetical Disinfection Unit Performance
Oisinfection Mastewater Power Per Reduction of
Unit Enters petention Unit Area Influent Effluent Organism Count
Letter Unit Flow Rate Time (Design)$ Log #/100 Log #/100 Log Units Percent
Parameter {viil-11a) from {1/ain) {sec) {¥ sec[cnz) ml mean ml mean mean mean
Fecal A aerobic unft - 15 1] 75.000 0 88 £0.0 >0 88 >86
Coliform sand filter
A septic tank - \H] n 75,900 2.94 -0.11 305 99.9%
sand filter
A aercbic unit 7.5 =15 n- 22 75,000- 150,000 4 85 145 3.an 99.96
{submerged media) (3.52-6 0) (-0 43-2.78) (2 16-6.40)
8 ultrafiltration 0.19- 0.57 70-220 750,000-2,500,000 4 4+ 2 B** 1 62 97 3*+
{ blackwater only) (0 3 -5.5) (00-51) (0 -48) (0 -100)
Total A aerabic unit - 15 " 75,000 153 £0.0 >1 53 >97
Coliform sand filter
A septic tank - 15 n 75,000 307 901 306 99 9%
sand filter
Fecal A aerobic unit - 15 n 75,000 13 -0 17 1.48 96 7
Streptococci sand filter
A aerobic unit - 15 n 75,000 2 56 -0.2} 2n 9 8
sand filter
A aerobic unit 1.5 =18 - 22 75,000- 150,000 4§ 0 0.70 33 99 95
{submerged media) (3 36-5 33) (-0 70-2 90) (1 67-4 14)
Total Bacteria A aerobic unit 7.5 -15 - 22 75,070- 150,000 8 85 5.58 37 99 a5
(submerged media) {8 37-9 46) (3.93-7 07) (2 13-4.14)
Pseudomonas A aerobic unit 75 -1%5 n- 22 75,000- 150,000 4 26 0 94 332 99.95
aeruginosa (submerged media) (3 11-6 8) {0 30-2 73) {-0 43-5 08)
Poliovirus | A septic tank - 15 Viter n 75,000 [0 <o o** >4 6 >99 997
sand filter batch

* Wastewater tranmi‘ssivlty
** Median of data presented
+* untts = log PFU/ml,

Source  {2)

and power per unit area actually received were not measured



currently available lamp cleaning equipment requires a source of air or water
pressure, and results in additional capital and O0&M costs. Development of
electrically operated wiper systems could potentially provide adequate lamp
sleeve cleaning at reduced capital and O&M costs.

Periodic lamp replacement (approximately every 7,500 hours of continuous
operation) is required for all UV disinfection systems. More frequent
replacement 1s required 1f the output 1s reduced to an unacceptable level due
to “"solarizing” of the lamp surface. In general, occasional unscheduled
service (such as lamp cleaning) one or more times per year can be expected for
on-site UV disinfection systems.

Environmental Acceptability

Generally, ultraviolet disinfection is not thought to produce any lasting
residual compound toxic to higher life forms, although additional research is
presently being conducted (25). Thus, UV disinfected wastewater should be
acceptable for direct discharge, providing other discharge requirments are
met.

Costs

Capital, operating and ma1ntenance,~and total annual costs for on-site UV
disinfection systems are shown 1n Table 56.

DISINFECTION COMPONENT COMPARISONS

Disinfection comparisons for components with available hardware and
sufficient on-site performance information to permit detailed evaluation are
presented 1n Table 57. Comparisons for components with available on-site
hardware but insufficient on-site performance 1nformation shown in Table 58
are based on engineering Judgment and should be reeval uated when data become
available.
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TABLE 56. ULTRAVIOLET DISINFECTION SYSTEM COSTS

Design
Life Initial Capital
Capital Cost Item (yr) Cost ($)
Vault for UV disinfection unit including
excavation and access hatch 20 $ 400
UV disinfection unit and controls 10 550
surge tank and self-priming siphon (or pump) 10 200
Total Capfital Costs $1150
- Unit Cost Annual Q&M
Annual O&M ltem Amount ($) Cost ($)
Electricity 55 kwh/yr  0.05/kwh $ 3
Maintenance ,
* * Routine ‘ ‘ 3 hr/yr 8/hr 24
Unscheduled 1 hr/yr 8/hr 8
Uv lamp replacement 1/five yr 75/ea | 15
Total Annual 0&M Costs $ 50

Annual Cost

Presant worth of the sum of the capital costs Amort1zed
over 20 years @ 7% interaest, discount, and inflation -

(factor = 0.09439) 179
Annual O&M Costs 50
Tota) Annual Costs $ 229

~ § 230
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TABLE 57. DISINFECTION COMPONENT COMPARISON FOR COMPONENTS

WITH SUFFICIENT INFORMATION*

Component Ranking Factor Ratings

Total

oM Environmental Annual

Ranking Performance Requirements Acceptability Total Cost
Group Component (5 max.) 5 max.) (3 max.) (13 max.) ($)
A Ultraviolet 5 3 3 11 230
Chlorine 4 3 1 8 150

Iodine 4 4 . 2 10 180

B Ozone 5 2 1 8 520

*

For components with su
detailed evaluation.

fficient on-site performance information and hardware available to permit
See Component Ranking Criteria for explanation of the ranking system.
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TABLE 58. DISINFECTIQN COMPONENT COMPARISON FOR COMPONENTS
WITH INCOMPLETE INFORMATION*

Component Ranking Factor Ratings

Range
0&M Environmental of
Ranking . Performance Requirements Acceptability Total Annual
Group Components (5 max.) (5 max.) (3 max.) (13 max.) Cost($)
A Ultraviolet plus
ozone+ 5 3 3 11 150-2501
B Halogen mixtures 4 3 1 8 250-350
Gamma ray 5 2 1 8 500-700
Ultraviolet plus
halogens 5 2 2 9 300-600
Halogen plus ozone 5 1 1 7 500-650
C Heating 5 2 3 .10 1500+

* For components with available on-site hardware, but insufficient on-site performance information.
This comparison is based on engineering judgement and is subject to revision when data becomes

available.

+ O0zone generated by specialized UV lamp.
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SECTION 9
DISPOSAL OPTIONS

GENERAL

On-site wastewater treatment system effluents may be discharged to the
atmosphere, surface water, soil or combinations. So1l disposal, n the form
of a "conventional" soil absorption field, 1s by far the most common and
accepted on-site disposal method. However, site-specif.c limitations often
make other methods of disposal necessary or desirable. Discosal options and
their applicability to on-site systems are summarizes 1n Table 59. The
options with available on-site hardware and performance data are discussed
below, except 1ncineration which was covered 1n Section 5.

ATMOSPHERE DISPOSAL

As shown 1n Table 59, atmosphere disposal may be accomplished by a
variety of means. However, evapotranspiration (ET) 1s the only method listed
with available on-site hardware and performance information which discharges
exclusively to the atmosphere. Mechanical evaporator pilot studies have been
conducted, and additional hardware development 1s planned. Evaporative
lagoons are generally unlined, and are discussed under COMBINATIONS of
disposal methods.

Evapotranspiration

ET disposal is most likely to be used 1in situations where direct
discharge or soil disposal is not feasible and adequate net evaporation
potential is available. The primary ET configuration options are indicated -
below.

System Type System Requirements Comments

Built to ~ Distribution piping, im- Aesthetically most accept-

existing grade pervious liner, gravel, able. Evapotranspiration
sand (with appropriate must exceed precipitation in
capillary rise character- all months or storage faci-
istics), and selected lTities are required.

vegetation (tolerant of
moisture extremes) ,

Mounded Same as above. Mounded to reduce precipita-
tion infiltration; effec-
tiveness 1s variable. Eva-
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TABLE 59. DISPOSAL OPTIONS

62l

_O84 Reguirunts

tqui ment
Freqency of Failure Range of
Schatuled {requiring Ioul Avuwl
Performence Muntenan Hirdare urs-haduled Erviromental Acceptability
Gereric Type  Sefectod Covetituerts Affected Adoguacy (o/yr) Caplexity service) 41&-3MM"'_'5~£L_&)—
AR
- evamtramspiration &D, $S. N, P, cons1stent <1 skple {nfragent X0- 700+
{1ined) micrabiolagical
- lined evaporation BD, S5, A, P, potentially 24 staple infregent odor ad sesthet lcs 20-350
lagaon aicrobiological cons1ston
- gechanical BD, $S, N, P, mtentially » mderate wknown aesthet ics &0
evaporat ion aicrabiological consistat
- thermal BD, SS, M, P. poterially » ooserate - Uk air anissions 100
evaporat on eicrobiological comsIstat caplex
o
- sofl dsorption
.. “corventfonal® S, 86D, P, N arsistent 0 simple infrequent grondvater galily zpacts 50-150
micrabiological
. oodified SS, 60, P, R cons fstent < suiple infreqent grondviiter qality wpsts 100-2%0
distribut fon microbiological -
.. ofl SS, 6D, P, N consistert < sugie infrequent groundsoter qutity wpacts 20450
endification aiowiological -
- uTgetion
. arip SS, 8D, P, N mtentially 24 suple urkOW odors, health effects, assthetics 100-200
microbiological consistet .
. Sray SS, BD, P, X consistent 24 suple urknovn odors, health effects, sesthetics 150-250
micrabtological
.. overland flow SS, &, P, N potertially 24 suple wkno-n odors, hedlth effects, aesthetics 100-200
microbiological consIstost
SRAT WATER
- direct discharge e cnsistent Q stple nfrogent B0 and SS ¢ 30 my/1, strean 10-50
vater qulity, ard eflent
toxicity
COU NATIOS
- evyotrenspiration/ S, BD, P, K consistent <1 siple infregent gondvater qulity wnpacts 200-350
absorpt fon micrebicl ogical
- unlined lagoons SS, HD, P, N cosisterd 24 staple infrequent odor, eesthetics and grundwiter 150-300
- morwbiological quality impacts
- lagon Ss, 8D, P, N consistent 24 auderate infreqent &0 ard SS < 1wy} strean sater 20-350
w/overflow anerabiol ogical qualty, @ uwrt toncity,
ador ard gauntater gul ity
pats

*frort12ad capita) cost plus amual operet ian and cuintesw e Cnts Does ot include cut of pretreatmot.



potranspiration must exceed
precipitation 1n all months
or storage facilities are

required.,
Covered Same as above, plus trans- Designed to expand the
parent covering . climate range for which ET

disposal is feasible.

Additional options incorporating other methods of disposal, such as unlined ET
beds, are discussed under COMBINATIONS.

