832R87100

Hydrograph Controlled Release Lagoons Update For A
. Promising Technology

VOLUME 2
APPENDICES

APPENDIX 3.1 LAGOON DESIGN AND GROUND-WATER PROTECTION PRACTICES

Table 3.1-1: Wastewater Stabilization Lagoon Uses and
Sizing

Table 3.1-2: State Requirements for Ground-water Protec-
tion at Municipal Wastewater Lagoons

Table 3.1-3: Seepage Rates for Various Liner Materials

Table 3.1-4:  Summary of State Ground-water Monitoring
Requirements for Municipal Wastewater
Lagoons

APPENDIX 3.2 LAGOON INVENTORY DATA
APPENDIX 3.3 CONVERSION OF LAGOON FLOW RATES TO AREAS

. APPENDIX 3.4 WASTEWATER CHARACTERISTICS
Table 3.4-1: Typical Composition of Untreated Wastewater
Table 3.4-2: EPA's Toxic (Priority) Pollutants
Table 3.4-3: Common Consumer Products and Their House-
hold Sources
Table 3.4-4: Priority Pollutants in Household Wastes

APPENDIX 3.5 LAGOON SAMPLING PROGRAM
Lagoon Sampling and Analytical Procedures

Table 3.5-1: Summary of Domestic Lagoon Sampling Results

Table 3.5-2: Pollutant Frequency of Occurrence: Domes-
tic Lagoons

Lagoon Sampling Results: Nine Domestic Lagoons

Table 3.5-3:  Summary of Domestic/Industrial Lagoon
Sampling Results

Table 3.5-4: Pollutant Frequency of Occurrence:
Domestic/Industrial Lagoons

Lagoon Sampling Results: 14 Domestic/Industrial Lagoons

APPENDIX 3.6 APPENDIX 3 REFERENCES

HAZW 5:61 I



APPENDIX 4.1 ASSESSMENT METHODOLOGY

HAZW 5:61

4.1.1

4.1.2

4.1.3

Selection of Contaminants of Concern and Exposure
Point Threshold Concentrations

4,1.1.1 Domestic Lagoons

4,1,1.2 Domestic/Industrial Lagoons

Table 4.1-1: Pollutants of Concern (Domestic
Lagoons)

Table 4.1-2: Pollutants of Concern (Domestic/
Industrial Lagoons)

Table 4.1-3: Pollutants Selected for Computer Model-

ling
EPACMS Computer Model
4,1.2.1 Code Features and Applicability
4,1.2,2 Model Description
4,1.2.3 Model Assumptions

Figure 4.1-1: Schematic Description of Surface Im-
poundment and Hydrogeologic Regime

Figure 4.1-2: Schematic of Layered Analytical Solu-
tion for Transport in the Unsaturated
Zone

Figure 4.1-3: Schematic Description of Saturated Zone
Transport Model

Determination of Model Input Data
4,1.3.1 Hydrogeologic Parameters
4,1.3.2 Lagoon Seepage Rates
4,1.3.2.1 Theoretical Calculation of Seep-
age Rates
4,1.3.2.2 Effects of the Sludge Layer
4,1.3.2.3 Selection of Lagoon Seepage Rates
for the National Assessment
4,1.3.3 Lagoon Area and Exposure Distance
4.1.3.4 Chemical Constants
Table 4.1-4: Summary of EPACMS Input Data (Saturated
Zone)
Table 4.1-5: DRASTIC Regions
Table 4.1-6: Hydrogeologic Categories and Settings
Table 4.1-7: Estimated Ground-water Velocity for the

Nine Hydrogeologic Categories

Table 4.1-8: Permeability of Various Liners and
Geologic Materials

Table 4.1-9: Summary of Measured Seepage Rates from
Municipal Lagoon Systems

Table 4.1-10: Estimated Seepage Rates and Hydraulic
Balances at 10 Lagoons (9 Domestic and
1 Domestic/Industrial)

1I



Table 4.1-11: Summary of State Seepage and Permeabi-
lity Limitations for Lagoon Systems

Table 4.1-12: Distance to Nearest Well

Table 4.1-13: Chemical Constants Used in EPACMS Runs

Table 4.1-14: Number of Lagoons per Hydrogeologic
Category

Figure 4.1-4: Lagoon Population with DRASTIC Ground-
water Regions

Figure 4.1-5: Schematic of Seepage Through a Lagoon
Liner

Figure 4.1-6: Seepage as a Function of Water Depth
and Liner Characteristics

4,1.4 Selection of Generic Modelling Scenarios

APPENDIX 4,2 DETERMINATION OF PROBABILITY DISTRIBUTIONS FOR LAGOON AREA
AND EXPOSURE DISTANCE

APPENDIX 4,3 SELECTION OF CHEMICAL CONSTANTS

APPENDIX 4.4 INPUT DATA FOR GENERIC RUNS

APPENDIX 4.5 RESULTS OF GENERIC RUNS: DIMENSIONLESS CONCENTRATIONS
APPENDIX 4,6 RESULTS OF GENERIC RUNS: TARGET LAGOON CONCENTRATIONS
APPENDIX 4.7 APPENDIX 4 REFERENCES

APPENDIX 5.1 MODEL LAGOON LEACHATE CONCENTRATIONS

APPENDIX 5.2 NINETIETH PERCENTILE HEALTH RISKS BY SETTING
APPENDIX 5.3 DESCRIPTION OF MAPPING SURVEY

APPENDIX 5.4 CALCULATION OF HEALTH RISKS FROM WELL CONCENTRATIONS
APPENDIX 5.5 DESCRIPTION OF COMPUTER RUNS

APPENDIX 5.6 DATA FROM MODEL OUTPUT

APPENDIX 6.1 LINER MATERIAL SELECTION AND DESIGN CONSIDERATIONS

Table 6.1-1: General Characteristics of Selected Earthen,
Asphalt and Cement Liners

Table 6.1-2: General Characteristics of Selected Synthe-
tic and Rubber Liners

HAZW 5:61 I1X



APPENDIX 6.2

APPENDIX 6.3

APPENDIX 6.4

APPENDIX 6.5

APPENDIX 6.6

HAZW 5:61

LAGOON CONSTRUCTION
6.2.1 Subgrade Preparation
6.2.2 Liner Installation

COSTS

Fact Sheets: Aerated, Facultative and Anaerobic Lagoons
Table 6.3-1: Development of Capital Costs

Table 6.3.2: Costs of Selected Flexible Membrane Liners
Table 6.3-3: Costs of Selected Earthen and Admixed Liners
Table 6.3.4: Ground-water Monitoring Costs

PRETREATMENT

Table 6.4-1: Established Pretreatment Processes

LAGOON REMEDIATION

Table 6.5-1: General Types of Response Alternatives
Applicable to Municipal Lagoons

Table 6.5-2: Remedial Technologies

Table 6.5-3: Common Ground-water Treatment Processes

APPENDIX 6 REFERENCES

Iv



ACKNOWLEDGEMENTS

This document was prepared under the guidance of Ms. Connie Bosma and Mr.

