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1. Does this report satisfy a need? (Comment on purpose, related
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FOREWORD

The U.S. Army Construction Engineering Research Laboratory (CERL) con-

ducted this study b r  the Directorate of Military Construction. Office of the Chief of

Engineers (OCE). under Project 4A162121A8% “Environmental Quality for Con-

struction and Operation of Military Facilities”; Task ui~ 
“Environmental Quality

• Management Ihr Military Facilities ”; Work Unit ~~~,‘Characterizatiofl of Wastes

From Army Installations.” The QCR is 1.03.006(3).

) 

V. Gottschalk was the OCE 1’echnical Monitor.

The study was performed by the Environmental Engineering Team (~NE). Envi~
• 

• ronmental Division (EN). CERL. B. A. Donahue was the CERL Principal Investi-

gator and G. W. Schanche was the Associate Investigator. The authors wish to

acknowledge Mr. J. Matherly and Dr. Yeun C. Wu tt r their assistance in preparing

this report. Administrative support and counsel provided by Dr. R. K. lain, Chief of

EN. and Mr. W. I. Mikucki. Acting Chief of ENE. is gratefully acknowledged.

• 
COL .1. E. Hays is Commander and Director of CERL and Dr. L. R. ShatTer is

Deputy Director.
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WATER/WASTEWATER
- . SURVEY GUIDELINES Objective

The objective of this report is to provide insta lla-
INTRODUCTION lion DFAE personnel with guidance for planning

• and performing water/wastewater surveys. The data
Background gathered in the surveys can be used to facilitate envi-

• ronmentai report preparation, indicate possible
Recent environmental legislation and subsequent corrective measures for pollution problems, aid in

reporting requirements have produced a need for preparing environmental impact assessments and
background data on pollutant emissions from Army statements , and assist in effectively contracting for

• installations, and soliciting expert assistance in solving water
pollution problems.

AR-200- t , 3 issued by the Department of the
Army, requires compliance with federal, state , inter- Approach
state, and local standards for water emissions and
ambient water quality. In accordance with Subpart Data and informational requirements of installa-

4 C of the regulation. installation Directorates of tion personnel were identified by reviewing and
• Facilities Engineering (DFAE) must identify sources assessing reports required by recent environmental

of water pollution and submit reports on pollutant legislation. Methodologies were developed to assist
- emissions. Installations which do not meet current installation personnel in efficient gathering of neces-

./ standards must furnish an Environmental Pollution sary data and information on potential sources of
Control Report (RCS DD-l&L (SA) 1088) proposing water pollution. Specific sources of pollution and

-• remedial measures for the pollution problem. The their likely types of emissions are described qualita -
Environmental Protection Agency (EPA) also re- tively.
quires all federal facilities to obtain National Pollu.
tant Discharge Elimination System (NPDES) per. Scope
mits for all discharges from point sources , to submit

- a periodic NPDES monitoring Report (RCSEPA- These guidelines serve as a basis for improving
10021, and to report semiannu a lly on the status of data gathering . They present an organized system of
water pollution control as part of the Environmental survey planning (Chapter 2), mass balance investiga-
Protection Control Report (RCS DD- l & L(SA) tions (Chapter 3), waste source descriptions (Chap-
1088). (See the appendix for a brief history of recent ters 4 and 5), sampling program design (Chapter 6),
environmental legislation.) and water/wastewater flow measurement (Chapter

7). References listed in the Bibliography contain
These reporting requirements pose a problem to detailed background information for specific areas.

I • installation personnel since comprehensive guidance
is not available for defining water pollution emis- It should be noted that because of the many types
sions at gross and detailed levels. In response to this of’ surveys which can be undertaken, these guidelines

• problem, this report provides installation personnel providc only co~iceptual guidance , rather than
with guidance- for gathering data on the water envi- specific directions.
ronment. This report is one of a series of three re-
ports which supply the means for gathering back-
ground data on solid waste ,2 air, 3 and water/waste - SURVEY PLANNING
water.

• ,, Two basic types of survey data can be collected:
background information, which gives a general over-

1Environmental Protection and Enhancement, AR-200-i u~. view of the water quality situation; and specific in-
- partment of the Army, December 1975). formation, which details a particular problem.

~O. Schanche , L. Greep. and B. Donahue, Installation Solid Regional and installation surveys furnish back-
- ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ground information, while regulation compliance,

‘6. Schanche and B. Donahue , Air Pollution Surve y Guideline’s waste source evaluation, and ambient water quali ty
for Army Installations, Technical Report N-S (CERL. 1976). surveys provide specific data.
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Background Info rmatIon pliance , environmental impact analysis, problem
characterization, and design analysis. Three survey

Regional or installation surveys are performed to systems—the regulation compliance, waste source,
define the regional water quality setting and the in- and ambient water quality surveys—have been devel-
stallation’s role in It. These surveys gather back- oped for use individually or in combination to gather
ground and historical information about static or the information required for these evaluations.
slowly changing elements of the water quality setting.

A regulation compliance evaluation is required to
The regional survey defines the regional water determine whether a particular discharge complies

environment by identifying major watersheds, defin- with regulations. Executive Order 11752 states that
ing major water uses, and locating major wastewater all federal facilities must comply with all ”. . .

) 
sources. The installation’s role in the regional water federal, state, interstate, and local substantive
system can be defined by interpreting survey infor- standards and substantive limitations. . . .“ The

• mation. For example, water bodies directly affected regulation compliance survey outlined in this report
by installation activities can be identified by defining is useful for determining the extent of compliance at
watershed drainage divides. Potential pollution an existing discharge point (outfall). The waste
problems can be anticipated by defining major source survey can be used to pinpoint the process or
downstream water uses and noting their quality and conditions responsible for any noncompliant dis-

4 quantity requirements. Potential pollutants entering charges, and the ambient water quality survey can be
the installation can be identified by understanding used to check compliance with minimum water qual.
the characteristics and location of upstream waste ity regulations established for a particular stream.
sources. The regional survey also identifies all
regional regulatory agencies and the extent of their The purpose of an environmental Impact analysis

-
• regulatory powers. is to evaluate the potential effects of proposed or

current activities on various aspects of the environ-
The Installation survey defines the installation’s ment. In evaluating the effect of current activities on

• 2 water quality situation by dividing the installation water quality, the regulation compliance survey can
into perennial stream watersheds and identifying be used to identify violations of regulations, while the
land uses, wastewater producers, and water uses ambient water quality survey can be used to deter-

IL 
- within each watershed. The survey data thus can mine impacts of current activities on the receiving

\ provide a preliminary understanding of the factors water . In evaluating proposed activities, the ambient
controlling the installation’s water quality. By pro- water quality survey can be used to establish the
viding an understanding of wastewater discharge background conditions and the waste source survey

• characteristics, the survey also can help pinpoint can be used to predict waste loadings from the pro-
potential sources of a specific problem pollutant posed activity.
quickly, thus hastening resolution of the problem.

A problem characterization evaluation is per.
• Background information from these two types of formed to define a problem’s scope and the factors

surveys is very useful in furnishing the user with an that cause the problem. The waste source survey can
• understanding of the installation’s role in regional be used to evaluate process-related problems, while

• • water quality and its potential for impacting that the ambient water quality survey can be used to eval-
quality. Such an understanding is basic to effective uate receiving-water problems.

.4 : and informed cooperation by Army installations in
achieving and maintaining the desired regional The purpose of desIgn analysis is to gather infor-
water quality. mation on which to base design decisions regarding

management systems and hardware systems. Man-
Specific Information agement design decisions generally concern alloca-

• t ions of limited resources, evaluation of the ade-
Specific evaluations provide the user with the quacy of current systems , and development of new

detailed information necessary for solving a specific systems. The waste so’j rce, ambient water quality,
problem. Because this type of information is highly and regulation compliance surveys can supply useful
dependent on the situation, almost all the data must information for establishing funding allocation pri-
be collected at the time it is needed. The four basic orities and designing new management systems. The

8

~~ reasons for specific evaluation are: regulation corn- ambient water quality survey provides information
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• tot allocating ~ ater resources and for judging the tions, however , should be handled by an experienced
effectiveness of current water pollution control pro- professional—either in-house or on contract. Survey
grams. planning and data interpretation should be per-

• formed cooperatively by the survey output user(s)
In designing wastewa te r treatmeni ~ysterns , selec- and t he experienced professional. Actual allocations

• t ion of appropriate hardware components requires of manpower, funds, and equipment depend on the
-

• 
information on the characteristics of’ the wa ’,tewater s ize and scope of survey and time constraints. Large
to he treated and the quality of the ett luent to he pro- surveys having a broad scope and short completion
duced. in this Lapacity. the waste source survey sup- time are generally the most expensive.

) 

plies the necessary information about the w~ ~ewate r
characteristics , the regulation compliance survey

• provides information about the applicable water WASTEWAT ER MASS BALANCE
quality standards , and the ambient water quality
survey prov ides information about the waste assimi- The mass balance approach is a systematic
lat ion and hydrologic characteristics of the receiving method defining the working of a particular system.
water. The characteristics of the system are defined by

determ ining the material inputs and outputs for

• Survey Planning Flow Charts each system element. The difference between inputs
and outputs represents materials which arc con-

Figures I through 8 are annotated tiow charts to sumed or wasted by the system (Figure 9).
he used as guides in planning water/wastewater
surveys. Before the flow charts can be used, a spe- In wastewater investigat ions, the mass balance

- cific need for water-related information must be approach is used to define water use and probable

I ~
) defined. Once this is accomplished, the flow charts characteristics of the resulting wastewater. This

provide step-by-step guidance in planning the appro. approach allows the investigator to understand the
priate type of survey for gathering the required infor- process workings. i.e.. the inputs and outputs of a
mat ion. given process. and provides a means for accounting

for all water and materials used in the system.
Figure 1. the survey planning master flow chart,

directs the user to the appropriate flow chart for the Surveys likely to employ mass balance procedures
type of survey(s) which will meet his needs. Figures 2 include regulation compliance surveys, waste source
and 3 detail the sequence of steps required to corn- evaluation surveys, and some ambient water quality
plete regional and installation surveys , respectively; surveys.
Figure 4 provides the general outline for a regulation
compliance survey; Figures 5 and 6 list the specific The wastewater mass balance procedure has a
steps to follow for the two types of regulations— qualitative aspect . in which exis t ing information is

~~~ stream standard and effluent standard (defined in used to define wastewater production and character-
the appendix); and Figures 7 and 8 contain instruc- istics , and a quantitative aspect , in which field data
tions for completing waste source evaluation and are used to quantify wastewater characteristics. The

• ambient water quality surveys , respectively. steps involved in performing a wastewater mass
balance are described below.

- The flow charts also identify portions of this report
which are applicable to planning specific parts of a Definition of Scope of Investigation
water/wastewater survey.

~~~~ The first step is to define the objectives of the
The flow charts have two fundame~ta l limitations. survey, and the location and extent of the system

First , no ment ion is made of specific survey objec- under investigation, in order to establish the scope
tives. It is assumed that the flow charts will not be and limits of the investigation. Survey objectives fall
consu lted until there is a specific need for informa- into four basic categories: regulation compliance.

~~~~ t ion. which implies establishment of certain survey problem characterization, design ana lys is , and envi-
objectives. Second. the flow charts do not mention ronmental impact analysis.
resource allocation for survey performance. It is
assumed t hat background information can be gath- Regulation compliance surveys are performed pri-

- 
ered by any competent individual. Field investi ga- man ly to document compliance with specific regula-

9
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- Select Information type (l)•

I 
‘
~~~~1Background Specific

— - I I
Select information Define problem sad select

level (2) survey sy,emm (3)

.1 I 1 1 
_ _  

I
~~~ Re~ional Installation Regulation Waste source Ambient

• I cosnpllaace e,ahsad4n, water
See “Regional” See “Installation” I I qnahty

flow chart flow chart See “Regulation See “Waste
(FIgure 2) (Figure 3) - Compliance” Source” I

flow chart flow chart See
I (FIgure 4) (Figure 7) “AmbIent Water

0~~~~’-

~~~~~~~ flowchart

~~~re8)

j  • Figure 1. Survey planning master flow chart.

•Num~~~ in parentheses refer to annotations which follow FIgure 8.

Identify major rivers or lakes receiving runoff orwutewater from the installation. (4)

Define watershed boundaries for each major water body. (5)

Locate major point sources within each watershed and list probable contaminants, magnitude of flow, and occurrence condItions. (6)

Locate major nonpoint sources within each watershed and list probable contaminants, occurrence conditions, and contributing area. (7)

Define major downstream water uses Including quantity and quality requIrements. (8)

- 

• 
Locate existing sampling and gauging stations and define the scope and type of information gathered. (9)

Determine flow patterns and magnitudes for all major rIvets. (10)

Identify federal, state, and locaJ regulatosy agencies and define their responsIbIlItIes. (11)

Define the lnatalladoa’a part In any regional water quality programs. (32)

investigat, any specific water qualIty problems under one of the “specific” survey programs.

Figure ~~. Regional survey planning flow chart.

10 

- ‘ ~~- ~-~~~~~~ ‘-~~~~ ‘ 
~~~~~~~~~~. ~~~~~~~~~ . - —— ~ ‘a ~~~~



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

-• Locate all perennial streams and lakes on the installation. (13)

Define the watershed boundaries for each identified water body. (14)

- Identify major land uses within each watershed and define area devoted to each use. (IS)

• Locate point wastewater discharges within each watershed and define magnitude, occurrence conditions, and probable contaminants. (16)

Locate uncontined wastewater discharges within each watershed and define probable contaminants, occurrence conditions.
and contributing area. (17)

Identify major water uses w) thin each watershed and define usage patterns and magnitude. (18)

4 Determine flow patterns and magnitudes for all Identified streams. 119)

- I Locate sources of existing information and define the scope and type of information gathered. (20)

Investigate any specific water quality problem under one of the “Specific ” survc~ programs.

[ I Figure 3. Installation survey planning flow chart .

Identify reguiation source. 4 21)

identify area(s) of questionable compliance. (22)

Select parameters to be investigated. (23)

identify type of regulation. (24)
I. I

I- I
Stream standard Effluent standard

I I
See “Stream Standard” See “Effluent Standard”

flow chart flow chart
(Figure S) (Figure 61

~~~~ FIgure 4, Regulation compliance survey planning flow chart .

ii
I

—~~
• 
-~~

-
~~~~ ‘ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :_ 

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

~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —



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

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

• •
~~~~~~~~~

‘• _
~

___ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_•
~ 

_ —
~
_

F Locate outfalls of potential noncoinpilant dIscharges. (25)

Identify type of discharge. (26)

a. Continuous—
Identify flow-control factors and define flow cycle.

b. Periodic—
r Identify discharge cycle, determine wastewater quantity, and

define discharge duration.
c. Random—

) 

Identify occurrence conditions, determine wutewater
quantity, and define discharge duration.

Select parameter and identify which will require field analysis. (28)

Select analysis techniques. (27)

Select sampling locations. (29)

• ,(

• I
Determine samplingschedule. (30)

I’ Determine upstream and downstream concentrations of investigated
contaminant at each suspected waste source. (31)

-
~~~~ Yes ______________________________________Downstream in compliance?

I I
End No

Yes -.— . Upstream in compliance?

Identify contributing waste sources. (32) ‘ No

I Locate p~,tentiaI upstream outfalls of investigated contaminant. (35)

Determine the relative contributions of each waste source to
the total flow. (33)

Outfall within the Installation
• boundary ? Yes
-- Perform waste source evaluations on each contributing waste I

source. (34) No Investigate new outfall according
to procedures listed under
“Stream Standard.” (38)

Identify potential upstream
sources. (37)

Determine contaminant
concentration at the
installation boundary.
(36)

Figure 5. Stream standard compliance survey planning flow chart.
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Locate potential noncompliant discharges. (39)

-~~ Identify any process size or total flow limitations contained in the regulations. ~40)

Does investigated outfall fall within the scope of the regulations? No

I End

Yes

identify type of discharge. (26)

a. Continuous—
identify flow control faesors and define flow cycle.

b. Periodic—
Identify discharge cycle, determine wastewater

• quantity, and define discharge duration.
• c. Random—

-
; 

Identify occurrence conditions, determine wastewater
.4 quantity, and define discharge duration.

Identify parameters to be monitored and select analysis technique. (27)

- Determine which parametL require field analysis. (28)

Select sampling locations. 429)

Determine sampling schedule. (30)

Identify type of effluent standard. (41)

a. Concentration—
Determine concentration range of suspected pollutant.

b. Total mass—
I.e. Determine total quantity of pollutant discharged by multiplying

the average pollutant concentration by the total daily wastewater
flow. (73)

• 
- Is the investigated outfall in compliance? Yes

I EL

~
io

.Identify the waste sources contributing wastewater to the outfall (32)

- 
Determine the relative contribution of each waste source to the total outfall. (33)

- Perform waste source evaluations on each contributing source for suspected contaminants (34)

Figure 6. Effluent standard compliance survey p lanning flow char t .
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Define the survey objectIves. (42)
I
. - ILocate waste sources to be InvestIgated. (43)

I Obtain a water supply, sewer, and storm drainage map for the Installation. (44)

Identify paths of wastewater and stormwater drainage. (45)

Develop a detailed water supply and sewer map for the waste source. (46)
I

Define process flow within each waste source. (47)

J 

Locate water-using processes and define consumption rates. (48)

Identify wutewater-producing processes and determine discharge types. (26,49)

- ‘ a. Continuous— ‘

* Determine flow control factors and flow cyclea.
b. Periodic—

Determine discharge cycle, total volume discharge, and duration of discharge.
c. Random—

4 
Identify discharge conditions, delennine total volume discharged, and define duration ofdischarge.

Determine material consumption rates for each process and define the factors which control the rate of consumption of Input nsatetials.(50)

- 
Locate any wastewater treatment or pretreatment processes. (50)

) a. Identify contributing production processes.
b. Define treatment objective.
c. Determine process efficiency.

