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December 17, 1996

Review of RCRA Air Emissions Standards
for

Tanks, Surface Impoundments, and Containers

Biological Treatment Unit Case Study:

Under the provisions of the Subpart CC rules [40 CFR 265 .1083(c)(2)], a ir
emission controls are no longer required for waste management units that receive
hazardous waste when the organ ic content of the waste has been reduced by a
treatment process that meets conditions specified in the rules.  The following
example illustrates the determination of acceptable waste treatment through
examination of the various a lternatives provided in  the rules.  This  example
includes calcu lation of the organic reduction efficiency (R), the mass removal rate
(MR), the required mass removal rate (RMR), the organic mass biodegradation
rate (MRbio), and the organ ic biodegradation efficiency (Rbio).   

In completing the case study, the participants will fo llow the same basic
strategy for evaluating the performance of any of the eight treatment schemes
provided in the rule.  The basic steps provided in all caes are:

! Characterize the waste streams at point of waste origination

! Determine a volatile organic (VO) concentration (Method 25D
equivalent concentration) for the waste  at point of waste
origination or at point of waste treatment (entering and exiting
the treatment system)

! Calculate CT, R, MR, RMR, MRbio, or Rbio, as needed for the
particular treatment alternative

! Evaluate the performance of the treatment system; determine
if performance criteria are met

Review of RCRA Air Emissions Standards
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for
Tanks, Surface Impoundments, and Containers

Example Treatment Scenario

General Conditions Applicable to the Example Treatment Scenario.

Four (4) hazardous waste streams are generated by a manufactur ing process; the wastes

are col lected in c losed indiv idual  drain systems and sent to a common storage tank where the

waste streams mix.   Both the collect ion system and the storage tank system comply wi th the

rele van t con trol re quir em ents  of th e S ubp art C C ru les.  T he a ggr ega ted h aza rdo us w ast e str eam  is

hard  piped  to the tre atm ent un it.

In order to s impl i fy the calculat ions and presentat ion of  the materia l in the example,  the

determinations that are formatted in terms of  mass (e.g. ,  kg/hr)  wi th in the regulation are  presented

in the example in units of  concentrat ion,  ppmw.  This assumes that the f low rates into and out of

the t reatment systems and the densi ty of  the waste before and af ter t reatment are unchanged.

Conditions Specific to the Biological Treatm ent Unit.

The ag gregated  hazardou s was te stream  is hard piped  to a biological treatm ent unit whe re

the waste is t reated in the uncontrolled bio-uni t.   The bio-uni t is  considered a surface impoundment

for the RCRA perm it .  Fol lowing bio-treatment the waste is piped to a secondary c lar i fier  then to a

chlor ine basin f rom which i t  is  d ischarged.  The on-si te wastewater treatment system has a

Natio nal P ollution D ischa rge E limina tion Sy stem  (NP DE S) pe rmit.
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Exam ple : Bio logical T reatm ent Un it

Flow Diagram.

Situation.

Four (4) hazardous waste streams are generated by a manufactur ing process; the wastes

are col lected in c losed indiv idual  drain systems and sent to a common storage tank where the

waste streams mix.   Both the collect ion systems and the storage tank system comply wi th the

rele van t con trol re quir em ents  of th e S ubp art C C ru les.  T he a ggr ega ted h aza rdo us w ast e str eam  is

hard  piped  to a bio logica l treatm ent un it wher e the w aste is  treated  in the u nco ntrolled  bio-un it. 

The bio-unit  is  considered a surface impoundment for  the RCRA permit .   Fol lowing bio-treatment

the waste is piped to a secondary c lar i fier  then to a chlor ine basin f rom which it  is   d ischarged.  The

on-si te wastewater treatment system has a Nat ional  Pollut ion Discharge Eliminat ion System

(NP DE S) pe rmit.