Lam Lim of EPA's Office of Municipal Pollution Control and Mr. Walter G. Gilbert,
now of the Office of the Inspector General. Contractors for this effort included
Dr. Timothy G. Shea, Mr. John W. Kubarewicz, and Ms. Susan J. Tiffany of
Engineering-Science, Inc. of Fairfax, Virginia, and Mr. Myron Tiemens. Support-
ing work was done by Brown and Caldwell Consulting Engineers of Pleasant Hill,
California. Review of the Report to Congress was provided by the folilowing
members of the RCRA Lagoon Study Work Group:

George Denning  WH-550

Tom 0'Farrell WH-551

Ron Hoffer WH-550G

Dove Weitman LE-132S

James Pittman WH-565E
Jim Basilico RD-681

Ron Benioff PM-220
John Gerba A-104
Doug Newman WH-556
Jim Patrick Region IV
Chuck Pycha Region V
Mike Turvey Region VII

Jack Hofbunr Region VIII

Ms. Georgette Boddie, Mr. Peter E. Shanaghan, and Mr. Charles P. Vanderlyn
of EPA's Office of Municipal Pollution Control made significant contributions to

the preparation and submittal of this Report to Congress.



APPENDIX 3.1
LAGOON DESIGN AND GROUND-WATER PROTECTION PRACTICES



1834 = 1y :situn ysiibuy

JOI9WLIUI3D = WO fu3jaw 31gnd = ms fJajaw = w fAep = p fadelday = ey ‘wedbopLy = 6% :satun u_gpsz
1 2JUdJd)ay umugaom
*paJinbaJs £y |eudou
juawmleadsy juanbasgng (33 91 - 8§
‘waqoud e »Fmpme_xogaamv p/ oooﬁ\moom 6y
A1tensn uolionpodd Jopg dodp w g-G°7 05-02 € 008-091 S9ISeM [BLJISNPUT O J1qoJaruy
*SjudWaJ Lnbad )
pue| 3onpdJ sbuipeoi ubLy
° (eAowdd JudLJINU (PITSIA mm_pom (ebre vt ubty
~-Jey aJe aeble J1) pue pue 7gpg d|1gn|os uL MO|
voLlonposd aebe saziwixey (214 6°1 -1 BN 14A SIONPOJY  *SISSID
*f3L{enb juangyye jo hﬁmums_xogaqmv c\m:\maom 6y -0J4d J43yjo wody uan{yya
osneodq pajlwi| volriedl|ddy dasp wd gp-0f 0v-01 0/1-S8 10943 03 pasn K| |eJaudy o J1Qq0J3Yy
*suoobe| aArLjelinae) ueyl
paJp pue| ssaj sasinbay .
*ssadouad abpnys dlqefLeAe SL eaJde pue|
pajeALldR uOL]jRJIR pPalLWL| 3J3ym suOLIPNILS O
papuaixe ue 01 $1sSayl (334 02 -~ 9 spuod
-ufksojouyd jo juaud|ddns a—mums_xogaamv p/ w oooﬁ\maom By dAL1e]|NOR) DPIPPRO|JDAQ O
e woJy a3buey Aew sasp dasp w 9-7 02-L € 0Z2£-8 S9]1SeM |eLJISNpuU] O pajeday
spuod J1qouarue JoO
*papeo| A1aubiy ‘spuod pajedsar “su3|Ly
J1 yadap aJrius ybnouuyl (33 8-+ BuLyoLJg “quawjead)
J1qoJae aq Aey *uoobey a_mmus_xogaamv v\c:\maom 6y Ageupad woay juanjyyy o
30 3dA7 pasn Aluowwod JIsol  dodp W G*z-2°1 081-62 19-22 JajemMalsem (edioLunw mey 0 3ALeRI|NIR4
S3UBUM0) sy1daq sAeq ‘sawl] uolLy sJ9j3uwedey uoLieol|ddy ad£] uoobeq
wcu_a»h -ua3aqg (eo1dL) m:mumog Lea1dAy

INIZIS ONY SISN 2SNOOIYT YILYMILSYM

1-1°¢ 3719v1
1°€ XION3ddY



*(uatpedhumop 2

pue juatpeshdn 1) suoobey pautiun Joy
paJstnbays S| (3m Butsoltuom 3asyy  *Juamyead)
Krepuodas 404 pasn aq Aew Layy inq ‘quam
~jed47 Asewtad Joy pasn aq j0u Aew suoobeq

spauvt|un st
uoofiey ssatun padinhas qou syam Gugsojuoy

(*a1e15

3y1 ut suoobet afeidas ade asayy) -ajers an
vt suoofie| judmjedsy oy °siseq ased-£g-ases
P Up pajen|ead s||am Buirsortuow Joy paay

*paJinbas j0u aJge sijam Huirsojluoy

*spseq
asedr-Kg-ased e uyo pasinhaa s||am bujJojiuoy

*svo1211pVod

1ensnun Kue pue ‘sytam Kddns Jajem mouy
ajueastp *J3jem punosh o1 yidap ‘uoljedog
vo puadap sjuauwaysinbas uoofey “siseq

* K11 Lgeamgad
Jo 3jey afiedaas ajqemo| (e 21)1d2ds oy

*(Kep/asoe/suol |26 ops Jo 2les uOLIR|0D
-Jad wnwixew) pamol|o) spsepuelg 31eG-ud |

‘s1seq asedr-A£g-3sedr e wo paptorag  Lyt{tqeam
-43d Jo 9eys abedaas ajqemoy e dtjioads oy

*fep/ul 2¢/1 Jo a1es 3Ifiedass
a1qemot|e wnwixewm ® Jo) |]®D ©L437119d uhisaq
*siseq ased-Ag-3ased v U0 papLoag  *Ajrtqeam

-Jad Jo @y dfiedaas ajqemoite d1jii3ds on

* K1t taeansad

*sjuamasinbag Futur| dty1oads on

“pave( Aq 10U Aew $311itoey

Japto amog <paatnhas £ |es3udh hututd

*squamag itnbag futui] otpraads on
cJaur| o adAhy

U0 SUOLID1J1S3s ON pausinbay Fululy
*uo11e43pLsued 1uelsodut

ue st J3rem punosb 01 uyidan -stseq ased
~-£g-3583 ¥ UG PIIRNLPAD SJAUL| JO§ DI

eptunyl 4

aJeme (aq

INI1173uu07)