• Prepare a material input diagram. (51)

Select indicator parameters. (52)

Obtain grab samples of investigated outfalls. (53)

Select analysis techniques. (54)

Determine which parameters require flek~ analysis. (28)
• Select sampling locations. (55)

Determine sampling schedule. (56)

Perform survey.

~~~~~~
_ Prepare mass balance diagram. (57)

• Identify wastewater discharges which can be reduced. (58)

Define correlations between wastewater characteristics and process parameters. (59)

Determine statistical variation in parameters. (60)

Figure 7. Waste source survey planning flow chart.
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Define survey objective. (61)

- I
Assemble and review availab le information concerning stream under survey . (62)

Define stream watershed. (63)

Locate tributaries. (63)

Define land use within watershed . (63)

- 
Identifly and locate points of wastewater discharge. type of wastewater . waste loading-pollutants. total flow , and occurrence conditions. (63)

• Locate and quantify existing water uses. (63)

Define parameters to be monitored. (64)

Locate contributory point and nonpoint sources. (65)

1
, L.ocate and typify existing sampling and stream-gauging Stations. (66)

1’ I
Define stream hydrologic history . (67)

Locate potential sampling points. (68)

Observe entire reach of stream. (6’))

Select analysis techniques. (54)

• Determine which parameters require field analysis. (28)

Select final sampling locations. (70)

Determine sampling schedule. (71)

--‘ 
I

Perform survey.
S I

• Define correlations between parameter . streamflow . and wastewater discharges. (72)
— I

Define statist ical variations in parameters. (60)

FigureS. Ambient water quality survey planning flow chart.
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FLOW CHART ANNOTATIONS
- (13) Perennial streams and lakes are those which contain water

(1) Two types of information can be gathered—bsck~ o year-round.
information, which gives a general overview of the water qualIty
situation; and specific information, wh ich gives a detailed view of (14) Plot the wate rshed boundaries on a topographic map with
a particular problem. a scale of I in. = ½ mile (I ens = 316.8 in) (USGS 7.5 minute

quad . I ’ = 24,000’).
(2) The two levels of background information are: Rsg1s~al

information, which describes water quality within the major (iS) Major land uses shou ld be categorized as cantonment, un-
watersheds of the area; and Installation information, which de. improved, and cultivated agricultural areas. Cantonment areas
scribes water quality within the boundaries of the installation, should be subdivided into residential (family housing and troop

housing), industrial, parks, and business (incl uding administra-

) 

(3) Problems requiring specific information surveys can be tive and support) areas. Unimproved areas should be subdivided
div ided into four basic groups: regulation compliance, environ- into grassland, forested, and field training and maneuver areas.
mental impact analysis, problem characterization, and design
analysis . (16) Point source locations should be plotted on the watershed

boundary map and keyed to a discharge summary sheet.
(4) Wastewater or runoff from the installation may enter major

water bodies v ia tributaries- State regulatory agencies typically (17) Unconflned sources are described in Chapter 5. Areas
• identify major water bodies within the state, should be noted on the watershed boundary map and keyed to a

discharge summary sheet.
4 (5) Watershed boundaries should be traced on a topographic

map with a scale oft in. = I mile (1 cm = 633.6 m). This type of (IS) Major water uses can be classified as domestic (drinking),
- 
. ) map can be obtained from the U.S. Geological Survey (USGS) by recreational (by activity), industrial (by type of industry), and

requesting USGS 15 minute quad , 1’ — 62,500’. agricultural (irrigation or stock watering). Each water use pee-
sents certain minimum quality criteria which must be maintained.

(6) Regional or state regulatory agencies can assist in locating Degradation of water quality below the minimum quality criteria
and characterizing major point sources. Sources should be plotted for a designated water use may result in increased water treatment
on the watershed boundary map and keyed to a summary sheet. costs or elimination of the water use.

3 (7) Wastewater from nonpoint sources basically consists of (19) If possible, obtain an average annual hydrograph of
runoff. Major nonpoint sources are industrial areas, urban areas, weekly flows for ekch stream. USGS and state water resource
cultivated agricultural land , and large feediot operations. Non- agency stream-gauging stations can suppl y this information for
point sources are described in Chapter 5. Areas should be noted streams that they monitor. If not possible, define periods and
on watershed boundary map. magnitude of low flow , high flow, and stable hydrograph.

(8) Major water uses can be classified as domestic (drinking), (20) Up-to-date information source summaries should be kept
industrial (by type of Industry) , recreational (by activity), and/or on the installation for ease of reference. Such sources should in-
agricultural (irrigation or stock watering). Each use has certain d ude those gathering infonnation on water , land use , troop
minimum quality requirements which must be maintained. If activity, facility operation and maintenance, and industrial
these minimum levels are not maintained, complaints and possi- activity.
ble legal action from downstrea m water users may result .

(21) Identify the specific regulatory agency involved in the in-
(9) Ex isting sampling and gaug ing stations are potential quiry, and specify a point of contact. This informat ion is useful in

sources of current and/or historic al water quali ty and flow infor- determining the intent of the regulation as it appl ies to a specific
mation useful in both specific and background surveys, occurrence.

• (10) Periods of low flow, high flow, and stable hydrograp h. in- (22) Locate the speci fic areas or activities to be investigated for
- 

.• cluding approximate magnitude of flow , should be defined. This compliance to specific regulations. In many instances, the enforc-
7 information is useful in setting up sampling programs or identi fy- ing regulatory agency will specify areas of questionable compli-4 , ing periods of maximum pollution potential. ance.

~~~~ (II) Many federal, interstate , stat e, and local agencies have (23) Parameter selection is governed by the activity under in-
some regulato ry control over the region ’s water qua lity . To insure vestigat ion and the controll ing regulation. The enforcing regula-
comp lete compl iance with all pertinent regulations, It is necessary tory agency can assis t in selecting regulation governing param-
to contact the responsible agencies to obtain assistance in inter- eters . and Chapters 3, 4 , and S can assist in selecting activity-
preting the regulations. It is strongly suggested that an up-to-date related parameters.
summa ry of water-related regulato ry agencies be maintained at

~~~~ t he installation. (24) The two basic types of regulations are stream standards
and effluent standards. Stream standards, which specify a mini-

(12) Many states and regions have specific water quali ty pro- mum water quality that must be maintain ed in the receiving water
• grams. The installation , as part of the region, shoul d define its at all times, are usually keyed to water use. Effluent standards .

operational responsibilities with in the regional program. It is which specify a minimum wastewater outfall quality, ar-c keyed to
suggested that the installation maintain an up’to-date summa ry type of wastew ater discharged. Effluen t standards are more
of its role in regional water qual ity programs. prevalent than stream standards.
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(25) Locate the exact point where noncomptiant discharges supply the needed guidance in determining the applicability of the
enter the receiving water via pipe, lined ditch, natural ditch, or regulation.
overland flow.

(41) There are two  types of effluent standards—concentration
P (2(i) There are three types of discharges—continuous. periodic, and total mass. Concentration effluent standards define mini-

and random. Continuous discharges have constant though van s- mum quality criteria for wastevater discharges while total mass
ble wastewater flow. Periodic discharges discharge wastewater in . eflluent standards limit (he total amount of contaminant which
a batch according to some schedule. Random discharges dis- can be discharged over a specified time period.

• charge wastewater in an unscheduled slug. Chapter 7 prov ides
guidance ton measuring flow . (4 2) The basic reasons for evaluating waste sources are:

,J 
(27) Analysis techniques are usually specified by the governing a. Location and characterization of specific process(es)

regulation or regulatory agency. Ii not specified. an approved responsible b r  noncompliant wastewate r discharges
technique can be selected from the references listed in the Bibli- b. Location of areas amenable to water reuse or material
ography. based on parameter and expected concentration, recovery

c. Reduction of pollution levels
(28) Because of the dynamic nature of some parameters . field d. Determination of wastewater characteristics required

determination is necessary . These parameters should be identified (or treatment process design
so that the sampling schedule can be accommodated to perform e. Determination of the correlation between pollutant
the necessary determinations in the field, loading and production levels.

(29) Sampling locations may be governed by the regulatory (43) identity by building number and location on a cantonment
• authority. In cases where they are not . Chapter 6 provides some map the specific aaste sources to be investigated.

guidance in selecting a sampling point in a stream.
(44 ) Water supply, sewer , and storm drainage maps are uveful

(30) Sampling frequency, duration, and period selection may in determining where and how water is supplied to the invest i-
also be governed by the regulatory authority. Chapter 6 also pro- gated waste source , and where and how wastewater and storm-
v~des guidance in these areas . water are removed.

( (31) Compliance concentrations and occurrence conditions are (45) identify potential sources of dilution water , points of out-
usually defined by the regulatory agency. tall, and any waste water treatment.

‘ci (32) Identify waste sources discharging the investigated con- (48) The water map is used in identifying water supply within
taminant into the offending outfall. the waste source, while the sewer map is used in defining waste-

water removal systems and locating sampling points.
(33) On the basis of total (low of the offending outfall, deter-

mine the relative contribution of each identified waste source . (47) Identify the basic sequence processes within the waste
source and prepare a schematic diagram for- the waste source .

(34) Perform waste source evaluations on each contributing
waste source if more information on the source and nature of con- (48 ) Using the detailed water supply map, locate processes that
taminants is required. use water and estimate or otherwise determine their water con-

sumption rates. Note this on the process schematic.
(35) Information gathered in the background surveys is useful

in locating additional upstream sources of the investigated con- (49) Use the detailed sewerage map and note wastewate r out-
taminant . falls on the process schematic.

(36) Boundary determinations may be necessary to demon- (50) Note this on the process schematic.
strate that the noncompliant conditions stem from activities out-
side the installation’s control. (SI) Using the process schematic , determine materials and

water supplied to , passed through. and discarded by each process.
— (37) Information gathered by the regional survey can be used to Identify materials entering the wastewater and estimate their con-

locate upstream sources that might be causing the noncompliant centration within the wastewater.
conditions.

$ (52) Select wastewater parameters which will provide a
(38) Repeat investigation of new outfall according to the proce- measure of the suspected contaminants in the wastewater as well

dunes listed under “Stream Standard” of the regulation compll. as those reflect ing the objectives of the survey . Add to this list
once survey. wastewater flow, production control, and material consumption

factors . Chapters 4 and 5 supply some guidance in selecting
(39) Locate all point and nonpoint sources generating the in- parameters .

vestigated contaminant.
(53) Preliminary grab samples should be analyzed for physie.iI.

(40) Some effluent standards have maximum and/or minimum chemical , and biological indicator parameters .
limitations on the size of industrial process or the total wastewat en
flow generated by a waste source. These limitations tailor the (54 ) Depending on the parameter concentration. interfering
regulation to the size of the operation. Regulatory agencies can substances , and occurrence conditions, select the appropriate
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analysis technique. The Bibliography lists standard references toe (65) Locate contrIbutory sources of chemical and biological
analysis techniques. contaminants. Define quantity, quality, and occurrence condi-

tions of identified outfalls and record this information on the
(55) Select suitable sampling locations from the detailed sewer. topographic map.

age map, acco rdance with the objectives of the survey and the
processes under investigation. Chapter 6 provides guidance In (66) Existing stations prov ide historic water quality and flow
choosing a sample location. - data to be used in establishing the sampling network . Record this

information on the topographic map.
(56) The sampling schedule is determined by the objectives of

the su rvey , the nature of the process being investigated, and the (67) Stream hydrologic history is used in selecting sampling —
parameters being analyzed. Chapter 6 provides guidance in periods. It is usually best to nun a specific survey during periods of
formulating this schedule, relatively stable hydrogl’aph. Chapter 7 provides some guidance

on flow measurement.
(57) Prepare the mass balance diagram across each process

and across the entire waste source. Chapter 3 provides guidance in (68) Using the topographic map and noting the contributing
preparing a mass balance diagram. point and nonpoint sources, select potential sampling stations

which will reflect the objectives of the survey. Chapter 6 supplies
(58) Detennsine which wastewater discharges can be reduced or guidance in selecting these locations.

eliminated by minor changes in “housekeeping” or operat’mg
practices. (69) Observe the entire stream reach under investigation either

by boat or on foot. Check the actual locations of outfal ls, the
4 (59) Define correlations between wastewater flow and flow con- existence of unanticipated outfalls. and the suitability of proposed

tnol factors, pollutant concentrations and material consumption samp ling stations. Also collect grab samples of stream water,
- J factors, wastewater flow and pollutant concentrations , and any investigated outfalls. and unanticipated outfalls for chemical and

ot her correlation pertinent to the survey objectives, biological analysis. These samples will be used in selecting an
-) analytical techni que .
j (60) Define the maximum, minimum, and average values of
— the investigated parameters as well as the standard deviation of all (70) Review the suitabili ty of prelimina r~ sampling stations

values and cumulative frequency of occurrence for all values , and make any required modifications. Also identify any auxiliary
- equi pment , such as flow recording instrumentation or automatic

(61) Several classes of survey objectives are encompassed in an monitoring equipment. which must be located at the sampling
ambient water quality evaluation: point.

a. Determination of the physical, chemical, and biologi- (71) The sampling schedule is determined by the objectives of —

cal characteristics of the receiving stream the survey, the duration of stable conditions, and the parameters
being investigated. Chapter 6 provides some guidance in for-mu-

b. Assessment of the effect of a specific wastewater outfall lating this schedule.
on the receiving water

(72) According to the objectives of the survey , define the
c. Determination of the suitability of a stream for a pan. correlation between monitored parameters and stream flow or

ticular water use wastew ater discharg e levels.

d. Assessment of the effectiveness of current water pollu- (73) To determine the total mass of pollutant discharged from
tion control programs. a highly variable waste source, it may be necessary to monitor the

pollutant concentrations for a period of time. Averag e pollutant
(62) Previously gathered information is useful in developing an concentration can then be determined by summing the product of

understanding of the stream to be investigated. Regulatory concentration values and frequency of occurrence and dividing by
agencies are often valuable sources of unpublished information, the total number of samples according to:

(63) Information gathered under the Installation Survey can be — IC(n1)
used, information should be recorded on a topographic map with C — 

n1
a I in. — Vs mile (1 cm — 316.8 m) scale (USGS 7.5 minute quad

— 24.000). = average pollutant concentration
C = pollutant concentration value

Y (64) Select water quality parameters which reflect the n~ = number of samples of concentration . C
objectives of the survey as wel l as indicate levels of suspected con- nT = total number of samples.
taminants.

18

- 
- . 

~~~~~.
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~



.-~~, —r--r-- -nr -- -~. .-—.-w— - - ‘ r ~- --

-

~ INPUTS
MATERIALS WATER

1 

T~~~~~ E~~~~\ - ~~~~~~
9CESS

PRODUCTS WASTE

OUTPUTS

FIgure 9. Simplified process system diagram.

tions by specific wastewater-producing systemS, for field data on the characteristics of a specific
Identification of specific regulations serves to defi ne wastewater outfall in order to design a particular
some of the wastewater parameters to be investi- wastewatcr treatment system. These objectives are
gated . while identification of specific wastewater linked to specific wastewater sources and are devoted
sources limits the nu mber of sources requ iring in- to determining the treatability of the w ...stewater out-
vestigation. Most specific wastewater investigations falls. Depending on the extent and type of treatment
have regulation compliance objectives , desired , specific parameters to be investigated may

or may not be defined ,
Problem characterization objectives are typically

keyed to a specific problem occurring in a specific Environmental impact analysis objectives are
area under specific conditions. Identification of the linked to specific projects; environmental impact
problem to be investigated helps define the param- assessments define wastewater outfalls that require
eters to be studied, the specific wastewater processes field investi gation to determine their environmental
creating the problem , and the conditions under impact , and the parameters to be investigated.

- - which the problem occurs .
Once specific survey objectives indicate the need

Design analysis objectives usually consist of a need for a wastewater source investigation , the physical
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location and extent of this source must be deter- major contaminating elements. Selected parameters
mined ; To effectively use the mass balance ap- .can be either direct or indicative measures of con-
proach, all inputs, outputs , consumption , and waste taminant levels. Direct-measure parameters (Table
elements must be known. This may require that a 1) are used to measure contaminants which maintain
very complex source be broken into several simpler their integrity from time of introduction until time of
systems. Water and sewerage maps can be used to disposal. Most such parameters are measures of
identify sources of input water and the point where specific chemical elements. Indicative parameters
wastewater is disposed from each source. Process are used when a general class of contaminants is
sequence and operating practices of each wastewater being measured, or when particular characteristics

) 

source must be determined either by reviewing of the wastewater must be quantified . Contaminants
source operation manuals or by talking with person- measured using indicative parameters (Table 2) may
nd who work directly with the source. or may not maintain their integrity from introduc-

tion to disposal.
IdentificatIon of Process Elements Table I
and Thelr Sequence

Direct Measure Parameters

The mass balance approach requires a functional
understanding of the process elements of each Aluminum (Al) Methane (CH4)) system to be investigated . This can be obtained by Arsenic (As ) - Nickel (Ni)

reviewing operation man uals and interviewing Barium (Ba) Nitrogen, ammoni a (NH3- N)

- j  person nel who work with the investigated process. Beryllium (Be) Nitrogen, nitrate (NO1 N)
- - - -I . . . . Boron (B) Nitrogen, nitrite (NO,-N)

After an initial understanding has been achieved , a Bromide (Br) Phenols
walking tour of the process should be taken to docu- Cadmium (Cd) Phosphorut (P)

- J ment actual operational practices. A schematic of Calcium (Ca) Potassiu m (K)
the investigated system should then be prepared to Chloride (Ce) Selenium (Se)

show the sequence of process elements and describe Chromium, total and +6 (CnI+6D Silica (Si)

each element, including what it does and how it is Cyanide (CN1 
- 

Sodium (Na)
operated . Fluoride (Fl Strontium (Sn)

Iodide (Ii Sulfate (SO4 1)
Ident ifi cation of Water Inputs Iron (Fe) Sulfite (SO~°)
and Wast .wat.r O’itp uts Lead (Pb) Temperature

Lithium (Li) Vanadium (V)
Magnesium (Mg) Zinc (Zn)

Water supply and wastewater discharge points can Manganese (Mn)
be identi fied for each process element from detailed Mercury (Hg)
water supply and sewerage maps of the investigated
system . A review of operation manuals and treat- In addition to monitorable parameters , iriforma-
ment plant records, and interviews with process tion on certain aspects of process operation must be
operations personnel can supply information on the gathered to facilitate data interpretation. This in-
magnitude of water su pplied and wastewater dis- cludes the water-use and materials-use information

- 
- 1 charged , the periodicity of flow , and factors which previously gathered. Chapters 4 and 5 provide assist-

control the flow periodicity. Since many systems ance in selecting monitorable and process descrip.