The owner/operator has decided to use the treatment process al ternat ive that  involves the

determination of  the organic mass biodegradat ion rate (MRbio) and  the req uired m ass  rem ova l rate

(RMR)  in §265.1083(c)(2)( iv) .   Use of  th is alternative is not waste stream speci f ic  in that  i t does not

require a 95% reduct ion for  every waste stream; the required mass removal  is based on the

aggregated organic mass of  the untreated waste.   This al ternat ive however does require VO

concentration data at  the point  of  waste or ig inat ion (Points 1 through 4)  for  the four indiv idual

wastes that comprise the aggregate waste stream.  Under th is t reatment al ternat ive,  i f the actual

organic mass biodegradat ion rate (MRbio) is equ al to or g reate r than th e req uired m ass  rem ova l rate

(RMR), the n do wn stre am  units  ma nag ing th is w ast e str eam  no lo nge r req uire  con trol fo r air

emissions under Subpart  CC.  In addi tion,  bio-units that meet th is condi t ion are exempt f rom the

control requirements of  the Subpart  CC rules; no cover is required for the surface impoundment

(i.e., the bio-unit).

The owner/operator has used direct  measurement (using methods in SW  846 for volat i les

and semi-volati les) to determine the actual  organic concentrations at their point of  waste orig inat ion

for th e thr ee o rga nic c ons titue nts  pre sen t in ea ch o f the  fou r wa ste  stre am s (i.e ., cre sol, m etha nol,

and chloroform) that make up the aggregated waste.   The consti tuent concentrations at Points 1

through 4 are presented below.  The owner/operator does not wish to conduct a Method 25D

analysis for  the wastes streams at  their  point of  waste orig inat ion; however,  the VO concentrat ion

of the  was te is ne ede d at the se fo ur loca tions in  orde r to dete rmin e the re quired  ma ss re mo val rate

(RMR) .   Therefore, the owner/operator makes use of  the EPA publ ished values of the f ract ion

measured by  Method  25D (fm)  that have been determined by EPA for a large range of chemical

const i tuents to est imate the VO concentrat ion as measured by Method 25D.  To calculate the

Method 25D VO concentrat ion for  a part icular const ituent, the actual  concentrat ion is multip lied by

the fm value  to obta in an e stim ate of  wha t conc entra tion wo uld be  seen  by M ethod  25D .  
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Example :  Biological Treatment
(cont inued)

Measurements and Calculations.

Step 1.  Identify the actual co mpo sition of the was te stream s and w aste stream  flow rates.  If EP A

Method 25D is to be run on the waste streams, skip th is step.

Waste Compositions:

             Waste  Const ituents  , ppmw             

cresol methanol chlorofo rm Total Flow

(Q, L/s)

Actual  Concentrat ion

 (measured at  Point  1) 700 600 387   1,687

  10

 (measured at  Point  2) 300 800 600   1,700

  20

 (measured at  Point  3)   34   12     2      48

250

 (measured at  Point  4)    0   25     0      25

400
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Example :  Biological Treatment
(cont inued)

Step 2.  Measure the Method 25D VO concentrations,  or  est imate the VO concentrations f rom the

wastewater analysis.  Obtain the fm value for each compound.  Mult ip ly each concentration by the fm

value  to obta in the e stim ated M ethod  25D  VO  conc entra tion.  Ex am ine the  Hen ry's law  cons tants

to determine i f  any of  the organic compounds present inthe hazardous waste streams may be

exc luded  from  the V O c onc entra tion de term ination  for co mp liance  with su bpa rt CC .

VO Concentration Determination:

             Waste  Const ituents  , ppmw              

cresol methanol chlorofo rm Total Flow

(ppmw)

(Q, L/s)

fm, f raction measured

 by EPA Method 25D

0.0345 0.433 1.03

Method 25D Concentrat ion 

(est imated at  Point 1) 24 260 399 683   10

(est imated at  Point 2) 10 346 618 975   20

(est imated at  Point 3)   1     5     2     8 250

(est imated at  Point 4)   0    11     0   11 400

Hen ry's law  cons tant (Y /X) 0.0394 0.2885 221.331

VO  conc entra tion for c om plianc e with s ubp art CC VO * (ppmw)

(at  Point  1) 659

(at  Point  2) 965

(at  Point  3)    7

(at  Point  4)   11

* – Note:   The def in it ion of  volati le organic concentration in subpart  CC states that  the VO

concentration of  a hazardous waste must include organic compounds with a Henry 's law constant

value  of 0.1 Y /X or g reate .   Cres ol has  a He nry's law  cons tant va lue of le ss tha n 0.03 4 Y/X ;

therefore it need  not be include d in the VO  conce ntration for purpo ses of c omp lying with subpa rt