Performance--

The performance of ET beds depends primarily on appropriate sizing, which
depends on local ET potential. In addition, appropriate selection of cover
vegetation and the use of sand with adequate capillary rise characteristics
are important. A variety of methods are availeble for estimation of ET
potential, including:

Blaney-Criddle method gl)
Jansen-Haise method (2

Panman method (3)

Priestley and Taylor method (4)

Howavar, the accuracy of thesa methods 1in predicting ET varies with
location (5,6), ' Thus, use of these methods for determining ET bed size will
result {in variable performance. In addition, there are significant”
differences of opinfon between researchers on the effects of advection,
wastawater heat, bfological heat production, wastewater quality and vegetation
cover on ET rates (5,7,8). Thus, field data are currently recommended for
optimal ET bed design.

Field data on determination of ET rates are currently rather limfted,
although additional field investigations are currently in progress, (Personal
Communication. H.J. Pence, F.G. Longry, L. Pasaren, and K. Lomax. December
1977, April 1978, February 1978, and February 1978, respectively.) Data from
21 months of testing in Colorado and observation of field installations in
Colorado and elsewhere, indicate that ET disposal {s effective., Howaver, the
raported range of climatic conditfons in which ET {s effective varies
considerably (Personal Communication. H.T. Pence. December 1977) (7,8,).
Data from Colorado findicate that provision of necessary wastewater storage
capacity {s i{mpractical {in areas where evaporation does not exceed
precipitation by at least 5 em (2 1n.) in every month of the year (8).

Salt accumulation occurs in ET beds as a result of dissolved solids
contafned in the wastewater applied. Observations of ET beds which have been
in operation for 5 years indicate no major problems associated with salt
accumulation. Salt accumulation 1s particularly pronounced at the surface of
the ET bed during dry periods (although it is redistributed by rainfall) and
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could potentially have an adverse effect on vegetation after a long period of
use (8).

System 0&M Requirements--

Rout1ne maintenance of a properly designed and constructed ET disposal
unit 1s normally required only 1f wastewater is pumped to the ET umit. Pump
and level control 1aspection and adjustment 1s normally required annually.
Unscheduled maintenance, such as repair of level control apparatus, 1s
required infrequently.

Environmental Acceptability--

Depending on specific system characteristics, including the vegetation
ut1l1zed, the size of the system and the extent of site grading required,
visual aesthetics may be a problem for some installations. Otherwise, ET
d1sposal generally presents no nuisance or hazard.

Costs--

Capital, operation and maintenance, and total annual costs are shown 1n
Table 60 for an ET bed without provisions for long-term storage.

SOIL DISPOSAL

On-site disposal of wastewater to the so1l may be accomplished by use of
a "conventional® so1l absorption field (also called "teach field." “disposal
field" or “"drainfield"); a variety of so11 modification techniques (1.e.,
mounds); modified distribution approaches (1.e., dosing and resting or
pressure distribution); or irrigation. In certain areas where groundwater 1s
deep, especially in some western states, seepage pits are used 1instead of a
"eonventional” so1l absorption field. The function of each of these so1l
disposal methods normally 1s to provide treatment as well as disposal of the
wastewater applied. In general, soil disposal 1s considered to perform
adequately 1f it absorbs all the wastewater applied, provides an acceptable
degree of treatment before the wastewater reaches the groundwater, and has a
reasonably long life (approximately 20 yrs) (9).

Conventional Soil Absorption Fields

The characteristics of conventional soi1l absorption field configuration
options are indicated below.

System Type System Requirements Commehts

Trench system Distribution piping and Most common type of on-site
aggregate , disposal .

Bed system Distribution piping and Applicability generally
aggregate , lTimited to sites with rela-
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TABLE 60. ET BED COSTS*

Design  Installed

Capital Cost Life Unit Cost Capital Cost
Item Amount (yr) (%) (3)

sand 260 mg 20 7.5/mg 1,950
Plastic liner 475 m 20 1.1/m 520
Distribution piping 190 my 20 4/@ 760
Gravel 30 m3 20 7.5m 3 225
Excavation 290 m 20 1.1/m 320
Pump and controls 1 10 250 250
Pumping Chamber 1 20 300 300
$4,375
Total Capital Cost - $4,325

Annual Q&M Cost ‘ Unit Cost Annual 0&M Cost
[tem Amount (3) (3)

Maintenance required

Rout1ine 2 hr 10/hr 20
Unscheduled repairs 0.5 hr 10/hr 5
Total Annual 0&M Cost $25

Annual Cost

Present worth of the sum of the capital costs amortized
over 20 years @ 7% interest, discount and inflation

(factor = 0.09439) 432
Annual 0&M Cost 25
Total Annual Cost 3457

~ $460

* (osts are presented for 465 mé (5,000 ftz), 0.6 m (2 ft) deep ET bed
(the size typically required for a residence 1n Boulder, Co.).
Availability and therefore the cost of appropriate sand 1s a significant
variable. It addition, provision of storage capacity for extended periods
will sigmficantly increase the cost. Bed si1ze varies substantially with
¢limate.
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tively coarse grained

so1ls since the permeability
of these soils 1s not ad-
versely affected by
construction practices.

Specific characteristics vary widely, wncluding:

Aggregate si1ze;

Type of distribution piping;

Trench or bed dimensions and overall size; and

Trench configurations (1.e., continuous, parallel, etc.).

Performance--

Studies of conventional soil absorption field longevity and ability to
accept wastewater indicate that field performance depends on a variety of site
specific factors, including:

Soil percolation rate;

Depth of unsaturated soil;

Slope;

Soil type;

Design and construction practices;
Influent wastewater characteristics; and
Hydraulic loading rate (10-21).

Although effective removal of all wastewater contaminants 1n the soil
system is important for the protection of groundwater quality (and surface
water quality where groundwater and surface water contact), public health
concerns center primarily on the effectiveness of the soil in removing the
bacteria, viruses, phosphorus and nitrogen. Detailed discussion of the
factors affecting the removal of these constituents in the soil system are
available in the literature (12,22,23).

In general, the extent to which pathogens are removed by soil depends on
several factors, including:

Soil moisture;
So11 texture;
Soil type;

Soil temperature;

pH;
Biological interactions; and
Application rates.

Unsaturated flow conditions, higher temperatures, finer soil particle
size and development of a clogging mat at the infiltrative surface ali tend to
facilitate pathogen removal. Coarse-grained soils generally have the lowest
capacity for pathogen removal. However, laboratory studies indicate effective
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pathogen removal is achieved in 0.6 m (2 ft) of coarse-grained soil following
development of a biological mat. Under saturated flow :conditions without the
biological mat, adequate pathogen removal may not be realized (23).

Ammonia is oxidized to nitrate under aerobic soil conditions, except in
some fine textured soils where ammonia {s retained by complexing with the
sofl. Nitrates are generally mobile and free to percolate through the soil
and into the groundwater, although denitrification in the soil will occur
under some conditions. Dilution is the principal means of alleviating harmful
nitrate concentrations in the underlying groundwater. In the areas where the
density of soil absorption fields is high and/or other sources of nitrate
fnput to the groundwater are significant, nitrate contamination of the
groundwater may be a problem.

In general, "conventional* soil absorption fields have been shown to
perform wall at sites in soils with measured percolation rates less than
24 min/em (<60 min/in.); with a depth to groundwater or bedrock of at least
0.9 m (3 ft), and with level or gently sloping topography (9). However, many
systems which provide edequate treatment. and disposal ha.a also been installed
under a wide variety of other conditions.(Personal Communicstion. J. Abney
and J.T. Winneberger. March 1978.).

System 0&M Requirementg--

Maintenance of a properly designed and constructed conventional sofl
absorption field 1s normally not required. Howaver, rehabilitative
maintenance (1.8., "regeneration") or replacement will be required for
"failing" systems. Regeneration, such as treatment with hydrogen percxide, ‘or
replacement may be accomplished by an unskilled laborer under.the.direction of
a tratned and experienced supervisor.

Environmental Acceptability==

A properly designed and constructed soil absorption field preceded by
pre-treatment for removal of settleable and floatable solids, generally
presents no hazard or nufsance. Howaver, nitrate contamination of groundwater
may be a problem in regions with a high density of soil absorption systems.
The density level at which soil absorption systems may pose a health hazard is
dependent on soil and groundwater characteristics and has not been quantified.
Where nitrate contamination of groundwater 1s the primary concern, a reduction
in nitrogen loading could be accomplished by pretreatment or segregation and
containment of blackwater.

Costse-

The principal factors determining the capital cost of a soil absorption
field fnclude the size, trench width, trench depth §?d aggregate costﬁ. Costs
have been reported to range from $10.75-$22.60/ ($1.00-82.10/Ft%) (24).
For the purposes of this study, a value of $16/m2 ($1.50/ft°) will be used
for cost estimation purposes. Thus for a range of soil absorption field size
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of 35 to 93 me (375 to 1000 ftz), the capital cost 1s 3560 to $1500.
Annual 0 & M costs are considered to be negligible. Based on a 20 year
service life for the absorption field, the total annual cost range 1s 353 to
$142.

Soil Modification Absorption Fields

In many areas of poor site suitability for conventional subsurface
disposal (shallow, permeable so1ls over creviced or porous bedrock; permeable
so1ls with seasonally high groundwater; or, in some cases, slowly permeable
so11s), additional satisfactory soil material may be provided 1n order to
achieve proper treatment of the wastewater and provide a controlled
infiltration rate to the native so1l. The most common approaches to so1l
modification with subsurface application are briefly described below:

System Type System Requirements Comments
Mound with bed Pumping chamber, pump and con- For sites with exces-
distribution trols (or dosing siphon 1f site sively or moderately

topography 1s appropriate), sand, permeable so1ls (with

gravel, and distribution piping . high groundwater or
shallow creviced or
porous bedrock) |

Mound with Same as above. For sites with slowly
trench dis- permeable soils .
tribution

Site specific characteristics, particularly soil type, sotl depth, sotl
percolation rate, and slope, will determine mportant design features such as
bed or trench dimensions, trench spacing, and overall disposal area dimensions
(23, 25-27).

In areas which would be suitable for conventional subsurface disposal
except for shaliow groundwater, it may be possible to artificially divert the
groundwater to lower the water table. At such sites where diversion s
effective, conventional soil absorption systems could be used. (Personal
Communication. J. Abney. October 1978.)