4 - operate differently in practice than in theory , actual tion parameters for specific waste sources.
operating and housekeeping water-use practices
should also be checked during a walking tour of the Performance of Water Balance
system. All information on water supply, wastewater
discharge , water use , and operational practices Flow-measuring devices should be installed on all
should be noted on the process schematic. identified water input and wastewater discharge

points so data can be gathered on water supplied to
Selection of Parameters to Be Investigated and discharged from the system (Chapter 7). In

some instances , the required number of flow-meas-
Parameters are selected on the basis of identified uring devices can be reduced by estimating either

conta minants and survey objectives. Review of pre- water demand or wastewater production . Water
viously determined material consumption and/or demand and wastewater production can be approxi-
contaminant introduction rates will help define mated by using estimation factors (e.g., residential

20
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Table 2

lndkatlve Parameters

Parameter Iat5eatlou meter lrn5catlon
Acidity Measure of capacity of water Organic contaminants (carbon Ind ication of organic compounds

to donate pnotons; indicates chloroform extract [CCEJ) removed by activated carbon flu.
amount of base required for neu- ten and soluble in chloroform
tnalization. includes weakly ion- and/on ethanol.
izing acids. hydrolyzing salts , Oxygen, dissolved (DO) indication of the level of free Un-
and mineral acids, reacted oxygen. Cannot be mass

Alkalinity Measure of capacity of water to balanced.
accept protons; indicates amount S-day oxygen demand , Measure of the amount of oxy-
of acid required for neutraliza- biochemical (BOD5) gen consumed in 5 days by bio-
lion, Includes bicarbonate, car- degradation of organic com-
bonate. and hydroxide compo- pounds; indicates biodegradabil.
nents of water . ity of the waste components.

Carbon dioxide (C01) Measure of free carbon dioxide; Oxygen demand, chemical Measure of the amount of oxy-
indicates corrosiveness of water. (COD) gen consumed by chemical oxi-

— Cannot be mass balanced. dation of waste components; in.

) Chlorine, residual Measure of amount of chlorine dicates the level of oxidizable
remaining after reaction with all waste contamination.
oxidizable components. Ozone (residual) (Os) Measure of the amount of ozone

Chlonine clemand Indication oft he amount of chlo- remaining following reaction
rime-oxidizable components in with all oxidizable components.
the water. pH indicates the instantaneous by-

) Chlorine dioxide Same as chlorine (residual). drogen ion activity as a measure
of the degree of acidity or alka-

4 Color Indication of color-causing con- u nity with respect to neutral (pH
taminants such as metallic ions, 7) water.
humus, peat, weeds, plankton. Phenols Measure of hydroxy-des-ivatives

IL and industrial wastes, of benzene.
Hardness Measure of the capacity for pee- Specific conductance Measure of the water’s capacity 4

cipitating soap; indicates poly- (dissolved solids) (TDS) to conduct current; indicates the
valent metal concentration, pci- concentration of dissolved sub-
man y calcium and magnesium. Stances .

Nitrogen, Albuminoid Indication of the quantity of pro- Sulfide indicates anaerobic bacteniologi-
- teinaceous nitrogen. cal degradation of organic

Nitrogen. Ammonia (NH3-N) Indication of reduced nitrogen. wastes .
Surfactants (anionic) Indication of synthetic deter-

Nitrogen, Nitrate (NOt-N) indication of oxidized nitrogen. gentS.
Tannin and lignin Indication of hydnoxylated aro~

Nitrogen, Nitrite (N02-N) Indication of intermediate stage matic compounds.
of nitrogen cycle. Taste Measure of organic and in-

- - I Nitrogen. Organic (Organic-N) Indication of all biological prod- organic taste-producing contam-
uct nitrogen. iflants.

7 Nitrogen, Total KJeIdahI (TKN) Indication of organic and am- Turbidity Measure of suspended matter in

4 - - monia nitrogen. the water.
- 

- Odor Indication of organic and in- Solids, total (TS) Measure of solid residue which
organic odor-producing com- remains after evaporation at
pounds. 103- lOS°C.

— Oil and grease Indication of nonmiscible or- Solids, total suspended (TSS) Measure of solid residue which
ganic compounds in the water, remains after evaporation of a

Organic carbon , total (TOC) indi cation of organic contam ina- filtered samp le of water at
tion. 103-105°C.
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water demand using a 400 gal/unit/day estimation Finall y, the total water supp l ied to the system and
factor) or by noting process water supp ly or waste- the total water consumed must be compared to the
water discharge requirements as specified in the total wastewater discharged . The difference should
process operation manuals for the investigated be relatively small; a large deviation may indicate a
system (e.g., an industrial laundry washing machine missing water supp ly point , wastewater discharge
manual states that it uses 60 gal of water/wash point , or water-cons uming process.
cycle). When water supp ly is estimated , wastewater
production must be measured and vice-versa. How - Performance of Survey and Materials Balance
ever , when there is a need for accurate data , or when -4

there is an unaccountable discrepancy between water There are several ways to perform a materials) supply and wastewater production. flow-measuring balance , depending on the type of parameter being
devices on both water input and wastewater output investigated and the nature of contaminant intro -
points must be installed . duction into the wastewater. Four basic situations

Installation of flow-measuring devices will require determine the type of materials balance performed:
substantial investments in both manpower and U) where direct-measure parameters are investi-
equipme nt. However , because of the lack of internal gated and contaminating materials are added to the
metering at military facilities , installation of flow- wastewater in a metered manner; (2) where direct-
measuring devices is required for gathering accurate measure parameters are investigated and contami-
flow data and developing accurate h istorical flow nants are added in an unmetered or irregular fash-
records. ion; (3) where indicator parameters are being investi-

gated and contaminants are added in a metered
Water consumed or lost by the system can be fashion; and (4) where indicator parameters are

quantified by using information from process opera- being investigated and contaminants ’are added in an
tion ma nuals , walking tou rs, and operations person- unmetered fashion .
n d .  Water use , water supp ly, and wastewater dis-
charge information should be gathered for a pre- For the first situation , inp ut materials are bal-
selected time period that is long enough to include anced against output contaminants for each process
most of the periodic and irregular wastewater dis- element in the system. Using the common time
charges typically occurring within the system. A period selected in the water balance , the mass of
water balance for that time period shuuld be per- input materials is calculated from the previously
formed for all process elements in the system. The determined consumption rate. The mass of output
water supp lied and consumed , and the wastewater contaminants in the wastewater is calculated by
discharged by each process element over the speci- multi plying the contaminant concentratio n deter-
fled time period should be recorded. mined by field investigation times the total waste-

water discharged over that time period . Total input
The total water supplied to the system should be materials should approximatel y equal the sum of the

compared to the sum of water supplied to each materials consumed (as defined in operations manu-
process element in the system. If the total water sup- als for the process element) and the contaminants
plied to t.ie system is greater than the sum of the discharged . Any great differences may result from
water supplied to the process elements , some addi- overlooked material inputs , material-consumi ng

- 

- tional water-naing process elements have not been processes, or wastewater outfall points. Finally, the
considered. If the total water supplied is less than sum of the mass of contaminants discharged from all
the sum of process element water supplies, add i- process elements should nearl y equal the mass of
tional water supply points have not been considered. contaminants discharged from the entire system.

Deviations may result from unconsidered process

system should be compared to the sum of the waste- points.
water discharged by each process element. If the
system’s total wastewater is greater than the su m of In all other sit u~.tions , the fi rst step of the materi-

Similarly, total wastewater discharged from the element discharges or system wastewater ~utfali

the process element discha rges. some wastewater- als balance is to use some sort of waste estimation

versely, if the total is less than the sum of the process process element. These waste estimation factors may
- 

- - element discharges, add itional combined outfall be based on field data or literature data. For direct

producing processes have not been considered. Con- factor to estimate the mass of materials put into each

points must be considered , measure parameters where ‘ontaminant s are added
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in an unm etered fash ion , the factor needed to esti- with fresh cleaning solution. Table 4 shows the corn-
mate input materials should relate mass of input position of various cleaning agents used in the
materials to some readily quantifiable event; for bakery.
examp le, pounds of copper sulfate added per million
gallons of water treated to estimate copper and Tabk 3

sulphate concentrations. For indicator parameters water Balance, Camp Swampy Bakery
where contaminants are added in a metered manner , ______________________________________________
the waste estimation factor should translate the
metered material in terms of the indicator param- Water Supplied, Produced,a eter; for exa mple, pounds BOD5 per 1000 pounds ~~~~ gpd ( &J day) gpd (m3/day)
lau ndry detergent to estimate BOD5 demand of the

u ndry detergent used. Raisin wash 1500 (5.7) 1500 (5.7)
Raisin rinse 7840(29.7) 6800 (25.7)

For the sit uat ion where indicator parameters are Container was h 1000 (3.8) 1000 (3.8)
Container rinse 4780(18.1) 4350(16.5)

under investigation and contaminants are intro- Utensil wash 6000 (22.7) 6000 (22. 7)
duced in an unmetered fashion , both of the above Utensil rinse 25400 (96.1) 24240 (91.8)
types of waste estimation factors must be used : the Equipment cleanup 500(1.9) 380( 1.4)
amou nt of input material is estimated using a factor Housekeeping 140 (0.5) 85 (0.3)
which relates the mass of input materials to some Restroom/shower 920 (3.5) 880 (3.3)

Process water 2000 (7.6) —
q uantifiable event , while, after the amount of Input
material is calculated , a factor which translates the TOTAL 50,080(189.6) 4S,235 (171 .2)
input material in terms of the indicator parameter is
applied . The parameters investigated included BOD to

indicate biodegrad able waste strength , COD to m di-
If the amount of input materials can be approxi- cate oxidizable waste strength , pH to indicate alka-

mated , then the materials balance proceeds as de- linity caused by the cleaning agents , and total solids.
scribed for direct measure parameters with metered Since indicator parameters were used and material
contaminant addition. If the input materials cannot inputs could not be estimated , an exact materials
be estimated , then the materials balance consists of balance was impossible. However , it was possible to
comparing the total mass of contaminants dis- compare the sum of the contaminants of the con-
charged fro m the system with the sum of the con- tributing process elements with the actual contami-
ta minants discharged from the process elements. nants of the total output as measured at the outfall

from the bakery . Table 5 shows that the actual and
The following exam ple is provided to better illus- calculated results are nearl y equal; thus a materials

trate the mass balance concept. balance was performed.

L Example Mass Balance Ar ‘4 CONFINED WASTE SOURCES

Camp Swampy decided to treat its bakery waste-
water prior to discharge into Suffolk Creek. The Figure 11 is an organizational schematic of waste

4 
- bakery obtains 50,000 gpd (189.3 m3/day) from the source investigations. As the fi gu re indicates , there

installation water treatment plant via a 4-in. (10.16 are two types of wastewater sources—confined and
‘
~~~ cm) main. Wastewater is removed fro m the bakery unconfined (the latter are discussed in Chapter 5).
~~~ and transported to Suffolk Creek via an 8-in. (20.32 Confined sources generate wastewater in a limited

cm) gravity sewer. area and in amounts proportional to the level of
h uman activity. Domestic sewage and industrial

Inte rnally, wastewater comes from three areas— process water are examples of effluent from confined
baki ng pan washing, raisi n washing, and restroom- sources.
housekeep ing activities. The bakery has 44 full-time

~~~ employees split into two shifts , 2200 to 0600 hours Confined waste sources can be divided by func-
and 0600 to 1400 hours . Figure 10 shows the process tional categories into industr ial , institutional , u nl i t ’. .
sequence within the bakery and Table 3 shows the and domestic , with each category further subdivided
water/wastewatet balance. The raisin container and according to the operations performed within it.

-4 utensil baths are emptied twice daily and replaced This chapter describes the discharge from each

23
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T.b1 4
Analyala ot Typical Washing Csmponni~ , Camp Swampy B ay

UtenaD Cleaner Container Cleaner General Maintenance Cleaner

%

46 Sodium carbonate 32 Sodium metasiicate 15 Sodium carbonate
33 Sodium metasiicate 22 Trisod ium phosp hate 15 Sodium metasilicate
4 Sodium chromatc 18 Sodium sesquicarbonate 55 Trisodium phosphate

) 

17 Sodium thiosulphate 13 Sodiumsulphate 13 Sodiumsesquicarbonate
2 Al kyl su lphonate 2 Alkyl sulphonate
I Nonion ic detergent ’

10 Ultramarine blue color
2 Sodium nitrite

Replaced with sodium nitrite where water disposal is made to groundwater.
Biodegradable detergents.

4

Table S

Result, of Ana1y.~

Location pH COD HOD Total Solid.

mg/I lb/day (kg/day) umJl lb/day (keJday) maJI lb/day (kg/day)

Raisinwash 4.7 4272 53.54 3015 37.79 4238 53.12
(24.28) (20 25) (24.09)

Raisin rinse 6.5 654 37.16 538 3(157 475 26.99
(16.85) (13.87) (12.24)

Container wash 10.5 9400 78.54 8100 67.68 12272 102.54
(35.63) (30.70) (46.51)

Container rinse 9.3 1568 56.99 1005 36.53 1526 19.46
(25.85) (16.57) (8.83)

Utensil wash 10.5 15,520 778.06 8200 411.09 13550 679.29r .- - ( 352.92) - (186.47) (308 12)
Utensil rinse 9.7 2440 494,19 1210 245.07 1916 388.06

(224.16) (111.16) (176.02)

Equipment cleanup 8.7 2700 8.57 1310 4.16 4750 15.08
(3.89) (1 .89) (6.84)

Housekeeping 8.2 12,350 8.77 9300 6.60 8470 6.02
(3.98) (2.99) (2.73)

.~~ - Restroom/shower 7.6 424 3.12 286 2.10 350 2.57
4. - (1.42) (0.95) (1.17)

Measured total 9.2 4100 1549.62 2320 876.86 3511) 1326.63
(702,90) (469.93) (601.75)

Calculated total 9 1  4019 1518.94 2227 841.59 3421 1293.13
-

- - (688.98) (381.74) (586.55)
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~I1 FIgure 10. Bakery process sequence.

WASTE SOURCE

1

CONFI D (CHAPTER 41 UNC FINED ( CHAPTER 5)

LAND IANOF LL

4 
-

INDUSTRIAL IN$7ITtJflONAL UTlLj~~~ DOMESTIC T0RM~~TER DRAl IAGE SNOWNELT LEACHATE

PROOUCTION a -EOUCATIONSL POWER 8)1(41 FAMILY -INOLSTRIAL
PROCESSING GENERATION HOUSING

‘COMMUNITY INCINERATION - URBAN

STORAGE AOMIP4ISTRATIVE - WATER TROOP ‘AGRICULTURAl.
4 TREATMENT HOUSING

PROTECT1V( ~~TfWAT~R -CONSTRUCTION

- 
- MAINTENANCE -COMMERCIAl. -UTILITY OPERATIONS -NATURAL

- 
SMAINIENANCE

LABORATORY -AIR POU.UTION ~~E1~D TRAINING &
CONTROL MANEUVER AREAS

M~~CAL

-
. 

FIgure 11. Organizational schematic of wastewater sources.
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waste source and lists significant water quality meas- • Cooling Towers
urements and process description parameters for
each source. In addition , a short discussion of the 1. Description: The two types of cooling towers
sampling requirements for each waste source is pre. are sing le-pass and high-efficiency recycling towers.
sented . A single-pass system uses water from a surface or

groundwater source which is pumped , heated ,
Industr Ial cooled by evaporation , and discharged to surface or

groundwater. A recycling system repeatedly cools
The industrial waste source category includes all and reuses water. Water is added to this system to

facilities engaged in production and processing of replace evaporative loss and to maintain a fixed dis-
market able material. It is further divided into pro- solved solids concentration . If the dissolved solids
duction and processing, maintenance , and storage concentration exceeds a maximum limit , a portion of
subgroups. the system’s water must be discharged in a blow-

down operation. The frequency and amount of blow-
Production and Processing down depend on the maximum dissolved solid s con-

centrat ion , the dissolved solid s concen tration of
• Photographic Laboratory added water , and the evaporation rate of the re-

cycled water. Cooling towers are normally used with
1. Description: Wastewater is generated by any large air-conditioning or heat-transfer opera-

- . ) photographic film or plate processing and by rest- tion .
room facilities within the lab. Washwater and rinse-
water remove substantial amounts of developing 2. Water Quality Measurements: temperature ,

- 
- 

q liquid and chemicals used in the developing baths. pH , TDS (for high efficiency towers), and Cu (if
These chemicals are toxic to plant and animal life. algicid e is used).
Continual disposal of spent chemical baths or use ~f
flow-th rough chemical baths increases the toxic con- 3. Process Description Parameters:
centrations of the effluent. Photo lab effluents con-

- 

- tam large amounts of chemical.reducing contami- In general: type and location of discharge, type of
U nants , which tend to exert a h igh chlorine demand process (single pass or recycle), and type and concen-

on wastew*ter or water treatment plants. Contribut- tration of algicide used .
ing facilities include the sign a photographic labora-
tory, the film library, and th~ equipment exchange. Recycle systems: blowdown frequency and blow.

down quantity.
2. Water Quality Measurements: pH , BOD,

TOC, NH 3-N , TKN , heavy metals (Zn , Cd , B, total Single-pass systems: water volume used/day and
Cr, Cr~’, Ag), COD, TS, TSS, and phosphorus . water temperature at outfall.

L 3. Process Description Parameters: average num- 4. Type of Sample Required : For recycling cool-
ber employees/day , volume of washwater used/day, ing towers, grab sampling of the blowdown is suffi-
total water consumed/day , volume of chemical bath cient; composite sampling is suggested for single-
changed, frequency of bath changes , and number of pass cooling tower systems. Site monitoring of tem-
baths operati ng /day . perature and pH renders a more accurate determina-

- 
- ticn of the actual effluent characteristics.

4. Type of Sample* Required : Composite sam-
S pling of the combined wastewater flow from the • Laundry Facilities

facility is recommended . If possible, grab sampling
of spent washwater and chemical baths will indicate 1. Description: Wastewater from laundry facili-

4 the relative contribution of each wastewater type to ties is generated primarily by clothes washing. Pollu-
the combined effluent. tants include grease , oil , and dirt removed from

clothing; and soap, detergents, bleach , brighteners,
- - and other agents used in the cleaning process.

Dry-cleaning operations produce relatively small
amounts of wastewater , but pollutants from dry-

Chapter 6 describes the various samp le types. cleaning establishments may be int roduced into the
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— drainage system when spent cleaning fluids are dis- 3. Process Description Parameters:
posed or when water sprays are used to clean solvent
storage containers. Restroom facilities in a laundry Bakery: volume of process water used/day,
plant contribute a small amount of wastewater flow , volume of equipment-cleaning water used/day, total

weight of bakery goods produced/day, total weight
2. Water Quality Measurements: pH . Ts, TSS , of garbage disposed in wastewater/day, volume of

grease and oil , phenols (dry cleaning), ABS/LAS/ water used for area cleanup, freq uency of area clean-
surfactants, N03-N , phosphorus , BOD/COD, and up, square footage cleaned, and amount of cleaning
b c .  agents used/day.

J 

3. Process Description Parameters: total number Restaurant , mess hall: number of meals served!
of wash loads/day, total water volume used/wash day , mass of garbage disposed of in wastewater/day ,
load , amount of clothing cleaned , disposal practices volume of equi pment cleaning water used/day, —

for spent dry-cleaning solvents , frequency of solvent volume of water used in area cleanup, frequency of
storage container cleaning, amount of laundering area cleanup, square footage cleaned, and amount
agents used/wash load , and number of employees! of cleaning agents used/day.
day .

Restroom: average number of employees/day, and
4. Type of Sample Required: A time- or flow - average number of people served/day.

F composite sample of the facility outfall is recom-
I / mended . Grab samples at different stages of the 4. Type of Sample Required : A flow-proportional

laundering operation aid in determining the relative composite sample at the outfall of each food prepa-
cQntribution of each stage. Interpretation of grab- ration facility is sufficient. Grab samples from con-
sample data requires information on relative waste- tributing operations facilitate understanding of
water flow. wastewater production in such operations.

• Concrete and Asphalt Production
• Food Preparation Facilities

I. Description: Wastewater from asphalt and
concrete production originates primarily from equip-

I . Description: Facilities considered in this see- ment washing, aggregate washing, wet dust collec-
tion include bakeries, restaurants , and mess halls. tors , and excess mix water. Water sprays are used to
Other facil ities which generate similar wastewater control d ust and clean crushing and hauling equip-
include hospital food service; officer ’s and enlisted ment in aggregate production and concrete batch
men ’s clubs; snack bars; and barracks or dormitor- plants. Wet dust collectors are used in asphalt pro.
ies with mess, restaurants , or cafeterias. duction to control loss of fines from aggregate

dryers. Wastewater flow from restroom facilities
Wastewater produced by food preparation fadili- should be considered only when production facilities

ties is derived mostly from processing and prepara. are permanent.
tion of food; lesser amounts are generated by rest-
room usage . Wastewater from bakery facilities is 2. Water Quality Measurements:

4 
- produced by washing of equipment and storage con-

tainers . Similarly , mess hall and restaurant waste- Rock-crushing plant: TSS, TS, and pH.
water is generated by cleaning of equipment and Asphalt plant: TS, TSS, COD, BOD , and TOC.
storage contamers, and by disposal of waste food

- - - through garbage grinders. All of these wastewaters Concrete plant: pH, alkalinity, IS, and TSS.
have high concentrations of organic carbon , settle- Wet dust collector: pH , TS , TSS, COD, BOD,
able and/or suspended solids, and nutrients, and TOC.