0pe10 |09

elugogLlen

aser-Aq-aser v uo pastnbas s{{am huisoyuoy 20 27100 afirdaas ajgemople D1)1dd3ds on ssjuawastnbas Bututy 21gdads oy PUoZ Ly
*ssap Jo Kep/aaoe/suoyieh png
40 37e4 UoLIR(0dJ43d 404 ||PD spdepueig
*pamo( oy aue (gral *ssaauthuy Aaeljves
31015 Jo paeoq Jarty tddississiy Jaddp-sayey
10349 J0 333711mN0) £q SYJOM ahemds 4o}
*pasinhas jou sy|am Buisoqiuoy SpJepURIS PIPuaNModAY) spJepuels IIRIS-UI| *squamadinbag fiutut| drg1oads oy sesueyJy
*siseq aser-Ag-asedr e uo pajen *siseq ased-£q-ased uo paptaag  -Ajrjiqeam
~-12A3 53315 °*paJinbas jou siiam BursogLuoy -J3d Jo aivy ahedaas 3ayqemo| (e Jty1d3ds oy *squamaainbal Augury drjioads oy exsely
*s|(am BulyutJp jo uotjeulteiuod 32142
Joj (etjudjod S1 AI3Y] IPY] SMOYS 3PI§ $23S/wd _ 01 X [ = S{®l4a70W I133Y) 393) 2 1503 T 3Q ISMM SJIBUL) SB pasn
ayy £q votienieAra tedxi1hooab 31 pasinbay -ufs jo »um__acosh@; ©2as/ud o1 x | S|e14a1em UdYIJIPa 1PYY LIS saut|apinh
3q ued Hutsojiuoy padinhas s|am Bursojruoy = S|elJ4ajem uayaea jo »u__ﬁo@ws;m; Juampunodit voofie]  -pasinbayg ssauLy eweqe |y
syJeway pue sjuamdsinbay Gursorruoy suopyertmy £1ry1qeamyad Jo afiedaag sjuamasnhay huuy 31e1g

SNOO9IVT HILYMILSYM TV4TIINAW [V NOTIDILONd

UILYM-QNNOYD HOA SINIWINTNDIY 31vIS
¢-1°¢ 1avi
1°€ x10N3ddy



*S71JAW |ENPLAIPUL S11 U0 PamaLAdd (esodoad
uoofe| YIPY “31SeM |PLIISNPUL SAAL1AIAY

M SIRET LB

voofie| ssapun pastnhas syjom hurrayiuon oy -23d 4o 31es 3hedaas ajqemolle dtjoads oy *squamastnhas fujvi) d1)103ds oy euPLSINNT
ssyjuom g 1sed ULYILM
pawIos 013393044 [PIUDMIOILAUT JO JuM *ssa} Jn Aep/alsoe
~1Jedan J0 u011735 JIjem-punoyy  cofie syeak /suol1eb png 30 A1py uotIv0dsad spaepuprig
Jo g sem paroddde Buo jsey ‘93els ur suoofey 33e15-Uay sMojjoy Ayonjuay Ayrprqeam
Kuew JoN -pasinbas Jou s{(am fiutrotuoy ~23d 10 3jea ahedaas ajqemo)ip par)1dads oy *syuamasinbag Rutut) ey dads oy £yonquay
*siseq cKepfut p/1
aser-Lg-ased> e vo pasinbas stiom Huguodtuoy J0 3300 ofiedads a{qemol (e it xey *squamastnbhas hurur) d15103ds oy spPsupy
*{6/61 pardope) 123) g 01 paytty noofiey yim
*ajey afedaas Aep/ut 91/1 323w jou Op sucofiey Kep/ul q1/1 ueyy ssaf aq ahedaas jeyy astnh
Japlo awos “pasinbas jou syam Hupuojtuoy -3J U0131INJISUOD MAL Joy spaepuels ufisag *squauastnbas Fuwut| dtyidads oy eMO]
rste(satem 31134 uAS Jo 31tU0Uaq ‘AeiD
*spJepuelg 31eIG-UI] SMO| |0O) ©29s/m , 0f X | 40 P31INIISUDD aq ued SUIUL]  *SUOL]
eueipuy *paJsinhag jou syfam huiusojiuoy 30 K1t tqeamsad 3 gemo| | e unwl xey -eq1uy| afiedaas jaaw 01 padtnhay HuruLg eue Lpuy
*siseq
aser-Ag-ased v vo pajpuey sjvamdsinhas uvooheq
*sitos pajideduod ‘asuap yitm seade Auem sey * K111 1qeanuad
stoul(|] °patinbas jou syiam Gursoltuoy Jo 31ey abedaas apqemo((e d1y12dads oy *squawaJ tnhas buruty dtyedads oy stout {1
cuoofie] Juamiedsy
Aseurad jou pi ares ahedaas a|qemoy e
J3yfty  *mMalAag dsed-£Lg-ased Aq pauimy *SJAUL| aaey
*SpJepURIS 31PIS-UI| -J219p SP SISEI AMMOS Ul SS| ‘Aep/ul /1 10U Op 31P1S Ayl ul suoofe mAy K19
smo( (o) oyepy “padinhas jou sy{am Bupsoliuoy s1 23eJ afedads ajqemojle wnpxey  “g3aAamoy fsjuawasinbas Ruruly dryidads oy ouep]
(*suoobe| juawieas)
Jajemdisem [edidqunm 2 40 | Kjuo sey piemey)
*siseq ased-Aq-asedr e vo pajpuey Sjuauaddinbay *K1t)geanmaad
uoofie] *pasinbay jou sy|am Ruisojruoy Jo 2jes abedaas a|qemol|e dty1dads oy *squawad tnhay Surut| dieoads oy LLPMRY
*paJiapLsuod
buiaq st S{{am RurJojtuow Jo Juawasinbas ayy
!padoj3arap Buiag ade uotIdINIISUOI voohe| Joj *Kepfur f/y
sautr|aping  *patinhas j0u sy|am Bursojiuol J0 ajes abedasas a|qemol e wnuitxey “squauasinbas futut| I oads oy e fsnan
syJewdy pue sjuamadsinbay Buraojuoy suotIePyLmey £3ttqeavuay o afivdaag sjuauag tnhay Kuruty aelg

SNOODVT HILVMIISYM TVAIDINDK 1V NOTIDFIONI

HILVA-ONNOUD MR SINIWININDIN VLS
panuiiuo) ‘2-1°¢ 11Ny}

1°C X10N3ddY



*pastnhay Appeaauval Jou sy|am Hursolrvoy

-paJinbay 100 S| (3M RulJoltuoy

*(Apnys (eatbotoab

paviusalap  se) Jaiem punodf Iivuiweluod o3
{P1IUB700 BJDADS P YJIM paJe UP UL PIILIO]
st voobey g1 Sstiam dstnbas pinod tanosstiy
*pasinbas Ayjeuvou jou s||3m 6ugsojLuol

*10J1u0] uotIn| (04 Jo neasng 1ddississiy Aq
padojaaap £11vadda youesg Ljiiendh JS3jemMpuncsy
*SpJPpURIS 3IRIG-U| AU JO STLUL| Y UIYILM
aJse fayl 1ey3 arousd o1 pasinbas jou ase s31)
-tpediotuny  cpasginbas jou S{19M AuLa07LUOKW

*asn ur Aep/ur y/1 pue ubysap Joy Aep/ut g/1

st afedaas ajqemojje J0j aul)aping

*s| 122 Auepuodas Joy Jeakful Gf ‘s[1ad Aseun
-1ad Jo) pamop (e Jeak/ul g 07 dn jo afedaag

*(Kep/asoe/suogieh npg Jo a1Ps UOLIR (0D
-J43d ynwixew) pamop|0) SPJEpURIS AJRIG-UI)

*Kep/ut 91/1 jo 3ed

uvotie|odsad unmyxew e aaey Kew Aep/suofqeh
00G ‘22 ueyl Ja1eaJdh smopp aaey YoM
suoofie] *Aep/uL gz-n jo d1ed vorjeiodsad
wnwixew e asey Lew Kep/suolieb opg‘zz

uPy) SS3| JO SMO|J 3ary UdIym suooheq

*(Kep
/3Joe/suolieh ppg Jo ares uotielodsad ajqe

-MO[|® WNWLXPW) P3MOL|0J SPJePURIS 3IRIS-UA)