Performance--

In general, mocdified so1l treatment and disposal systems are considered
to perform satisfactorily if surface seepage is absent and groundwater quality
is protected. Mound designs developed in Wisconsin (23, 25-27) have been used
to construct several hundred mounds 1n the state. (Personal Communication.
J. Harkin. May 1978.) Performance data for four prototype mound field
installations based on a preliminary design are presented in Table 61. As
shown, the mounds generally achieved signmificant reductions in BOD, COD, total
nitrogen and coliform levels (28,29). However, seepage was observed at two of
the mounds despite actual loading rates being signmificantly below the design
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T/ABLE 61. MOUND PERFORMANCE DATA

Fecal Fecal Total
80D €00 NH, XD, Total N Coliform Streptococcus Goli€orms
aq/1 xmbers/al* o=
Mound |
Influent* 141(19)**  323(20) 4z2(13) 2.5(15) sS8(11) 3,900(22) 3(2) 19,000(23)
Seepage at toe
of mound 12(1) 166(2) 0.3(2)  1.5(2) 3.7(2) 0.5(4) 1.6710) 2.4(7)
Mot datected .- - .- - -= - 1 0
Mound (1
[nfluent* 107(19) 249(20}) 34(15) s(16) s0(13) 5,900(21) 45(2.) 39,000(20)
Seepags at toe
of mound* 11(Q1) 140(3) 2.7(3)  2.3(3 6.2(3) .5.8(2) 0.8(3) 9.7(4)
Not detected - -~ - .- - H) 3 k]
Mound 111
{nfluent* 97(19) 217(19) 33(11) 0.5(13)  40(10) 12,000(20) 240(18) 59,000(19)
Liquid within
oound st toe 13(4) 57(3) 0(2) 17(2) 18(2) 1.0(9) 0.6(6) 17(6)
Not detected - - - - -- 0 2 0
Moung ¥
(nfluent® 90435 256480 5649 a - 2,50000)F 0003 37,000035)
Collection -
dike Q 42 241 sass*t -- 5(7) 1.8(9) 54(13)
<0.02(4) €0.02(3)
: Geometric mnean values are reported.
Not detected (ND) indicates the number of bacteriological samples with negative results
t.e., <0.1 organisms/mle
?  madien values obtained from log-probability qgraphse
« pNumbers in parentheses indicate the number of seaples,
** Yalues reported for May sampling as MHg-N and NOj-N + NO,p-H. Yalues for Occember were
significantly differunt (30 ppa N0y, 6 ppm NH,4)
Source Ref. 28 and 29.
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loading rates. Seepage was attributed to a lack of surface so1l plowing and
uneven distribution of flow.

More recently constructed mounds based on an improved design have
provided improved levels of treatment and significantly reduced the occurrence
of seepage (due in large part to improved methods of soil preparation prior to
construction and use of pressure- distribution systems). Mound designs
developed 1n Pennsylvania and North Dakota have alsa been successfully used
for on-site wastewater treatment and disposal. However, quantitative data on
their performance has not yet been assembled. (Personal Communication. J.
Harkin. May 1978.)

System 0&M Regquirements--

Operation and maintenance requirements of mounds or similar modified soil
treatment and disposal methods are limited to the pump and associated controls
which are normally required to 11ft wastewater from preceding buried treatment
units into the elevated mound. Routine maintenance 1s required annually for
pump and control inspection and preventive maintenance. Unscheduled
maintenance, such as repair of Tlevel control -equipment, 1s required
infrequently. Necessary maintenance can normally be performed by semi-skilled
personnel.

Environmental Acceptability--

A properly designed and constructed mound preceded by appropriate pre-
treatment (i.e., septic tank), generally presents no hazard or nuisance.
Occasionally, the appearance of a mound may be objectionable to a homeowner,
but™ this can normally be minimized through landscaping. In certain areas,
nitrate contamination of groundwater by mound systems may be a concern.
However, the land area requirements of mound systems normally preclude their
use in high density areas. In addition, mitrogen removal could be
accomplished by pretreatment or segregation, 1f required to protect
groundwater quality.

Since mounds rely on the underlying topsoil in addition to the imported
£i11 material to provide the necessary degree of wastewater treatment, the
pathogen content of seepage from a mound would pose a health hazard. However,
mounds are designed to prevent seepage and experience in Wisconsin indicates
that seepage has occurred at only a very few of the several hundred mounds
constructed based on the Wisconsin design. Where seepage has occured,
improper fill material was wused, except in one instance . (Personal
Communication. J. Harkin & R.J. Otis. May and October, 1978.)

Costs--

Capital, operation and maintenance, and total annual costs are shown 1n
Table 62 for the three most common mound applications.
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TABLE 62. MOUND COSTS

Design Install

ed Mournd over shallow Mound over shallow Mound over

Capital cost life Unit excessively . moderately slowly
item {yrs) Cost($) permeable soils* permeable soils* permeable soils*

Piping 20 4/m 150 175 200
Pump and controls 10 250 250 250 250
Pumping chamber 20 300 300 300 300
Aggregates: 3

Sand 20 7.5/ 1,200 1,600 3,000

Gravel . 20 1.5/ 200 200 200
Equipment rental - - 200 200 200
Total Capital Cost $2,300 $2,725 $4,150
Annual O8M Cost Item
Maintenance requirements

Routine (at $10/hr) 20 20 20

Unscheduled repairs (at $10/hr) 5 5 5
Electricity {at $0.05/kwh) _2 _2 _2
Total Annual O&M Cost $27 $27 $27

Annual Cost

Present worth of the sum of the

cost amortized over 20 years

@ 7% interest, discount and

inflation "(factor = 0.09439)

240 281 415
Annual 08M Cost 22 22 22
$262 $303 $437

Total Annual Cost ~$260 ~ $300 ~ $440

* Based on designs provided in ref.

25-29 on sites with zero percent slope-



So1l Absorption Fields with Modified Distribution

In an effort to increase the loading rate of soil absorption fields and
to improve the treatment provided, several modified distribution systems have
been developed, as described below:

System Type

Pressure distri-
bution

Dosing and
resting

Alternating fields

System Requirements

Pumping chamber, pump and
controls, and distribution
piping (appropriately
s1zed and perforated).

Dosing tank, self-priming
siphon and distribution
piping (pump may be re-
quired i1n place of-siphon,
depending on si1te topo-

graphy),

Dosing tank, self-priming
siphon and distribution
piping (pump may be re-
quired n place of siphon,
depending on site topo-
graphy),

Comments

Applicable to mounds as
well as "conventional®
systems. Most often used
to mmprove treatment by
maintaining unsaturated
flow conditions. Achieves
dosing and resting and
provides a flexible dose/
rest schedule .

. Resting period 1s usually

several hours to a day.
Intended to 1ncrease the
quantity of wastewater
absorbed per unit area
and/or the l1fe of the
absorption field. Allows
biochemical oxidation of
clogging mat during rest
cycle,

Resting period generally
ranges from several months
to one year. Intended to
1increase the quantity of
wastewater absorbed per

unit area and/or 1increase
the 1i1fe of the absorption
field. Allows biochemical
oxidation of clogging mat
during rest cycle.

Proprietary Varies with manufacturer; Effectiveness generally un-
systems most utilize concrete proven; some system have
chambers or cells of poor performance record,
various configurations .
Performance--
Pressure distribution systems have been shown to achieve uniform
wastewater distribution throughout a so1l absorption field (23). Umiform

distribution can provide unsaturated flow conditions and correspondingly
improved treatment, which 1s particulary important 1n coarse -grained sotils
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where adequate treatment under saturated conditions may not be achieved prior
to the develomment of the clogging mat (30).

Uniform distribution may also be important in a dosing and resting
distribution system, depending on the soil characteristics, although
adequately uniform distribution may be achievable through the use of siphons
and gravity piping systems. The magnitude of potential performance advantages
(decreased field size and/or extended 11fe) of dosing and resting as compared
to conventional absorption fields 1s unclear. Some laboratory studies report
improved infiltration rates with intermittent wastewater application (31-34).
Other laboratory studies indicate that a greater wastewater volume is absorbed
through continuous ponding (35) or that decreased infiltration 1s obtained
with short-term alternating aerobic-anaerobic conditions (33). Data from the
first 10-months of an ongoing field study indicate that daily dosing of
wastewatar to an experimental sofl absorption field prevented development of a
clogging mat, while data from other sites fndicate that c¢logging would
normal 1y have been expected (36).

Potential performance improvements associated with dcsing and resting
systems are unclear not only as a result of conflicting study conclusions, but
also because of the following factors:

e An insufficient number of fong-term field studies have been
conducted;

o Laboratory methods differ from study to study;

e Most laboratory studies utilize columns with impervious sides, thus
ignoring the side wall infiltration and aeration of field systems, and
making extrapolation of laboratory data to the field particularly
suspect;

e MWide variations in the resting periods investigated;

¢ Failure of many investigations to report the total quantity of
wastewater absorbed over extended periods; and

e Differences in soil texture and structure.
System 0&M Requirements--

Routine operation and maintenance requirements of modified distribution
systems are limited to annual inspection and preventive maintenance of the
dosing siphon or pump and control mechanisms. Unscheduled maintenance of the
pump or siphon 1is required infrequently. Both siphon and pump system
maintenance require semi-skilled maintenance personnel.

Environmental Acceptability--

The envirommental acceptability of soi1l absorption fields with modified
distribution is at least comparable to a conventional field. In the event
that a modified distribution approach improves treatment in excessively
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permeable soils or mproves the performance of a “failing" field, the
environmental acceptability is wmproved.

Costs--
Capital, operation and maintenance, and total annual costs are shown in

Table 63 for alternating fields, gravity dosing and restiny, and dosing and
resting with pressure distribution.

[rrigation

On-si1te disposal of wastewater by 1rrigyation has been practiced on a
Vimited basis using the specific options described below.

System Type System Requirements Comments

Spray irrigation Punp and controls, pumping chamber Open or forest
distribution piping, sprinkler land may be used.
heads and drain check valves. Pretreatment re-

quired varies with
location.

Drip irrigation Pump and controls, pumping chamber Distribution sys-
distribution piping (appropriately tem may be buried
s1zed and perforated for uniform or exposed. Most
application) and drain check applicable to
valves. landscaped areas.

Both types of irrigation systems provide both wastewater treatment and
disposal. Desiyn and operation characteristics are generally dependent on the
same .characteristics described above for conventignal soil absorption fields.
In addition, runoff control must be i1ncluded.

Performance--

Quantitative data on on-site irrigation disposal system performance were
not available. [n certain areas {e.g., Kentucky), spray irrigation of settled
aerobic effluent, both with and without filtration and disinfection, from
combined wastewater systems has been practiced for at least five years. These
systems are reportedly functioning well. Specifically, no runoff 1s observed
from systems with application rates of less than 1.0 cm (0.4 1n.) per day and
soil samples reportedly indicate fecal coliform removal within the top 0.3 m
(1 ft) of soil. (Personal Communication. P. Cuffe. May 1978,)

Drip irrigation systems are significantly less common, and the on-site
performance of these systems 1s even less well documented than for spray
systems. However, experience with larger applications 1ndicates adequate
on-site performance is likely.