~~~~ 2. Water Quality Measurements: pI-!, BOD , 3. Process Description Parameters: type and
COD, TOC, NH 5-N , TKN , phosphoru s, suspended number of dust collectors used (if wet , water volume
solids , settleable solids, grease and oil , and ABS/ used/day), equipment washwater volume used/day,

- - 

- 
LAS/surfactants . aggregate washwater volume/day, type of waste-
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water collection system used , and type of wastewater posite sampling of a centralized outfall is warranted
- pretreatment used (if any) . if maintenance wastewater dumping is noted.

4. Type of Sample Required : If wastewater flows • Dry Storage
are discharged into a central sewer network, flow or
time-proportional composite samples should be 1. Description: Dry storage wastewater is gener-
taken. Grab samples should be taken from each con- ated largely by restroom and other comfort facilities
tributing sector to get a general idea of each sector’s for support personnel. Occasionally, large volumes
relative contribution. A total flow estimate from of water are used to clean storage areas , but this

1
J each sector is needed to interpret grab-sample data. represents only a small fraction of the total dis-

Frequent grab samples of wastewater flows which charged to the drainage system.
are not discharged into a centralized system should
be taken; again , a total flow estimate is required for Facilities producing this wastewater are shipping
data interpretation , and receiving buildings, warehouses and depots,

weapons and ammunition magazines, general stor.
- Storage age buildings , storage sheds, salvage and surplus
4 property facilities , and other similar facilities.

- - ) • Liquid/Fuel Storage
2. Water Quality Measurements: BOD, TOC,

I. Description: Wastewater from liquid storage TS, TSS , and pH.
- ~

‘ facilities is produced by restroom facilities and
stored liquid maintenance. Wastewater from rest- 3. Process Description Parameters: number of

J rooms is similar to domestic sewage. Stored liquid employees/day, frequency of wet ’ cleanup, andç maintenance wastewater results from washing stor- volume of water used/cleanup.
-
~ 
j  age tanks and cleaning spillage. Until recently, -

wastewater from tanker holds was discharged direct- 4. Type of Sample Required: Because wastewater
ly to receiving waters during cleaning operations at flows are extremely low , a grab-sampling program is
berthing facilities . Current EPA guidelines specify sufficient to typify such wastewaters.
that wastewater from tanker holds be discharged to
onshore wastewater treatment plants. Other liquid Maintenance
storage wastewaters enter receiving waters via a
drainage system. • Vehicular Maintenance

Among the many facilities in this subgroup are 1. Description: W astewater from this subgroup is
aircraft and marine fueling facilities , gasoline and caused by maintenance and repair operations on air-
diesel fuel stations, various types of fuel storage craft , land vehicles, and sea vehicles. These opera.
facilities, lubricant and solvent storage facilities , tions include washing; lubrication; hydraulic system
loading docks, piers, and wharves, maintenance; and engine, body, and chassis repair.

j  Most maintenance wastewater is produced by vehicle
7 2. Water Quality Measurements: pH , BOD/ washing. Pollutants entering the drainage system in-

4 -- TOC, COD, phenols, TS, TSS, and grease and oil, elude detergents, grease , oil , and dirt .

3. Process Description Parameters: number of Hydraulic system (brakes , transmission, actu-
employees/day, frequency of storage vessel mainte- ators, etc.) maintenance and lubrication operations
nance , quantity of water used/cleanup operation , (greasing and oil changes) create spent fluids and
method of wastewater disposal , type of wastewater washwater which are discharged into the drainage
pretreatment (if any), method of spill cleanup, system. Receiving waters become contaminated
volume of water used/spill cleanup, type of liquid when spent oil or hydraulic fluids are accidentally

~~~~ stored , and volume of storage vessel , dumped into sewers or drainage ditchec . Use of
water sprays for maintenance area cleanup and rins-

4. Type of Sample Required: Because wastewater ing of empty oil and grease containers also contr ib-
production from spill cleanup or vessel maintenance utes pollutants to the wastewater flow .
operations is irregular , multip le grab sampling is

* recommended . Flow- or time-proportional com- Engine and body repair commonly require
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solvents to degrease parts , strip paint , and thin 4. Type of Sample Required: Composite sampling
paint . When these solvents are inadvertently spilled is recommended for mixed wastewater flows from a
into drainage systems, contamination of wastewater facility ; grab sampling is satisfactory for each con-
increases . Accidental or intentional dumping of tr ibuting operation.
radiator antifreeze or battery acid can add consider.
able amounts of pollutants to wastewater flow . • Other Maintenance

Potential contributing facilities include aircraft 1. Description: Wastewater is produced by rest-
maintenance operations (hangar and field opera. rooms, hydraulic system maintenance , lubrication
tions), mobile land vehicular maintenance opera - procedures, and maintenance area cleanup. Rest-
tions , washracks , and service exchange facilities, room wastewater contains certain typical domestic
Paint spray booths that use wet scrubbers to remove contaminants; wastewater from cleaning operations
paint aerosols from exhaust gases introduce organic contains pollutants from cleaning maintenance area
compounds into the wastewater flow . In addition , spills.
facility restrooms produce a nominal amount of

- - wastewater. Contributing facilit ies include: guided missile
facilities, weapons and arms repair shops, electron-

2. Water Quality Measurements: ics and electrical maintenance shops , metal and
woodworking shops, general-purpose maintenance

In general: pH, BOD, TOC, COD, TS, and TSS. shops , battery shops, and facility engineering
maintenance shops.

- 
“ Washing operations: alkalinity , phosphorus , sur ’

factants , grease and oils, and heavy metals (Cd , Pb , 2. Water Quality Measurements:
Zn , Cr).

In general: pH , BOD, COD, TOC, TS, and TSS.
Solvent stripping, lubrication , hydraulic repair:

grease and oil , heavy metals (Cd), and phenols. Detergent (from cleanup): surfactants , phospho-
rus , and alkalinity .

Paint and paint stripping: grease and oils,
phenols , and heavy metals (total Cr , Cr~’, Cd , Pb). Cleanup and disposal of solvents , grease, oil , and

hydra ulic fl uid: grease , oil , and phenols.
3. Process Description Parameters: —

Metal-turning cleanup: heavy metals (Zn , Pb , Cd ,
Washing operations: number of vehicles pro- Ni , Ag, Fe, Cu).

cessed/day, amount and type of cleaning agent
used/vehicle , and amount of water used/vehicle. Electrolyte disposal: acid ity and heavy metals (Pb ,

L Cd).
Solvent stripping, hydraulic repair , lubrication:

disposal method for spent fluid (if not recycled), Explosives cleanup: heavy metals (Hg, total Cr,
- q volume of liquid disposed/vehicle type, number of Cr~ , Zn) .

4
- vehicle type processed/day , volume of solvent dis-

posed/bath change, and frequency of bath change. Rocket fuel cleanup: phenols , grease and oils , and
heavy metals (Ni , total Cr , Cr ’).

Cleanup (if water spray is used): frequency of
cleanup, volume of water/cleanup, area (sq ft) Welding washwater: heavy metals (Zn , Pb , Cd)
cleaned, and amount of detergent used/cleanup, and acidity.

Painting and paint stripping: disposal method of 3. Process Description Parameters :
pai nt wastes , volume of waste pit (if holding pit is

- - used), frequency of pit discharge , volume of water Domestic sewage: number of employees/day and
used /paint spray period, and average number of total volume of water used/day.
pai nt spray periods/day.

Cleaning operations (if washwater used): amount
• 

- Restroom facilities: number of employees/day, and type of detergent used/cleanup, vol ume of water

29

---
~~----~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

- - ~~~~~-



— - — —‘-v--

used/cleanup, square footage cleaned , and fre- Community
quency of cleanup.

‘ Community Facilities
Spent liquid disposal (if dumped into drain

system): volume of liquid disposed/disposal period , 1. Description: Wastewater from community
volume of water used for dilution (if any)/disposal buildings is predominantly restroom and washwater
period, freq uency of disposal, and type and number flows; however, the infrequent use of these facilities
of units processed/disposal period , results in irregular wastewater production. Waste-

water is also produced by shower facilities in physical
4. Type of Sample Required: Several grab education facilities and gymnasiums.) samples from facility wastewater-producing actions

are sufficient; composite samples should be taken at Among the many community facilities contribut-
facility outfall point(s). ing to the wastewater flow are general-purpose audi-

toriums, bus stations, post and unit chapels , physi-
Inst itut iona l cal fitness centers, community centers , golf club-

houses , library facilities , all sports and recreation
The institutional waste source category includes facilities , youth and day care centers, Red Cross

all facilities involved in supplying services to the in- - buildings , and museums.
q stallation community and in routine operation of the

installation . This category is further divided into 2. Water Quality Measurements: TOC, BOD,
educational , community, admin istrative , protective , COD, TSS/TS , phosphorus, NH 3-N , and TKN.
commercial , laboratory, and medical facilities .

J - 
3. Process Description Parameters: number of

Educational Facilities building users/week, frequency and duration of use/
week , number of shower stalls , frequency of clean-

I. Description: Wastewater from educational up, vol ume of cleanup water used/cleaning, square
buildings is predomin~ntly restroom and mainte- footage of cleanup area , and amount of detergent
nance washwaters. Additional wastewater sources used/cleanup.
are cafeterias and locker rooms having showers. This
category includes all buildings used for education of 4. Type of Sample Required : Since community
dependents or classroom instruction of installation facilities are used intermittently, a grab-sampling
personnel, such as dependent schools (all grade program is sufficient. Samples should be obtained
levels), military training and instruction facilities, during usage periods.
National Guard Arm ory, training aids centers , and
indoor firing ranges. - • Swimming Pools

2. Water Quality Measurerrents: TOC, BOD, 1. Description: The nature and quantity of waste-
COD, TSS/TS, phosphorus , NH 3-N , and TKN . water discharged from swimming pools depends on

the size and type of pool. There are three basic
3. Process Description Parameters: number of varieties of pools: recirculating, fill and draw , and

- J students/day , frequency of wet cleanup, volume of flow-through.
V washwater/cleanup, number of shower stalls ,

4 - amount of detergent used/cleanup, and square foot- The recirculating pool (the most common type) re-
age of cleanup area. cycles water by filtration and chlorination. Waste-

water is produced by filter backwash , pool overflow ,
4. Type of Samples Required: Since wastewater and periodic cleaning of the poo1 and related equip-

production is intermittent , a time-composite sam- ment.
pling program of building effluent is recommended.
Grab samples can be used to gain further informa- The fill and draw pool is initially filled with fresh
tion about the contributions of individual waste-pro- water , used for some time , emptied , cleaned , and re-
ducing activities, filled . This type of pool is generally prohibited for
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health reasons, if such a pool exists , its wastewater 2. Water Quality Measurements: SOD, TOC,consists of the emptied pool water and washwaters. TSS, NH 3-N , TKN . COD, TS, and phosphorus.
The flow-through pool is continuousl y filled with 3. Process Description Parameters : number offresh water, with the overflow being disposed employees/day, volume of cleanup water used/through the drainage system. The water volume in cleanup, frequency of cleanup, square footage ofthe pool is more or less displaced daily, depending area cleaned , and amount of detergent used/clean-on the number of bathers. The pool is completely up.drained and cleaned periodically; this generates the

J majority of wastewater flow. 4. Type of Sample Required : Due to the intermit-
ten t nat ure of the wastewater h ow , a multiple grab-Shower an d restroom facilit ies also contribute to sampling program or automatic samplers capable ofthe total wastewater flow, gathering multiple time-discrete samples are accept-able.2. Water Quality Measurements: ROD , tempera-ture, TOC, COD, pJ’J , TS/TSS, residual chlorine, Protective Facilitiesand Cu,

I . Description: Wastewater produced by these3. Process Description Parameters: facilities incl udes restroom , shower , and cleaningwaters. Since these facilities are operational 24In general: number of showe r stalls, pool type, hr/day, they do not exhibit a typical administrativeJ pool volume , volume of washwater used /pool clean- or domestic wastewater production cycle. Protectiveing, amount of detergent used/cleaning, frequency facilities include those providing police and fire pro-of cleaning, and number of bathers/day. tection , and criminal detention.
Recirculating pools: frequency of filter backwash- 2. Water Quality Measurements: BOD, TOC,ing, backwash volume, and chemical additives and COD, TS/TSS, NH 3-N , TKN , and phosphorus.concentrations.

3. Process Description Parameters: number ofFill and draw: frequency of water replacement, building occupants/day, frequency of cleanup,amount of detergent used/cleanup, volume of waterFlow-through pools: rate of flow (pool retention used/cleanup, square footage of area cleaned, num-time). 
ber of shower stalls, number of work shifts , andnumber of employees/shift4. lype of Sampling Required: A time-compositesampling program is recommended for flow-through 4. Type of Sample Required : Although grabpools. Discharges from recirculating pools, fill and samples can be used to examine contributing activi .draw pools, and filter backwash can best be charac- ties, ti me-composite sampling is recommended -terized by a grab-sampling program during peakdischarge periods. Commercial Facilities

I - Administrative Facilities I. Description: Wastewater from commercialfacilities is derived mainly from cleaning and rest-1. Description: Wastewater from administrative room use. Restroom use introduces typical organicbuildings consists of restroom flow and cleaning material into receiving waters ; .cleaning introduceswater. The wastewater flow is very irregular and waxes, grease, d irt , and cleaning solvents into thepeaks at midmorning, noon , and midafternoon . waste flow. Daily wastewater production at thesefacilities is usually minute , due to temporary occu-Contributing facilities include various types of pancy of customers and a small number of em-communications facilities, commercial facilities , ployees.fli ght control towers, radar installations , shippingand receiving facilities, ~‘arious command-level Banks , bowling centers , ret ail stores (exchange)~~ headquarters buildings, post offices , and office and commissaries are facilities which contribu te tospaces. 
the overall wastewater flow .
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2. Water Quality Measurements: pH, TS/TSS, • Chemical and Metallurgical Laboratories
phosphorus, NH 3.N , TKN , SOD, COD , and TOC.

1. Description: Spent-chemical disposal , rest-
3. Process Description Parameters: number of room use , and cleaning actions generate wastewater

customers/day, daily sales volume, number of in chemical and metallurgical laboratories. Disposed
employees/day, frequency of cleanup, square foot- chemicals contain any pollutant and exhibit any pH
age of area cleaned , volume of water used/cleanup, value. The wastewater may have a high COD and
amount of detergent used/cleanup, and total daily low BOD , depending on the types of chemica).s dis-
wastewater flow , posed . Restroom use and cleaning operations intro-

duce organic and inorganic solids into the waste-

J 
4. Type of Sample Required: Due to the cx- water flow. In general , wastewaters from restroom

tremely low flows and irregular periods of waste- cleaning activities are high in SOD.
water production, a time-composite sampling pro-
gram is recommended. Grab samples can be used to 2, Water Quality Measurements:
evaluate specific activities or abnormal conditions .

- In general: pH, TS/TSS. TOC, BOD , COD ,
Laboratories TKN , NH 3-N , and phosphorus.

• Mechanical Testing Laboratories For disposal of metallic solutions: Hg, Pb, Ag, Cr,
- 

/ Cu, and Ni.
1. Description: Wastewater from these facilities is

:J generated from restroom use, maintenance actions, 3. Process Description Parameters: square foot-
and possibly from indirect introduction into the age of area cleaned , number of occupants/day ,
waste stream of pollutants generated by material amount of detergent used/cleanup, fr equency of
testing. Restrooms produce organic solids; mainte- cleanup, water used/cleanup, quantity of metallic
nance actions produce solids and oils; and testing solution disposed/disposal period , frequency of dis-

4’ procedures introduce chemicals , solids , and oils into posal periods, and concentration of metallic solution
wastewater. disposed.

Such facilities include various equipment facili- 4. Type of Sampling Required: A time-composite
ties, physics laboratories, machine shops, general- or time-related grab-sampling program is recom-
purpose laboratory and test buildin gs, and vibration mended. Grab samples of peak wastewater flows can 

—test laboratories, be used to evaluate the relative contributions of indi-
vidual activities.

2. Water Quality Measurements: pH , TS/TSS,
oils and grease, NH 3-N, TKN , COD, BOD, TOC, Medical Facilities
and phosphorus.

1. Description : Raw wastewater from medical
3. Process Description Parameters : number of facilities may contain toxic or pathogenic contami-

occupants/day, square footage of laboratory space, nants. Toxic materials are introduced into waste-
type of water usage/day, frequency of cleanup, water flows by disposal of spent chemicals, drugs, or

‘ 
volume of water used/cleanup, amount of detergent disinfectants. Many drugs contain heavy metals
used/cleanup, types and amounts of chemicals used, which may be chemically transformed in the waste-
and waste chemical disposal (frequency and water , resulting in toxic by-products. Pathogenic
method). contaminants originate from the wastes of diseased

patients. Although pathogenic waste materials are
4. Type of Sample Required: A time-composite - normally transformed into inert ash by incineration ,

sampling program is recommended for the com- if these disease-producing waste materials are passed
bined effluent from mechanical testing facilities, into the drainage system untreated , persons using or - -

Wastewaters from individual activities can be evalu- having contact with the receiving water could poten.
~~~~ ated by grab samples. tially contract typhoid fever, paratyphoid fever,
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dysentery, hepatitis , or other debilitating diseases . ment. Inhibiting agents include algicides and corro-
- sion preventive chemicals. Pretreatment provides pH

Hospitals , medical laboratories, morgues , dental adjustment , water softening, demineral’ization, and
clinics , and dispensaries are facilities dischargr 6 solids removal.
such waste materials.