*syetJaiew Ae(d jo wortldeduod ey
fep/agae/suopief ang ‘g sem ajes uorie|odyad
unmixew ‘/¢a1 AIne 03 Jotag  (Kep/ut p9/|
Jo ahedaas e 01 juayearnha) Lep/agoe

ssquamag i nhag fujur) dt3123ds oy

rajes afiedans
agemo|p 133w 01 pasinbay huruny

*$31PJ u017® 10203 wnur xew
1990 0] pa|eas Jo paur} aq 1smi suoohe

*SiISPQ AsP)
-kq-9se2 ® uo pautmialap sjuamddinbag
fuLuL]  csiuvamaginhay furuey d1j1dads oy

*S3LS IsSO0m un)
futuey araradasoe ue st Aeys paideduod

PYSLIQAN

PUP JUOK

14N0SS LYW

tddtssissiy

*pasinbas L (ewsou Jou BugsoItUoy /suaiieh gpg Jo d93es uorie|ed3d wnmxey 30 S3J1f youi-g omy  cpasinhay shuruiy 23053V 1Y
‘s1seq 9315-£g-a11s *Kep/ut f/1 *S1011
P uo pajen|pAd s||3m Bulsojtuom Joy pasy st 370d 3hedsss I1GRMOY I wnwiXey -ejqut| fedaas y9aw 01 pastnbhas siauiq ueh tydy
*s{eLsdtem 21134ufs
JO [eJNIRU JAYILD UM paul| Ade
*siseq ased-£g-ased e vo parosdde sufitsap * K31 1graumad 81P1§ au) ul suoofie] JsOl  *SJdUL| JO} IS FENLITH]
uoobey cpasinhas jou s|{am 6utsojtuoy Jo 2jvy afiedaas ajqemojie d1jy103ds oy saut|apinb Jo suoirjeynhas digtoads oy -essey
ssuontiegion g
*pasinbas jou si{{am bursojLuoy * 235 /U m-c_ x 1 jo Kytyprgeamsad wnwixey £3tygeansad 133w 01 pasunhas buruy pue{L1ey
*siseq *auLyapinb se
9se3-£q-9sed e uo pasinbaas syyam Hutsojiuow pasn ajed uoLje|odaad Aep/asoe/uofeh nog *squamadinbas hutviy o1yedads oy aviey
syJeway pue Sjuswasinbay bGutsoluon suorieimy A3111qeamagd Jo abedaas sjuamadLnbay Guruyy 3jeg

SNNOYVT HILYMILISYM TVAIDINAW LV NOT1DILONd
HILVM-ONNOYD 404 SINIWIUINDAN ALYIS

panuLIuoy ‘2-1°c TMAVL

U°E XInN3ddY



*paJsinbal Kyjewsou jou s|am Hursolluoy

*paJsinbag jou siyam HuisoyLuoy

*w3a{gosd e A{jevo(sesdo si abedaas jeq
-uoziJyoy woyy sdosd o3 afiemep puey °snolJas
S{ UOLIPULWRIUOD J31eM-DUNOJS JO opdwy §i
pasodun 3q pno> sjuvawasinbay juabuysqs adoy
*pasinbas Lyjensn jou ase sj|am hujsojjuoy

*anss1as Jtwidd vodn sy{am

ButJoltuow fleisuy 03 pastnbas aq few suoobey
burasixy csiseq asedr-£g-3sedr e uo suoobey
Mau Joj pastnbas aq Aew si|am Huysol1uoy

*pasinbas 10U s||3m BuysorLuon

*{2701s ay3 Aq pasinbas aq p|nom

futur} ou) woji0q voobey dyy3 Mo|ag 133y onw
st 3a|qey Jajem-punoth 3y aieys ayl jo

spaJe dwos u] °pasinhas jou si|am Buraojiuoy

*U0119310J4 (RIVBUUOJILAY]

Jo juamidedsg Aastap may 3yl Aq paroadde

ag 1snw pue d1j133ds-a1Ls sy uepd Rursojivoy
*{suoobiey Guipniouy) sjuawpunodwy asejuns
L1e J03 pasinbay ase spy1am futsojiuow 3asy)

*s1{am Bursoytuom asinbay
LUIM UGLIINIISUOD J3PUN SIBITSAS (PUIAIS

*29S

Juy gl X [ paadxa jou |(eys A11]1qeangay

L=

*(Kep/asoe/suopeh qpg Jo 2810 untie|odrsad
UinWLXPN} PamMO| |0) e SpIPpPUPIS 3PIG-UD|

*pasinbay st 3533 uotIejod4ad ¥ *asn UL
Aep/ut f/1 pue ufitsap soy Aep/uy g1/1 Jo
31e4 afedaas ajqemoje dJ1nhas sauyr|aping

*oas/wy 0t X 1 )0
Firtiqeawaad e sey | 10s vmuuawzou ayy Jo
100 [ Jt SJBUL| Se pAmO[ (e S{I0S dLs-uQ

*(Aep/asde/suoieh ags 30 3jes uopie|orsad
WNWLXBW) PamMo| {0} IJe Spaepuels 31e1s-ud)

*paleuiueluod 3q J0U [ {Im J31em punoab
147 BILIISUOURIP ISNW  °D1)123ds-211¢

*pauieuod Buiag (ersajen

ayy 40J 23s/md PRI K1t 1geausag

sJani] (Auta B J0 *311u0UAq Jo Jake|
U= P “Aed o Jake| 1put-21 P 3pn|d
~ul sJavit ajqeydadny  cpasinbar Ruiutq

N EIVENEEIL b
~Kg-ase2> e jo yed se pastnhay vajgo st
futury  *syuawastnhay futut] dtgedads oy

‘pasn A(gensn
aJe syauly Aeyy  *padinbag huturn

*SJ3NL| Spudtinipday sAom(e
3somie ‘syptmuad sanssi udium “ydueygq
£itenh) J31PM  “MOLAIL aspi-£g-9seq

*sjuamasinhay fuuty oty1aads oy

*stseq asedr-Ag-ased
P U0 pauLNa1ap sjuamastnbas Hutury
*squawastnbay Butut| a1y1dads oy

*31geydanoe age s|eLuajent
fututy jo sadfy v *pastnhay syamy

PUIOYE | 4y

otun

ejoxeq °
140N

eUL | 0JP)
ulson

A40) MaN

07txdp MaN

Fasaap may

*paJojiuow Huldq ase ajelg ayy uy suoobe| sAep/atoe/suoyeh 00G *I1I¥YIUAS ue asn ut s (ysdurey
fu11sixa oy - pasoltuow 3q Isnw suoohe| may st @jes uopie|od43d 3 qemol|e mnuLXeK Al3ualand saauiy 1Sol  *pasinbhags suduLq LE
*3mgad
abueyosip sarem-punoah e aatases asmuy svoobey *paut] 3q o)
LY °"suo11einhad ualliJm ou Sey PPRAIN  *SISeq aseI-AG-3SeI ® U0 paptiaq Kt tqeam pastnbag ase s| 97 Asewiad £jeJauay
*3twaad Ag pasinhay aq Aew spiam Buysoluoy -J3d g0 ajes oahedaas apqemo|ie d1)123ds oy *squamasinbay futut] 21)1oads op ePRAIN
syJeway pue sjuawaaLnbay 6ulsojLuon suoljejtut K3 rqeausay Jo abedaag squamaJg inbay Rutuiq ERLBIN