For both types of irrigation systems, extended periods (several weeks) of

sub-freezing temperatures may result 1in runoff due to freezing of the so1l
surface and temporary loss of infiltration capacity.
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TABLE 63.

NODIFIED DISTRIBUTION COSTS

Dosing and resting

Dosing and resting

Capital Cost Design Life Alterating ‘w/gravity distri- w/pressure distri-
Item (%3) fields bution N bution L
Conventional SAS 840-2250" 560-1500 560-1500
Alternating valves 2 150 - -
Dosing chamber 20 250 250
Dosing siphon 10 - 150 -
Pump and controls 10 - - 250
Total Capital Cost $930-2400 $960-1900 $1060-2000
Annual O&M Cost Item
Maintenance requirements
Routine (at $10/hr) 10 10 20
Unscheduled repairs (at $10/hr) - 5 5
Electricity (at &a). - - 5
Total Annual O8M Cost $i0 $10 $30
Annual cost
Present worth of the sun of the
capital cost amortized over
20 years @ 7% interest, discount
and inflation (factor = 0.09439) -
93-226 105 194 123-212
Annual O&M Cost 10 15 30
- $103-236 $120-209 $153-242
Total Annual Cost ~$100-240 ~$120-210 ~$150-240

*  Based on a cost of $16/a? (sl.SOIftz) of trench and a range of trench size required of 35

to 93 m (375 to 1
** Based on,a cost of

ft "s 2
16/n2 (*1.50/¢t€) of trench and a range of trench size required of 53

to 140 of (563 to 1500 ft°). Range of trench size required will vary with local

requirements.

conventional soil absorption field.

For comparison purpose it is assuzed that each field is 75% as large as a



System 0&M Requirements--

Equipment associated with irrigation systems 1s moderately complex, and
thus requires that operation and maintenance personnel have some training.
Routine preventive maintenance of the pump and control mechanisms 15 reguired
on an annual basis. Infrequent unscheduled repairs may be required as a
result of pump or controls breakdown, check valve malfunction or simlar
mechanical failures. (Personal Communication. P. Culfe. May 1978 .) Spray
and drip 1rrigation systems are slightly more likely to require unscheduled
maintenance resulting from sprinkler-head or ejector valve clogging.

Environmental Acceptability--

The environmental acceptability of 1rrigation 1s mighly variable
depending on several factors, including:

Irrigated wastewater quality;
Site topography ;

Depth to groundwater;

Soil characteristics;
Available buffer areas; and
Type of cover crop.

Irrigation systems which apply a disinfected aerobic effluent to open
fields or woodlands reportedly present no nuisance or hazard, especially 1f
application 1s performed at night (to mnimize potential for human contact).
However, the potential for odors, health effects and undesirable appearance 1s
significantly greater than for subsurface disposal.

Spray or surface drip 1rrigation of non-disinfected effluents may
occasionally be acceptable 1f large buffer areas are available and access 1s
restricted to reduce the potential health hazards.

Costs--

Capital, operation and maintenance and total annual costs are shown 1n
Table 64.

SURFACE DISCHARGE

Direct discharge of on-site treatment system effluent 1s a disposal op-
tion 1f an appropriate receiving water is available. If a recevving water 1s
available, the level of treatment required may vary depending on local regula-
tions, stream water quality requirements and other site-specific conditions.
For the purposes of this study, it 1s assumed that on-site treatment system
effluent disposed by surface discharge must at least meet secondary treatment
standards of 30 mg/1 BOD and SS and have coliform levels less than 230 #/100
ml. Depending on site-specific conditions, more stringent BOD and SS dis-
charge requirements and/or limitations on N and P discharges may be appli-
cable.
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TABLE 64

. IRRIGATION COSTS

Design Costs (§)
Capital Cost life Spray Orip
[tem (yrs) 1rrigation irrigation
Distribution piping 20 450 450
Pump and controls
(or siphon) 10 250 250
Pumping chamber 20 300 300
Sprinkler heads and/or
miscellaneous hardware 10 100 50
Site preparation (berms
and grading) 20 -- --
Total Capital Cost $1,100 $1,050

Annual 0&M Cost Item

Annual 0&M Cost {$)

Maintenance requirements

Routine (at $10/hr) 50 35

Unscheduled repairs (at $10/hr) 20 10
Electricity (at $0.05/kwh) _5 _5
Total Annual 0&M cost $75 $50
Annual Cost
Present work of the sum of the

capital costs amortized

over 20 years @ 7% interest,

discount and inflation

(factor = 0.09439) 135 120
Annual 0&M Cost 75 _50
Total Annual Cost ($) $210 $170
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The performance, operation and maintenance requirements, and environ-
mental acceptability of surface discharge disposal are predominantly dependent
on the preceding treatment system. These characteristics of on-site treatment
options are identified 1n Sections 5-8. Operation and maintenance
requirements associated specifically with surface discharge disposal may
include infrequent routine or unscheduled cleaning of the effluent pipe, and
pump maintenance, 1f gravity conveyance to the receiving water 1s not
practical. For the subsequent cost estimate 1t 15 assumed that gravity
conveyance 15 used. In addition, monitoring will I1kely be required, but the
parameters and frequency will vary with applicable regulations.

Surface discharge of on-site treatment system effluent 1s currently used
for disposal at several locations 1n Kentucky, as well as 1in other areas of
the country. Monitoring data reportedly 1ndicates that some preceding
treatment systems can provide effluent which meets secondary discharge
requirements, (Personal Communication.  L.E. Waldorf and J.W. Leake. May
1978 .) In addition, no maintenance has been required on the gravity
conveyance systems used for surface discharge.

The cost of surface discharge conveyance systems depends on site-specific
factors such as the distance to the receiving water, the ease of excavation,
labor rates, and depth of excavation required. .Assuming an average trench
depth of 1 m (3 ft), and a length of 18 m (60 ft), the estimated capital cost
is $180. Amortized at 7 percent interest over 20 years, the annual cost s
$18. O&M costs associated with conveyance are 1insignificant. Monitoring
costs will be highly variable.

COMBINATIONS

As shown 1n Table 59, some methods of on-site wastewater disposal use
combinations of air, water and/or so1l disposal. The combination disposal
methods most frequently used are evapotransprration/absorption, unlined
evaporative lagoons and lined or unlined lagoons with discharge to surface
waters. Lagoons which discharge to surface waters are discussed 1n Section 6.

Evapotranspiration/Absorption

Evapotranspiration/absorption (ETA) disposal of on-site wastewater 1n
unlined evapotranspiration disposal systems, as briefly described beiow, 1s 1n
use at several thousand locations 1in North America (8). In addition,
"conventional” soil absorption systems may use ET as well as absorption for
on-site wastewater disposal, especially if shallow trenches are used.

System Type System Requirements Comments

ETA Distribution piping, gravel, sand Avoids possible salt
(with appropriate capillary rise accumulation problems;
properties), top soil and selected may be used where net
vegetation (tolerant of moisture ET 1s negative in some
extremes) . months without pro-
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viding storage capac-
1ty; and generally
requires lTess land
area than ET disposal

Performance=--

Quantitative data on the performance of ETA disposal were not available.
Since ET and soil disposal can perform adequately under appropriate climate
and soil conditions, respectively, it is anticipated that ETA disposal will
also perform adequately {f soil percolation rates, net ET potentfal, sand
characteristics (with the necessary capillary rise characteristics) and
vegetation cover are appropriately coordinated in the design. The presence of
thousands of functioning systems also indicates that ETA disposal can perform
adequately; however, the extent of evapotranspiration in combined disposal
systems has not been determined (8).

Field data on ET rates is desirable for design of ETA disposal units to
ensure adequate performance. A careful analysis of the potential relative
contributions from ET and soil absorption is required in the dasign of Such a
system. If winter net ET rates are negligible, designing to maximize ET may
not be justified,

System O&M Requirementse«

Routine maintenance of a properly designed and constructed ETA disposal
unit 1s normally raquired only {f wastewater 13 pumped to the ETA disposal
unit. Pump and leval control {inspection and adjustment 1s normally raquired
annually. Unscheduled maintenance, such as repair of level control
apparatus, is required infrequently.

Environmental Acceptabilitys-

ETA disposal generally presants no nuisance or hazard. Depending on
specific system characteristics, iIncluding the vegetation utilized, sfze of
the system, and hefght of mound (1f that configuration s employed), visual
aesthetics may be a problem for some installations. Otherwise, ETA disposal
appears environmentally acceptable.

As with soil disposal, nitrate contamination of groundwater may be &
concern in some instances, depending on gite-spacific factors such as the
density of systems, aquifer and sofl characteristics and depth to groundwater.

Costge=

Capital, operation and maintenance, and total annual costs per unit area
are approximately the same as those for ET disposal (shown in Table 60).
However, the size and thus the cost, of an ETA disposal unit will be less than
an ET unit for the same climatic conditions. The cost difference will be
primarily a function of the soil percolation rate. In general, the capital
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and total annual costs of most ETA 1installations 1s in the range of $1,500 to
$3,000, and $200 to $350, respectively.

L agoons

As metioned 1n Section 6, lagoons may be utilized for both on-site
wastewater treatment and disposal applications. System requirements for
lagoons designed for disposal by evaporation and soil absorption are
summarized below:

System Type System Requirements Comment s

Evaporation/ Bermed lagoon, 1nlet Berm must designed to
Infiltration pipe and support, and permit surface runoff
lagoon fence from entering lagoon.

Odor, vector, aesthetic,
safety and groundwater
quality considerations
may affect environmental
acceptability.

Performance--

Quantitative data on the performance of evaporation/infiltration lagoons
were not available. However, several investigations have reported that this
type of lagoon provides adequate treatment and disposal of on-site wastewater
when pretreatment with a septic tank 1s provided (38-40). In all cases,
adequate disposal depends on so1l characteristics, net evaporation and proper
lagoon sizing. Adequate treatment depends —primarily on so1l and groundwater
characteristics and groundwater depth.

System 0&M Requirements--

Routine maintenance 1includes trimming vegetation and adding water to
maintain the desired water depth during the summer (approximately 2 to 4 times
per year). Maintenance may also include sludge removal from the lagoon. The
frequency of sludge removal will depend on the pretreatment provided,
wastewater characteristics, lagoon design, and operation and maintenance. In
ygeneral, sludge removal 1s anticipated to be required very infreguently (every
five or more years). Unscheduled maintenance, such as repair of the 1nlet
pipe or berms, 1s required very infrequently.