Facilities that use boilers include: gas-, coal- , or
2. Water Quality Measurements: TSJTSS, coil- oil- fired electric power and heating plants , non-

form bacteria, phosphorus , heavy metals (Hg , Cu, industrial steam power plants, and certain types of
Ag, Ni , total Cr, Cr~ , Zn), TOC, SOD. COD , heating and air-conditioning plants.

J NH 3-N , and TKN.
2. Water Quality Measurements :

3. Process Descript ion Parameters : disposal
method for pathogenic wastes, spent chemicals, and In general: pH , DO, TDS. alkalinity, hardness,
excess dr ugs, number of patients/day , quantity and temperature , color , and phosphorus.
frequency of disposal of disinfecting solutions , total
wastewater flow/day , frequency of area cleanup, For corrosion inhibitor usage: heavy metals (Cr) .
total wastewater produced/cleanup , amou nt of
detergent used/cleanup , and square footage of are a For algae inhibitor usage: heavy metals (Cu).
cleaned .

3. Process Description Parameters : inhibitors
4. Type of Sample Required: A time-composite used (with concentrations), boiler water pretreat-

sampling program is recommended . Grab samples ment practices and chemical add itives, blowdown
at peak flow times can be used to evaluate specific frequency, and water volume/blowdown.
waste components or dyna mic contaminants.

If blowdown frequency and water volume/blow-
Utility down are obtainable , use the following: blowdown

TDS concentration , restart TDS concentration , raw
Th is category includes all facilities providing sup- water TDS concentration , water volume in the

port services for the installation , such as power and system, and evaporative losses from system.
heat generation , waste m aterial incineration , water
treatment , and wastewater treatment. Nonsupport 4. Type of Sample Required: Several grab
service activities that use air poll ution control equip- samples should be taken during a series of blow-
ment are included in this category. downs.

Power and Heat Generation—Boiler Blowdown Incinerators

1. Description: Blowdown is the periodic dis- 1. Description: Large volumes of water are re- -;

charge of contaminated water from a boiler system quired to cool ash and residue materials prior to
which occurs when the boiler system water exceeds a maintenance or cleaning of large incinerators. This

- j predetermined total dissolved solids (TDS) concen- cooling water is contaminated by residue and ash
tration . The TDS concentration is maintained at a material.

I -- normal operating level when boiler water with a ~tigh
TDS concentration is flushed from the boiler system 2. Water Quality Measurements: pH, tempera -
and replaced with fresh water. ture, heavy metals (Pb, Cr , Zn , Cu , Ag, Cd , Ni ),

TS/TSS , and phosphorus.
The amount of blowdown is directly controlled by

the TDS concentration of the individual boiler 3. Process Description Parameters: frequency of
system. Blowdown frequency is related to the TOS ash or residue q’iench , volume of quench water used ,
concentration of the fresh water supply and the incinerator capacity, and wastewater treatment.
evaporative losses in the boiler system.

4. Type of Sample Required : Since quench water
Additional wastewater pollutants are introduced discharge is somewhat irregular , a grab-sampling

- 

- 
as inhibiting agents or for water suppl y pretreat- program is recommended.
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Water Treatment Plants - ‘ 4. Type of Sample Required: Since these dis-
charges are intermittent and irregular , a grab-

1. Description: Water treatment plants generate sampling program is recommended.
wastewater by pressure filter backwash, ion-ex-
change (softener) backwash, or coagulated floc dis- Wastewater Treatment
posal. Filter backwash is required periodically due to
filter media contamination and head loss. Flow is re- • Sewage Treatment Plant
versed through the filtering media for a predeter-
mined time and then discharged . 1. Description: Wastewater received by a sewage

treatment plant is processed to remove solids and,J Ion-exchange resins are recharged whenever biodegradable material before discharge into a re-
breakpoint effluent hardness is reached. The zeolite ceiving water . This effluent is often chlorinated;
(softening media) is recharged by backwashing it however , in certain situations, particularly in areas
with a concentrated brine solution which replaces having combined storniwater-wastewater sewers,
Mg’~, Ca’ , and Fe” with Nat. When the resin has passing untreated influent directly to receiving
been recharged, the brine solution is discharged . - waters is necessary.

4 Flocculation tanks produce a waste sludge con- A typical TRADOC or FORSCOM installation
tam ing suspended solids and chemicals. Suspended maintains a sewage treatment plant which receives

- / solids are removed by coagulation , flocculation , and domestic, industrial, and/or storm wastewaters.
sedimentation . The waste sludge is either dis- Typical plant processes include primary sedimenta-
charged. lagooned, or landfilled after dewatering. tion, trickling filter , secondary clarification, and

effluent chlorination.
2. Water Quality Measurements:

Sewage treatment plants produce some waste-
2 In general: heavy metals (As, Ba, Cd, Cr”, CN , water through restroom usage and routine cleaning

Cu, Pb, Se, Ag), when necessary. operations.

Filter backwash: TS/TSS, BOD, TOC, and COD. 2. Water Quality Measurements:

Ion-exchange (softener) backwash: TDS (salinity), Influent and effluent: TS/TSS, pH , phosphorus,
TS/TSS, and pH. SOD, TOC, COD, NH 3-N , and TKN.

Flocculation sludge: pH , TS/TSS, phosphorus , Effluent only: DO and residual Cl.
BOD, TOC, and COD.

3. Process Description Parameters: number of
3. Process Description P’srameters: employees/day, frequency of cleanup, amount of

detergent used/cleanup, volume of water/cleanup,
In general: employees/day, frequency of plant square footage of area cleaned , total flow/day,

cleanup, volume of wastewater/cleanup, square separate or combined sewers, dry or wet weather
footage of cleaned area, and amount of detergent infiltration rates, size and type of treatment plant,

4 
- used/cleanup, and wastewater sources (i.e., domestic, industrial ,

storm).
~~~ Pressure filters: filter backwash frequency, back-

wash volume, plant size, raw water quality (TS!FSS), 4. Type of Sample Required: A flow-composite —

— 
and heavy metals (if necessary). sample is recommended for evaluating sewage treat-

ment plant effluent; grab samples may be used to
Ion-exchange resins: backwash frequency, back- examine influent properties and dynamic param-

wash volume , concentration of brine solution , plant eters.
size, and raw water quality (hardness).

• Lagoon Discharge
~~~ Flocculation sludge: sludge volume removed/day ,

- - 
- raw water quality (TS/TSS), plant size, and dosage I. Description : Stabilization basins or lagoons are

of flocculating agent used/day. used both for improving the quality of the effluent
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from biolog ical treatment , and for primary treat- ment pla nts. Wastewater fl ow is produced by rest-
ment of wastewater having a high organic content. room use , shower facilities , and cleaning water. The
Because of the large amount of land area required, ch aracteristics of this wastewater closely resemble

- 
- lagoons are used primarily by industrial operations, those of wastewater produced by the i nstitutional

category .
- - The two basic types of stabilization basins are the

impounding-absorption lagoon and fl ow-throug h 2. Water Quality Measurements: SOD . TOC,
lagoon . Impounding-absorption lagoons have virtu- COD. TS/TSS. phosphorus , NH 3-N , and TKN.
ally no discharge except from excessive stormwater
influx. Flow-through lagoons have a designed reten- 3. Process Description Parameters: total waste-
tion time and discharge continuall y. There are four water flow/day , number of building occupants/day ,
types of flow-through lagoons—aerobic algae ponds, fre quency of buildin i , clea nup , vol ume of water
facultative ponds , anaerob ic ponds , and aerated used/cleanup , total building area (sq ft) , and
lagoons. Aerobic algae ponds use bacteria to decom- amount of detergent used/cleanup.
pose biodegradable organic waste and algal photo-
synthesis to supply oxygen. Facultative ponds 4. Type of Sample Required: Due to the irregu-
decompose organic wastes in an anaerobic bottom larity of wastewater generation , a time-composite
layer and oxidize decomposit ion gases in an aerobic sampling program is recom mended . Grab samples
surface layer. Anaerobic ponds use bacteria to can be used to evaluate source contributions and to
decompose waste materials under anaerobic condi- gather information about dynamic parameters .

- /‘ tions. Aerated lagoons use mechanical aerators to
- 

. suppl y additional oxygen for aerobic decomposition Air Pollution Control— Wet Collection Devices
- - 

/ of wastes.
1. Description: All air pollution control devices

Lagoons are commonly used to treat stormwater , using water as a collecting medium are included in
cyanide wastes , sulfide wastes, solvent wastes , and th is category . Wet collection devices are used to con-
ammonia wastes. They are also used to pre t reat trol corrosive gases, aerosols such as mists and
sewage treatment plant influe nt and to posttreat hydroscop ic particulates, and gum ming residues
sewage treatment plant effluent. occurring in mist or particulate form . Wastewater

contains contaminants cleaned from the surface of
2. Water Quality Measurements: BOD, TOC , the collection device and those collected by water

COD . DO, pH , NH 3-N , TSS, and phosphorus. sprays. Wet collection devices included in this cate-
gory are: spray chambers , cyclone scrubbers , orifice

3. Process Description Parameters: type of scrubbers , mecha nical scrubbers , mechanical-cen-
lagoon , vol ume of discharge, frequency of discharge , trif ugal scrubbers, high pressure scrubbers , venturi
size of lagoon , degree of treatment vs. retention scrubbers , packed towers, and wet filters.
time , and fre4uency of algae and sludge withdrawal.

2. Water Quality Measurements: TSS, pH , temp-
j 4. Type of Sample Required: For flow-throug h erat ure , TDS, and DO.

- 
f’ lagoons, a flow-proportional composite sampling

~~ 

- program is recommended; for impounding absorp- If a device is designed to remove a specific con-
tion lagoons, grab samplin g during discharge is taminant , the level of that contaminant should be 

—

recommended . Grab samples can also be used to measured in the wastewater (e.g., NH 3, CN . heavy
gather information about dyna mic parameters. If a metals , etc.).
lagoon is designed to remove a specific contaminant
(e.g., cyanide or heavy metals), the contaminant 3. Process Description Parameters : type of wet
concentration should be monitored at the outfall, collection device, processed air volume/day, volume

of water used /day, recirculation practices employed ,
Utility Operations and Maintenance Activities influent air stream characteristics, efficiency of

collection device, type of wastewater discharge (con-
1. Description: This category includes all waste- t inuous or slug). and type of wastewater treatment.

- - water prod uced by plant personnel during operation
and maintenance activities of power plants , incinera- 4. Type of Sample Required : A time-proportionai
tors, water treatment plants , and wastewater treat- composite sampling program is recommended for
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continuous discharge operations; a grab-sampling For automatic dishwashers: pH and surfactants.
program should be used for slug discharge or
dynamic parameter evaluation. 3. Process Description Parameters : number of

occupants/day-
Domestic

- For attached mess facilities: number of meals
Included in this category are all facilities that served , size, number and use frequency of automatic

house installation personnel , including single and dishwashing machines , and garbage disposal prac-
duplex-sty le family housing and barracks housing tices.
troops.

4. Type of Sample Required : Due to the irregular
Wastewater from domestic facilities is composed nature of wastewater generation time-composite

mainly of sanitary and cleaning wastes. Family sampling of troop housing effluent is rec mmended .
housing wastewaters can also contain waste from Grab samples can be used to evaluate cpecific waste-

- laundries and garbage grinders , producing operations .

Family Housing

1- Description: Waste sources include all facilities 5 UNCONFINED WASTE SOURCES
used to house military personnel and their depend-
ents. Wastewater-producing activities include gar- Unconfined waste sources generate wastewater
bage grinding , laundering, dishwash ing, bathroom over a virtuall y unrestricted area. Wastewater flows
use , and personal hygiene. from these sources depend on natural phenomena

rather than human activity. Stormwater and runoff
2. Water Quality Measurements: BOD , TOC, are term s often used to identify wastewater flow from

COD, phosphorus, TS/TSS , NH 3-N , TKN , and unconfined sources.-) grease . -

If automatic dishwashers or clothes washers are 
Unconfined waste sources are divided into four

categories based on the natural sources of the waste-

\

~ used: alkalinity, pH, and surfactants. water: stormwater , land drainage, snowmelt , and
land fill leachate. The stormwater category is sub-

3. Process Description Parameters: waste flow divided according to land use (Figure 11).
characteristics (flow magnitude and periodicity),
number of occupants, and existence of and use fre- Stormwater
quency of: garbage grinder , washing machine, and
dishwasher. The subsequent discussion provides guidance for

4. Type of Sample Required: Due to the irregular 
understanding and typifying unconfined wastewater
flows. A description of the wastewater and water

generation of wastewater from housing, time-corn- quality measurements and a listing of significant
posite sampling program is best. A grab sample can parameters for typifyin g the wastewater are pro-
be used to evaluate the general characteristics of vided .
individual waste streams.

4 - 

Troop Housing 
The term stormwater encompasses all wastewater

produced as a result of rainfall. Since flow and pollu-
I . Description: Troop housing includes all tant characteristics of the wastewater vary according

permanent or transient quarters for installation per- to land use, this category has been divided into
sonnel , except family housing. These facilities in- 

- industrial , urban , agricultural , construction , field
d ude barracks with and without attached mess training, and nat ural land-use areas.
facilities. Wastewater is produced from personal
hygiene , bathroom use, and food preparation in Areas of 10 acres (40 469 m 2) or more with con-

2. Water Quality Measurements: TS/TSS , TOC, are considered in the category of the predominating

quarters where mess facilities are available. sistent land use are considered to be separate , un-
confined wastewater sources . Mixed land-use areas

BOD, phosphoru s, NH 3-N , TKN , and COD. land use.
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Industrial Area Runoff’ Since the amount of runoff varies greatly accord-
ing to topography, land cover , and land use, volume

1. Description: Industrial stormwater consists of calculation requires dividing the cantonment area
runoff from production and storage areas. Produc- into four sectors : (1) residential areas located on flat
tion areas include all physical plants , outdoor opera- or gentl y rolling terrain; (2) residential areas located
tions such as vehicle maintenance areas , sludge-dry - on moderately steep terrain , or where housing con-
ing beds , and evaporation ponds. Storage areas in- sists of barracks/apartments (10 or more units per
d ude all warehouse areas and open storage areas. buildin g comp lex) ; (3) all business or commercial

areas; and (4) open areas , such as parks, school
Runoff can acquire heavy concentrations of con- grounds , pa rade grounds , or golf courses.) taminants as it flows across outdoor operational and

open storage areas: vehicle mainte nance areas and 2. Water Quali ty Measurements: BOD , TOC,
washracks add oil and grease; overflow from evapo- COD , TS/TSS , pH , and cond uctivity (TDS).
ration ponds can contribute toxic materials such as
heavy metals or cyanides; slud ge-dry ing beds con- 3. Process Description Parameters: area (acres) of

- 
- tribute bacteria , organic material , and chemicals; land use categories , soil moisture condition , rainfall

and open storage areas containing uncovered piles of intensity, rainfall amount , duration of continuous
road salt can introduce dissolved solids, rainfall , combined/separate sewer system collection ,

lagooned or bypassed stormwater flows, and volume
2. Water Quality Measurements: pH , TS/TSS/ of runoff/land-use category.

TDS, TOC, BOD , and COD.
4. Type of Sample Required: Grab sampling

Maintenance areas: oils and phenols. during or immediatel y following a rainfall is recom-
mended ,

Plating lagoons: heavy metals (Cd , Cr , Ni ) .
Agricultura l Area Runoff

Sludge-drying beds: fecal coliforms.
1. Description: Agricultural runoff is generated

Road salt storage areas: specific conductance , Cl~. from out-leased lands used for crop cultivation
and/or feedlot operations. (Runoff from grazing

3. Process Description Parameters: rainfall inten- land is considered in the Natura l A rea Runoff see-
sity, rainfall amount , duration of continuous rain- tion. )
fall , soil moisture condition , area (acres) of indus-
trial space, and runoff volume. Crop cultivation introduces sediment , pesticides.

and fertilizers into the runoff. Sediment contamina-
4. Type of Sample Required: Due to the intermit- tion is greatest immediately after fall and spring

tent nature of runoff , a grab-sampling program at plowing. Pesticid e and fertilizer contamination is
outfalls is recommended . These samples shou ld be highest afte r application, usuall y durin g the late
taken only during or immediately following a rain- spring. Runoff volumes from cropland are calcu-
storm . lated according to vegetative cover and terrain.