SNOODYT HILVMILSYM TVdIDINAW LV NOTLDI10Ud

HILYM-ONNOND MDA SINIWININhIH VIS
panuLue) ‘Z-1°g vl

U°F XI0NAddY



*stseq

ased-£Ag-ases v uo patgmIAlag  “AYTL| Lgeam

“pasn ag Kfewm
aunjuaq Jo Aegd ‘poob aue sunijipund gt

*pastnbas jov s|iam bujsoljuon -Jad Jo ajes afedoas apqemopje d1)1dads o  fotIayyuks sased ysom uy cpasitnhas futuiy JU0MIAA
*satem Rupyuedp se pasn st Jajem
-punoJb aJaum seage up suoofie] Jo HutsoyLuoi
Joy spuepuels fivrdoaaap st ajels  csed a3yl *Aep/ut p/1 *asn m ‘Aepfutl m/y *pasn g Lew saauty dt1auIuls *Lagean
U1 pasinbas usaq jou daey Spiam Bugasojruoy  ‘ufisap Joy :sajes abedoas I|gemolie unwixey  S{eLJajew (pynieu ou J]  cpasinbas Gujut ueIn
“193y 2 st
SSIUNILY] Winmiuiw Y pur ‘GI PAIIXI ISMM
xaput £y1213seyd “wasgad ng uryy Jajeadh
aq 1smu jwuL| pinbig *aaars ong coN ssed SNITYY S| UM N7 I’ DG ISMI SIANLY D139
s juadsad gf ueyy adow - Aegd pajoeduod -G *stseq ased-Ag-ased e ug pasinbay
*paJsinbas qou syam Fursojtuow pue padreqd 4o n11s-uL Joy ssajameded (Log fututy  *sjuawaginbas hutury drjideds oy Sexay
*m0330q uoobe}y a3yl
wedy 1333 OOl U0 SL Atqey Jajem-punodh Iyl
2aJaym *231e1S Y1 jo 1sed vIIISAM 3y UL 3ue “A1tpiqeanaad
suoobey 1soW *pasinbas jou sy(9m Gulaolvoy Jo ajey afiedaas ajqemoy e 21gr1dads oy *squamaginhay furury duyioads oy EERT:IIE]]
*(suoofie| Auepuoras uo Aepfuy p/t aq Aem) Kep e10xeq
*pasinbas jou Sy |aM Huraoytuoy JuL 91/1 St 3jed afiedoas ajgemoj|e wnuwixey *pasinbay suauLy yanog
*SJaUL| 311u0juaq aaey Aew seaJde
(P27~ fsuaut} 2113yIuhs aaey
*suaysks voobey J3pio *(Kep/aJdoe/suo| o6 ang Jo alea uoLP(0d SN [PILINSD SP PALYISSE[D ASD HILYM puLode]
Jo) paJsinbag sawpidwos siam Bupdojuoum Isyj -J4ad wnwixew) pamo||0) spsepurl§ 31LIG-UIY se3aJsy  *paut| 3ag jsmm sunofie] Mau ||y yanog
*37035 3yl ul suoofe| JuANILIL] JIIOMIISEM
[ediatunm oy pamo|[® Jo pasosdde jou pueysy
supobe| juawiead)] J3ILMIISEM JO UOLIDINSISUO) ra(qeddde oy *ataeaydde jon apouy
*Buisoytuow
01 S$aalieugai|e age sanbiuyzay voryrelap
¥e3] JO ASN JO SULEIPIIPUR  °SAYIUALY JO (st pr) saudut pgn’
s3td 1597 paui¥d0s Jo *suajamsLy Jo sjutod JO SSAUNDLY] WNLULL ® dARY | |PUS SJAULY
119m ‘shutads ‘sqam BULISIXd JO MAu 3qg Lew *39s 3119YIufg  *syuamadsinbas A1) rqeansad PLUPA
- pastnbas Jurod votieArdsqo Jajempunodh aug Ju3 N-o_ X 1 pa3adxd jou Aew A1t |1qeanday 393w 01 pa(eas Jo paut] 3q 15mM suocoheq - [ Asuuay
*9sn UL SJBULL D1IBYTUAS M3y e AP AuAy)
*Kep £371U03USq 3JR AP BT Ul SUAUL] ISOW
*padinbas jou sy |3m Butuojluoy Jut p/1 st aies afedaas alqemo| e wnuLxey -sa1ed afiedsas 19am 01 pasinbays ssau vofiaun
syJeway pue sjuawasinbay Guraolivoy suotiedtmy Ajtiiqeanydy Jo abedasg sijvawasnhay hutuey atelg

SNOOIYT HILVAILSVM TWA1DINAW 1Y NOTIDIID¥d

HILVM-GNROYS ¥NJ SINIWIHINGIN FiVis
panutivo) ‘2-1°g J14vl

1°¢ X1ON3ddV



*GRRT-PIW UL PAIIAL[0D Bleq

*s{seq aser-£Ag-ased
e uo paJsinbas saumgyswos s|i3m Buisoljuoy

spasinhas jou si{am Bugs03uol

*paJsinbas jouv sy)am Bujpaojruoy

*SIS1%d aduejuoduy
(e123ds 30 43j1nbe auaym suoofey pauty pue
suoobe| paugiun Joj pasinbas sytam 6uLI0]LUOY

*stseq
95e3-£q-ased ¢ U0 pasinhas S{{3mM BuisoTLuoy

* Kep
Jur g/1 st @ieJ ahedaas ajgemol|e wnuyxey

sa9s/wy | Ot

X [ P83dx3 10U [|BYS SJAul| ua.co»:wa

Jo J10s jo Ayijiqesmsad ay| - Aep/3aoe
/suoiteh ago't 30 3302 ©O11P|0d43d WAL XK

* Kyt 1qeansad
Jo 31eJ ahedaas ajqemo]|e dyytirads oy

*afieyea| ou Joj paufitsap ¢ Kep
Jut p/1 st a1es afedods apqemolje wnuxey

*23s
Jud g-01 X 1 paadxa j0u [reys A1t{iqeaunsay

sy one st
JBUL] I1IBUIVAS SO SSAURILYY wnmtuLy
“siseq ase’-£q-9sed © uo pasinbag buluyq

SYILYY Suopr Jsen) e
3q 15N saauL] J1134uhs  “saled afe
-daas ajgemole 133w 03 pasinbays Rutugy