Environmental Acceptability--

Odor, vector, and aesthetic nuisances may affect the environmental
acceptability of lagoons. Lagoon configuration uti1l1zing rounded corners and
steep interior slopes should help to reduce development of stagnant water and
growth of vegetation below the water level, thus reducing odor and vector
nuisances. Aethetics may be wmproved by screening with plants or fences. A
fence is advisable in any case to keep small children and animals out of the
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area. As with other soil disposal methods, groundwater quality may be
adversely affected if the lagoon design or location 1s inappropriate.

Cost--

Capital, operation and maintenance, and total annual costs are estimated
in Table 65.

DISPOSAL COMPONENT COMPARISONS

Disposal comparisons for components with available hardware and
sufficient on-site performance information to permit detailed evaluation are
presented 1n Table 66. Ccmparisons for components with available on-site
hardware but insufficient_on-site performance information shown i1n Table 67
are bas?d on engineering judgment and are subject to revision when data become
available. '
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TABLE 65. EVAPORATION/INFILTRATION LAGOON COSTS

Capital Cost Item Design Life (yr) Caprtal Cost (3)

[agoon, including excava-
tion installation of 1nlet
pipe and support, and

seeding of berm 20 1000-2500"
Fencing (at sS/m) 20 150-350
Total Capital Cost $1150-2850
Annual 08M cost Item Unit cost ($) Annual 03M Cost (3)
Maintenance required

Routine 8/hr- 32

Unschedul ed 0.5/hr 4
Total Annual 0&M cost $ 36

Annual Cost

Present worth of the sum of the capital costs
amortized over 20 years assuming 7% interest,

discount and inflation (factor=0.09438) 108-269
36

Total Annual Cost $144-305

~$140-310

"% In general, these lagoons ggnge from 93 to 2602 (1000 to 3000 ftz) and
cost approximately $10.75/m“ ($1.00/ft“), depending on climate, soil
infiltration capacity, and the quantity of wastewater handled.
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TABLE 66

DISPOSAL COMPORENT COMPARISOM FOR COMPONENTS WITH SUFFICIENT INFORMAT ION*

Ranking Total
. 03N Envirommental Annual
Ranking Performance Requirements Acceptability Total Cost
Group Component (5 max.) {5 max.) (3 max.) (13 max.) (%)
A Conventional soil absorption 4 5 3 12 50-150
Pressure distribution soil
absorption 4 4 3 1 150-240
Soil modification absorption 4 4 2 n 260-440
(mound)
Evapotranspiration/absorption 4 4 2 10 200-350
8 Evaporation/Infiltration lagoon 4 4 1 9 140-310
Irrigation (disinfected 3 4 2 9 170-210
effluent)
Evapotranspiration 3 5 2 10 460

* For components with sufficient on-site performance information and hardware available to permit
detailed evaluation. Section 3 for explanation of the ranking system.

pretreatment.

Costs do not include



161

TABLE 67

DISPOSAL COMPONENT COMPARISON FOR COMPONENTS WITH INCOMPLETE INFORMATION*

Ranking
Total
0&M Environmental Annual
Ranking Performance Requirements Acceptability Total Cost
Group Component (5 max.) (5 max.) (3 max.) (13 max.) (%)
A Alternating..fields 4 5 3 12 100-240
Dosing & resting soil
absorption (w/no
pumping) 4 4 3 11 120-240
Evaporation lagoon
(1ined) 4 4 2 10 200-350
Mechanical evaporation 4 3 2 9 600+

* For components with available on-site hardware, but insufficient on-site performance i1nformation.

This comparison is based on engineering judgement and should be reevaluated when data becomes

available. Costs do not include pretreatment.
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SECTION 10
COMPARATIVE ANALYSIS

METHODOLOGY

The approach used to develop on-site wastewater treatment and disposal
systems and the technical ranking criteria used in the comnarative analysis of
these systems are described in Section 3. The systems developed according to
this approach for each of the 15 site conditions (see Table 3) considered are
presented in Appendix A. The methodology used to evaluate the systems
1dent1fied and the resulting conclusions are presented here.

As discussed in Section 3, alternative systems are evaluated n three
separate categories: :

o Systems with available hardware and on-site performance data;

e Systems with available hardware but 1incomplete (if any) on-site
performance data; and

e Systems without hardware appropriate for on-site application, which
therefore require further development.

Systems 1n the first two categories are evaluated using technical criteria and
the total annual cost (rounded to the nearest $50). Technical ranking of
systems in the first category was based on operating experience, while ranking
of systems in the second category was based on engineering judgment and is
subject to revision when data become available. System concepts requiring
further development are discussed qualitatively.

Comparative evaluation of the systems presented 1n Appendix A was based
primarily on the component comparisons developed in Sections 5-9. First, the
- top-ranked components (both those with available hardware and performance
data, and those with only available hardware) were 1dentified from the
component comparisons in Sections 5-9 for each of the general component
categories (i.e., filtration, aerobic biological treatment, disinfection,
etc.) used in the Appendix A matrices. Next, the top-ranked components 1n
each general category were used to define each system alternative (A,B,C,
etc.) identified in the matrices. These systems were then reviewed to
1dentify the top ranked systems (five or less) for each site condition. For
systems with the same technical ranking, those with a total annual cost of
$250 more than the least expensive system were not generally included as
top-ranked systems.
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Some systems were identified for which there was available hardware and
performance data for all of the system components, but not for the system as a
whole. In these instances, engineering Jjudgment of component compatability
was used to determine whether the system should be considered to have
available performance data. Systems employing components shown to be
adaptable to various influent wastewater characteristics were generally
classed as having available performance data. Where less was known about the
impacts of influent wastewater characteristics on one or more system
components, the systems were considered to have inadequate performance data.

System ranking was based on the concept that a system would get the
ranking of the lowest ranked component for each of the ranking criteria unless
the combination of components 1n the system mproved their performance, 0&M
requirements and/or environmental acceptability. For example, ranking of a
system consisting of a septic tank followed by Tlow pressure membrane
filtration with direct discharge disposal was as follows:

Ranking Criteria
Environmental Annual
Components Performance 0&M Acceptability Total Cost ($)

Septic tank 4 5 - 3 . 12 50
" Low pressure
membrane
filtration 5 2 3 10 430
Direct
discharge - - - - 20
System Total 5 2 3 T0 3500

As shown, the system receives an 0&M ranking of 2 since the combination of
components does not reduce the 0&M requirements of the membrane filtration
unit. However, the system gets a performance ranking of 5 since it
consistently provides a level of treatment sigmficantly superior to the
normal direct discharge requirements of 30 mg/1 BOD and SS, as a result of the
membrane filtration unit.

Estimated costs are generally based on the cost data presented in
Sections 5-9. However, simple addition of the total annual costs for each
system component to obtain the total cost of a system was often inappropriate
for two reasons. First, specific equipment such as vaults, surge tanks, and
pumps included in component cost estimates may be duplicated unnecessarily for
some systems. Similarly, equipment in addition to that specified in component
cost estimates may be required for some systems. In these instances, the sum
of the component costs was adjusted to reflect appropriate equipment
modifications.

Secondly, the sum of annual 08M labor requirements for components
assembled into a system 1s sometimes inappropriate (usually too high) for the
system as a whole. In these instances, the 0&M requirements have been
adjusted to more accurately reflect the total system.

157



SYSTEM RANKING = HARDWARE AND PERFORMANCE DATA AVAILABLE

The top-ranking systems identififed with available hardware and
performance data are described in Table 68, For the site conditions
considered, the following general conclusions are drawn from Table 68:

o Septic tank - conventional soil absorption field is the top-ranked and
least cost system where site characteristics permit dits use.

o Where shallow soils (0.3-1.2 m) are encountered which would not
provide adequate treatment for a conventional soil absorption field,
septic tank - mound systems are the top-ranked and least cost systems
if adequate land area s availlable. Flow reduction may be used to
minimize area requirements and cost. :

o Use of flow reduction = holding tank - off-site disposal is the top-
ranked and least cost system only where topor-aph,; prevents "area
{ntensive" construction and direct discharge is not feasible, or where
depth to bedrock or groundwater {8 less than 0.3m .ft) and direct
discharge and ET disposal ara not feasible. Even with flow reduction,
costs are very high,

o ET disposal (with saptic tank pretreatment) {s top ranked and least
cost system where disposal to the soil and direct discharge are not
feasibie, and EVP<PPT 13 greater than 5 em/mo (2 in/mo).

o Disposal by direct discharge 1s-the top-ranked method where sofl and
ET disposal ara not feasible, or whare limited land area 18 avafleable
for disposal and sufficient flow reduction 1s not faasible. The top-
ranked and least cost tretmant for direct discharge is & septic tank =
coverad : {intermittent or recirculating gravity sand filter
disinfaction pretraatment system 1f nutriant discharges are not
1imited. If nitrogen discharge is limited (<10 mg/1) and 10 mg/) BOD
and S§ {s raquired, a serﬂc tank - covered I{ntermittent or
recirculating gravity sand filter - fixed growth anaerobic reactor =
disinfection 18 the top-ranked treatment system. [f phosphorus f{s
also Vimited (<2 mg/1), use of the same system with & sand/"red mud"
f11ter substituted for the sand filter and/or elimination of phosphate
detergents is the top ranked treatment system. Nitrogen may also be
significantly reduced through the use of a non-water carriage or
rec1rculat1n? toflet system, but variable household wastewater
characteristics make consistent achievement of effluent nitrogen
concentrations <10 mg/1 uncertain.

o Septic tank - sofl absorption with pressure distribution systems are

the top-ranked and least cost systems where sofls are excessively
permeable.
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- HARDWARE AND PERFCRMANCE DATA AVAILABLE
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e Flow reduction (10-40 percent) often permits the use of systems which
are technically superior to and less costly than other alternatives,
and which would otherwise not be feasible due to site condition
1imitations, such as limited available land.

¢ Systems incorporating wastewater segregation options are not top-
ranked for any of the site conditions considered unless segregation is
a part of flow reduction or nitrogen limitations must be met.

SYSTEM RANKING - HARDWARE (BUT NO PERFORMANCE DATA) AVAILABLE

The top ranked systems i1dentified with available hardware but inadequate
performance data are described 1n Table 69. Since adequate data on the field
performance of these systems for the site conditions considered 1s not
available, rankings are based on engineering judgment. Field testing of these
systems prior to widespread application is recommendel. For the site
conditions considered, the following general conclusions are drawn from Table
69.

e Systems utilizing potential methods of 1ncreasing the 1long-term
loading rate (m/day) for a subsurface disposal field (e.g., dosing and
resting or alternating fields)- are the top-ranked and least cost
systems where soils are not lwmiting, but limited area is available
for disposal. Even where septic tank - conventional so1l absorption
systems are applicable, systems using dosing and resting may be
preferred 1f they increase the system 1ife and reduce the total annual
cost.

