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PREFACE

This document describes a simplified method for conducting waste
load allocations ({M) for relatively small municipal sewage treatment
facilities discharging into low-flow streams, circumstances in which .
rescurces for analysis and data acquisition are relatively limited.
The methodology, issued jointly by the Office of Water Regulations and
Standards and the Office of Municipal Pollution Control, is subject to
modifications as recammendations and/or more cowplete data became
available. Thus, the method is recawnended as an initial framework,

subject to revision and site-specific considerations, for conducting
simplified WLA's.
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I. INTRODUCTION

d. G.ﬂlnl )

A simplified snslytical method for determining effluent limi-
- tatiens fov publicly-owned irsatment vvorkn (POTWs) discharging isto
low-flov stresms has besn developed for nacionovide use. . This method
ph;nld belp essure that proposed coustruction graat projects bave
adequate vater quality justificatious based on tectnically sound vater
quality snalyses, sad that construction granat giadu aTe used ia a

cost~effective marmar.

The snalytical techniques which are used in vater quality
sodeling should be the simplest pouibh. that will still sllow the
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vater quality manager to make confident and defensible vater pollution
control decisions. In many cases, vhere n'-ilar' and relatively simple
couditions exist, simplified modeling efforts that ‘iave less extensive
msnpover and data requirements ( zm\uml. mote comprehensive
«fforts) are often cdquf. to sake such decisious. Use of simplified
afforts, vhen sppropriate, can r.unlt ia both substantial savings ia
State and EPA resources and cost-effective and technically sound
effluent limitations that vill protect designated water uses and allov

vater quality staandsrds to be achicved,

This eimplified analytical mathod bas been developed bdecsuse of

the large sumber of relatively mmsll sunicipal sevage trestment

facilities discharging into low=flow stremms, snd the need for more

cost-effective yet tachnically sound vater quality analyses for these
cases. Yor example, this simplified -.:h;d uay “e applicable to over
30 percent of the existing coustruction gramt projecticns in Regiom V.
Additionally, this method will help ensure that similar dischargers ia

similar situations will receive consistent consideration.

1z should be noted that the snalytical techaiques described delov
ere iatended to represent minimum levels of anslysis acceptable to EPA
as justificstion for trestment bqoa'd -«ery. Vater-quslicy
;nnlyuel .-q'. of course., mmploy more rigorous .uehniqus incorporatiag
detailed intensive surveys and more icmplex models. iu. hovever,
will not sccept further simplification of the methods described bdelow,
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unless such simplifying assumptions are adequately supported dy a

technical justification. -

3. Modificacions to che Region ¥ Technology .

The simplified method discussed below {s based on the approach
. cria..uuy proposed by Region V, ad on comments and suggestions
teceived in respouse to the Region V¥ proposal. Though generally sup-
portive of the overall approach, comments revesled some coucern
regarding some details om calculating rate constants, DO targets, and
perait couditions. Comsequantly, several modificaticus have bdeen made

to the Regiocn V proposal.

C. Needs for Addiricnal D L 7 Modificgei

The simplified method described delow is based on the informatioa
end data evailable to dacs. ihe dats bases for many of the
Tecommendaticns ars quite limited, and should be expanded. Users of this
asthod (as vell as others) are strougly eacouraged to develop additional
dsta and asthar informscion ou resction rates and other factors applicable
to this mathod, and to submic this addi:iond. data and other informaticn,
‘along with miggested Liﬁrovau:s for tha method, to:

Chief, Wasteload Allocations Section
Moaitoring Branch
MDSD/OWRS (WH=353)

U.S. Eavironmental Protection Agency

; 401 M Screet, S.W.
s Washington, D.C. 70460

(Telephcne: (202) 382-7056)
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" This additional data and other {nformation is needed 3o cthat appropriace
sdditional {mprovemsncs to ths method can be made periodicaliy. , Users may
also, when appropriate, make any sodificatiocns to this method chat will
allov the mathod to more accurately represent regional or local condi:uns.,
Any changes should be supported vith an adequate technical justification,

including sufficient applicable dats.

Areas ia tle method that requ’~e additionsl resesrch sad/orx

data includet

’ e R-rates {reaeration, C30D, ¥BOD), includiag relating them te
vaterbody characteristics, levels of treatment, etc.

° CIOD'/WS ratio
e diurnal fluctuation factors
o methods for performing the eensitivity amalysis

e sediment ot}gu demand rates. including relating them to
= stresm bottom charactaristics. levels of treatment, etc.

Where the results of the water quality -.alysis {adicatas the naeed
for treatmant beyond secondary, State users of this method are encouraged
to coordinace the modeling analysis vith a review of the eavironmental
benefits and costs of the receiving vater's lppliuhic vater quality stan-
dazds. Such sszessaents should be conducted in accordance with the rwiud.

vater quality standards regulations and EPA guidance, vhen published.
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1I1. APYLICATION AND CONSTRAINTS

This sethod may be applied only if a1l of the following
conditious are met:

1) The discharger must be a publicly-owned trestment wvorks
(POTW) recaiving predominantly samitsry vastevaters. Any
soussnitary vastevaters in the trestment plant's influesmt
uust exhibit essentially the same characteristics (e.g..
resctions) as sanitary vastes.

2) The discharge must be to s free-floving stresm im vhich the
design lov flov (usually the 7-day, l0-year low flow) is
approximately equsl to or less then the design discharge flow
from the POIVW. '

3) The design discharge flow from the trestment plant must be 10
MCD (15.5 efs) or less.

4) There is no significant interszction detween the discharger

being anslyzed end say other upstremm or dowvustrems
discharger. .

Recent cpuicnc.n and analyses indicate that this simplified method,

vhen followed properly and vith little or no site-specific data being explove

/sbould gormally result 1.n both technically sound water quality justificazions
baing developed for nitrification levels of treatment and substancial savings
in Stace and EPA resources. However, it has also heer noted that this
siaplified analysis alome (i.e., vithout any site-specific data) usually
cannot provide the confidencs naeded to adequataly juscify permit limits
more stringent than about 10 mg/l CBODg and 1.3 mg/l NH3=X, including rela-
tively costly filtracion treataent after nitrificaticn. Therafore, :fu.s
_simplified method cannot be used by itself to justify .pcnu linits more
stringent than 10 ag/l C30Ds and 1.5 =g/l NE3-N (‘acludu; flcration after
aitrificacion).
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Where ctreatmenc zore stringent chan 10 mg/l CBUDS «nd 1.5 :g/l NHjeN
(including filtracion after nitrificacion) appears to be needed, appropriate
supporting site-specific daca should be collected and used in the analysis
in order to increase counfidence in :hc'_va:ublu used in this method, {n
the sodeling results that are obtained, and, wost npéruntly. in the trest-
mant decision itself. This additional level of analysis should also be
accompanied by a rigorous sensitivicy analysis (see Section III-C of the
msathod). Based on past saualyses and cnastruction grant project reviews, it
appears that this situation (e.g., the ceed for Creatmenc bcyoad‘nzzritzca:ion)
vill seldom be required except in certain cases vhere mall streams with

very lov assimilative capacities are encountared.

WVater quality ism this type of system is highly dependent on
effluent quality. Hence, upstresm quality is less significant here
ihan in systems vhere ':h. upstream design flov is much greater than
design effluent flows. This method can also be applied to simple
systears vhare the upltru- flov is greater than the POTW's discharge
flow, provided the upstream vater quality and resction kinetics are

wvell documentad.
I11. PROCZDURE

In order to determine the lavel of treatment required for a POTW,
the following analytical steps are recoumended:

(a) gather ace-ua.ry data .

(b) perform sn smmounia toxicity analysia

(¢) perform a dissolved oxygen analysis

(d) perform a sensitivicy analysis
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(e) interpret the results, snd determine the final effluent
limitations.

These five staps of the Simplified Method are discussed below.

A. Data Reguirements
The data required for the Simplified Method, and some of their

possible sourcss are lisced below:

1) stresm design flow-sources include USGS low=flow publi-
eations; drainage ares yields; messurements during low-flow
Se

2) unpatcvesm watsr auality-including the nccuu:j po, 30D,
amouia, pli, slkalinity, temperature snd other data needed

for this Method. Sources iuclude bistorical data (e.g.. in
STORET); Stats, IPA, or other vater quality womitoring:
sevage trestaent plant monitoring; transferable data from
similar stremms. .

N
-~

~including streamm slope.
depth, etc. Scurcas include field messurements; USGS topo-
graphic mape; special Corps of hz:.nu:s or county project
Haps: StTesm gazetteers.

4) gsiae af rravel/velocizy-ecurces imclude dye studies;
direct velocity messurements; calculations based on field
messurements of vidths, depths, etc.; estimates based oz

slope/velocity relstionships.

"8) sfflugur design flow-sourcas include State or local sgemcy
population projections; Step 1 applications.

6) sharaciuriaciza of design efflnenc-including the nutassary
ps slkalinity, temperature, sud other dats needed for this
Mathod. Sources imclude treatment capabilities for different
levels of trestment, prasented hersin; other data can de ob-
tained from State, IPA, or other vwater quality/effluent moni-

toring: sewage treatment plant sounitoriag; :tmtcabh data
from similar treatment plants.