*{siseq ased-£q-ased e uo payutm
-J4313P) $3sed amos uy pastnbay sJauiq

*sayey
afiedaas 1aam 07 pasinbas aq Aem ssaury

*S4aUL JtI8UINAS g0

(siiw 0Z) Sayduc nzZn* ueyl ssaj ou aq
LLPUS SSauXdLYy] 43Uy  *sijuvamddinbay

A1t tgeamaad 39am 01 pazinbas Buturq

futmnim

UISUOISIM

etuthgip
15aM

uoifutysen

pruthap

SYJewdy puv SuMIStnhay 6ursoguoy

suotieyuny A1Lpiqeaunsray Jo afiedaag

siuanmarinbay futui

EFTEN

SNOOOYT NILIYMILISYM 4<mmu_z:z 1V NOT1J31NYd

HILVM-ONNOUD HO4 SINIWININHAN I1VIS
panuLiLnd ‘2-1°¢ vt

1°€ X1ANIdaY



APPENDIX 3.1
TABLE 3.1-3
SEEPAGE RATES FOR VARIOUS LINER MATERIALS®

Minimum Expected
Seepage Rate Assuming a

Material Thickness 20-foot Water Column
(inches) after 1 Year of Service

(inches/day)

Open sand and gravel - 96

Loose earth * - 48

Loose earth plus chemical freatment - 12

Loose earth plus bentonite - 10

Earth in cut - 12

Soil cement (continuously wetted) 4 4

Gunite 1.5 3

Asphalt concrete 4 1.5

Un-einforced concrete 4 1.5

Compacted earth 36 0.3

Exposed prefabricated asphalt panels 0.5 0.03

Exposed synthetic membranes 0.045 0.001

%The data are based on actual installation experience. The chemical and
bentonite treatments "(*)" depend on pretreatment seepage rates. (Values are
assumed for loose, uncompacted earth.)

Source: KReference 2.



SUMMARY OF STATE GROUND-WATER MONITORING
REQUIREMENTS FUR MUNICIPAL WASTEWATER LAGOONS

APPENDIX 3.1
TABLE 3.1-4

Minimum Number of Wells

Sampling Frequency

(times per year) Monitoring

State Upyradient Downgradient First Year Thereafter Parameters

Arizona A4 2 K K K

California 1 1 2-4 2-4 NO,-N, total N,

é1, DS, MNa

Connecticut 1 2 4-12 4-12 NO,-N, NH.,-N,
TKR, C1, Total
P, fecal coli-
form

Florida 1 1 4 4 Drinking water
standards,
toxics, others

Kansas 1 -a 2-4 2-4 NO.,-N, NH3-N,
Tofal P of #0,,
SO

4

Maine 1 3 b b oH, BOD, SS,
NO,-N, NH3-N,
TKR

Michigan -2 -2 28 -2 -2

Minnesota -2 -2 - -2 NO,-N, NH,-N,
KR, €1, EC, pH

Nevada - -2 -2 22 .8

New Hampshire a . @ 2 N03-N, pH, Total
P,”BOD or COD,
metals, EC

New Jersey 1 2 4 4 NH,-N, NO,-N,
TKN, pH, DS

New Mexico -2 .8 3 3 Total N, NO,-N,
C1, TDS, felal
coliform

North Carolina 1 1 3 3 NO.,-N, NH,-N,

D3, C1, Yotal
coliforms, pH,
EC, water level



APPENDIX 3.1
TABLE 3.1-4, Continued

SUMMARY OF STATE GROUND-WATER MONITORING
REQUIREMENTS FOR LAGOONS

State

Minimum Number of Wells Sampling Frequency
(times per year)

First Year Thereafter

Upgradient Downgradient

Monitoring
Parameters

Pennsylvania

South Carolina

Virginia

Washington

Wyominy

a 1 a K

1 2 4 2

a

NO,-N, NH,-N,
Tofal P, pH, C1,
Na, TDS, TOC,
fecal coliform,
alkalinity

NO3-N, c1, T10C,
pH; Total P,
hardness, alka-
linity, EC,
total cotiform,
others on a
case-by-case
basis

NO,-N, total
co?iform

NH.,-N, NO,-N,
ph3 C1, T0s,
boron, selenium

aSite-specific.

Depends on flow rate.

Data not avail

Source:

able.

Reference 3.




APPENDIX 3.2
LAGOON INVENTORY DATA
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APPENDIX 3.3
CONVERSION OF FLOW RATES TO AREAS



APPENDIX 3.3

CONVERSION OF LAGOON FLOW RATES
TO AREAS

For use in this study, the flow rate distribution in Table 3-1 of the text
has been converted to an area distribution using the equation below:

A = 3,0334 (t/d)(Q)

where 3.0334 is a factor for converting the units of the right hand side (mgd,
feet and days) into units of acres, and

lagoon area {acres)

hydraulic retention time (days)
layoon depth {feet)

design flow (mgd)

1

OO0 ot >

Values for hydraulic retention time and depth were assumed based on
typical ranges for facultative Tlagoons (25-180 days and 4-8 feet,
respectively) obtained from the USEPA's Design Manual for Municipal Wastewater
Stabilization Ponds (1). For median values of 102.5 days and 6 feet, the
above equation becomes:

A = 51.82(Q)



APPENDIX 3.4
WASTEWATER CHARACTERISTICS



APPENDIX 3.4
TABLE 3.4-1
TYPICAL CUMPOSITION OF UNTREATED DOMESTIC WASTEWATER

Pollutant or Pollutant Concentration (mg/1)
Parameter Strong Medium Weak
Solids, total: 1,200 720 350
Uissolved, total 850 500 250
Fixed 525 300 145
Volatile - 325 200 105
Suspended, total 350 220 100
Fixed 75 55 20
Yolatile 275 165 80
Settleable solids, mL/L 20 10 5

Biochemica)l oxygen demand,

5-day, 20°C (BOD.,20°C) 400 220 110
Total organic carBon (TOC) 290 160 80
Chemical oxygen demand (COD) 1,000 500 250
Nitroyen (total as N): 85 40 20
Jdrganic 35 15 8
Free ammonia 50 25 12
Nitrites 0 0 0
Nitrates 0 0 0
Phosphorus (total as P): 15 8 4
Urganic 5 3 1
Inorganica 10 5 3
Chlorides 100 50 30
Alkalinity (as CaCo,)® 200 100 50
Grease 150 100 50

Source: Reference 5.

%values for alkalinity and chlorides will be increased by the amount found in
the domestic water supply.



APPENDIX 3.4

TABLE 3.4-2

EPA'S TOXIC (PRIORITY) POLLUTANTS?