¢ Where shallow (0.3-1.2m) so1ls are encountered, septic tank - covered
intermittent or recirculating gravity sand filter - coventional so1l
absorption, or chemical addition - septic tank - conventional soil
absorption systems may be alternatives to available systems.
Documentation that such systems provide adequate treatment is still
required. ,

o Septic tank - mechanical evaporator systems have the most general
applicability, although they are only rarely appear to be the least
cost of the top-ranked alternatives. Costs are uncertain since
hardware is not currently commercially available. Applicability 1s
limited in colder climates unless wastewater storage is provided at
additional cost.

o Septic tank - evaporation lagoon systems are the top-ranked and least
cost systems where soils are marginally permeable and very shallow
(<0.3 m), and ET and direct discharge disposal are not feasible.
Septic tank - sand filter pretreatment 1s the top-ranked least cost
system. However, the adequacy of 7lagoon performance requires
documentation. Land requirements and the need for disinfection also
need to be determined.
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o Disposal by direct discharge 1s the least cost method where so1l and
ET disposal are not feasible, or where limited land area 1s available
for disposal and flow reduction 1s not feasible. Low pressure
membrane filtration appears to be a promising method of treatment. If
nutrient discharges are not limited, ultrafiltration (UF) membranes
are the most appropriate. If nutrient discharges are limited (N <10
ppm; P < 2 ppm), reverse O0SmMOSIS (RO) membranes are the most
appropriate.

o Segregation of bath and laundry wastes from kitchen and toi1let wastes
to facilitate nitrogen removal appears promising. Additional field
testing 1s required.

o Flow reduction (generally 10-40 percent) occasionally permits the use
of subsurface disposal systems where available land area is very
limited but soils have acceptable percolation characteristics and
purification capacity. Where more extensive flow reduction 1s
required, reuse for toilet, laundry and/or bath to maxmize flow
reduction 1s appropriate.

The relative wmportance of field-testing the systems with available
hardware but without performance data- depends primarily on the technical
adequacy and total annual cost of systems with proven performance. Cecmparison
of the systems in Tables 68 and 69 based on these technical and economic
considerations leads to the recommendation that the following systems have
priority for field testing:

¢ Septic tank - soil absorption with dosing and resting;
o Septic tank - so1l absorption with alternating fields;

e Septic tank - covered 1intermittent or recircul ating sand filter -
1rrigation;

e Septic tank - evaporative lagoon;

e Septic tank - low pressure membrane filtration (UF or RO) - irrigation
(for sites with very shallow so1ls) or direct discharge; and

e Septic tank - mechanical evaporator.
UNDEVELOPED SYSTEM CONCEPTS

The impact of the specific characteristics of each site condition
evaluated 1n this study (see Table 3) on the on-site wastewater treatment and
disposal alternatives and the most promising system concepts for further
development to mprove the alternatives are summari1zed 1n Table 70. The
relative mmprovement in on-site wastewater alternatives to be derived from the
needs shown 1n Table 70 depends on a variety of factors, 1ncluding:
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TABLE 70. SITE CONDITION - SYSTEM DEVELOPMENT NEEDS MATRIX

Site

System Development Needs®

Condition
\ E

Site conditions are appropriate for septic tank - conventional soil absorption systems. Thus,
developaent of new systems is best focused on methods of fincreasing the long tera loading rate {m/day)
of the sbsorption field (thereby reducing site requirements and ¢ost), including {1) absorption
fleld design modifications (1 e., dosing and resting or alternating flelds) and (2) modified
pretreataent

Shallow soils (0.3 to <1.2 m) which would not provide adequate treatment capacity for a conventional
septic tank - sofl absorption system require more extensive pretreateent tham a septic tank provides.
Thus, determination of the level of pretreatment required and development of methods to provide the
required pretreatment is desirable.

Marginally permeable soils and very limited land area available for disposal make development of
methods to increase the loading rate (m/day) desirable, fincluding. (V) absorption fiela design
modifications (t.e., dosing and resting) and (2) modified pretreatment. Hethods of evaporation which
are not land-intensive would also improve on currently available system altermatives. Methods of
achieving consistent flow reduction are also desirable. Development of ninimua pretreatment
requirements for irrigation would help maximize this option Improved treatment methods which provide
effluent suitable for exteasive reuse are desirable.

Yery limited land area available for disposal and feasibility of direct discharge are the controlling
site characteristics New system development should focus om methods of increasing the long term
loading rate of the absorption field ard improved methods of treatment for direct discharye. Methods
of evaporation which are not land-intensive would also fmprove on currently available system
alternatives. Methods of achieving consistent flow reduction are also desirable. Development of
minimun pretreatment requirements for irrigation would help maximize this option.

Steep slope prevents “area fintensive® construction {(i.e , mounds, ET, soil absorption, lagoon, etc.)
Thus, evaporation equipment 1s most pramising. This can be facilitated by flow reduction  Methods of
irrigation could be tested, but significant runoff 1s anticipated.

Marginally permeable and shallow (0.3 to <1.2 m) soils and'very low net T rate are the controlling
site characteristics. Thus, evaporation disposal which is relatively independent of precipitation,
requirements and methods of pretreatment for conventional sofl absorption disposal, design modifica-
tions for {increasing the long tern loading rate, and f{dentification of minimum pretreatment
requirements for irrigation are appropriate for development.

Very shallow soils (<0.3 m) prevent subsurface disposal (at current levils of nderstanding) and net ET
rate of 2.5 to 5 an/mo minimun tn every moath prevents ET disposal. Irrigetion, evaporative lsgoons
and mechanical (or swnilar) evaporation disposal methods appear feasible Pretreatment methods and
requirements for these disposal methods, and subsurface disposal of hiyh quality effluent (i e., low
pressure membrane filtration) are appropriate for developnent. -

Marginally permeable and shallow (0.3 to <1.2 m) sotls and very low net ET rate are the controlling
site characteristics. Thus, evaporation dispose! which s relatively independent of precipitetion,
requirements and methods of pretreatwent for conventional soil absorption disposal, desiyn modifica-
tions for increasing the long termn loading rate, and identiflication of minimun pretreatment
requirements for {irrigation are appropriate for development. Methods of achieving consistent flow
reductions are atso desirable.
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Stte
Condition

TABLE 70. (CONTINUED)

System Developnent Needs®

9

Very shallow soils (<0.3 m) prevent, subsurface disposa) (at current levels of understanding), and very
low net ET rate and lwmited avatieble land (<372 of) prevents ET or evaporative lagoon disposal.
Irrigation and mechanical (or similar) eveporation disposal methods are feasible. Pretrestment methods
and requirements for these disposal methods, and subsurface disposal of high quality effluent (f.e.,
fran luw pressure membrane filtration) are appropiate for developoent.

Tight clay soils prevenl soil disposal and very limited available land area (<93 mz) limits
evaporation disposal to methods which are not land-intensive. Thus, direct discharge and mechanical
{or similar) evaporation are the top ranked disposal options, Improved methods of treatment for direct
discharge are appropirate for develoyment.

Tight clay soids prevent sofl disposal and direct discharge 15 not feasible. Thus, evaporation 1s the
top ranked disposal option Methods of evaporation and necessary pretreatment coula be improved,
especially design criter1a for ET, maintenance requirements of evaporative lagoons, and equipment for
mechanical evaporation.

Tight clay soils prevent sofl disposal and very low net ET rate make direct discharge (and possibly
mechanical evaporation) the most practical disposal option. Metnods of nitrogen removal appropriate
for  development include biological (alternating  aercbic-anaerobic anaerabic processes) and
physical/chemical {RO, sorption and desorption processes) treatments methods and waste segregation
load reduction.)

Tight clay soils preventing soll disposal and o very low net ET rate make direct discharge (and
possibly mechanical evaporatton) the most practical disposal option Hethods of nitrogen removal
appropriate for developuent include bioloyical (alternating aerobic-anaerchbic and anaerobic processes)
and physical/chemtcal 810, sorption and desorption processes) treatment methods, and waste segregation
{load reduction). Methods of phosphorus removal tor develoment include chemical addition ~ (and
associated hardwsre) and improved sorption media.

Excessively permeable and shallow (0.3 to <1.2 m) sofls require wmproved effluent quality for
subsurface disposal. Thus, determination of the level of pretreatment required and development of
methods to provide the required pretreatment are desirable. laproved hardware for wmechanical
evaporation might make it a viable option.

Excessively permeable soils require unsaturated flow to provide adequate treatment of septic effluent
disposal by sofl absorption. More complete treatment prior to soil disposal or mechanical evaporation
are alternatives for development.

* System developnent needed to inprove on available system al ternatives



¢ Technical adequacy and total annual cost of currently available
options for each site condition;

e Relative frequency of occurrence of the varifous site conditions; and
¢ Extent of additional development required.

Comparison of the limitations on system alternatives for each site
condition and the development needs identified with the factors listed above
provides the following conclusions:

o Development of additional alternatives for site conditions 1, 2, 6, 8,
14, 15 1is a relatively low priority since existing hardware with
proven or promising performance and reasonable costs s available;

o Daveloment of effluent quality requirements and tieatment methods for
on-site Iirrigation and subsurface disposal in shallow soils {5
desirable, Raquirements. will 1ikely "~ be affected. by soil
characteristics and avaflable land ereg;-'

¢ Further devaelopment. of evaporation equipment which 15 relatively inde-
pogdent of precipitation (1.e.,” mechanical evaporator) {s desirable;
an

¢ Davelomment of a one-step process ({.a, membrane filtration) for on-
site applications to provide high quality effluent (including nutrient
ramoval, {f nacassaryg for reuse and/or a variety of disposal methods
(1.0., direct discharges, irrigation or subsurface disposal in shallow
or eoxcessively parmeable 80113) would be desirable 1{f future
developments indicate that the cost would be comparable to currently
available alternatives.
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APPENDIX A

TREATMENT AND DISPOSAL SYSTEM - SITE CONDITION TABLES

Tables A-1 through A-15 are matrices of on-site wastewater
treatment/d1sposal system alternatives for each of the 15 site conditions
considered in this study. Numbers in the matrices under the treatment section
indicate the order of the treatment units and the X's which appears 1n the
disposal section indicate the disposal options for the treatment unit(s)
specified. For example, 1in Table A-1, the alternatives for system A include
an anaerobic treatment unit (1.e. septic tank) followed by evapotranspiration
disposal, conventional soi1l absorption, mod1fied distribution soi1l absorption,
soil modification or evapotranspiration/absorption disposal.