Direct field uuut-uﬁ of time-of-travel/velocity, upstresa
quli'ty. stresm physical characteristics (such as depth. type of
" bottom. benthic deposits. etc.), snd other data sbould be -plt;yed for
each segment studied, most votably for thﬁu vhere post-filtration of
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the sevage treatment plant effluent is cossidered. S$ince these data
are veadily ebéaiubh by means of short duration. low resource
surveys, efforts should be made to obtair the data through State
agency monitoring programs or as part of the 201 grast process. ¥Whes
such dats are not svailsble, estimates can be made from some of the
suggested sources listed sbove. The impact of less site-specific dats
should bde considered iz the semsitivity ealysis. Time-of-travel
studies provide the wost useful data vhen the upstremm flowv and
existing sevage trestment plant flow are equivalent to the sum of the
upstresm ,Q;, and the trestment plaat design flow. 1If flows in

the {mmediate range of the design flow sre not encountered duiu the
time-of-travel l:u;liu. a second study at a different flow will ﬁcﬂit

extrapolation of the data to the design flow.

As & ainimum, ail' modeling efforts sust iaclude: (1) a search
for all applicable historical data and iaformation (q.g.. ia STORET,
old wodeling or water quality study reports- trsatment plant :acords,
etc.) to support the current modeling work, and (2) a gemeral on-site
Tecounsissance visit to visually observe the systam to be modeled (co

gain s better intuitive understandiag of the system).

‘3. Ammonia Yoxicity Anslysis

A mass bdalance mlyoin will be used to determine whaether the
uitrification unit process is required on the basis of instrem
amonis toxicity. The total smmomia~F limitatiom for the proposed
discharge will de determined by using the applicable vater q.uli:y
nuadaﬁh (ﬂﬁ). upstresm flov snd background comcentrstion, and
design effluent flow as followa (2):



Cayia.d (L)

= (Cslapeay) - G,/ (Zq. 1)

viere Cp = sllowable design discharge concentration of total
smmouis~¥ for POTVW,

QQ, % vatar quality standard limit of total smmonia-N
(usually based oo un~-ionized ammonis~N standard and
selected pE and temperature),

Cg = upstresm or background coancastrationm of total ammocuia-¥,
Qp = design POIV discharge flov rats,
Qg * upetremm design low-flow.

The sllowable instream total ammocuis~¥ coucentration (CWQS)
will sormally be based on the water quality standard for un~icuized
amscuis-N sud the expected values of pll sand temperature dovnstress of
the discharge (if sn spplicable total ammonis~¥ standard is specified.
:PQS wvill equal that standard). The value of Gqs can be deter-
sined from a table or graph vhich relates the toxzicity of un-iocnized
smmonia-N to PR and :--pcra:nﬂ (such s table snd graph is presented
in Exhibdit 1). VWhen selecting Cqu. oue should be sure to use ap-
propriate values for the expected dovnstresm pE ma¢ Sempuvsture con-
ditions ducging the design season, afisc mixing of the discharge and
the receiving stresmm. 1f o ua-icnized or total smmouis-¥ standards

aTe aveilable tet' use, the following criteria sre recommended:*

*Additional research indicates that thesa criteria ssy in many cases be

more stringent than necessary to protect watsr quality. It is recommended
that the lacest EPA ammonia toxicity criteria, wvhen promulgated, be used

in conjunction with the supporting amsonia criteris implemancation guidance
docussnt. Until the nev EPA ammonia toxicity criteria sre promulgated, AT
facilities proposed solely to prevent ammmnia toxicity may be approved only
with suppo-ting justificacions based oun either: (1) site-specific biologica:
dats showing that the designated usas cannot be restored without reducing
amsola toxicity, or (2) bicassay data (eithez from a laboratory or similar
aite) for indigencus species shoving that existing or future ammonia toxicis:
levels vwill {mpair designated use attainment (exposure levels and durations
for thase tests should be similar to those occurring or anticipated to

occur in the recsiving vater). Note: After publication of new ammonia
toxicity criteris »y EPA. Advanced Treatment processes proposed solely to
preveu: azmonis taxicity may be approved cousistant vi.:h these criteria and .
this simplified mathed.)
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New: Resrmwn from Willlam T. Willingham, Aswneni Tenisity,
UBEPA 908/3-78001, Fen. 1976

Percant un-onized ammonia in aQUEOUS aMMonis solutions®

Tempar pH Value
SR
re | o s | 70 | 78 80 | &8 920 | 88 | 100
$.. [0013 {0040 ]| Q12 | 0.0 | 12 s n. . 88
w.. |00 {coss | 019 | as8 | 18 ss | 18 . ..
1$.. [0027 (0087 | 027 | 088 | 2.7 80| 21. | 46 8
20 ... | 0.040 | O.13 04 | 12 38 1. . $8. 0.
.. |0os7 |08 | 087 | 18 s4 | W 3% | e ..
0..{0080 {025 |{ 080 | 258 75 | 20. % | T2 89.

*IThurmen, ol (1974))

Exhibit 1. Percentage of un-ionized smmonis in ammonis-water solution
82 various pH and tempersture valuse.
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e 0.02 ng/] uo-ionized mmmonis for freshwater cold vater
habitat '

¢ 0.05 ug/] un-ionized mmonia for fresbvater varm vater
habitat.

The expacted values of pll and temperature downstresm of the dis-
charge should bde based on the p.l and temperature of the POIV effluent
and of the cpetresm vaters. ‘ If sufficient temperature data sre avail-
sble or can be estimated for the POIV and for the stresm (upstresm of
the discharge point), the expected dovnstresm tempersture can bde cal-
culated as follows:

| 23 = (QgTy*QpTp) (2*Qp) (%. 2)

vhere t. s resultant vatsr tempersture downstramm of discharge after

[ ]
Q, * upstresm design low-flow,
Qp = design (POTW) discharge flow rate,
Ty * upstream vater temperature,

Ty ® temperature of POTVW efflueat.

Also, if sufficient pH dats is svailable or can be estimated for
the POIV snd for upstresm, the method oatlined in Appendix Al can be
used to deterzice the expected dovustremm pH.

. Vhen sufficient data is available for pi ud tampersture,. use of
‘the maximum pl and temperature values ever recorded is generally ;a:
reslistic., It is more appropriaste to use pll and temperaturs values
vhich are exceeded 25 pcént of the th; during the critical low-flow
season. It appaars that the uhuhbgd of having simultanecus “vorst
case” occurrences of both pl snd temperature ci;niﬁm:ly greater
than their respective 25 percent exceedence valias n'lm with design

lov-flow conditions is not very .zru:: hovever, additional research
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should be conducted in this area. When actual stream or POTW datas are
limited or mot available, data from similar searby strasas and POTVWs,
or equilibrium vater temperaturs data. msy de used as hni.gn eondi-
tions sad to help establish the range for s semsitivity snmalysis. 1Ia
this analysis. the pR and tempersture values vhich are used should be
eupported Dy ome or more of the mesns described above. Any deviations
sust be supported by a sound technical justification.

This mass balence snalysis should be used to detarmine vhether
the nitrification unit process is required solely on the basis of
{nstresn smmonis toxicity. Siace mitrification in sevage trestment
plants is gemerally sn “sll or nothing~ process. the vater qualiry
snalyst should de evare that, in terms of trestment capital costs,
there may be 8o difference betveen an smmonia effluent limitstion of,
ssy. 2 ng/l. aud 8 ng/l. Yor example, the cost of building a
treatment plant to produce an effluent quality of 2 mg/l ammounia-N,
may 8ot bde substantislly different fzom iu: for a treatment plant
designed to produce sn effluent quality of 8 mg/l. Por further

details see the discussion below on treatment capadilities.

Ia Light of the sdove discussion, this mass belance approsch
should be ssed to estimsta instream un-icnized ammounis conceatrations
wicth and without nitrificaitou st the trestment plant. In cases vhere
it appears that only marginal violations of the instresm ammonia
standard vill result without mitrification at the plast. the decisicn

to provide littilic;ti“ can be deferred until the dissolved oxygen
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(DG) snalysis (Step Cs below ) has been completed. The DO snalysis
may indicate the mneed for a reduction of ultimate oxygen dem.nd (UOD),
which would also support the seed for the aitrificstion sait process
st the plant (a process known to be more ecoumomical than filtrstiom)
for UOD removal. HNovever, the latter coaclusion is based ou the
implicit assumption that all of the instress smmonis will exert an
oxyges demand in the stream segment under cousideration, i.e., that

aitrification occurs instresm.

Ia situations where the DO snalysis does not indicste s need for
advanced trestment levels, but the ammonias toxicity snalysis predicts
toxicity problems, cousideration shall de given to uvsing pH sedjust-
uencs (i.e., pE reductions) of the effluent during critical conditions
%5 control smmonis toxicity in lieu of requiring asitrification. This
cousideraticu should include s determination of whether the temporary
lovering of pI and incresse in total diseolved solids (IDS) comcen-

" txatios would bave any significant instresm ecological or other

eflects.

s sddition to this mass balsmce snalysis, s qualitative if not
quantitstive assessment of moupoint source m::‘:‘.btfzim of smmonia
mst be aade. This ascesmment may reveal that nompoint source pol-
"aiion may ¥e ¢ sufficiint magnitude to preclude sttaiomsnt of water
quality objectives {n terms of smmonia mca::n:i.mu. An exsmplae
which illustrates this point would be s treatment plant discharge
located in a predominatly sgricultural watershed that bas significant
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sospoint source problems. Because nitrificstion alome may not solve
an ammonic toxicity ptofol-, noapoint source controls must also be
considered defore nitrificatiou is chosen. Natiousl guidaace for aon-
poiat source analysis related to facility plamning is presently beisng
developed and i{s expected in the near future.