4 
- 

Urban (Cantonment) Area Runoff Feedlot operations , which are measured and
-j  investi gated separatel y, introduce organic materials,
• I .  Description: This category includes all runoff - solids , nitrates , and phosphates into the wastewater,
~~~ from the cantonment area except from those areas Since most feedlots operate continuousl y, runoff is

described under Industrial Areas. This runoff is significant during the entire year.
usually collected by storm drainage networks and
discharged into nearby receiving waters . When a 2. Water Quality Measurements: SOD, TOC,
combined sewer system* is used , stormwater is COD, TS/TSS, and phosphorus.

~~~~ routed to the sewage treatment plant and either
lagooned for later treatment or bypassed . For croplands: N l-13-N , TKN , and pesticide/herbi-

cide level.

•A system that carries both stormwater and sanitary sewage. For feedlots: Organic N.
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3. Process Description Parameters: type and con- very similar to natural area runoff. In intensive
centration of pesticide/herbicide applied , area train ing areas, runoff may contain a higher amount
(acres) of land-use cat-sgory , soil condition , rainfall of suspended solids because of increased erosion and
intensity , rainfall amount, du ration of continuous ordnances in impact areas m a y  present a potential

- rainfall , and volume of runoff , hazard due to heavy metals or propellant organics .

For cropland: flat or rolling terrain and time of 2. Refer to Natural A rea Runoff section for list-
year. ings of water quality and process description param-

eters, and a discussion of sampling requirements.
4. Type of Sample Required: Due to the random

occurrence of rainfall , grab sampling should be used Construction Site Runoff,_ 
to evaluate agricultural runoff during or immedi-

) 
ately following a rainstorm . 1. Description: Construction site runoff , which

consists of runoff from areas that have been stripped
Natural Area Runoff of vegetation for preliminary grading, contributes

large amou nts of suspended soil to the receiving
1. Description: Natural areas are those which are stream. The amount of suspended soil depends on

undeveloped or used for recreational activities, the terrain of the land , the erodibi lity of the soil , and
Depending on the area ’sikvel of development, drain- the amount of rainfall.
age is either uncontrolled , or cont rolled by a network

- j  of drainage ditches. 2. Water Quality Measurements: TS/TSS.

Runoff from natural areas introduces primarily 3. Process Description Parameters: area (acres) of
organic material and suspended solids into the re- stripped vegetation for construction (percent hill y or
ceiving water; the suspended solids result from cr0- rolling; percent flat or gently rolling), r ainfall inten-
sion of unstable soils from the watershed . sity , rainfall amount , du ration of continuous rain ,

soil moistu re condition , time of year , overland dis-
2. Water Quality Measurements: TS/TSS , TOC, tance to receiving water, and runoff volume.

- -. BOD , and COD.
- -

~ 4. Type of Sample Required : A program of grab
If areas are fertilized: NH 3-N , organic N , and samples at several locations is required . Samples

phosphorus. should be taken during or immediatel y following a
moderate rainstorm.

3. Process Description Parameters: acres of grass-
land with flat or gently rolling terrain , acres of grass- Land Dr ainage

P land with hilly terrain , acres of forested land with
fl at or gently rolling terrain , acres of forested land I . Description: This runoff consists of excess irri -

j  with hilly terrain , rainfall intensity, rai nfall amoun t , gation or field drainage water from lands leased for
L dur ation of continuous rain , soil moisture condi- cultivation. Irri gation runoff is prevalent in the
r— - - . . . ‘ttons, time of year , terrain , vegetative cover , and southeastern United States and the states west of the

acres of fertilized land , and runoff volume/terrain Missouri and lower Mississippi Rivers; the amount
category. of runoff depends on the amount of water inter-

4 
cepted by surface vegetation , the amount of water

- - - 4. Type of Sample Required: The unconfined infiltrating the soil , and the amount of evaporation.
nature of natural area runoff requires a grab-sam- Field drainage is prevalent in areas with high water
pling program. Multip le grab samples should be tables, in drained swamps , or in fl ooded rice fields;
taken at several points during or immediately follow- the amount of drainage depends on the location of
ing a moderately intense rainstorm , the water table.

Field Training and Maneuver Area Runoff 2. Water Quality Measurements: TS/TSS , TKN,
NO 3-N , phosphorus . SOC. TOC, and COD.

4 areas are basicall y natural areas which are used for If pesticides or herbicides are applied , runoff con-
troop training activities. Runoff from these areas is centrat ions should be monitored .

~~~ 3 . Description: Field training and maneuver
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3. Process Description Parameters : volume of the undcrd r ainage system. The leachate contains the
irri gation water pumped/day and irri gation water water-sol uble portions of landfilled material.
recycling practices.

The amount of leachate depends on the amount of
For irri gation runof f: amount and type of pesti- infiltration and the extent to which the landfill is

cide or herbicide app lied , volume ot drainage water , saturated . The amount of infiltration depends on the
gravity or pumped drainage , time of year, and anwuni of rain and type o1 cover material used.
amount of rain during preceding week (antecedent Reg ions having sufficient in tiltration to produce
rainfall ) .  leachate are the Pacific Northwest . New Eng la nd ,

the Middle Atlantic states, and the Southeastern
5 For field drainage: Volume of field drainage states. The southwest portion of the United States

water , has no landfill leachate problems due to its low infil -
tration level.

4. Type of Samp le Required: A grab-samp ling
program is recommended for evaluating both irri ga- 2. Water Quality Measurements: pH , hardness

- - tion runoff and f ield drainage. Investi gation of irri - (CaCO3). phosphorus. TKN , organic N , COD, SO4,
gation runoff requires multip le grab samples at out- TS/TSS, heavy metals (Fe , Zn , Cr, Pb), and
t all points during irri gation periods; for field drain- chloride.
age investi gations , m ultiple grab samples should be
taken at field tile outfalls or at pump outlets during 3. Process Descri ption Parameters : type of soil ,
periods of active drainage, age of landfi l l , amount of annua l  rainfall , intikra-

lion rate throug h covering material, depth of land-
Snowmelt fill , soil type of confining layer , type of underdrain-

age system , area of landfill , volume of solid waste
3 . Description: Snowmelt runoff results from the lilled/day , and vol ume of leachate produced .

melting of snow and ice. In the cantonment area, it
is collected by the stormwater drainage system. The 4. Type of Sample Required : Grab samp ling
primary contaminant of cantonment snowmelt water during periods of hi gh leachate production is recom-
is the salt applied to roads to inhibit ice formation , mended.

Unlike stormwater runoff , snowmelt runoff is
usuall y distributed over a longer time period ; the SAMPLING GUIDELINES
volume produced at any given time depends on the
amount of snow , the ambient temperature , the solar Three basic decisions must be made in establish-
radiation , and the existence of rainfall. ing any sampling program: (1) the type of sample re-

qu ired must be selected; (2) a schedule for collecting
2. Water Quality Measurements: conductivity samples must be developed ; and (3) samp ling point

• (TDS) and salinity , locations must be selected. This chapter provides
gu idance in afi three areas.

- J 3. Process Description Parameters: maximum
7 dail y temperature, ave rage dail y temperature, rain- Selecting Sample Type

- 

4 
- fall intensity, depth of snow cover , area (acres) serv-

~~ iced by stormwater drainage system, amount of road The three basic types of samp les are grab. com-
salt applied , and volume of snowmelt . 

- 
posite , and continuous. A grab iample is taken at
rando m to define the condition of a portion of the

4. Type of Sample Required: A progra m of multi- samp led medium at a specific time under specific
-
~ 

- pIe grab samples at storm sewer outfalls is recom- conditions. Grab samples are used when the concen-
mended . Samples should be taken only on days when trations of the investigated contaminants are rela-
snowmelt occurs in large quantities. Livel y unstable or when immediate analysis or sample

~~~~ preservation is required . Multip le grab samp les
Landfill Leachate taken at fixed intervals—based on either time or flow

- ~ —are called discrete samples . Discrete sampling can
1. Description: Landfill feachate is water which be used when investigated contaminants are rela-

- , - 
has infiltrated into the landfill and been collected by tively stable.
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Table ó

Ssleedou of Sample Type for Waste Source Inveudpdoas

Survey Old.ctlve

Regulation Camplionce lyonmental Impact Design Problem
F’4atej e of Source Testing° A..sumsut Criteria Evaluation

Matched cycles TC, TI) 0, TC, TD TC 0, TI)
Unmatched cycles FC. FD FC, FD FC C, FD
Regular plus intermittent C FD, TD FD, TI), C 0, FD, ID, C

°Normaily determined by regulatory authority; use table in absence of other guidance.

IC—Time composite FD—Fiow discrete
FC—Flow composite ID—Time discrete

C—Continuous 0—Grab

ComposIte samples consist of a series of grab provides guidance for selecting the appropriate
samples collected at specified intervals and mixed sample type(s) for waste source investigations. With-

k . ) together in a common storage container. Such out knowledge of the nature of the waste source , it
samples collected at timed intervals are called time- can be assumed that domestic and commercial
composite (or standard-composite) samples; those sources follow matched cycle patterns and that
collected on the basis of flow are known as flow-corn- industrial sources follow regular plus interm ittent

- 

- 
posite (or proportional-composite) samples. Corn- patterns.
posite sampling is used when the concentrations of
the investigated contaminants vary randomly. Con- In stream sampling, four conditions determine the
taminants requiring immediate analysis or sample state of contaminant concentration: (I) the stream
preservation cannot he collected this way . flow controls the amount of contaminant , (2) some

known discharge from a waste source controls the
ContInuous sampling is the collection and simul- contaminant level , (3) the contaminant level is con-

taneous analysis of a portion of the investigated trolied by a random discharge from a known or un-
medium. Continuous sampling is by far the most known waste source , (4) natural occurrences such as
accurate record of variations in contaminant concen- temperature , time of day, season , or weather control
trations, but its application is limited to contami- contaminant levels. Table 7 prov ides guidance in
nants capable of being measured by in-situ method s, selecting the appropriate sample types, depending
which involve measuring the contaminant as it natu- on control situation and survey objective.
rally occurs. Continuous sampling is used only when
a constant check on contaminant levels is required; Sample SchedulIng
otherwise, discrete samples and in-situ analysis

— 
- methods can be employed. Three decisions must be made in developing a

I! sampling schedule: (1) the total number of samples
Selection of sample type depends on the media to be gathered at each station must be determined;

4 - being investigated . In wastewater sampling, sample (2) the frequency, duration , and timing of the sam-
~~~ type depends on the nature of the waste source. In pling program must be established; (3) the protocol

stream sampling, it depends on the factors control - of sample collection must be defined.
ling variations in contaminant concentrations in the

- 
- stream. J’Tumber of Samples

Three basic types of confined waste sources can be To determine the number of samples required at
sampled: (1) flow and contaminant concentration each samp ling point, a preliminary sampling pro-

~~~~ vary in matched cycles, (2) flow and contaminant gram must be undertaken using the selected sample
concentration vary in cycles of different frequencies , type . In this preliminary program, four sampling
or (3) either flow or contaminant concentration sets are taken at each sampling point over the time
varies in regular cycles with an intermittent flow or period of interest, Each sample set is analyzed for

- 
. 

- 
contaminant slug being randoml y added. Table 6 each contaminant under investigation. For each con-
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- Selection of Sample Type for Stream Ia, áigw~~~l

Senvoy Oldscth.

Regulation Envlroa..ntal
Control Sftuadsus C:—’ --~~ Impact ~— t  Design Cd&.~1. Problem Evaluation

flow-directed FC , FD FC , FD. C FC C , Fl)
Process-directed TC , TI) TC, 0, TD TC C, ID

~

j Random d ischarge C PD, ID FD, TD. C C. FD , TI), C
Natural IC, TI) TC, TI), C TI), IC C, ID

°Normally determined by regulatory authority; use table in absence of other guidance.

TC—Time composite - G—Grab
FC—Flow composite FD—FI ow discrete

C—Continuous TD—Time discrete

taminant , the sample mean (i) is determined by The number of samples required decreases as the
allowable error increases or confidence level de-

x= !x i /n creases.

where n number of samples (four for grab or Since each contaminant requires a different num-
composite samples, and four times the ber of samples, adjusting them to some common
number of discrete samples drawn dur- number may be advisable. Funding, manpower ,
ing a sample period for discrete samples) and/or time limitations may also necessitate adjust-

,~4’ x~ contaminant concentration. ments in total sample size. To maintain confidence
in the estimate of the mean , it is wiser to decrease

The sample standard deviation (Si) is total sample population by increasing error limits
rather than decreasing confidence level.

In ]Y2
S,~ = I (x 1 —i )2/ ( n  — 1)1 The following example shows how to determine

J number of samples:

The total number of samples (N) required for certain It is necessary to design a phosphate pretreatment
levels of confidence is computed according to process for the base laundry . The laundry waste-

r 
,~ water flow and phosphate concentration exhibited

N = I ?~... 2 matched cycles. The results of four preliminary time-
L L J composite samples analyzed for phosphates were 356

mg/I , 342 mg/I , 375 mg/I , and 368 mg/I. How many
q where Z — statistical value from Table 8 samples must be taken to get an estimate of the

- 

4 - 
L — preselected allowable error, mean ± 10 mg/I with a 90 percent confidence level?

Table 8

Z Values for Different Conflde.ce Intsrvsk —

4
0 I 2 3 4 5 6 7 8 9 “.9

Cenfidame

~~~~~ 90 1.64 1.69 1.75 1.8 1 1.88 1.96 2.03 2.17 2.33 2.58 3.19
80 1.28 1.31 1.34 1.37 1.41 1.44 1.48 1_ SI 1.56 1.59 —

70 1.04 1.06 1-08 1 . 1 1  1. 12 1. 15 1.18 121 1.23 1.25 —

60 0.84 0.86 088 0.89 0.92 0.93 0.95 0.97 0.99 1.02 —

50 0.67 0.69 0.71 0.72 0.74 0.76 0.77 0.79 0.81 0.82 —

41 .

‘~~~~~ -______________________  - - - 
~~~ ~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~ ~~~~~~~~ ~- . ~~.



- — —

~ 

—,.-,-- — - —.--— 
-,——.-—-

~~
—

~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— ~~~~~~~~~~~~~~~~~~~~~~~~~~ -.-—,— —.,,-—-~— — --.- ~~,,, ,-~~ —~•- —-— -

Calculate the mean and standard deviation: matched to the cyclic production of wastewater or , in
casey where the cycle is unknown , the sampling

!xi i4~ j interval should be based on real time. Most time-
x = — = —~~

— =360.25 mg/I d iscrete samples are collected at 0.5- , 1- . or 2-hr
intervals. Gra b samp les are usuall y collected during

r n 1 the occurrence of a pollution event or at a certain
I I (x~ — x)2/(n — 1) I ~~ = [628.74/(4 — 1)1 ’s time each sampling day. Frequency of grab sampli ng

Li— I J depends on the nature of the program and on availa-
ble manpower. When dealing with regulatory

d (209.58) ’~ = 14.48 mg /I agencies, sampling freq uencies may be specified .

Calculate the number of samp les required : The duration of a sampling program is usually) dictated by available resources , time allocation , or
fz s ~ 64 4 48 1 2 the duration of critical pollution conditions. In the

N = ( —f = ( I .  )U . ± absence of any of these li miting conditions, duration
~ 

L 
~ L J can be defi ned by dividi ng the total number of

= (2.37)2 = 5.64 orb samples samples to be taken by the frequency of sampling.

Frequency. Duration, and Timing of Program Sampling P rotocol

The timing of a sampling program depends on the The sampling protocol defines the sampling point
j  objectives of the survey. Waste source investigations location, the quantity of the sample , and the field

should be undertaken during periods of stable waste- activities to be undertaken. Sampling point location
water prod uction. If the investigated waste-produc- - guidelines are provided later in this chapter. The
ing process operates only at certain times , the sam- survey supervisor must determine sample collection
pling program should reflect this . In stream investi- times based on the sampling frequency guidelines
gations, timing depends on the control situation. previousl y provided.
flow-directed parameters should be investigated

~ during periods of low flow , high flow , and stable Samples can be collected from pipes , channels ,
hydrographs. Process-directed parameters should be sewer manholes, or stream-courses , preferably in
investigated under critical conditions of flow , tem- areas where the flow is well-mixed vertically and
perature , and pollution load , and , wherever possi- laterall y. Areas with incomp lete mixing must be
ble , during periods of stable hydrograph and stable sampled by dividi ng the wastewater flow into several
wastewater production. The random discharge situ- vertical sections of equal flow , and sampling each as
at ion should be investigated during stable-flow specified . Care must be taken to admit only the
hydrograph periods. Naturall y controlled param- sampled liquid and exclude all extraneous material
eters shou ld be investigated under conditions which from the surface (scum and grease), sides , or bottom
result in their maximum impact and , whenever (settled solid or biological growth) . When sampling
possible , during stable hydrograph periods. For for dissolved gas determinations , care must be taken

J regulation compliance investigations , the regulatory not to agitate the sample when remov ing it from the
agency may define the total number of samples and medium. If possible , all dissolved gases should be

4 
— the sampling period to be used. measured using in-situ techni ques.