Table A-16 summarizes optional treatment and reuse systems for segregated
waste streams. Numbers treatment section of the matrix indicate the order of
the treatment units and the X's i1n the waste stream and reuse sections 1ndi-
cate the waste streams and types of reuse which are applicable to the treat-
ment system specified.

167



TREATMENT AND DISPOSAL SYSTEMS

TABLE Al.
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TABLE Al. FOOTNOTES

Indicates that the lagoon provides the type of biological treatment
indicated.

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indicates unknown process.capable of providing the treatment
required (either sin?ly or in combination with othe: specified
processes) for the disposal option(s) indicated under given site
conditions. Although 1t 1s recognized that new di-posal options
are possible no "black box" fs included for disposal options since
it would not be possible to specify the pretreatment required for

_an unknown disposal method.

So{1 Absorption System.
For example, a holding tank with perfodic pumping.

170



TREATMENT AND DISPOSAL SYSTEMS --

PHYSICAL SITE CONDITION 2

TABLE A2.
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TABLE A2 (Continued)
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TABLE A2. FOOTNOTES

Indicates that the lagoon provides the type of biological treatment
indicated.

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of

) treatment units in a system.

Indicates unknown process capable of providing the treatment
required (either singly or in combination with other specified
processes) for the disposal option(s) indicated under given site
conditions. Although it is recognized that new disposal options
are possible no "black box" is included for disposal options since
it would not be possible to specify the pretreatment required for
an unknown disposal method.

Soil Absorption System.

For example, a holding tank with periodic pumping.
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TABLE A3. TREATMENT AND DISPOSAL SYSTEMS
PHYSICAL SITE CONDITION 3
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TABLE A3. FOOTNOTES

Indicates that the lagoon provides the type of biological treatment
indicated.

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indfcates unknown process capable of providing the treatment
required (efther singly or in combination with oth.r specified
processes) for the disposal option(s) indicated under given site
conditions. Although it 1s recognized that new ¢“sposal options
are possible no "black box" is included for disposal options since
it would not be possible to specify the pretreatment required for
an unknown disposal method.

Soil Absorption System.

For example, a holding tank with periodic pumping.

Applicable only if used in conjunction with other disposal methods
not affected by the 1000 ftZ available land limitation, such as

mechanical or thermal evaporation, off-site disposal, drip irrigation,
etc.
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TREATMENT AND DISPOSAL SYSTEMS --

PHYSICAL SITE CONDITION 4
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TABLE A4. FOOTNOTES

Indicates that the lagoon provides the type of biological treatment
indicated.

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indicates unknown process capable of providing the treatment
required (either singly or in combination with other specified
processes) for the disposal option(s) indicated under given site
conditions. Although it is recognized that new disposal options
are possible no "black box" is included for disposal options since
it would not be possible to specify the pretreatment required for
an unknown disposal method.

Soil Absorption System.
For example, a holding tank with periodic pumping.
Applicable only if flow reduction and/or off-site disposal of a

portion of the total wastewater are used to reduce disposal area
requirement.
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TREATMENT AND DISPQSAL SYSTEMS --

PHYSICAL SITE CONDITION 5
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TABLE A5. FOOTNOTES

Indicates that the lagoon provides the type of biological treatment
{ndicated.

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indicates unknown process capable of providing the treatment
required (either singly or in combination with other specified
processes) for the disposal option(s) indicated under given site
conditions. Although it 18 recognized that new d:sposal options
are possible no "black box" s included for disposal ontions since
{1t would not be possible to specify the pretreatment required for
an unknown disposal method.

Soi1 Absorption System.
For example, & holding tank with periodic pumping.
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TREATMENT AND DISPOSAL SYSTEMS

PHYSICAL SITE CONDITION 6
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TABLE A6 (Continued)
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TABLE A6. FOOTNOTES

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indicates unknown process capable of providing the treatment
required (either singly or in combination with other specified
processes) for the disposal option(s) indicated under given site
conditions. Although it is recognized that new disposal options
are possible no "black box" is included for disposal options since
it would not be possible to specify the pretreatment required for
an unknown disposal method.

Soil Absorption System.

For example, a holding tank with periodic pumping.
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TREATMENT AND DISPOSAL SYSTEMS -

PHYSICAL SITE CONDITION 7
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TABLE A7. FOOTNOTES

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indicates unknown process capable of providing the treatment
required (efther singly or in combination with other specified
processes) for the disposal option(s) indicated under given site
conditions. Although it is recognized that new disposal options
are possible no "black box" is included for disposal options since
it would not be possible to specify the pretreatnent required for
an unknown disposal method.

Soil Absorption System.

For example, a holding tank with periodic pumping.
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TREATMENT AND DISPOSAL SYSTEMS --

PHYSICAL SITE CONDITION 8
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TABLE A8. FOOTNOTES

Indicates that the lagoon provides the type of biological treatment
indicated.

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the aorder of
treatment units in a system. .

Indicates unknown process capable of providing the treatment
required (either singly or in combination with other specified
processes) for the disposal option(s) indicated under given site
conditions. Although it is recognized that new disposal options
are possible no "black box" is included for disposal options since
it would not be possible to specify the pretreatment required for
an unknown disposal method. B :

Soil Absorption System.
For example, a holding tank with periodic pumping.
Applicable only if flow reduction and/or off-site disposal of a

portion of the total wastewater are used to reduce disposal area
requirement.
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TREATMENT AND DISPOSAL SYSTEMS

PHYSICAL SITE CONDITION 9
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TABLE A9. FOOTNOTES

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Ind{icates unknown process capable of providing the treatment
required (efithar singly or in combination with other specified
processes) for the disposal option(s) fndicated uncer given site
conditions. Although it 1s recognized that new disposal options
ara possible no "black box" is included for dispozal options since
1t would not be possible to specify the pretreatment required for
an unknown disposal method.

So11 Absorption System.
For example, a holding tank with perfedic pumping.
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TABLE A10. FOOTNOTES

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indicates unknown process capable of providing the treatment
required (efther singly or in combination with other specified
processes) for the disposal option(s) indicatad under given site
conditions. Although it is recognized that nes disposal options
are possible no "black box" is included for disposal options since
it would not be possible to specify the pratreatment required for
an unknown disposal method.

Soil Absorption System.

For example, a holding tank with periodic pping.
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TABLE Al2. FOQOTNOTES

Indicates that the lagoon provides the type of biological treatment
indicated.

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indicates unknown process capable of providing the treatment
required (either singly or in combination with other specified
processes) for the disposal option(s) indicated under given site
conditions. Although it is recognized that new disposal options
are possible no "black box" is included for disposal options since
it would not be possible to specify the pretreatment ~equired for
an unknown disposal method.

Soil Absorption System.

For example, a holding tank with periedic pumping.
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~ TABLE All. FOQTNOTES

Order in which systems appear does not fmply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a systenm.

Indicates unknown process capable of providing the treatment
required (either singly or in combination with other specified
processes) for the disposal option(s) indicated under given site
condftions. Although 1t 1s recognized that new dicposal options
are possible no "black box" is included for disposal options since
1t would not be possible to specify the pretreatm-1t 1equired for
an Unknown disposal method.

Soi1 Absorption System.
For example, & holding tank with perfodic pumping.
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TABLE A13. FOOTNOTES

Indicates that the lagoon provides the type of biological treatment
{ndicated.

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indicates unknown process capable of providing the treatment
required (either singly or in combination with other specified
processes) for the disposal option{s) indicated under 3iven site
condfttons. Although it is recognized that new di.posal options
are possible no "black box" 1s included for disposal op*ions since
1t would not be possible to specify the pretreatment required for
an unknown disposal method.

Soi1 Absorption System.

#§ For example, & holding tank with periodic pumping.
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TABLE Ala. FOOTNOTES

Indicates that the lagoon provides the type of biological treatment
indicated.

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indicates unknown process capable of providing the treatment
required (either singly or in combination with other specified
processes) for the disposal option(s) indicated under given site
conditions. Although it is recognized that new disposal options
are possible no "black box" is included for disposal options since
it would not be possible to specify the pretreatment required for
an unknown disposal method.

Soil Absorption System.

For example, a holding tank with periodic pumping.
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TABLE A15. FOQTNOTES

Indicates that the lagoon provides the type of biological treatment
indicated.

Order in which systems appear does not imply ranking.

Numbers which appear in the body of the table indicate the order of
treatment units in a system.

Indicates unknown process capable of providing the treatment
required (either singly or in combination with oth:ur specified
processes) for the disposal option(s) indicated under given site
conditions. Although it is recognized that new c‘spo.al options
are possible no "black box" {s included for disposal options since
it would not be possible to specify the pretreatment required for
an unknown disposal method.

Soil Absorption System.
For example, a holding tank with periodic pumping.
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TABLE A16. TREATMENT/REUSE SYSTEMS FOR
SEGREGATED WASTE STREAMS*

Treatment
Naste Stream Biological Physfcat-Chemical Reuse
s .22
- H SZ8
&3 2 § 5 253
~ L - 8 el
£ o - . L Al
= ° H 3 pel g &3 2.3
@ - ': 9 - B . - L = - & O
Pl = |2 i § & 1812152 =S o
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cix 4 10,312 S| X X X
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F 2 (1. k] | 4 X x
6 X 1 2| X X
H X 1 X X X
1 X 1 2 3 X
J X 1 2|3 4 X
K X 1
[§ - X X 1.3 4 H X
M X 211 k) 4 5| X
N X 2 3 4 511X
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PlX X 1 X x X
Qlx b3 2 1,3 4| X X
RIX X 1 H 3
S |x X 1|2 X
TiX X 1 213 (X X
1] X 1 2|3 X
¥ 1 3 214 X
FOOTNOTES: ’ .

* [Includes only treatment systems unique to sagregated waste streams The treatment/disposal
system tables for each site variable indicate the treatment systems applicable prior to reuse
of combined wastewater Many of the systems on Table 1 are also applicable to segregated
waste streams

** [ndicates unknown process capable of providing the treatment required (either singly or in
combfnation with other specified processes) for tha reuse option{s) indfcated

* Order in which systems appear does not {mply ranking
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APPENDIX B
REUSE WATER QUALITY OBJECTIVES

For the purposes of this study, reuse water quality objectives are re-
quired to determine the level of wastewater treatment necessary prior to on-
sita reuse. Considerable variation exists for reuse water quality character-
{stics at existing reuse sites; reuse water quality criteria recommended by
saveral national and international organizations; and reuss water quality cri-
terfa enacted by various legislative bodtes. Despite the variations, protec-
tion of public health ,and environmental and aestheti. acceptability have

»

generalTy been the guiding.principles:

To ensure .protection of public, health, reuse water quality recommenda-
tions and requirements generally -have-teen :based.on the 1ikelihood of human.
contact and/or ingestion of reuse’ water. Soma form of bacteriological
‘measurement (usually the number of coliform organisms per 100 ml) s used as
an indicator of ‘health hazard potential. Physical and chemical water charac-
teristics are algo indicators of safety hazards and toxicity danger’ of the
‘reuse water, as well as indicators of environmental and aesthetic suitability
of reuse applications. -

Categordes used to describei-reuse applications for this study are based,
on the considerations shown in Table B-l rl). Tables 'B8-2, B-3, and B-4 pre-
sentthewater -qualdty-objectives used -in this study for reuse catagories B,
C, and'D, respectively.  ‘Thesa watar quality objectives-ware estimated based
on the data presented and the Judgment of the project team. In general, the
specific values selected are weighted means of the data presented. Thus, the
adequacy of these values requires further demonstration before they can be
used outside of the contaxt of this report.
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TABLE B-1.