C. DRissalved Oxvgen Analysis
A simplified Streeter-Phelps (3) m_lzli.o vi.u be used to

deteraine the effluent dissolved oxygen (DO) and 30D limitstioms for
the POTW. This approach incorporates both carbonacecus (CBOD) and
gitrogenous (NBOD) oxyges demands in the analysis. The equstion used

to calculats the DO deficit dovnstresm from the point source is shown

belor-:

D =D, exp (-Egt) (2q. 3)
+{K, 30D, ][R,k Jferp( -k c)-axp(-K,¢)]
+{%y w800, /(K- Jfexn(-Ryt)-exp(-Kqe)]
*+ S/EEy(1-axp(-Kyt)]

. where D s the DO deficit (mg/l).

D, s mixed {nitial DO deficit (st discharge point) (mg/l)

) C30D, = mixed ultimate C30D e?aeu::n:ioa at discharge point

1),

NBGD, = mixed NBOD coucentratios st dischage poiact (mg/1).
) The saguitude of the WEOD should be bdased on the total
emmonia .oncentraticn, and can de estimated usiag the
following stoichiometric uluiouhip: uBOD = 4,57

(m,-n),
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s C30D reaction (decay) rate (base o) (Ud‘ty).

| o
[

s rucu:ion'nn (base ¢) (l/day)

”
~

s KBOD resction (decay) rate (base o) (l/day).
s travel time below discharge (days),
‘s sediment (beathic) oxygen demand (gn/a?/day).

-unJC

e stresm depth (meters).

The instresm average DO coacentration at & givenm point downstresm

of the dischargc point i{s calculated by using the following equatiou:

DO,vc = DOgur- D (Eq. &)

vhere D0,,. = instresm aversge DO concentration (mg/l1),
DO¢,» s gaturation DO comcentration at specified vater
tamperature (mg/l). This can be detarmined from
Exhibit 2,

)} s g8 defined sbhove.

Calculations using the sbhove equations and a2 lpccui;d set of co-
efficisnts and sssumptions apply for a givem muo.u stremm reach. It
is. important to tubdivido_tho stresm into individual wmiform reaches
vherever any significant system changes occur (e.g., changes iz chan-
gel geometry, significant tributary inflows, etc.) so that :”rop.riatc
coefficients and assumptions that adequately represent each reach can

be applied to the respective stream reaches vhen the model calcula-

ticas are made.
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The universe of possible coefficients and sssumptions that can be
used in the mode]l may vary over & vide raage, and can result is sig-
aificantly different predictions of iastreem DO, It is extremely
important that the best possible estimata of these parmmeters de
obtained for each case to ensure that they adequately represent the
stremm ﬁu- to be modeled. Site-specific data should be used
vhsngver possible. Vhen a comprehemsive field survey i{s not fessidle,
appropriate data described in the literature or availsble trassfer
data may be used. .lauvc. if licerature data or traasfer dsta are
used, it is strongly emcouraged that 1 gimeral reconnaissance visit of
the site to be modeled de made in order to qualitatively evaluate the
applicability and ressonableness of tha data being used. -n- coeffi-
cients snd sssumptions to be used s2d ainimm site-specific data
tequirements for this Method are discussed further. in the next sec-
u}n. It is iqorm: to ensaze that the coefficizats aad assumptiouns

“"which are used in the model do adequataly represent the conditiouns in
each miform stresm reach, snd that they are changed in the model, as
appropriate, bo:v_un the stremm guchu being modeled to reflect any
systam chaages betveen the reaches (e.g.o maks sppropriate changes in
e;cliieintn. travel time, etc.o to reflect significant ém;.- ia
slope, chazmel geometry. besthic characteristics. ete.)

After the appropriate sssumptious are sade and coefficients
selectad, the location of minimxm DO cosceatration (i.e., the sag

‘poist) is to bde determined. This can be accomplished by spplyisg
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iscremental time periods in Iquaticns 3 and 4 sad soting vhere the
misimm DO coscentration occurs. The sumber olt trial-and-error
iterastions can de minimized by first using the following equation to
deternine the approximate location of the sag poiat:

. (Zg. %)
te e (1/Rz= Kgop)] 1a ([(Ka/Egop) (1=[Dg(Ky=Kgop) /(Kyop UBCD,) 1))
vhere ¢, s approximate time (snd, hésce, discamce) to the sag
(eritical) poine,
K, = .reseration rate.
oo s 30D resctiom rate (for C3CD, NBOD, or sverage of
two rates; ses text, helow),
D, s mized {sitial DO deficit (st discharge poiat).
e, » {aitisl ultimate BOD coucentrations (at discharge

Whiere C30D snd NBOD have different rates. the sag poiat can be bounded
by sssigning first the lover szad then the highar zate ts the total

sltimate 30D, or approximated by asveraging the two ratas.

The next overall step in this Mathod is to establish the allow
able loading rates seeded in order to meet the v_ntu.quli.:y standards
~at the critical sag point. This cam be sccomplisbed by applying. ia
sa {terative sanaer, ucﬁuaivdy lover C30D smd NROD values until the
DO standards are met st the sag poimt. Am sltersative to this “trial
sad ervor” method for dhoolyd oxygen is to separately calculste the
dissolved oxygen deficit due to each 30D source (e.g.. upstzesa 30D,
sedinent dmmsnd, plant carbonacecus 30D, ead plseat nitrogemous 30D).
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By knoving the relative concribution of each BOD source to the total
deficit vhen usiag chis alternative appro’cch. and since the various
oxygen deficits are additive (see Zquatiom 3), it is an easy task to
identify the combinations of vastewater 30D reductions :hac vill
achieve vater quality standards and to select the combinacica that
vill be the most cost-effective.

As stated asbove, it is extrsmely important that the best possidle
estimate of the parametars used in the model be obtained for each
' ease, and that they sdequatsly represent the system being modeled.
The sext several subsections discuss recommended parameter values and
aseumptions to de used with the Simplified Method. The following
poiats are sddressed: '

flow regime

target DO .

treatment cspabilities

rate coustants

{nital deficit determination
couversion from cxonu to 30»5
post-seration

aonpaiat sources.

The recommendations made below are intended to help the Simplified
Neathod user to develop modeling results that are consistent vith the

spplicadle vater quality scandards.

1) Flow Regime. Both low=flow and high~flow coudi:iou. should be
sssessed to detarming che critical conditions. In some cases, severs

soe-poiat source pollutant coatributions during high-flows might

a=23



preclude attainment of desired vater quality objectives. If the hi;hf
flov condition is found to bde eritical, further analyses of asapoiat

sources should be coanducted.

The flov regima to be used in the Simplified Method is the design
lov=flov specified in the applicable vater quality stasdards. This
flow will, ia mest cases, be the 7T-day, 10-7ear lov=tflow (,Q,4).

If »0 lnip' flov is specified, the 1%0 .!mnli be used for dsiu
perposes. If any uov n-lu. other than those specified sbove is used
in che ssalysis, & sound -ju-tificatios must be provided to support the

use of this valus.

2) ZTacgst Dissolved Oxygea. DO standards are often preseated as s
sinimam 20 21l times: lclc States include an average value along

vith the minimm., Ouzputs (che DO simulacion) from scesdy-state

" models are based n the averaging period for imput loadiags: they,
therefore, reapreseant the sverags DO conditions likely to prevail at
the flow comdition beisg simulsted. Tue two msjor factors that cas
cause the sctual minimum DO to be cousiderably lower than the averige
piodietod by stesdy=state wodel computatiouns are: (1) diurmal varis-
tions in loadings to asd from the costributing vaste trestment plant,
aad (2) diursnal varistions of inscresm DO caused by slgal photosynthe~
sis sad respiration. The magnitude of these variatioas is likely 2o
differ from plant to plaat and from stream to stream. The prodlem is

further complicated by the fact that prevailing fluctustioss is s
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stream say be radically altered under coastruction of a larger treat-
seat plant vith higher levels of treatment, and that quaatification of
these fluctustions through intensive field investigatioas may not ac-
curately defise these future conditions. For this tuion. users of

this Method sre urged to obcain additional field data so that instresa
responses can be batter correlated vwith differest levels of treatmeat,

sad that better estimates uader projected counditions can be made.

When modeling, the folloving DO targets should be used:

(a) If the DO standard is expressed ss as average sud a misimm
requirement (e.g.. am average oz 3 ng/] end a ainimum of &
sg/l). the sverags aumber (e.g., S mg/l) should be used as
the target.

(b) 1f che DO scandard is expressed oaly as a sizimum (e.g.. 2
sinimum of 3 =g/l st sll times), che targat DO may be
obcained by addiag cca-balf of the diurmal variation to the
DO standard (e.g.. for a totsl diurnal varistion of 1 mg/l,
thea the target is 5 mg/l = 0.3 ug/l = 5.5 mg/l). 1Ia the
abeence of adequate site~specific or transferable daca, 0.3
ag/l should be added to the DO standard. If amy other

values (either lesser or greataer thaa 0.5) ars used, they
sust be supported by adequate data.