The frequency of sampling depends both on the The quantity of samp le to be gathered depends on
- I nat ur e of the waste source un der survey, the availa- the contaminant being investigated and the analyti-

- - 
- ble resources , and the type of sampling employed. cal techni que being employed . Table 9 provides a list

- 
-
- Time-composite samples , for example , should re- of parameters and the volumes of sample required

flect the cyclic nature of the wastewater being in- for their anal ysis. It is always best to refer to instruc-
vestigated. Most time composites have durations of tions on the analytical procedure to be employed to

1’ 4 , 8, 12, or 24 hr . with samples being collected every insure that sufficient sample is being collected.
0.5. 1, or 2 hr. Plow-composite and flow-discrete
samples are collected at intervals which reflect the Field activities include sample preservation and

~~ flow cycles of the wastewater being investigated, field analysis of certain paramete rs. Table 10 lists
Time-discrete samples should , where possible, be sample preservation directions keyed to specific
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T b I 9

- Volumes of Wastew.ter Required for Csn*. I.~~t Analysis0

- 
Minimum Minimum

Parameter Analytical Messed Sample Volume Parameter Analytical Method Sample Volume

Acidity Potentiometric t itration 100 ml°° Nitrate (NO )) Phenoldisulfonic acid SO ml
Methyl-orange /phenolphthalein Autoanalyzer. reduction,

t itration diazotization-coupling
Direct pH measurement Nitrite (NO2) Griess-diazo (Saltzman) 50 ml

Alkalinity Potentiometric titration 100 ml” Oxidation
Methyl-orange phenolophthalein Autoanalyzer

titration diazotization-coupling

I Arsenic Silver diethyl-d ithio-carbonate 50 m l ’  Ammonia Direct Nesslerization 500 ml) (NH 3) Phenate
Barium Atomic absorption 50 ml’ Distillation titration

Beryllium Atomic absorption 50 mi’° Organic Digestion-distillation 500 ml
nitrogen Titration or Nesslerization

Boron Curtumm 10 ml”
- (Kjeldahl)Carminic acid

Mannito l titrat ion NIA Zinc -Zincon 100 ml

4 BOD 300 ml” (nitrilotriacetic
acid)

Cadmium Atomicabsorption IOOml’ -
• Odor Organoleptic 200 mi’0

Calci um Gravimetric 100 ml” Oil and grease Hexane extraction 500 ml
COD Titrametric 100 ml” Trichloro-tr ifluoromethane

Autoanal yzer extraction
- . .  Infra red analyz is afte r carbonChloride Mercuric nitrate 200 ~~~~~~~

tetrachloride extraction
Chlorinated Gas chromatography l000mi pH Direct potentlometric 50 ml”

J Hydrocarbon
Pesticides Phenols Amino antipyrine 1000 ml

- - . . Extraction-p hotometric
Chromium S-diphenylcarbazide 50 ml~’

I ‘1j (+ 6) Atomic absorption Ortho- Heteropoiymolybdenum blue 100 ml

I 
Total Atomic absorption 50 ml” phosphorus

I Chromium Phosphates Acid-persulfate digestion 100 ml
I . Heteropolymolybdenum blue

Color Platinum-Cobalt 50 ml” Potassium Atomic absorption SO ml
Color disc

Silver Atomic absorption 50 ml
Copper Ciiprethol 100 ml”

Atomic absorption Solids Evaporation -weight 100 ml”
Ignition-weight

Cyanide Pyrazolene 100 ml
(1000 ml if Selenium Piazselenol iooo ml”

total cyanide) Chromophotometry

Fluoride Autoanalyzer complexone 50 ml” Silica Silicomolybdate . 100 mice

I Zirconium alizari n Sodium Atomic absorption 50 mice
I Autoanalyzer SPA DNS

Specific Wheatstone bridge 50 ml”
- Hardness EDTA titration 100 ml” Conductance

j  - - Calcu lation None
. Sulfate Turbidimetr ic 50 ml”Iron Phenanthroline Gravimetric

I Atomic absorption 50 ml Autoanalyzer-banum

I Lead Dithizone 50 ml Sulfide Titrametric lOOmI”
A Magnesium Atomic absorption 50 ml” Colorimetric
~~~~ Specific ion electrode

Manganese Periodate 50 ml . -Turbidity Jackson candle 500 mice
Mercury Flameless atomic absorption 100 ml Nephelometry

MBAS Methylene blue extraction 500 ml” Vanadium Gallic acid 50 ml”

Zinc Atomic absorption 50 ml”
‘From R. V. Coyne, J. M. Campbell. and E. C. Robles , Water Sampling Guidelines and Interp retation of Data. Report

#72M-5 (USAF Environmental Health Lab, McClellan AFB, 1972).
— 

. 
- “May be included in composite sample. - -
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Maiim
Fam nier ~~~~~~~ Steesga Pseted

Acidity Refrigerate at 4°C 24 hr Mercury S nil HNO,/liter, odd 10 days

Alkalinity Refrigerate at 4°C 24 hr HNO5 to bottle before sample

HOD Refrigerate at 4°C 24 hr Nitrate (NOb) 40 mg H8CI,/liter. freeze 7 days

Cadmium S ml HNO5/liter Indefinite Nitrite (NO3) 40mg H1CI3/liter, freeze 7 days

( Calcium None 7 days 40 mg H Ch/liter, freeze 7 days

- I S ml HNO /lher Indefinite 
Organic 40 mg HgCI3/liter , freeze 7 days

,
J 

COD 2 ml H3S04/llter 7 days Nitrogen
Chloride None 7 days

Chlorinated None 24 hr NTA 40mg HgCi3/liter , freeze 24 hr

Hydrocarbon - Oil and 2 ml H3S04 in glass bottle Variable—
‘
~ Pesticides Grease analyze as

soon as
- / ChromIum None 3 days Ibis(+6)

- ( Total 2 ml }13S0,/liter Indefinite Phenols I g CuSO4, 1 ml H,P04/ilter, 24 hr

Chrom ium

Color Refrigerate at 4°C 24 hr 
~~

°
h 

40mg HgC1~/liter, freeze 7 days

Copper 5 ml I*403/llter Indefinite Total

Cyanide NaOH to pH 10 24 hr phosphate 
-

Silver 5 ml HNO,/liter IndefiniteFluoride None 7 days

Hardness None 7 days Sulfate Refrigerate at 4°C 7 days

S ml Fl NO,/liter lndeflnite Sulfide 2nsI Z flC acetate (lO percent/ 7 days

Iron 5 ml HNO /llter Indefinite Sodium acetate to bring pH
Lead 5 ml HNO 3/liter Indefinite balance to 7.0

Magnesium None 7 days Turbidity None 7 days

5 ml HNO1/liter Indefinite Vanadium None 7 days

Manganese S ml HNO1/liter Indefinite Zinc 5 ml HNO3/liter Indefinite

Pro ni Ii V. Coyne, J. M. Campbell, and E. G. RabIes, Water Samp ling Guidelines and Interpreta tion of Results, Report
#72M-5 (USAF Environmental Health Lab , McClellan AFB , 1972).

parameters. The following parameters should be Waite Source Investigations

I 

determined in-situ: DO, DCO2, pH , temperature,
ORP, and specific conductivity (TDS). It is also In waste source investigations, wastewater is
desirable to analyze the following parameters in the collected by a series of partially filled conduits . In
field: color , sulfide , acidity , alkalinity, turbidity, most cases, drainage or sewer maps that show the
and cyanide, layout and location of these conduits are available.

Selection of sampling stations along the conduits in-
volves locating access points which fulfill survey re-

SampI. Point Location quirements. These access points will usually consist
of manholes, open channels, and outfall points.

Guidelines for sample point location for waste
source investigations and stream Investigations are It is preferable to select the access points closest to
discussed separately in the following sections. the waste-producing process or activity being investi-
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• gated . In selecting such points , it must be deter- incomplete (this can be determined by analyzing
mined that no other processes add wastewater to the samples taken at various points on the cross section
investigated flow. Questions concerning the direc- using a dye added to the waste or tributary inflow),
tion of wastewater flow, suitability of access points , multi point sampling across the stream section must
or correctness of sewer maps can be answered by be employed .
adding a tracing element , such as dye , floating styro-
toam, or ping pong balls, to the questionable con- The most accurate method of muti point sampling
tr ibuting processes. involves measuring stream velocities at numerous

points on the cross section and dividing the cross see-

J Sampling below a weir , Parshall flume, h ydra ulic tion into several subsections with equal flow. The
jump, or constriction gives a well-mixed medium , individ ual sampling points are then located at the
However , it should be noted that settleable solids will centers of mass for subsections of equal flow - In
be deposited on the upstream side of these obstru c- most routine stream studies that require multi point
Lions. Dissolved gas determinations cannot be made sampli ng, sampling points are established at
on the downstream side because turbulence induced approximate quarter points or other evenly spaced
by the constrictions increases the concentration of intervals across the width of the stream. If there are
dissolved gases. quiescent or eddy areas , the intervals should be

across the main current rather than across the entire
- ) Samples from wide channels should be collected width of the stream. Restricted cross sections , for

from the middle third (vertically) of the channel , examp le a culvert under a roadway, are preferred —

• This point should be rotated across the channel , locations, since vertical and lateral mixing are
taking care to avoid the chan nel sides . Sampli ng inte nsified there.
points should be upstream of bends or downstream
at a distance from the bend equal to 10 times its If lateral mixing is complete, a single midcurrent

( 
width. sampling point is adequate for most streams; how-

ever , in wide streams and rivers , it is good practice to
Sampling points should be easily accessible and sample at quarter points.

relatively hazard-free. Periods of batch dump ing
which create a surge in the sewer should be noted to Samplin g the edge of the stream from the bank
prevent accidents caused by inundation. Slippery or should be avoided if possible, since the water is not
slime-covered steps in manholes should be noted to representative of the main flow . If sampling from the
prevent falls. Possible existence of poisonous gases bank is unavoidable, collections should be taken
or toxic chemicals should be identified , and protee- from the outside of bends where the current flows
tive measures taken, along the banks.

Stream Investigations Measuring pollution effects at points in the main
stream im mediately below a waste source or tribu-

The ideal sampling-station in a river or stream tai-y stream is highly impractical because of incom-
would be a cross section from which samples at all plete lateral mix ing for some distance downstream.
points yield the same concentrations of all constitu- Sampling near the outfall may be desirable for

Y ents , and a sample taken at any time yields the same certain types of analysis , such as determin ations of

I - concentrations as one taken at any other time. How- total loadings of waste constituents, but such
ever , va riations in water quality with time are evident samples should not be used to assess ambient water
in every river and stream , and samples must be quality. Conditions where waste inflows hug the
collected at the proper frequency to insure repre- stream bank for considerable distances with little

- 
- 

sentative results. On the other hand , it is not uncom- lateral mixing should be corrected by u se of diffusers
mon to find conditions in flowing waters where at the outflow point.
vertical and lateral mixing are complete and a single
sample from a stream cross section is sufficient for In relativel y small streams, physical characteris-

~~~~ water quality observation. While it is rarely neces- ti cs such as wind direction , water depth , stream
sary to sample at several depths in a stream because temperature , wetted perimeter , velocity of flow , sub-
of incomplete vertical mixing, incomplete latera l strate characte r , air temperature , and vegetative

- - - mixing frequently occurs at one or more stations cover are best determined by making channel cross

- 
- below a waste or tributa ry stream. If lateral mixing is sections about every 0.5 mile (804.67 m) in noncriti-
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cal areas and every .25 mile (402.34 m) in critical More would be learned about the natural purifica-
areas. Critical areas are those which contain unusual tion characteristics of the stream by including a third
deterioration and/or usage of the water. The date station between the rapids and the slow-moving
and time of all observations should be noted so that section. A minimum of three stations located
correlations can be made with stream flow recorded between any two points of major change in the
by USGS or other stream flow-measuring stations stream is a desirable precaution , even when the ti me
corresponding to the prevailing river discharge. For of travel between the points of change is short . Major
large streams and rivers, USGS or state water re- changes include waste outfalls , tributary in flows,
source agency gauging stations may furn ish dis- and significant differences in physical channel
charge data useful in calculating pollution loads and characteristics. The use of three stations is especially
determining the self-purification potential of the important when rates of change of unstable constitu-
water course, ents are being determined, A control station up-

stream of a waste outfall is as important as the
Because the sampling station must be accessible, stations below the point of waste inflow and should

bridges are popular sampling sites. However , while he chosen carefully to insure representative results.
bridges enable sampling to be conducted easily at
any point or points across the width of the stream , Sampling every tributa ry that enters a main

4 they are positioned on the basis of traffic patterns stream stud y area is not gen erally feas ible . A tribu-
rather than sources of wastes and tributaries. Since tary with a flow less than 10 to 20 percent that of the
accessibility is only one of several factors to consider main stream need not be sampled unless it is badly
in selecting sampling stations , the suitability of polluted or has some natural characteristic markedly
bridges for sampling depends on the objectives of the different from the main stream. The station in the
study. For example, a monitoring station for a base- tributary should be as near the mouth as feasible.
line record of water quality can be shifted up- or Positioning two or three stations on the tributary to
downstream several miles to permit use of a con- establish rates of change of unstable constituents
venient bridge. On the other hand , stations for may be desirable if it is necessary to project data on

4’ monitoring waste discharges may necessarily be unstable constituents from the tributary to the main
rather narrowly defined; in many instances , it is stream. Care should be exercised to avoid collecting
necessary to deploy a boat from a bridge or walk. water from the main stream that flows into the

mouth of the tributary .
If a single station is selected for monitoring, the

station should be beyond the limits of the mixing Personnel and facility limitations may prevent
zone , but close enough downstream from the investi- collection of samples from all desirable stations or
gated waste source so as not to have intervening points or the examination of the desired number of
wastewater outfalls. A series of related stations - samples. Decreasing the number of stations in a
should be employed if practical in terms of the num- stream section f rom the optimum by increasing the
her of personnel assigned to the study and the spacings between stations is usually preferable to
number of analytical determinations required . The reducing the length of the reach, the number of
series of stations can be used to establish the course points on cross sections where latera l mixing is in-
of pollution and water quality changes throughout a complete , or the frequency or total number of

q section of river, with data from each station support- sampling runs.

I - ing and reinforcing those from the other stations.
The stations in a series should be at intervals based Using a few locations to prov ide enough samples
on time of water travel rather than distance traveled , to permit statistical analysis of results is more relia-

s, - although other factors such as lack of mixing of ble than having many stations with only a few
wastes in tributary streams, accessibility, and type of samples from each. It is generally better to sample
determinations to be made may take precedence in intensively during a relatively short interval (about I
the exact spacing of stations. wk) when the river regime is stable , than to average

7. results from a wide range of flow conditions , wh ich is
Establishing stations where marked changes in apt to be misleading and inaccura te, A week of

~~~ physiography of the stream channel occur is desira- intensive sampling usuall y provides enough samples
ble. For example , a stream reach between two adja- (20 to 30) for statistical treatment of data only
cent stations should not include a long rapids section during a period of steady flow , The most probable
and a long section of deep, slowly moving water. season for such periods can be determined from
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• statistical analysis of past hydrographs . However , taking flow measurement, however , more detailed
the normal discharges of pollution sources must be references listed in the Recommended Bibliograpky

- 
occurring during the study period. should be consulted.

Rivers which are wide , deep, or nonuniform in Confined Waste Sources
flow and waste dist ribution must be sampled at

- di fferent poin ts across the cha nnel sections, thus re- Direct Measurement
quiring a greater number of samples to obtain relia-
ble estimates of individ ual parameters . The common The two types of confined source flow are pressure
practice is to select three evenly spaced poin ts across flow, which is typically found in water suppl y li nes

,J the river section and sample each point at the 20 per- and pressurized sewers, and gravIty flow , which is
cent and 80 percent depth intervals. These depths typically found in free flowing sewers and open

- are chosen to obtain average velocities in the vertical channels.
cross section. For shallow waters (less tha n about 6 ft
1.83 mJ) . one sample at the 60 percent depth inter- Pressure flow can be measured by several different

val is generally sufficient, but due to density differ- methods:
ences, currents , and physical peculiarities of certain

4 
wastes , multidepth sampling is encouraged. The I - Turbine meter—typical water meter; useful in
additional sampling depths can be eliminated after small lines; element can be rotated in relation to

- - the firs t few collections if the results show no signif i- flow.
cant differences under any stream flow and waste

- 

-! inflow conditions. 2. Venturi meter—pipe insert consisting of con-
verging inlet section , th roat , and diverging outlet

- Lakes and Reservoirs section ; flow is related to pressure differential be-
• tween the inlet and the throat.

£ Water quality variations with depth are much
~p4’ more apparent in lakes and reservoirs than in rivers 3. Flow nozzle—nozzle is inserted inside pipe;

or streams; seasonal variations are also more pro- flow is related to pressure differential between pipe
U nounced. Chemical distributions within a lake and nozzle.

during spring and fail overturn periods differ signifi-
cantly from those present during summer or winter 4. Orifice—thin plate with a hole or tube extend-
stratification. The high concentrations of some dis- ing out of the middle; flow is related to the pressure
solved nutrients and gases decrease markedly as a differential on each side of the plate.
lake circulates. Sampling should be conducted both
during periods of overturn and when stratification 5. Pitot tube—small-diameter tube with a right-
exists. As with rivers , physical and hyd rologic angle bend; placed in the center of a straight pipe;
parameters influence the water qu al ity greatly. flow velocity determined by pressure differential
Factors which are particularly important are precipi. between flowing fluid and dormant fluid ; flow is
tation and runoff from the watershed , tributary calculated by multiplying flow velocity by cross-

I inputs, groundwater inputs , area, dept h , and wind sectional area of pipe; not useful for measuring flow
- 

f exposu re. in wastewater containing solids.

4 
-

7 
6. Magnetic meter—electromagnetic field is set

4 FLOW MEASUREMEN T up in the pipe; flowing liquid produces a voltage
- which is related to flow velocity; flow can be calcu-

- - Collection of flow information is an important lated by multiplying velocity by cross-sectional area
part of any water/wastewater survey. Flow data are of the pipe.
used to determine the quantity and variability of

- wastewater d ischarges , the total mass of pollutants 7. Rotameter—flow is diverted through a vertical
discha rged. and the impact of the discharge on the tapered tube containing a metal ball; flow is related

~~~~ receiving stream. This chapter briefl y discusses flow to the distance the ball is raised in the tube; not
measurement for confined waste sources , uncon - useful for measuring flow in wastewater containing

- 
fined waste sources, and streams. Prior to under- solids.
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Gravity flow can be measu red by several di fferent been identi ti cd . %t~ s1ewate r volumes can be approxi-
methods: mated by monitoring incoming water suppl y lines

and subtracting water consumption. For systems
- Orifice—thin plate with a hole in the center; where wastewater is removed by pump. wastewater

p laced at the end of a full flowing p ipe; upstream volumes call be est imated using pump capacity
pressure is related to flow , curves and pump operation time.

2. Weir—thin plate with a notch (rectangular , lnterpre tat~~n of tiow data requires information
trap ezoidal . or tr iangular) cut out of the middle; on the peri odic i iv of flow and the factors control ling

) 

water is forced to flow throug h the notch; flow is flow. Flow periodici tv can follow three basic patterns
related to the depth of water in the notch. —continuous , periodic , and random. Continuous

flow , which is characterized by a constant flow of
3. Flow nozzle—nozzle is placed at the end of a water or wastewater, can have a stable , cyclic , or

ful l  flowing pipe; flow is related to height of water irregular flow rate. In defining continuous flow , the
upstream. type of flow rate must be identified along with any

factors which control the level of flow and any identi-
4. Parshall (Venturi ) flume—consists of a con- flable flow cycle. For vary ing continuous flow situ-

verging section, throat , and dive rging section; flow is ations, period s of hi gh. low , and average flow must
related to throat width and height of water in the be defined .
converging section.