CC.
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Example :  Biological Treatment
(cont inued)

Step 3 .   Est imate the required organic mass removal  rate (RMR) .   The treatment unit 's  actual

organic mass biodegraded (MRbio) must equal  or  exceed the RMR or  the bio-uni t must be controlled

for a ir em issio ns a nd th e w ast e m ana gem ent u nits f ollow ing th e bio -un it mu st be  con trolle d fo r air

emiss ions.  The V O co ncentration tha t exceed s the action lev el of 500 pp mw  (C AL)  is  used as the

basis for the RMR calculation (if C VO $ 500 ppmw, then CAL =  C VO - 500; if C VO < 500 ppmw, then CAL

= 0).   Within the regulation the RMR has uni ts of kg/hr;  however, for  th is example it  is  assumed that

the densit ies of the hazardous waste streams are equal  to that  of water.  Therefore, for  ease of

comparison, the RMR is  expressed in terms of ppmw.

Required Mass Removal Rate Calculation:

W aste Stream Q C VO Q  * C VO C AL Q  * C AL

(L/s) (ppmw) (ppmw)

Poin t 1   10 659   6,590 159 1,590

Poin t 2   20 965 19,300 465 9,300

Poin t 3 250     7   1,750     0        0

Poin t 4 400   11   4,400    0        0

S u m s 680 32,040 10,890

VO Concentrat ion at  Point A = (32,040 ÷ 680) = 4 7 p pm w

RMR = (10,890 ÷ 680) = 16 ppmw

Step 4 .  The actual  waste const ituent concentrations and the VO concentrat ions are calculated on a

flow-w eighte d m ass  basis  for the  aggr ega ted w aste s tream  at Point A,  the in let  to the biotreatment

uni t .  The resul ts of  these calculat ions are presented below.

Flow-w eighted Average  Concen tration: 

Point A  W aste Const ituent Flow-weighted Average Concentration,  ppmw

cresol methanol chlorofo rm Total

Actual  Concentrat ion 32 34 30 81

fm, f raction measured

 by EPA Method 25D 0.0345 0.433 1.03

Method 25D Concentrat ion   1 15 31 47

VO concentrat ion 46
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Example :  Biological Treatment
(cont inued)

Step 5.  The biological removal  ef fect iveness for the bio-treatment unit ,  the organic mass

biodegradation rate (MRbio)   is  calculated using the VO concentrat ion at  the in let  to the t reatment

unit,  Point A, and the org anic fraction biod egrade d  ( fbio ).  fbio is ob taine d us ing th e m etho dolo gy in

40 CF R Pa rt 63, Appe ndix C, "D etermina tion of the Frac tion Biodegra ted (F bio)  in a Biological

Treatm ent Unit."  MRbio equals the  organic m ass en tering the bio-unit m ultiplied by fbio.    The

fraction  of org anics  that are  lost to the  air for the  bio-un it, fe,  can also be obtained from Appendix C

an d E PA 's  WATER8 a i r  emission model;  these values can then be used to estimate air  emissions

for the bio-unit .   The MRbio is formatted  in units of kg/hr in the  reg ulatio n; ho we ver , as p rev ious ly

noted this m ass va lue is expres sed in term s of ppmw in th is example.

Organic Mass Biodegraded Calculation:

Poin t A  W aste Const ituent Flow-weighted Average Concentration,  ppmw

cresol methanol chlorofo rm Total 

VO (25D) Concentrat ion  * 15 31 46*

(Mass in)

fbio,  f ract ion biodegraded 0.999 0.95 0.18

fe, frac tion e mit ted t o air 0.0001 0.04 0.8

MRbio,  mass biodegraded * 14 6 20

(fbio x Mass in)

Air e mis sion s fro m b io-u nit 0 1 25 26

(fe x Mass in)

Biological  removal  fract ion  (Fbio)   0.45

(Overal l mass weighted)

Rbio  (mass weighted)  45 %

Air  emissions fraction   0.55

Organ ic reduction efficien cy (R)

   [ (Mass in – Mass out) /  Mass in] 99.9 %

* – Note:   Cresol  has a Henry's law constant value less than 0.1 Y/X and therefore is not included

in the d eterm ination  of the V O c onc entra tion us ed fo r com plianc e with s ubp art CC .
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Example :  Biological Treatment
(cont inued)

Questions.

Does the b io-treatment un it need to be con trolled?   Why?