There ic 20C & s2rvag qmtin:.ivc bua;.- for using the
recoumended value of 0.5 mg/l to compensate for diurmal :'ltilti.OBIS
thé choice is based in part ou the acknowledgement of the existemce of
such variations .nd ot the seed to -nuov some nuouslc compensation
in the absencs of sm sdequate data base. Howvever, Thomana (19) fesls
that there i- s basis for u\niq. the 0.5 g/l valua, but this value is
sssociated wore vith raadom, rather thaan just photosythesis/respira-
tion, fluctuacioms. Additional field studies sbould be conducted to

either support or medifly this 'vtluc.
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M1 ¢ Capahiliziges. For cypical domestic wvastevaters, the

folloving effluenc concentrations should ordimarily be assumed for
modeling purposes. These values are 30-day averages that would be
expected during varm summer woaths (i.e., during coaditious similar to

those being modeled).

Zzsatuent Z881uens Cancantration (mg/ll
aon, 0,8

Iafluent ’ 100 - 300 12 - 3§

Secoadary 30 (or 852 - 102 less thaa rav
temovsal) coucentration

Nitrification (single S = gee 1.0 = 1.9

stage or two stage)
Oxidation Digeh 10 - 15 1.0 = 1.5
Ritrificstion plus : 3 = Swe 1.0 = 1.5

Teriiary Piltration

_we(See Appendix A2 for clarificatiocs.)

The values selected from the ran;&s given sbove should depend cu the
iaflueat coucentrations (e.g.. lover values should be used for lower

influent concentratiocas).

4) Race Canscanca

(s) Reaszacion Racs(X,). The critical valses in DO snalyses of

emall stremms are the reseration rate, and to a lesser extesnt, the
C30D and NEQD dacay rates and effluent DO levels. Many formulatioas

bave been developed for predicting stresm reseration rates based on
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pbysical characteristics such as stresm vidth, depch, velocity. and
slope (4,5). Raceat work by Rachbua (6) aad by Graat aad Skavroaeck
(8) iadicates that the Tsivoglou formula (7,20), in vhich K, is
ealculated by Equation 6, tands Co wmost sccurately predict scream
reaertica. Presently, the dats base 0a vhich moet reasration
equations and recommendations are based is quite limited. Additional

data collection efforts and research sre seeded is this arves.

The Tsivoglou formula, presented delov, should be used for

computing ﬂmuhi cstes o8 sasll, shallow screams:

£, s CVS st 20°C (zq. 6)

vbers K, * reseration rate (1/day)
¥V = scresm velocity (ft/sec)
S = sgreaw 3lope (ft/mi)
C s proportionality coanstant with the values showan below:

Cu 1.8 for 1SQ<510 cfls
8 1.3 for 10<Q<29 efs
& 0.88 fov 155Q<IV0 cfs.

According to Tsiveglou (9), there is o evidence to support re-
stricting the wse »? RLquation § based om misimum slope. It
should be poianted out that the values of the proportienality coa-
stsat (C) givea sbove for flovs betveen 1-10 cfs and 25 - 300 cfs
vere daternined By Teiveglow (20) wasiag data in these flow
rasges. The valus of C for the flow range between 10 and 23 cfs
sppears to be basically an estimated value ounly, siace & paucity
of data exists ia this flow range. HNowever, this C valus bas been
recoumended by Neal (22). When the stremmflov (Q) is sear either
10 or 23 cfs (che peimcs at which the value of C changes), it io
tecommended that s sensitivity anmalysis be performed by doisg
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separate DO calculatioas using both the higher and lower C values
80 that lower and upper limics of predicted DO can be established.
1f this range of predicted DO is found to be relatively large, it
is recoumended that additionsl vork, includiag field measurements,
be performed to help reducs the uncartaiaty in the reseration rate
to be used. )

0'Connor's ressration formula, presenced bdelov, may de used for
larger, deeper stresms vith more uaifors chaasel geometry or those

wvith significaat pooliasg (4):

kg, =129 vI-3/ule3 st 20% (L. 7)
vhere ¥V s gtream velocity (ft/sec),
 § s gverage stream depch (ft).

The values of V aod T used in the above equations sbould be based
os sctual field messurements so that the uscertainty is the rate caa
be reduced. The values of 3 can be detarmined from field messurements

aor from nﬁpropriau saps.

- Amy otaer applicable resseratiocn predictios methods may be used in
lieu of the sbove sethods oaly if these sltersative methods are
sepported by sn sdequate technical jwstificatios that inmcludes

sufficient field data collected from the ares.

) wl)' A reviev of resction rates measured oa
u-' flow stremms vith similar characteristics showed :iut C30D rates
generally rasge from about 0.2 to arcusd 3.0 or mere (10, 11, 12,
13+ 21e), depending is part om depth and .«;rn of treataeat (see
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Ixhibig J). The mianimal data available for swmall, lov flov stresms
with treatment greater tham sacondary suggest :n:':hc’ C30D rates
uader these conditions typically fall betvees sbout 0.2 aad 0.5 (at
20°C). Adjustiag C3OD rates by depth as proposed by Eydroscience
(13) suggests 0.3 to be s representative value for these lov flov
streams vith s mostly scable fairly rocky bottom. aad about 0.2 for

stresms vith a primarily usstable sedimant bottom.

Using this approach, C3GD then becomes (14):
£ s ¢ (1/3)"0-434 for 2 < 8 ft. (2q. 8)

s C for 1 2 8 f¢.

vhere :1 s C3OD decay rate (1l/day).

—.t 3 gverage sctream depth (ft),
c s 0.3 for streams vith soscly stabdle fairly rocky
bottoms.
B - s 0.2 for streams vith primarily wnscable sedimesc
battoms.

It should be noted that Iquatioan 8 gcuuliy represents an average of
a8 riage of posiidie walues at any given depth. Based ou limited datas
presented ia the litsrature (11, 13, 21) end elsevhere (10, 12; also

see i:h;hi: 3), the following raages of the C30D rate sre presently

being suggested:
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4 wl)"
Secondary treatment 0.3 1.3
Greater than secoudary
e streams vith mostly 0.3 0.5
stable fairly rocky _
bottoms.
e streams vith primarily 0.2 0.4

wastable sediment
bottoms. '

(Note: Thuse ranges are based ou & yary iimited data set; they are
subject to modification, ss mecessary, ss additioual rate data
sze submitted to IPA Headquarters. Users ares urged to
collect sita~specific rate data vhenever possible.)

ve-(1/day, base e, c:\2'0°c7

Iquation § may be used to estimate the CBOD rate vithin the raagas
specified sbove. Users of this approach should nota that, at dest,
the above equation is & crude, though rational, empiricism, dased on

a limited dats set. A much larger data set comnsisting of sccurate

‘E; messurements for different levels of treatment and types of

strems is seeded befors s wore precise empirical correlation equatics
¢an bde developed. Towards this end, States aand IPA Regions are

gzzad to expand relevant dats bases, snd to submit these dats nd -
suggestiocns to IPA Ueadquarters to assist ia the refinement of the
shbove approach aand ranges. Post-construction {atemsive surveys to
measure K; (sad Ky) delow AST amd ANT plamts would aid this
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effort significantly. Users are encoursged to collect aicc-spocifié
data or to use transferable data to help reduce che umcertainty ia the
CRQD cats to be selected. Any deviaticuns from the above spproach must

be supported by sn sdequate technical justificatiesm.

(e) XR0D Decay Rate (X,). Several eavirommental factors have

been shown to ianfluence the rate at vhich nitrificatiom occurs. 4mong
them ars pl. tempersture, suspended particle eaenerui_«. hydu.ul.ic
pazametars, other pollutants that inhibit the mitrification procass
{€egee some toxzics), sud the benthos of tae receiving vaters. While
n.o attempt is made in this Method to quantify the effects of these
factors on Eys users are expected to determine quslitatively vhether
or sot aitrification h. likely to ocecur in the subject stresm. If so,
users must determine vhether or not coaditiocus are op:i-;nl for
lﬁti.;{iu.:ion. Yor example. several rasearchers bave shovu that & pd
in the range of 8.4 to 8.6 is optimal for nitrificatiocm. with & upiﬁ
decresse in nitrification outside the range of 7.0 to 9.0. Because
moet State vatar quality standards require a pE in the range of
bg:-«n 6.5 or 7.0 and 9.0, it is ualikely that the pE factor greatly
influences the occurrence of nitrification. Bowever, consisteant pi

- observeticas im the range of 8.4 to $.6§ indicate that this factor is
eoeducive to -ci— usitzificatim. Nitrification {s alse & fuaction
of availsble bemthic uttae, area for aitrifying organisms to attach
:t-ulv'«. Tor example, u a stremm bdottom is enploniy devoid of
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surfaces (such as rocks. etc.) on wvhich nitrifiers can attach
themselves, it {s likely that nitrifi-ation will sot be a significaat
factor in the DO snalysis. Conversely. s shallow stresm vith a rocky

dotton is likely to have & high nitrificstiom rate.