Periodic flow is defined as an intermittent flow
5. Palmer-Bowlus flumes—control section con- which follows some predefined cycle. To characterize

stricts flow; flow is related to flume width, upstream periodic flow it is necessary to define the flow cycle,
) depth. and wetted cross-sectional area of flume . duration of flow , and flow rate. information on the

factors or activities controlling periodic flow will
1 6. California-p ipe—-measures flow from open end facilitate understanding how the flow is produced.

of a horizontal pipe; flow is related to pipe diameter
‘II. and water depth. Random flow occurs at irregular intervals. In

characterizing random flow , it is necessary to define
7. Computation—flow can be estimated from the the total flow per usage period , as well as the factors

slope of a free-falling liquid and the wetted area of a resulting in flow . Information on the relative fre-
pipe. quency of flow occurrences can be useful in approxi-

mating the total flow during some particular time
8. Chemical and radioactive tracers—flow can be period (e.g., one day) . 

—

determined by knowing the dilution of a tracer and- .  Unconf ined Waste Sourcesthe tracer addition rate.
Flow from uncont ined sources is similar to gravity

9. Velocity measurements—flow can be calcu- flow from confined sources and the same basic tech-
lated from velocity measurements and wetted area; n i ques are used to measure it. Flow measurement is
velocity can be determined by current meters , pitot difficult because unconfined sources generate waste-

4 
- tubes , floats, or tracers. water over a broad area. In most situations , the

measurements can be made only in areas serviced by

t Ind irect Measurement some centralized collection system such as storm
sewers in cantonment areas , collection ditches in

4

~ 

Wastewater flow can be approximated by several irri gated areas, field tile systems in land drainage
methods. Factors are available for relating waste- areas , and leachat e underdrainage systems for land-
water vol umes to some wastewater-producing activi- fills. After the collection system outfall point has
ties (e.g., 40 gal of wastewater per wash for an auto- been located , the area serviced by that system must
matic clothes washer) and wastewater volumes can be defined by locating the natural drainage divides.

~~~~ be estimated by noting these activity levels. For a This can be done by referring to a 7 5  minute USGS
system which produces wastewater in batches , waste- topograp hic map ot the area under study. Since un-
water volume can be approximated by noting the confined flow is hi ghl y irregular and intermittent , it
changes in the water levels in a reservoir. For a is necessary to measure the total flow per discharge
system where all water-consuming activities have event.
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Additional information must be gathered to facili- TabkIl

tate interpretation of uncontined flow measure - Runoff Coemelsifi Values for die Radosal Formula°
- ments. Stormwater measurements require informa-

tion on the amount of continuous rainfall , rainfall Type ofDr.lnhis AreS RUnOff COsifiCluet, C
— duration , length of time since the last rainfall , pee-

dominant land use, and season of the year. Irriga- Sandy soil, flat , 2% 0.05-0.10
tion dra inage measurements require information on Sandy soil , average. 2.7% 0.10-0.15
the amount of irrigation water applied and the Sandy soil , steep, 7% 0.15-0.20
lengt h of time since last rainfall. Field tile drainage Heavy soil , fiat . 2% 0.13-0.17
measurements requ ire data on the length of time Heavy soil , average . 2-7% 0.18-0.22

~~~~~~~~~~~ 

. Heavy soil , steep, 7% 0.25-0.35rince the last rainfall and the season of the year. 
-

Leachate drainage measurements require informa- Business:
- - - . Downtown areas 0.70-0.95

- - tion on age and depth of landfill , type of covering Neighborhood areas 0.50-0.70
soil , and season of the year. Snowmelt measure - 

- -

ments need information on depth of snow cover , Residential: 
-- - Sing le-family areas 0.30-0.60amount of rainfall (if any), and average daily tern- Multi units , detached 0.40-0.60

perature . Multi un its, attached 0.60-0.75
Suburban 0.25-0 40

Since measurement of unconfined flow from areas Ind ustrial:
not serviced by a centralized collection system is Light areas 0.50-0.80
extremel y difficult , techn iques have been developed Heavy areas 0.60-0.90

= for estimating stormwater and snowmelt flows. The Parks , cemeteries 0.10-0.25
- 

- 
techniques described here are a modified Rational Piay~~ u nds 0.20-0 35

F Method for estimating stormwater flow and a modi-
fled Corps of Engineers technique for estimating Railroad ya rd areas 0.20-0 .40

snowmelt flow . Unimproved areas 0.10-0.30

Streets:

d A modification to the traditional Rational Method Asphalt 0.70-0.95
of computing runoff rates relates total runoff volume Concrete 0.80-0.95
to rainfall quantity according to the iormula: Brick 0 70-0.85

Drives and walks 0. 75-0.85VT= 6O CVrAt
Roofs 0.75-0.95

where VT = total runoff volume, cu ft From The Water Encyclopedia , D K. Todd. ad. (Water
C = average runoff coefficient from Tables Information Center , 1970).

l l a n d l2
= quantity of rainfall , in. Method works very well for areas of fewer than 5000

A drainage area, acres. acres:
t = duration of continuous rainfall , m m .

- - Q= C i A
Rain fall quantity is defined as the total amount of

• continuous rainfall falling on the drainage area. The where Q = stormwater discharge rate , cu ft/sec

4 
- drainage area should be fewer than 5000 acres and C = runoff coefficient , from Tables 11 and

~~~~ be serviced by a perennial stream or centralized 12
- collection system . Boundaries of the drainage area i = rainfall intensity, in ,/hr

should be located on a 7.5 minute USGS topo. A = area , acres.
F 

- - graphic map. The predominant land use , general
type of soil , type of vegetative cover, and genera l The runoff coeffi cient val ues and drainage area
ground slopes should be defined for each drainage values are determined as previously discussed . Infor-
area. To select the appropriate runoff coefficient, mation on rainfall intensity variations encountered

~~~~ first refer to Table I I , then use Table 12 to deter- in a storm can be obtained from the local Weather
- mine the appropriate value of the runoff coefficient. Bureau office or the state Water Survey office.

It is desirable to estimate the varying rates at The amount of dail y snowmelt can be approxi-
which stormwater runoff occurs . The Rational mated for open sites by:
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Tabtrl2

Watersh ed Charaeterkdcs for Determining Runoff CO.ThCIFOI

For each watershed character istic in k-ft column select appropriate descri ptive box; add tour numeri cal sa ( I~es given in parenthe ses to

obtain runo fi coeflicient percentage. multi ply percentage by the maximum runoff coeffi cient .

Runoff-Producing Charaeterl,tks
Designation
of Watershed IOU 7S 50 25
Charscted.tic. 

— 
ratteme high normal low

40) ( 30) (20 ) ( 10)
R~lict Steep. rugged terrain. Hilly,  with average slopes Rolling. a i t h  average Relatively flat land , w i t h

- 
, with average slopes gen- of 1010 30% slopes ol 5 to l ( ) ‘

~ average slopes otO to f’ ’
erall s at~ sc 30%

(20) (15) (10) t5)
Soil infi l t rat ion No effective soil cover . Siow to take u p water; Normal: deep loam with Hi gh: deep sand or other

either rock or thin soil clay or other soil of low infiltration about equal soil that  takes up wat er
mantle of neg li gible in- inf i ltration capacity. to tha t  nt typ ical prairi e readil y and rap idly
filtration capacity such as heavy gumbo soil

- 

- 
(20) (15) ~l0 (5)

• 
Vegetative cover No effective pla nt cover; Poor to fair; clean- Fair to good : about 50% Good to excellent; about

ba re or v er y sparse cover cultivated crops or poor of drainage area in good 90% of drainage area in
natur a l  co~er: less than grassland. woodla nd, or good grassland. woodland
10% of drainage area equivalent cover; not or equivalent cover
under good cover more than 5001o of area

in cl ean-cultivated crops

J (20 ) ( I S) ( 10) (5)
• Surface storage Negligible; surface Low: well-def ined system Normal: considerable Hi gh; su rface-depres sion

depressions few and of small dra inageways: surface-depression stor - storage hi gh : drai n age
shallow ; drain ageways no ponds or marshes age: drainage system system not sharply defi n ed :
steep and small; no similar to that of typ ical large flood-p lain storage or
ponds or marshes prairie lands: lakes , a large number of lakes.

ponds. and marshes less ponds , or marshes
than 2° - of drainage area

*Froni The Water Encyclopedia . D. K Todd , ed (Water I nformation Center . 1970).

M = 0.06 (T mean — 24) V S 3630 MA

M = 0.04 (T max — 27) where V~ = volume snowmelt , cu ft
I M = snowmelt , in ,
j where M = daily snowmelt , in. A = land area , acres.

T mean = average of the day ’s high and low
I - temperatures , °F It should be remembered that  the maximum amount
~~~ T max = maxi mum dail y tem perat u re, °F of snowmelt depends on the depth of snow cover .

and that I in. snow melt equals 7 to 10 in. st ‘w
Snowmelt from forest sites can be approximated by: cover. A more detailed discussion of estimating

snowmelt can be found in EM 11 l0-2-l406 .~
M = 0.05 (T mean — 32)

Str eamf low
M 0.04 ( T m a x — 4 2 )

r Streamfiow is det ermined by the velocity-area
:
~ These correlations are applicable for T mean be- techni ques described for open channel gravity flow .

tween 34 and 66°F and T max between 44 and 76°F. ________

The dail y volume of snowmelt can be calculated 4Runo~~F mm S r .,~, / t  FM llIO- 2 - l 4O6 tU S Ar n-ivCor ps of

- 
according to: Eng ineers. Januar y ~~. 1%0~.
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First, the stream is divided into several vertical sec. Streamfiow discharges can be related to river tage
lions, none containing more than JO percent of the height* by means of a stage-discharge rating curve
total flow . A current meter is used to measure the developed by plotting stream discharge versus stage
mean stream velocity for each section. Mean velocity height.  Streamfiow can be then determined by
is defined as the average of the velocities at 20 per- noting the river stage height on the curve.
cent and 80 percent depth for stream sections deeper
than 6 ft or the velocity recorded at 60 percent depth Use of existing streamfiow gauging stations can
for stream sections less than 6 fi deep. The stream save time and effort . Stage-discharge rating curs-es
flow through each section can be calculated by and stage gaug ing stations have been developed for
mult i ply ing the cross-sectional area by the mean many of the major rivers and streams in the United) veloc i ty . Total streamflow is then computed by sum- States. Information on gauged streams is gathered
ming strea mfiows of the vertical sections. by U.S. Geological Survey and many state water re-

source bureaus.
Velocity should be measured in a strai ght section

of stream having a fairly stable streamfiow. Velocity
measurements can be taken from a boat, at, over- RECOMMENDAT IONS
head structure such as a cableway or bridge , through
(he ice, or by wading into the stream. Wading meas- It is recommended that the survey-p lanning and• 

• urements are practical only in streams less than 4 ft performance guidelines presented in this report be
deep whose flow is below 12 cu ft/sec/t’t width. The used in designing and performing water/wastewater
measure ments must be taken in a straight line which surveys at the installation level.
is normal to the stream axis. When using the

- 
- - wading, boat, or ice techniques , a rope or cable *River stage hei ght is defined as the water surface elevation

should be stretched across the stream as a guide. above some arbitrary zero point at a specific gauging station.
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APPEND IX:

LEGISLATIVE HISTORY

Environmental legislation regarding water has a Since these concepts are important in upgrading the
• long history characterized by infrequent and ineffec - quality of the nation ’s waters , understanding them is

tive enforcement. Before 1970 , the main environ- important.
mental laws affecting water were the Rivers and
Harbors Act , which prohibited the deposit of refuse Water quality standard s emphasize the concentra-
into navi gable waters of the United States , and the tion of pollutants already present in a body of water.

• Federal Water Pollution Control Act, which at- When imp lemented , such standa rds ”~ c uld prohibit

of water in the United States . centration of pollutants in the water than the maxi-
mum permitted by statute or regulation.”2

In 1972 , Congress total ly revised the legislative

- ) tempted to establish water quality criteria for bodies any discharge which would result in a greater con-

scheme by enacting Federal Water Pollution Control This policy of protecting and improving waters by
Act Amendments of 1972, which superseded much focusing on the whole body of water was used in
of the environmental legislation previously passed. legislation until 1972 , when Congress shifted from
The Amendments contain the following major pro- water quality standard s to effluent limitations with

• - 
visions: the Federal Water Pollution Control Act Amend-

• ments, 3 Effluent limitations focus on “quantitative
1. Federal jurisdiction is extended to intrastate as limitations of’ the pollutants present in a discharge .”4

~-‘ well as interstate waters Effluent limitations prohibit a discharge of a greater
concentration or volume of pollutant than allowed by

2. Enforcement is based mainl y on effluent statute or regulation.
limitations, rather than water quality of the stream

The 1972 Amendments also established the
3. Effluent limitations are more stringent than National Pollutant Discharge Elimination System

need ed for protection of waters and are intended for (NPDES ) . which places responsibility for developing
water improvement and enforcing water pollution control programs on

the states after approval by EPA . Anyone who dis-
4. Penalties and enforcement under the present charges into the waters of the United States must

Act should be more severe than under previous obtain a permit from the regional EPA office. App li-
legislation cations for permits require that the discharge be

anal yzed.
5. Responsibility for enforcement has been

shifted to the Environmental Protection Agency The EPA regulations for NPDES also require
(EPA ) . with mo -e centralized control . monitoring of discharges by permit holders in the

following situations:
Section 313 of the Act requires federal depart-

merits and agencies to comply with federal , state, I .  A discharge which is not a minor discharge*
interstate , and local req uirements regarding the con-

4 
trol and abatement of pollution. Executive Order 2. The Regional Administrator requires a dis-

k 

11752 requires that federal facilities be in the fore- charge to be monitored
front in the fi ght against pollution. These require-
ments for the control of pollution under the Act are
no~ embodied in effluent limitations rather than in
the quality of the receiving body of water. 2Thomas B. Arnold . “Effluent Limitations and NPDES :

Federal State Imp lementation of the Federal Water Pollut ion
Cont rol Act Amendments of 1972 ,” Boston College Industri a l and

~PA has stated that “water quality criteria and Commercial Law Review. Vol I S, No. 4 , p 767.
et ’t luent limitations are the underg irders of the tA rnold , p 767 ,
national water quality improvement program. ” 433 USU 1160 Ic) (1970).

A mi nor disch arg e- ( I )  has a total volume of less than 50.000
gal ( 239 m u on ever~ day of the year . ( 2) does not affect the waters

~Prnposed (rIr.’na fit, Water Quality, Vol I (Envi ronmental of more than one state, t3) is not identif ied as not a minor dis-
Prot ection Agen~- v . 1973). p 16. cha rge .
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~~~ 3. A discharge contains toxic pollutants for which LIST OF ABBREVIATIONS
an eftluent standard has - een established by
EPA .* ABS/LAS Measure of detergents

Facilities with NPDES permits are required to Ag Silver
monitor:

Al Aluminum
I. Flow (in gallons per day)

As Arsenic
2. Pollutants which must be reduced or elimi-

nated under the terms and conditions of the B Boron
perm it

- 
. Ba Barium

3. Pollutants which the Regional Administrator
finds could have a significant impact on water Be Beryllium
quality

BOD5 Five-day biochemical oxygen demand
4. Pollutants specified in EPA regulation.

Br Bromide
The monitoring must take place often enough to

) yield data which reasonably characterize the nature C Continuous sample
of the discharge.

- Ca Calcium
- - Records of the monitoring activities and results fos

all samp les must include: CCE Carbon chloroform extract

I. Date, exact place, and time of sampling Cd Cadmium

- - 2. Dates analyses were performed CH 4 Methane

3, Who perfor med the analyses Cl Chlorine

4. Analytical techniques/methods used Cl Chloride

5, Results of such anal yses. Cn Cyanide

CO2 Carbon dioxide

[ _________ 

COD Chemical oxygen demand
- I Toxic pollutants for which effluent standards will be promul- Cr 1+61 Chromium , total and +6

r 4 gated are : ( 1) aldnn (1, 2. 3, 4, 10, I0-hexach loro-I, 4, 4a. 5, 8,
- Sa.hexahy dro .l . 4, 5. 8 endo-exodimethanonap hth alene). did .

4 drin ( I .  2, 3, 4, 10. 10-hexachloro 6, 7-epoxy - 1, 4, 4a , 5, 6, 7, 8, Cu Copper
8a-oct ahydro - 1 , 4-endo, exo-5. 8-dimethononap hth alene);
( 2) benzidene and its salts (para-para - diaminobiphenyl); (3) cad- DCO2 Dissolved carbon dioxide

- 
mium and all cadmium compounds; (4) cyanide and all cya n ide
compounds; (5) DDD (IDE) I . I- dichloro . 2. 2-bis(parachloro. . . .
pheny l) - ethane; DDE (dichlorod ipheny ldichloroethylene) ~~, - 

DFAE Directorate of Facilities Engineering
dichlo ro-2 . 2-bis (para -chlorophenyl) ethylene; DDT (dichioro-
dipheny lt richloroethane) 1. 1, - I. trichloro-2, 2 bis (para-chlolor- DO Dissolved oxygen
pheny) ethane ; (6) endnn (1 , 2, 3, 4 , 10, 10-hexachloro-6 . 7-

• 
epoxy -I , 4. 4a, 5.6. 7, 8, 8a - octahyd ro - 1, 4 - endo- endo-5, 

~ EPA Environmental Protection Agency
pounds; (8) Polychlorinated biphenyls (PCBs); (9) toxaphene 

- 
,

(chlorinat ed camphene) . F Fluonde
~~~~ dimethanonap hthalene) ; (7) mercury and all mercury corn -
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FC Flow-composite sample ORP Oxidation Reduction Potential

FD Flow-discrete sample P Phosphorus

- - Fe Iron Pb Lead

G Grab sample P04 Phosphates

Hg Mercury Se Selenium

) 1 Iodide Si Silica

K Potassium S03 2 Sulfite

Li Lithium SO4-2 Sulfate

Mg Magnesium Sr Strontium

Mn Manganese IC Time-composite sample

— Na Sodium ID Time-discrete sample

NH 3-N Ammonia nitrogen TDS Total dissolved solids

~ ~j
’ Ni Nickel TKN Total Kje ldahl nit rogen

NPDES National Pollutant Discharge Elimina- TOC Total organic carbon
tion System

IS Total solids

4 NO2-N Nitrite nitrogen
TSS Total suspended solids

N03-N Nitrate nitrogen
USGS U.S. Geological Survey

NTA Nitrilotriacetic acid
V Vanadium

03 Ozone (residual)
Zn Zinc

Organic N Organic nitrogen 
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