Class/Pollutant

VOLATILE ORGANIC COMPOUNDS

Acrolein

Acrylonitrile

Benzene

Toluene

Ethylbenzene

Carbon Tetrachloride
Chlorobenzene
1,2-Dichloroethane
1,1,1-Trichloroethane
1,1-Dichloroethane
1,1-Dichloroethylene
1,1,2-Trichloroethane
1,1,2,2-Tetrachloroethane
Chloroethane
2-Chloroethyl Vinyl Ether
Chlorofomm

ACID EXTRACTABLE OURGANIC COMPOUNDS

Phenol
2~Nitrophenol
2,4-Dichlorophenol
4-Nitrophenol
2,4-Dimethylphenol
Pentachlorophenol

26 PESTICIDES/P(Bs

alpha-Endosulfan
beta-Endosulfan
Endosulfan Sulfate
alpha-BHC

beta-BHC

yamma-BHC (Lindane)
delta-BHC

Aldrin

Dieldrin

4,4'-DDE

4,4'-pDb

4,4"'-p0T

Endrin

Endrin Aldehyde

1,2-Dichloropropane
1,3-Dichloropropene
Methylene Chloride
Methyl Chloride
Methyl Bromide
Bromoform
Dichlorobromomethane
Chlorodibromomethane
Tetrachloroethylene
Trichloroethylene
Vinyl Chloride
1,2-trans-Dichloroethylene

-Chloro-m-cresol
-Chlorophenol
»4-Dinitrophenol
»4,6-Trichlorophenol

p
2
2
2
4,6-Dinitro-o-cresol

Heptachlor
Heptachlor Epoxide
Chlordane
Toxaphene
Aroclor 1016
Aroclor 1221
Aroclor 1232
Aroclor 1242
Aroclor 1248
Aroclor 1254
Aroclor 1260
2,3,7,8-Tetrachlorodibenzo-~
p-dioxin (TCDD)



APPENDIX 3.4

TABLE 3.4-2, Continued

EPA'S TOXIC (PRIORITY) POLLUTANTS?

Class/Pollutant

BASE/NEUTRAL EXTRACTABLE ORGANIC COMPOUNDS

1,2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene
Hexachloroethane
Hexachlorobutadiene
Hexachlorobenzene
1,2,4-Trichlorobenzene
bis(2-Chloroethoxy)methane
Naphthalene
2-Chloronaphthalene
Isophorone

Nitrobenzene
2,4-Dinitrotoluene
2,6~Dinitrotoluene
4-Bromophenyl Phenyl Ether
bis(2-Ethylhexyl)phthalate
Di-n-octyl Phthalate
Dimethyl Phthalate

Diethyl Phthalate
Di-n-butyl Phthalate
Acenaphthylene
Acenaphthene

Butyl Benzyl Phthalate

METALS

13

Antimony
Arsenic
Beryllium
Cadmium
Chromium
Copper
Lead

UTHER

Total Cyanides

Fluorene

Fluoranthene

Chrysene

Pyrene

Phenanthrene
Benzo(a)anthracene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Indeno(1,2,3-c,d)pyrene
Dibenzo(a,h)anthracene
Benzo(g,h,i)perylene
4-Chlorophenyl Phenyl Ether
3,3'-Dichlorobenzidine
Benzidine
bis(2-Chloroethyl)ether
1,2-Diphenylhydrazine
Hexachlorocyclopentadiene
N-Nitrosodiphenylamine
N-Nitrosodimethylamine
N-Nitrosodi-n-propylamine
bis(2-Chloroispropyl)ether
Anthracene

Mercury
Nickel
Selenium
Silver
Thallium
Zinc

Asbestos (fibrous)

a Desiynated pursuant to Section 307(a)(1l) of the Clean Water Act.
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TABLE 3.4-3

COMMUN CONSUMER PRODUCTS AND THEIR HOUSEHOLD SOURCES

Household Source

Consumer Product

Automatic Dishwasher Waste

Bath and Shower Waste

Bathroom Sink Waste

Garbage Disposal

Kitchen Sink

Laundry Waste

Toilet Flush Waste

Utility Sink Waste

Detergents
Silver polish

Soaps (perfumed)

Medicinal ointments

Shampoo

Disinfectants

Cosmetics (makeup, antiperspirant, hair dyes)

Medicine
Soaps
Disinfectants
Cosmetics
Shampoo
Cleaner

Pesticides (from washing produce)
Deoderizer

Hand soaps and cleaners
Polish

Pesticides

Cosmetics

Cleaners

Polish (laundered clothes soiled with polish)
Fabric adhesives

Dyes and textile coatings

Medicinal ointments

Laundry products

Pesticides and insecticides

Disinfectants

Bleach and starch

Medicinal ointments
Disinfectants
Deoderizer

Cleaner

Preservatives and dyes
Polish

Photographic products
Paint products
Pesticides

Cleaners

Bleach

Source: Reference 6
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TABLE 3.4-4

PRIORITY POLLUTANTS IN HOUSEHOLD WASTES

Household Source Priority Pollutant

Automatic Dishwasher Waste Phenol*
Benzene*
Toluene*
2,4,6-Trichiorophenol™
Silver*

Bath and Shower Waste Phenol*
Benzene*
Naphthalene*
1,2-Dichloroethylene
Diethylphthalate*
Dimethylphthalate*
Toluene*
2,4,6-Trichlorophenol™*
2-Chlorophenol*
2,4-Dimethylphenol
Fluoronanthene
PAHs
2,4-Dichlorophenol
Antimony™*
Cadmium*
Copper*
Lead*
Mercury*
Nickel™*
Selenium
Silver>*
Zinc*

Bathroom Sink Waste Phenol*
Toluene*
Benzene*
2,4,6-Trichlorophenol >
2-Chlorophenol™*
p-Chloro-m-cresol
2,4-Dimethylphenol
Fluoranthene
Naphthalene*
PAHs
Diethylphthalate*
Dimethylphthalate*
Antimony*
Cadmium*
Copper*
Lead*
Mercury*
Sitver*
Zinc*
Arsenic*
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TABLE 3.4-4, Continued

PRIORITY POLLUTANTS IN HOUSEHOLD WASTES

Household Source

Priority Pollutant

Garbaye Disposal Waste

Kitchen Sink Waste

Laundry Waste

1,4-Dichlorobenzene*
Aldrin*
Dieldrin*
Chlordane
Arsenic*
Cadmium*
Chromium*
Copper*
Lead*
Mercury*
Zinc*

Phenol*

Toluene*
1,2-Dichlorobenzene*
Tetrachloroethylene
1,2-Dichloroethylene
Diethylphthalate*- -
Dimethylphthalate*
1,2-Dichloroethane
1,1,2,2-Tetrachloroethane
1,2-Dichloropropane
1,2-Dichloropropylene
Isophorone
Trichloroethylene*
Carbon Tetrachloride
Arsenic*

Cadmium*

Chromium*

Copper*

Lead*

Mercury*

Zinc*

Antimony*

Nickel™*

Silver*

2,4,6-Trichlorophenol
1,2-Dichlorobenzene*
Benzene*

Phenol~*
1,4-Dichlorobenzene*
2,4-Dimethylphenol
Naphthalene*
1,1,1-Trichloroethane*
1,1,2,2-Tetrachloroethane
1,3-Uichlorobenzene
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TABLE 3.4-4, Continued

PRIORITY POLLUTANTS IN HOUSEHULD WASTES

Household Source

Priority Pollutant

Laundry Waste, Continued

Toilet Flush Waste

Utility Sink Waste

Nitrobenzene
Tetrachloroethylene*
Diethylphthalate*
Dimethylphthalate*
Chlorophenol*
Arsenic*

Cadmium*

Chromium*

Copper*

Lead*

Mercury*

Zinc*

Benzene*

Phenol*
2,4,6-Trichlorophenol™
2-Chlorophenol™*
1,2-Dichlorobenzene*
1,3-bDichlorobenzene
1,4-Dichlorobenzene*
1,1,1-Trichloroethane*
1,1,2-Trichloroethane
Naphthalene*
Trichloroethylene*
1,2-Uichloroethane
Antimony™*