A site inspection will iadicate the likalibhood of aitrificatiocn,
sad should be comducted. Based ou the observations which ars msde
during the inspectiocn, the user must estimate the applicadle NROD rate
value. Ia view of the temuous sature of this rate salection
procedurs, particular cars should be taken in evaluatiag the effeces
through semsitivity snalyses. Another peint to comsider is the
outcome of the smmonisz :o::'.gicy enalysis. If it vas determiged
previcusly that amocnis removal is required ou the basis of ammounia

:dcity cousideraticas, them the role of ks in the overall DO
snalysis decomes somevbat less critical. Om tha other haand, if the
ammonis toxicity analysis does ot clearly indicste the need for
amouis removal, then the decision to provide mnitrification st the
trestment plant will hinge solely om the 0 snalysis. This makes the
deternination of the E; value much mote c:i:ie;l. The vater quality
asalyst sust then carefully sssess stremm couditions, and assigs .
Tessonabla rate coefficients, sccordingly.

Based on limited observations of WBOD decay rate (2; also see
Exhidit 3), it appesrs that, vhere iastresm nitrificetion is found to
occur, wost Ky values range between about 0.1 ead 0.6. Ia the
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sbsence of applicable site-specific dats, 3 K] value within cthe
gange of 0 to 0.6 is to be selected. This selection should be dased

in part on a site inspection (as stated above), and on any appropriate
svailatle transfer dats. Generally, a K, value of sround serd

should be selectad only if strong evidemcs suggests & lack of instreem
unitri{fication occurring under the projected conditicas. Othervise,
the K, values vhich are selected might be roughly 0.2-0.3 for

desper stresms vith a primarily sediment bottom, around 0.4 for
shallower o:ru-. vith & moderately rocky bottom, and about 0.6 for
shallow, vocky scremms. The user is stroagly e souraged to collect
site=specific data, and data from similar sites, vhenever possidle to

support the selection of the ¥WBOD decay rats.

(d) Sediment (Bcnthi;;) Oxygen Demand (S). Sediment oxygen is &

factor that is often significant in the DO sznalysis. PYor the types of
situstions applicable :Q this Mathod, Thomsan (19) nnun’-u that the
following bmhi.cb demand rates be used vhen simulating stream DO
Tespouse Lo varicus treatment levels:

S(pliz/ay of 0jac 20°¢)

“Trestment Level o o‘;i;%:i%x s W T
Poor Secoudary Trt L 2 -4 0.5 ~1
ioeoucy Tee ' 1=-2 0.3 - 0.7
Greatsr than Secondary 0.2 - 0.5 0.1 - 0.2*

*(Zven with high levels of treatment at the point source, thare vill
usually be at least g minimal benthic demand present, e.g., dues to
"beckground™ or other sources).
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Yor the purpose of this analysis, the denthic demsnds should be
m;idccd to be at & ainimum under future coaditions, unless
site~specific circumstances indicate a continued preseace of
substantial deathic deposits ia the future (e.g., from mompoiat
sources). The applicable rates suggested sbove should de used in the
snalysis, unless site {nspections indicate that higher or lower values
should be used.

Vhen selecting the bdenthic demand un‘!og future e&dium.
cousiderstion should de givem to the fact thit there might de
coutinaed other sources of deathic demsnd, such ss from asapoisnt
sources. Therefore, s site inspection should be couducted to
detarnine the charscteristics of the straam bottom aad the aresl
extent and sagnitude of the benthic demand, sund to revesl any possible

soutiguing bdenthic demand pToblems.

(e) ZIsmpezaturs Carrsctions af Resction Racgs. Temperature effects
on the various reaction rstas c‘;l be spproximated by the following

equations:

o far the Sediment Oxygen Demgnd Rats:
(SB)y = (SB)y01.065)T°20 (4. 9)

vhere m), s adjusted beathic demsnd rate for specified strem
temperature, :

(Sl)u s selected Yenthic demand rate (for stremm
temperature of 20°C),



T = specified stream temperature (°C),

20 (Ea. 17)
e far. kK. X and K4 Er* %20 o :

vhere r,. s adjusted K-rate for specified strem tipcta;urc.
Ko * selected K-rate (for stTem tempersture of 20°C),
? = gspecified stream temperaturs (°C),
¢ 8 1.047 for l‘.
s 1,024 for ‘2’
= 1.08 for Kj;.

(5) Inizial Deficic (D) Decemminucion. Whes performisg a
DO analysis. the initisl dissolved oxygen deficit (Do) must be imowa
(see Lquation 3). 1a order to calculate D, the resultant mixed DO
esucentration .; the dfuh.nt;u point must first be calculatad. This

can be sccomplished by performing the following mass balance:

D0, = [D0,Q,*P0Rp}/[Qy* %] (. 11)

vhers DO s mixed instremm dissolved oxygen conceatration st
' discharge point (mg/l),

s upetTesm dissolved axyges coucentratiocn (mg/l),

POTV discharge disanlves oxygens concentration (mg/l).

s nbc:;nn’dclip low flow,

" POTW design discharge flov rate.

FrpE

Then the u:nniiou 0 (DOg,r) concentration must be determined

using the resultant vater tampevaturs dovastreasm of the dischargs



- (Ty) which ves calculated usiag Tquation 2 (in the “Ammecaia Toxicity
Asalysis® section). This can be determined fros Exhibit 2. By usiag
DO° and DOg, q¢ the initial mixed dissolved oxyges deficit (Do)
can be calculated as followvs:

D a DOg,.-DO, N (2q. 12)

(6) Coanversion from CBOD, to CBODs. Ratios of CBUD,/CBODS discussed

harein are based on a nitrificstion-inhibiced test. The ratio {s a function
of the level of treataent and tha associated degradability of the vasta.
Thus higher ratios are axpected and have been observed for higher levels of
trescasnt since the CBOD remaining in more highly treated effluents degrades
more slovly than that in less treated vastevaters. It is recowsmended that
the perait 30D effluenc limits vhich are finally selected after the vater
qality snalysis be vritten as & carbonaceous sad no€ a total BODg; cthe use
of CBODc effluent limits and, correspondingly, a carbonacecus (inhibited)
BCD tast vhen monitoring the effluent can help avoid potential data inac-
curacles that can result from nitrificaciocn occuring in the bottle during an

uninhihized BOD taaxt due to the presencs of zuffizient aitrifiers in the

test bottle. Data submitted by Raegion V (see Exhibit &) i{ndicace that the
ratio of BCOD, ea}:lODs should be about 3.0. Other limited data presented in
the literature suggest that this racio is about 1.5 to 2.0. It is suspected_
chat many of the lover ratio values vere establishad using data from older,
less efficient Cresctaent plants, and that the Region V daca is generally from

never, sores efficiemc phaism

Then evaluating secondary treatment discharges. water quality
asalysts should use a ratio ia :Sc rvange of 1.3 o 2.0, ualess
-applicable loug-tarmCBOD tests indicats some other value. The value



o - .S should gemerally be c»iid to “poorer”™ secondary plaats. and

2.0 should probadly be spplied to the "better”™, more efficient

secondacy treataent plancs. Analyses of very limited jewage Cresatzent
plant effluent BOD (tocal and u:bo;ucoous) S=day, loang-term (ultimate;,
and tise series data indicate that s CBOD, te CBODS coanversion tatio of
sbout 2.3 should be used for nitrification facilicies. Until additional
treaatmant plant effluent data can be collected and analyzed Co further
tefine this ratio, a factor of 2.3 should de used for aitrification and
higher-level Creatment n;nuu-. It must be emphasized thac this value
is presently based on & very limited set of data, and that additional treat-
asat plant effluent data is needed to gain greater mtb_:lmc in the sug~
gested value. All EPA Regions, the States, and others are strongly uzged -
to voluatarily participate in a asaticnwide daca gachering effort so that

mOTe accurste ratios can be developed.

Such an effort would not be very resourca iatensive, and the results
would be extremely useful. Carvshould ka2 taken to ensure that only the
carbonacecus demand is measurad. This data collection effort should include
tn/zot-uon on the type of trastment and type of influeat, and the sampling
should, to the extent possible, ounly be pcfornd on sanitary wvastevaters
that are unchlorinated. This data should be submitted to EPA Headquarters

for compilation and analysis.

It is recommended that, vhenever possible, existing plaat effluent
. data and/or pi..loc plant daca should be col.ioc:d to assist in the selection
of aa appropriate conversion nc:n; Caution should be exercised, however,
vasn using data from an ciy%.ing plant that has a level of treataeat that
is significantly lover than that vhich i{s proposed. Such daca should not

be blindly applied vhen selecting the appropriate conversion ratio; it
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quantities to cause standards violazions, and sgriegltural or urban

Ca9%a.A (1)

ratio and its laplications on the {inal cruugu: dec{sion to be

help the vazer quality analyst determine the telactive laportance of “ e

such additional data.

It is alsc tecosmendad that the B0Dg effluent limits in tha tr
planc's permit be revieved sfter the nev facility is ou-line to halgh)
chac the corrsct CBAD, to CBODg ratia vas applied to the model outy
can be accomplished by eouccing and anslyzing appropriata plaat
(300 daca sfter the aew treatmeat fazcility is on~line.