REUSE CATLGORIES AND APPLICATIONS*

Application for
On-Site

Category Consideration Reuse Type Reuse Systems

A Risk of l1imited contact with reuse Aesthetic lakes (boating, fishing None
water 1s unhikely and swinming not allowed)

B Risk of limited contact with reuse Recreational lakes with boating & To1let flushing grade:
water is significant, but i1ngestion fishing (but swimning not allowed), Toillet flushing reuse
1s unlikely toi1let flushing

C Risk of full body contact with Irrigation of' (1.e., golf courses, Utility grade: Lawn
reuse water 1s significant, athletic fields, and parks), park watering, 1rrigation,
1mmited ingestion 1s likely fountains, car washing car and house washing,

and toilet flushing
reuses

D Full body contact with reuse water Recreational lakes with boating, Body contact grade:
1s assumed, limited 1ngestion is fishing, and swimning allowed. Laundry, shower, lawn
l1kely (potable reuse not allowed) watering, 1rrigation,

car & house washing,
and toilet flushing
reuses

£ Potable reuse assumed Full potable reuse Uncertain

* Adapted from Reference 1.



TABLE B-2. TOILET FLUSH WATER QUALITY OBJECTIVES (a)

Recrestional lakes Recrestional lakes

(with bosting o (with boatimg axd Proposed for this
fisning) fishing) Toilet flushirg (d,g) Totlet flushing(c)  stidy - Toflet
Santes County, CA (b,e) Lancaster, CA (bc,f) Toky, Japn - flushimg grate
23) 2,3} (9} (1) —
B0 35 0.4 (5-10) (20) (%) (20)
[s11] L] 5 (45-%) (40)
s ) 5 (0) (30) (20)
S 1,10 44 (S00-650) (5,00}
Tatal Coli forey
100 m} .2 (0.2) (240) (240)
Turbidity (TU) S 1.5 (3-0) () (25)
Color (S.U.) {no disagreesdle (m disagreesble
color) color)
Odor (S.U.) (m diz;eawle (non-of fersive) (ron-of fensive)
Floatable O (rot visthle} (rot visidle)
pH (S.U) 7 6,15 (6.5-1.0) {6.5-9.0) (6.5-9.0)
NG 0.% 1.0 (0.1-15.0) (20}
Organicd 1.7 (13)
10,4 (18]
0y 1.0 1.9 (14)
™ 4.5 (3-20)
0, 6.2 (0.10.5)
» 3.6 [ V.
Chiorides (200)
Chlorine
Restaes 0 3 4 {0.52.5)
Ly (7-15) @)
Y] (24)
N -4 %8
13 %
Boron 0.R (0.8-1.4)
SR (5~7)
Total Alkalinity
as 20 6 (74-40)
Total Hardness
as Gy a0 @ (3-110) (400)
¢, 2.4 8 (1)
Arsentc 0
Ovoniun 0
Copper 0.0
Iron 0.2 m
Mangarese 0.0
Selenfun 9
e 0.4

(8)
{v)

(e}
d)

Units « my/1 wless otherwise noted

Deta represents lacally existing water quality characteristics unless
otherwise roted

Robers ton in mrenthesss represent local Ty required wter qality
Tokyo Metropel ftan Goverment, tentative criteria

e) Coliform limitation i3 tate requirewt

(N
(9)

Laroman Regional Water Quality Cantrol Board Requirarents.  (olifom Hmttation
of 2.2 is Rate requirgrent
Flash mint of non-aqeous reccle Alutd  73.3°C (minimm)
Nobers show in prentheses represant locally recomended water quality criteria
Taxcity Oral LBSD > 500 my/kg

fove eye trritation - o irritation

Primary skin irvitation - mild or slight irritation &t 72 krs

Dermal LOS0 > 20,000 mg/kg

Irtalation LOSD > 2 ag/1
Foxx lore

216



TABLE B-3. UTILITY GRADE WATER QUALITY OBJECTIVES
g
§g2 5
g 8 s 2y FECI 1
=3 z s _3 23z ¥ i £y 3%
8. ©B38Z B S = gg: £3 ;
o5 E83% 5 g e 2 g 93 i
PEES 3353 ¢ > 22 u3pg 1% §2T £ is
333z 3832 $ 2 3 5 3F§E 5% 2 8= ,RF
535 3325 E 8 5. & Zpiz Z3 £g= Fi37 333
ngg 3 s . Bmo 83 ‘B‘a— 8y LG c
3523 5358 ¢ 5 (5 M FECR P 3158 &8¢
.S.=§ 3543 £ 0 843 Bus §5F  EEgz  F23® B2
e oai s 4 B o i I8
£33, 338 E8s fze ExdR PB4 3333 Eyzd by
80 3.8 3 12 19 5-10(10) (10} (10) {(20)(d) (15)
o) (™)
S 2.0 1 7 2 10(10) {10) (5) (30)(d) (15)
s (500)
™ 1,50 616 (1,20)
Total col{ forey
o a 2.2 0(200) (0) (200) ()
Fecal col i forny
o (2.2)
Total bxtoria/
100 m! (10,a0)
Turbidity () 20 (5}
- 4.0 2% ) )
Chlorides 1w m 350 am (600) (20$0)
Chlorine
Residwl 1.5 - (02)
s (10)
A 0.%
Boron an
Total Hardness
as
ij 0.0 0.04 (am)
tran 0150 05)
Marganese aon as)_ _
Golor (S.1.) (i0) (o dis-
agl-ee&le
Ogor (SU.) Sign. Chlorne {nt - {ron- ‘(::o:)
pleasant} offersive) offersive)
Flastable 0% {not nat
nishle) visible)
- (SU) 72 18 1.5 16 (6.7-8.5) (5.8-8.6) (6-9)(d) (5.5-2.5)
N u.5 0
OrgameH 25 22
0.% 0.7
0.B 1.2
48 2.8 (0.5)
Urc 0.08 C.056
Leal @.0R 0.02
Catohm .02 0.a8
Nickel 0.031
Foride R 0.3%
Pedd 0006 0.0M

(a) Units - my/T wnless otherwise mted
b) Oxta regresonts locelly existing water quality wunless otherwise noted
) Nsbors shen (n prrentheses represent Jocal ly roquirad witer qaal ity requiroments
d) Mobers shown In prenthesss represent locally recomerddl water quality
Bagerd on EPA secomdary trestmont regarerents
Salt aumilattons in sof] occurad die to hich TUS ad lov precipitation
High chlorire residul mintaineg to discourage hman conurgtion
hg £l stararas for U.S Yirgin Islanss
1) Janan Housing Corporation progosad vater qaal ity standards for reclained we
1) NF prowosm critena (not adopted)
Flash pint of non-ageous rcycle flnd  73.3%C (minmam)
Taticaty  Oral D50 > SO0 myfkg
fete ge frritation - o imitation
Primary skin irmitation - mld or slige irvitation at 72 s
Oevmal LDS0 > 20,000 my/kg
Inhalation LI5S0 > 20 mg/t

Foa: Nog
(k) Specific nuber selectad based on Standard Methods amlytical procadure
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TABLE

-4, _BODY CONTACT GRADE WATER QUALITY OBJECTIVES

nntry, dowr, lan
1ol {7, ronare
trrigation, car &
facrestiond] (1o Y veshirg, Hre Procee) for s sy -
alladng buty comtact) fomig b oflet torel oty comact grese landry,
{rdiey Owk Nas., fople reum furig ("Ces ) - Interim rivwry Vo, lon srinidng,
Alpire Gy, G4 Winfoon, SLh R wmngm Orimimg iter fregaton, cor § Pouse
(YR e lbeg | ainking claas’) (600 Repdetins () wai, frefigeing
l‘al ﬂ“ 1)) 0}
”w arl o ) (%) {0 (0
-] 120482 (X0) " ()
] o (%) (¢ 1]
™ - o (@)
Tora) oot ooy
- L 2] oMm m [{}] (Q.3)
Taviery (W) 4304 3} “m n 11} m
e () ' {re dupwmeis aler)
wr (h) (rere) (revattuutw) (ronera=tre)
Fenale 08 (et ismle) (rm vien'e}
W 6004 16 0,044 -4 (XIY)
- O e 0.04.4) (-9 (0 )
it om0
A Ghld af (ah)
ok a0-.0 v .
rd (Y04 ] ] {0} (L)) (®)
™ o8 {18}
o L] - .
| g 3.0 '
B (] o |
Oloen ] a o !
Slorie
[ T Al (1] '
- o (o)
- M‘an
] ] L]
[} "
fu) Al iy
o Oy wa
T vnn
Dy L
o [ ) oa) Q8)
wa Q) [{E) 0@
qrans L] (&) o) 3)
[ ! e (o)
[ . M- 3]
yne [~ ] (o)
Meta [~ (o) o [
e 8 (ac8) (cB) (o)
it axs
™ (0.08) (%) 8)
[ '} (&%) (aon} (34%0)
ry (.8} () (0.)
Nare uons soue
tAINT 1400%
Xt
¢ RSSY U -3— ﬂ‘g ropirel wier qal!
Ay Soe B Jyetiens 1mdly remanel wir quil ity ooty
L] e
flm dum He T, CA Califom ) initaticn ) Boke reputrems
- g’ Ao am hlpul.lu 1 Wth e et Sy ISP DALIN © G ROUNW (AW KW e WO *AcerDle Orirkirg
‘et Raniws) (3
w 'ﬂ'm hdlu$ .’nm T3 (wiatms)
hhtsl el WD) D q":'
« AN ou Irriution « m iritation
Priary skin 1on « 1ld o S g tretation & T2 twe
Oormal LOI0 > -5
N|n Inelmion 0T ) Iyl
w ) for mfortivity #w A thusd

7 awricd e
(1) Aagation du trluh canere Ry oromic serkdls wd redtoR vty [}
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