(7) Post-Aeracion. Post-seration ef the e¢fflusnc to & DO N
mmnci;- of 7 ug/l should slways ba evaluated s an alternscivel
to higher levels of trestment, unless there is & site-specific
conscraint that precludes the use of polc-sarstion equipment. This
techniqus can be particularly useful ia cases vhere dilutica is low

and reseration rates are also low.

(8) Boupoist Sourcss. Ia scwe cases, ncapoint socurces may
preclude actainment of dissolved oxygen water qualicy objectives eventiiE

vich stringent sdvanced trsatment. Pfor exmmpls, streams with

extansive vetlands may coutridbuta low DO wacet ia sufficient

runo £f in the vicinity of a plant discharge msy slso nullify che
benafits of sdvanced treatment. In cases such as these, sonpoint




source control tradeoffs must be considered before advancad treatment
is chosen. Site-specific evalustions should be made to identify

possible nompoiat source problems.

D. Semsiciviey Analveis
| " The sensitivity of computed stress responses to changes ia
u:i-gc-d {aput véublu mist be decermined before a final decisica
of creatwent levels is made. A sensitivity analyeis combined vith
judgement {s essential to help establish grestar coufidence ia the

results that srs obtsained.

The seusitivicy of compuctsd (predictad) instresm responses to the
various input values should be determined by repesting the snalyses
descrided sbove with changes (incresses and decreascs) is the iaput
varisbles. The following staps should de followed:

1) Iaiciglly, chree uﬁ of calculations should be made to reflect a
“worsc,”™ "best,” and "averzge” case for each altsruative treaczent
level. This csn be accomplisbed by using model {aput values hat
represent, nap«:;nly, the "wvorst" and "Sest” ends of their
seusitivity ranges and the values actually seiected for the model.
The cutputs of these computations should be plottad as DO profiles.
If all three cases {nd{cate & violatica of the water quality
scandard vith the given level of treatment, thes She oext level of
trestment i{s useded, end no further juscificscion is necessary. 1If
all three cases do not iandicace a violatiocu, then the sext stap

must be takan.
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2) Next, each iaput variable to esch equation sdave should be
{ndividually iacraased and decreased, so that the magnitude of the
differences in predicted instresm responses can be assessed. Uach
{fapue n'risblc (including rste coeffigieats, :ruvql time, physical
charsctaristics, etec.) should be varied over s range of values that
reflects the uncertaiaty ia the par:.ienht variable. 1If direct
ssssuresents of certain iaput verisdles are ssde, thean the uacer~
taiaty ia the variable would tend to be relatively small aad,
thersfore, the range o be used in the sensitivity analysis would
generally be Telacively emsll. Very close scrutiny should de given
to those {nput varisbles vhich have oo site-specific or transfer-
able data to support their having been selected. 1If rates (or rate
formslations) other than those suggested in the sbove enalyses are
used, then the sensitivity snalysis should be used as part of the

justification for the altarnative rates (or formulations).

The rssults of these sensitivity snalyses (ia scep 2) should de
reviewed vichin the context of the effluent quality expected for
various treatment levels. Therefore, if the effluent requirements
" datermined using the range of iixpuu !or‘ each !;uhbh fall within
the expected ¢fflusat quality from & single emw»lml (e.g., AST
oF ANT), then sdditional saslyses would generslly set be Tequired for
that varisble sincs the need for that level of treatment is obvious.
Bowever, i{f cthe required treactment level is heavily sensitive to, sod

dapendent cn, the selection of en iaput valua(s) especially vhere
existing daca sre {asdequate to charscterize the variable(s), them.s

 A=A?



sufficient amount of additional daca shall de obtained to mare

agcuracely define that wodel varisble(s) (thus iancreasing the
coufidence ia chat variable) so that che selection of the trestment

alteruative can be clarified. PFor even furtisr confirmaticn of the
selected effluent limitatious, the sensitivity analysis csa also te
gerun for the i{odividual input varisbles st a less stringent level of
traatmsnt and the noul:; anslysad to detarmine £{f the desired vater
quality objectives could possibly be met at that lesser trsatment
lavel within the range ot‘ iadividual inputs being ucilized. 1t must
e emphasizad that the use of sound professionsl judgment is
essential vhen ;lnlur.!.ag the coufidencs in the model imput varisbles
used and in tha modeling results obtained. |

To further assist ir evaluatiag the resulcs of the sensitivicy
analyses, the iscremental prasent vorth coet (comstruction and 0&M) of
the proposed improved tresiment procass may also de cousidered whes
degsiding the necassary level of treatment. PYor example, if oversizing
the clarifiers, providing addiciousl ;ctaziou and clarifiers for
aicrification, or seascual chemicsl sddition could provida the level
of treatment in question, such trsatment eould be partly juscified
Sagsed ou best judgment dus to the relatiwvely low eost of such
sddizional creatment. Oa the ocher hand, filters (as an add-on to
nicrification), dus to thair high incremental cset, could bde justified
by ehis Simpiified Method culy {f the rasults of these sensitivity
saslyses {ndicats sufficient coufidescs {a the results. Othervise,
sddicicnal dats (imsluding for uu.h:aeh. and mi.!ying the wodel)

would de required.



*.

Cenerally, the variables to be analyzed in the sensitivicy
snlaysis should include those lisced bdelow, and should generally de
varied by sensitivity ranges in the order of . hose which are suggesced
below (especially if little or oo data is svailadle to support the '

variable's selection):
o C3OD rate - vary by sbout +50 to 1002 (and sppropriste
acrements in between), dapending ou the uncartaianty in the
estinated valuas.

e NBOD rats = vary by about ¢25 to 753 or mere (and

- sppropriats iacrements in Detween), depending on the
unsartainty in the estimaced valua.

@ Raserstica rits ~ vary by abeut $232 to 21002 or more
(dapendiag on the uncercainty in the estimaced valus), and
by incermedisca {acrements. As approprists sensitivicy
aaalysis should also be performed ocu the variables used ia
the respective reseration equacions ({.e., veloecity, and
slope or depeh).

o Benthic demand « generslly should use the suggested ranges
presented in Section IIX(C)(4)(d).

¢ Tempersturs, pH - use ranges sppropriacs for the
situstion.
- B« Rasults
1) DPermit Conditions. After determiaing the final effluent
limitations oecsssary for the maintsnancs of wvatar 'q;.llity standards,
thase limitations should be entered into the WPDES permit. Municipal
affleent limitatioes ar? often spacified as 33-day and 7-day sverage
valess fer nn,, smmonis-¥, md suspended solids. Tor streams vith
sere flew et the critiecal condiciocus, the results of :hc DO analysis
shall be wsed as 7-day average effluent limics racher than 30-day
sverages, since these masll streams are often very resetive to

varisble wasts faputs. Por streame with aocuzero flow at the critical

-
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condicions, the curreatly asdopted and applicable Scace or EPA Region.

procedures for spplying uﬂnliac results to POTW discharge permit

effluent limications shall be used.

- Technical analyses are being conducted vhich study the effascts o
affluent concentrzazion and streaaaflow variability, different dilution
tatiss, and the use of al-<Tnative averaging period schemes oa feceiv
vater quality. Preliainary results indicats that effluent and stream
variabilicy and, to a lesser extant, duzctn‘ dilutions ars critical

factors vhich often gruatly affect tha f{requancy of severs watar qual:
viclations.

A site~gpecific analysis that counsiders the effects of the indiv!
strean's flov variability, available dilucion, and the salected treat:
procass’ effluent concentration variability ca the streaa's vater qual

/(uc.hsdi.n; tha fraquency aad saverity of watar quality vislacions) sho
be performed in each case to decermine the apprupriate averaging peris
Technical guidance cn performing such analysas is baing daveloped by .
EPA 0ffice of Wacar Ragulacicns sad Standarde to aid (o the salection .
sppropriate averaging periods.

Sased on currsntly available data for treatment plant pecformance,

" full aitrificacicn treatment i{s a relacively stable procass during the
.-n -jn:h... When cousidared logether vith streamflov variability ac
dllution, this trascment process should aormally preclude frequeac high

levals of water qud..z:y violations vhean the stream flov is at low flov

conditions and the stream's flowv characteristics are not highly variabl

A~30



[t appesrs that (n maost cases, especia.iy vhere the stteam’s flov
vacilablilicy Ls noc extresaly high, fluctuations in the effluenc gquality o¢
.t'uLL nfitrificacion facilitles designed to achieve JO=lay average purzit
limicacions are not likely to have a significant tmpact on the aquatic
habicac due to increased loadings or decreased dilution. Actual impacts
on the aquatic habitat or designated uses vill be deterained vhen gite~

specific analysas ars conducted.

The C30D and noo outputs from the DO sualysis should de
converted to m, sad swwoula=-N NPDES permit limitatioms using che
following relatiouships (escablished earlier):

ta) Dy - caoo/e '
(vbhers r = the UCOD:80Dg racio, for the appropriscte level
of treatment, selected in sectiom III(CI(6).)

() Wy -p= - XBOD/4.57

2) Sesscunal Bffluent Limications. The effscts of varistiocns
iz cempeTaturs and flow siwuld bde evaluatsd to datermine vhether or
not operating costa can be reducsd through seascual relaxation of
effluent limitations. PYor exmmple, it {s conceivadle that in viantar,

higher flows and lower temperztures would sllov for & relazation of

80D and swmouia limitatioss from s toxicity end DO scandpoiac.
XAMPLL PROSLEM

(AR example prodlem will be prepared and provided to the users of
this Method in ths near future.)
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APPINDIX Al
METIOD FOR DETERMINING EXPECTED DOWNSTREAXM pR

Calculating the pX of the stream after mixzing of upstream flow
vith vagstevater discharge is scraightforvazd - provided there is some
uinisal water quality informstion available ou esch.

It can de done vith informazion om different combiastions of
alkslinity, ecidity end pll. The most direct method, and simplest to
present for s simplified methodology, requires information oa pE asad
alkalinicy., 1If ao pk er alkalinity data is presently svailable for
the POTIVW and/or for upstream, then a short-tarm progrmm of collectiag
tie seeded pE and/or slkalinity data skould be fniziated. 4Assuming
gemerally sverage couditions exist st the POIV sand spetremm during the
data collection progermm, ehd a fairly sccurate determination of their
sverage pll and alkaliaity coanditions can be nade in seversl daye or a
fev vesks. The tests for pk a4 alkalirity sre easy and {nexpensivse:

o 3k - is easily (and commouly) measured by pi mater.

o Alkaliniss - is alse commouly messured. Standard
Methods specifies ticratiom with stroug acid (0.02 %
1,30,) - {a vhich case alkalisicy is reported as

The ionic forms comprisiag alkalisity (ECO4", CO4°
and OE” be cslculated from the relstive mounts of acid

A=33



tequired to reach the two end points (Phemolphthaletn
at pi 8.3. sod Mechyl Orange at about pEK 4.5}, Por
satursl vaters betveen pi 4.5 and 8.3 (essentially all
ve teed be coucerned vitha for this ezercise), there
vill de 30 phenolphthalein end peint == and ll of
the alkalinity vill be preseat as bdicarbomate ien
(m,'). '

Bote that the procadure prasented, and the chast used, will apply

for sny situation. The iastrueticus for its sse are much simpler to

prusent i€ {t is assumed that the ounly vatars being dealt vith vill de

in the p 4.5 to 8.3 range (vhich vill wsuslly be the case).

There sre & sumber of teckmiques, machods, etc.. for calculatiag
pl. The one presented here seems o be best suited for these
purposes. The chart is takes from “Aquatic Chemistry” by Stumm &
¥Morgan (Wiley Interscienca, 1970), aand the approsch is a portiom of
the oversll approach they describe - vhich for simplicity is limited

to the usual case vhich vas selected.

The calculstion is illustrated by the following exsmple:

e Ia & natural vater systam (or vastevater) vith a pil iz the
raage of 4.5 to 8.3, the slkilinity messured is sll
bicarboaste ica (ECO,") reported as ug/l as CaCly. The

~ Total loorganic Carbia (Cr) vill comsist of beth ECO,™
end soludle 0, vhich coexist {ia water in this pll radge.
(NOTZ: The Standard Methods tast for scidity would measure
soluble 0,.) :

A=54



CA934.A (1)

e The chart requires that aikaliaity de reported ia terms of
uilliequivalenta/liter (meq/l). The conversion is as
follows:

Alkalisity-ug/l as CaCly X 1/350 s Alk.-meq/l

o Total Ilnerganic Carbom (C.) must de iz terms of
nillimoles/liter (mit/1). ever, if ve are vorking with pi
and slkalizity, we aeed 20t worry about this comversioun,
aor about determiniang the scidicy or G_ﬂz concentration.

o Ia & sizuation like the one being addressed, bdoth alksliaity
ead G, are consérvative (p is sot). Thus, vhea two
vatars vith differsat comcentrations of slkalinity and G
are mized ~ the finsl concentration in the blend can de
daternined by simple mase bdalanea.

¢ The steps ares

i. Trom alkaligity and pll, determine Cy for strean
snd wvasta-

2. Calculate concentration of alkalinity snd C, ia
blend. *

3. Determiae pR of blend from dlend alkalinity and

S

@ An example problem and a calculation sheet are givea iz
Exhibit 5. A blank calculatiom sheet, witk chart, is slso
attached (Exhibit 6).
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APPENDIX A2

The resulcs of aew data supplied by EPA KSL-Cincinnaci show that

30D, levels {n aitrification system e¢fflusats range from xon, 3 -8 ag/l.

3
Tests rnt on Cypicsl aicrified effluencs using the Standard Machods

m, test cousistantly exhibiced higher than actual carbonacsous nons due
to nicrificacion occurring during che C3OD test. The resson for the high:
lou, tesult is chat agueaous solutioms coutzining amooium salts are wsed
ian the standard IOD’ tast. These amouium salts in the presencs of altri-
fying orgmisms ia the nigrified effluant crsats m additional spearent
m, desand in the effluent. Tor this reason, data from plants wich
aitrification cannot be used £o predict creatment capabilities wnless

gitrificacion {ianhibitors ares used.

The igency has proposed (Decemder 3. 1979 Zsdexzal Regisces)
sa iahibitory IODS test for aitrified effluents. Larly work at ghe
Vashingtou, D.C.~~Pilot Plant used allyl tliourea as the inhiditory
chemicsl. These tests shov that the ions messured for uaniahibited
uitzified effluants is two to three times grester thaa for iabidited

effluents (See Exhidic 7).

It {8 advised that all treatment plants with aitrificaction uwse
the iahiditing chemical and rppo.tt the 30Dg values that are
determined from this method to expand the data base of plant

eperationsl capabilitiaes.
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NEMORANGUM
SUBJECT: Addendum to Simplified Mathematical Modeling Methodology

FROM: Staven Schatzow, Director

0ffica of Water Regulations and Standards (WH-S551)
'Honry L. Longest [I, Ei .=¢=

{v\’ufﬂa of dater Progras Uperations (WH-545)

T0: Regional Watasr Oivision Ofrectors
Regional Eavironmental Servicas Otvision Directors
Regional Wastsload Allocation Coordinators

Attached, for national use, is the final version of the addendum to
the “Simplified Analytical Method” which provides saveral tachnical
. revistions or clarifications ta the national guidance document dated
Septamber 26, 1980. The guidanca provided in this addendum will syperssde
that in the rupocﬁn sactions of the original documest.

As you will nota, the addmdua provides modifications related 2o the
chcan {ssues:

application of the guidance.
perforaing ammonia toxicity analyses.
calculation of stream travel time to reach the point
of critical dissolved oxygen deficit. .
tamperatyre correction factor for K3.
. dissolved oxygen saturation concantration determination.
conversion ratio of csm,, to CB800s.
permit conditions,

These chln;ja are based on additional information and analyses which have
becoms availabdle.

1 you have any questions or comments or desire additional

information, please contact Tim J, Stuart, Chief, Monitoring Branch,
Monitoring and Data Support Division (WH-553) on (FTS) 426-7766.

Attachment
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ADDENDUM
T0

*Simplified Analytical Method for Determining
NPOES Effluent Limitations for POTW'Ss
Oischarging into Low-Flow Streams: National Guidance*

I. INTRODUCTION

This addendum provides several technical revisions to the °Simplified
Analytical Method® that clarify, correct, or modify gum on additional
information and analyses which have become availabdle) certain sections of
the original national guidance document dated September 26, 1980. The
guidancae provided herein supercades that in the respective sections of the
original document.

Users of this method (as well as cthers) are strongly encouraged to
develop additional data and other information on reaction ratas and other
factors applicable to this method, and to suybmit this additional data and
other information, along with suggested improvements for the method, to:

Chief, Wastaload Allocations Section
Monitaring Branch
!OSDIOHRS (WH-553)
y.S. Envi ronmenta’l Protection Agency
. 401 M Street, S.N.
Washington, 0.C. 20460

(Telephone: (202)-426-7778)

This additional data and other information is needad s$0 that appropriate
ddditional improvements to the method can be made periodically. Users may
also, when appropriate, make any modifications to this method that will
allow the method to more accurately represent regional or local -
conditions. Any changes should be supported with an adequate techn‘lul
Justification, including sufficient applicable data. .

Where the results of the water quality analysis indicates the need for
treatment deyond seacondary, State users of this sethod are encouraged to
coordinate the modeling analysis with a review of the environmental
benefits and costs of the receiving water's applicadle water quality
standards. Such assessments should bDe conductad in accordance with the
nv;sod watar quality stardards regulations and EPA guidance, when
pudblished.
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A site-specific analysis that considers the effects of the individual
stream's flow vartadtiity, available dilution, and the selected treatment
procass’ effluent concantration variadbility on the stream's water quality
(1ncluding the frequency and severity of water quality violations) shoyld
be performed in each case to determine the appropriste averaging period.

. Technfcal guidance on performing such analyses is being develioped and will
soon be released (anticipated date is about July 1982) by the EPA Office
of Water Regulations and Standards to aid in the selection of appropriate

averaging periods.

8ased on currently available data for treatment plant performance,
full aftrification treatment s a relatively stable process during the
summer months, lhen considered togather with streamflow variadbility and
dilution, this treatment procass should normally preclude frequent high
levels of water quality violations when the stream flow is at ltow flow
conditions and the stream's flow characteristics are not highly variable.
It appears that in most cases, especidlly where the stream’s flow
variadbility 1s not extremely high, fluctuations in the efflyent quality of
full nitrification facilities designed to achieve 30-day average permit
limitations are not likely to have 2 significant impact on the aquatic
habitat due to increased loadings or decreasad dilutfon. Actual impacts
on the aquatic habitat or designated uses wil) be determined when
site=-specific analysas are conducted. .
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E. Initial Deficit Determination gggo 18 and Exhidbit 3).

The dissolved oxygen (DO) saturation concentrations table presently
i{ncluded as Exhibit 3 in the method 'is bzsed on Streeter. Additional
evidence which has been accusmulated indicates that these saturation 00
values are not entirely accurate. The new 15th edition of "Standard -
Mathods® contains an updated table of saturition DO concentrations which
represents the most up-to-date and accurats saturation DO concentration
data currently availadble., This tadble s reproduced tn Attachment A of
this addendum. It should bDe noted that the tabulated values for 00
saturation are for distilled water at standard pressure (sea level).
These values should be corrected for altituds and dissolved solids levels
using the formula at the bottom of the table.

It 1s {mportant for all wasteload allocation and other water quality
model ing efforts to be consistent in the use of saturation D0 values. Use
of the attached tadle s recommended for this method (and ather modeling
efforts) because it represents the best information currently available.

F. Conversion from cnoga! to 800 (page 18).

(2) The mathod presantly discusses conversion ratios of (BGD, to BODg
for various levels of treatment; however, it {s unclear whether the method
is referencing carbonaceous (based on a nitrification-inhibited tast) or
total (based on an uninhibited test) 800g. Therefors, it should be
clar{fied that the ratios being discussed in the guidance are for CBOD, to
C800g (based on a nitrification-inhibited tast). (It is recosmended that
the permit 800 effluent limits which are finally selected after the water
quality analysis be written as a carbonaceous and not a total 80Ds; the
use of C300s effluent limits and, correspandingly, a carbdonaceous
(fnhibited) BOD test when monitoring the effluent can help avoid potantial
data {naccuricies that can result from nitrification occuring in the
bottle during an uainhibitad 800 test due o the presence of sufficient
nitrifiers in the tast bottle.)

(b) The CB0D, to CBQDg ratio is a function of the level of treatment
and the associated degradadility of the waste. Thus higher ratios are
expected and have been cbserved for higher levels of treataent since the
C300 remaining in more highly treatad effluents degrades more slowly than

that in less tresated wastawatars. - .

The method presently suggests that, for plants with trsatament levels
greater than secondary, a3 ratio of 2.5 to 3.0 should be used for. :
detarwining permit limitations. The guidance implied, though did not
specifically state, that 2.5 should be used for nitrification levels of
treatment and a3 ratio of approximately 3.0 should de used for treatment -
levels greater than aftrification. '

com  som: w - & B oo o
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Additional analyses of very limited sewage treatment plant efflyent
80D (total! and carbdonaceous) 5-day, long-term (ultimate), and time series
data indicated that a CB to C800g convarsion ratio of about 2.3 should
be used for nitrification facilities. Until additional treatment plant
effluent data can be collected and analyzed to further refine this ratio,
a factor of 2.3 should be used for nitrification and higher-leve!
trestment facilities. It must be emphasized that this value 1s presently
based on a very limited sat of data, and that additional trsatment plant
effluent data 1s needed to gain greater confidence in the suggested value.
A1l EPA Regions, the States, and others are again strongly urged to
voluntarily participata in a nationwide data gathering effort so that more
accurate ritios can be developed.

It 1s recommended that, whenever possible, existing plant effluent
data and/or pilot plant data should be collected to assist in the
salection of an appropriate conversion ratie. Caution should be
exarcised, however, when using data from an existing plant that has a
lavel of treatment that is significantly lower than that which is
propaosed. Such data should aot be dlindly applied when selecting the
" appropriate conversion ratio; 1t should merely De used as a guide. A
sensitivity anzlysis of the conversion ratio and its implications on the
final treatment decisfon to be made can help the watar gquality analyst
determing the relative importance of gathering such additional data.

It is also recommended that the BQDg efflyent limits in the treatment
plant's permit bDe reviewed after the new facility {3 on-line to help
ciisure that the correct CB00, to CBOOg ratioc was applied to the model
output. This can be accomplished by collecting and analyzing appropriate
plant effluent CBOD data after the new treatment facility is on-line.

- G. Permit Conditions (page 22). - -

The guidance presently requires that, for streams with Zero flow at
the critical conditions, the results of the modeling analysis should be
used as 7-day average effluent limits, and, for streams with nonzero flow
at the critical conditions, the currently adopted and applicadble State or
EPA Regional procadures for applying modeling results should be used. The
original guidance also indicatas that this issue of applying modeling
results to effluent limitations is being analyzed in support of the
development of forthcoming palicy guidance on wasteload allocations/total
maximum daily loads (WLA's/TMCL's).

_ ‘Technical analyses are bdeing conducted which study the effects af
effluent concentration and streamflow variadbility, different dflution
ratios, and the use of alternative averaging period schemes on recaiving
watsr quality. Preliminary results indicate that effluent and streamflow
variability and, to a lesser extear, differing dilutions are critical
f:c?ors which often greatly affect the frequency of severe water quality
violations. _
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11. TECHNICAL REVISIONS —_——— .

A. mncations and Constraints (page 3).

As stated in the original guidancs document, the analytical techniques
which are used in water quality modeling should be the simplest possible
that will stil1l allow the watar Juality manager to make confident and
defensible water polluytion control decisions. In many cases, where
relatively simple conditions exist, simplified modeling efforts that have
ainimal manpower and data requirements are often adequate to make such
decistons, Use of simplified efforts, when appropriate, can result in
doth substantial savings in State and EPA resources and cost-effective and
technically sound efflyent limitations to be achieved.

Recent experience and analyses indicate that this simplified method,
when followed properly and with l1ittle or no site-specific data being
employed, should norsally result in bath technically sound water quality
Justifications being developed for nitrification levels of trestment and
substantial savings in State and EPA resources. However, 1t has also been
noted that this simplified analysis alone (1.e., without any site-specific
data) usually cannot provide the confidencs needed to0 adequately justify
permit limits more stringent than about 10 mg/1 CBODs and 1.5 mg/1 NH3-N,

. {ncluding relatively costly f{ltration treatment a¥ter aitrification.

Therefore, this simplified method cannot be used by itself to justify
permit limits more stringent than 10 mg/1 CBODs and 1.5 mg/1 NH3-N
(1acluding filtration after nitrification). .

Where treatment more stringent than 10 mg/1 CBODg and 1.5 mg/1 NH3-N
(including filtration after nitrification) appears to be needed,
appropriate supporting site-specific data should be collected and used in
the analysis in order to increase confidence in the varifables used in this
model, in the the modeling results that are obtained, and, most
importantly, in tha treatment decision itself. This additional ievel of
analysis should also be accompanied by a rigorous sansitivity analysis
(see page 20 of the method). Based on past analyses and construction
grant project reviews, it appears that this situation (e.g., the need for.
treatment beyond nitrification) will seldom be required excapt in certain
cases where small streams with very low assimilative capacities are

encountered.
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8. Asmonia Toxicity Analysis {gage S]. ——— -

The original guidanca document recommnends that, 1f no un-ionized or

.total ammonia-N standards are available for use, a criterion of 0.02 mg/1
un-ionized asmonia be used for freshwatar cold watsr habitats, or 0.0S
ng/1 un-ioniZed ammonia be used for freshwater warm water habitats.
Additional research, however, indicatas that these criteria may in many
cases be more stringsnt than necessary to protect water quality. It is
now recommended that the latest EPA ammonia toxicity criteria, when
promulgated, be used in conjunction with the supporting ammonta criteria
{mplementation guidance document. Until the new EPA ammonia toxicity
criteria are promyligated, AT facilities proposed solely %o prevent ammonia
toxicity say be approved only with supporting justifications based on
efther: (1) site-specific biological data showing that the designatad uses
cannot be restored without reducing asmonia toxicity, or (2) bicassay data
(efither from a laboratory or similar site) for indigenous species showing
that existing or future ammonia taxicity levels will {mpair designated use
attainment (exposurs levels and durations for these tasts should be
similar to those occurring or anticipated to occur in the recefving
water). (Note: After publication of new ammonia toxicity criteria by EPA,
Advanced Treatment processes proposad solely to prevent asmonia toxicity
layhbc ’pproved cangistant with these criteria and this simplified

sethod.

C. [Dissolved Oxygen Analysis (page 9)..

Equation S on page 9 of the mathod {s presently written incorrectly.
The .correct form, which should be usad, is:

te = [1/(kz-Xgop)] 1n [(X2/Xgop) (1- [Dg(X2-Ksop)/(KgopuB0Og)1)]
- ’ (Eg. §)
D. Temperature Corrections of Reaction Rates (pages 17-18).

The method presently states that the temperature correction
coefficient (9) for K3 to be used in Equation 10 is 1.10. A more
reasonable correction coefficient for K3, which should be used, is 1.08.
This latter value represents an average of the range of correction factors
found by different ressarchers ("Rates, Constants, and Kinetics
Formulations in Surface Water Quality Modeling”®, EPA-600/3-78-10S).