Copper*

Mercury*

Zinc*

Chromium*

,1-Trichloroethane*
,2=-Trichloroethane
2-Dichlorobenzene*
2,4,6-Trichlorophenol™
Antimony*

Arsenic*

Cadmium*

Copper*

Lead*

Mercury*

Nickel*

Scandium*

Zinc*

Silver*

1,1
1,1
1,

Source: Reference 6

*Most commonly found (14 organics, 9 metals).
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LAGOON SAMPLING PROGRAM

EPA 7:35



ATTACHMENT B

LAGOON SAMPLING AND ANALYTICAL PROCEDURES

The Publicly Owned Treatment Works (POTW) Lagoon Study sampling
program was conducted at nine domestic lagoon and 12 municipal lagoon
systems a identified 1in the final letter report,@ Priority
pollutants and selected nonconventional water quality parameters
(total organic carbon, ammonia nitrogen, oxidized nitrogen, total
solids (sludges), and chloride) were sampled at each site. U.s.
Environmental Protection Agency (EPA), Brown and Caldwell (BC) and
Robert E. Lee and Associates, Inc. (REL) personnel participated in
the sampling program. Analytical work was performed at EPA labora-
tories in Annapolis, Maryland (Central Regional Laboratory) and
Athens, Georgia, (Environmental Services Division Laboratory) and the
Robert E. Lee and Associates, Inc. Analytical Laboratory in Green
Bay, Wisconsin. A site sampling and analysis summary is presented in
Table 1.

Sampling Procedures

Sampling of the 21 facilities was performed during two periods.
The nine domestic lagoon systems (plus the Mandan, ND municipal/
industrial 1lagoon system®) were sampled by EPA Regions III and 1V
between August and November, 1985. The 11 other municipal/industrial
lagocns were sampled by EPA Region IV, REL and BC during July and
August, 198€.

The domestic sampling program was developed by EPA Headquarters
in Washington and concentrated on lagoon systems with monitoring
wells. Based on information gained by BC from observations of
sampling activities performed by Region IV at three Michigan sites
typical sampling procedures used for the domestic lagoon study are
presented below.

Influent automatic composite samplers were used to obtain 6 to
24 hour composites of all contaminants except volatile organics,
cyanide and rcotal phenolics. Grab samples were collected for these
contaminants. volatile organic influent samples were collected in
triplicate. Lagoon ligquid, effluent, sludge and monitoring well grab

N

8In addition, data from the Everett, WA and Muskegon, MI municipal/
industrial lagoon systems are used in the study.

bExcept dioxin.

®The Mandan, ND lagoon system was initially classified as a domestic
lagoon.



samples were also collected. Typically, one upgradient and three
down gradient monitoring wells were sampled. Sampling procedures
used (e.g., minimizing aeration of volatile organics and flushing
monitoring wells three times prior to sampling) were based on
standard EPA sampling protocel. If a monitoring well dried up during
baling operations the well was allowed to recover overnight prior to
sampling. Teflon balers were used for baling and sample
collection. Field and equipment blanks were collected at each site.

For the municipal/industrial lagoon sampling program, samples
obtained by REL and BC at nine sites were collected in accordance
with procedures specified in the Quality Assurance Project Plan
submitted to EPA as part of the Revised Work Plan for Work Assignment
2-7 dated July 30, 198s.

For the two municipal/industrial 1lagoons sampled by EPA
Region IX, sampling activities were conducted in accordance with the
Engineering Support Branch Standard Operating Procedures and Quality
Assurance Manual, U.S. Environmental Protection Agency, Region IV,
Environmental Services Division, dated April 1, 1986.

Analytical Procedures

Analytical methods and quality assurance procedures used during
the study ar:= documented as follows:

1. EPA Central Regional Laboratory--memo from Joseph L. Slayton,
CRL Chemist to Water Gilbert, EPA Headquarters dated
January 28, 1986.

2. REL Analytical Laboratory--Quality Assurance Project Plan for
Vlork Assignment 2-7 (submitted to EPA with Revised Work Plan
dated July 30, 1986),

3. EPA Environmental Services Division Lahoratory-—-EPA Region IV
Analytical Support Branch Operations and Quality Control
Manual, dated June 1985.

Table 2 summarizes analytical detection limits for both 1liquid
and sludge samples from the three laboratories participating in the
sampling program and for the independent data collected from the
Muskegon, MI and Everett, WA facilities. Detection limit ranges
shown in Table 2 represent both variances in specific contaminants
within the identified contaminant category and variances between

samples. Typically, . for the majority of contaminants, detection
limits were near the lower limit of the range. Table 3 identifies
detection 1limits for each contaminant analyzed by REL. There was

greater variance in detection limits for individual compounds sampled
by EPA. The respective EPA laboratories supplied detection limits
for the contaminants as part of raw data sheets for each site
transmitted to EPA headquarters.



Analytical methodsl’2’3'4 were similar at all laboratories except
those for volatile (purgeable) and extractable organics. The EPA
laboratories used gas chromatograph/mass spectrometer (GC/Hs)
methods, EPA Method 624 for volatile and Method 625 for extractable
organics. The REL laboratory wused princimally GC and 1liquid
chromatography (LC) methods with specific detectors in accordance
with EPA Methods 601, 602, 603, 604, 605, 606, 607, 609, 610, 611 and
612,

Metals concentrations were measured with element specific
spectroscopic analytical methods. Cyanide was analyzed spectrophoto-
metrically, while total phenols were determined via distillation and
colorimetric methods.

Quality control and assurance procedures used during the study
included spike samples, duplicates and participation in external
performance audit sample surveys with EPA Cincinnati. Summary data
used in the tudy were corrected for water and equipment blank
contamination.

REFERENCES

l. "Standard Methods for the Examination of Water and Waste-
water," APHA-AWWA-WPCF, l1l6th Edition, 1985.

2. "Test Methods for Evaluating Solid Waste--Physical/Chemical
Methods," EPA/SW-846, United States Environmental Protection
Agency, 2nd Edition, revised 1985,

3. M"Methods for the Chemical Analysis of Water and Vastes,"
EPA-600/4~-79-020, United States Environmental Protection
Agency, Environmental Monitoring and Support Laboratory,
Cincinnati, Ohio, 1979.

4. "llethods for Organic Chemical Analysis ‘of t!lunicipal and
Industrial Wastewater," EPA-600/4~82-047, United States
Environmental Protection Agency, July 1982.

5. "Handbook for Analytical Quality Control in Water and Waste-
water Laboratories," EPA-600/4-79-019, United States Environ-
mental Protection Agency, Environmental Monitoring and
Support Laboratory, Cincinnati, Ohio, 1979.
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a M z UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
v & REGION i1l
Vi, o CENTRAL REGIONAL LABDRATORY
e 832 BESTSATE ROAD 301-224-2740
ANNAPGLIS, MARYLAND 21401 F1S 922-3752
DATE January 28, 1986
SUBJECT: (Central Regional Laboratory Quality Assurance Procedures Employed During
the Analysis of Construction Grants Samples
FROM

TO

Joseph L. Slayton (3E521)875
Chemist

Walter Gilbert (WH-595)

The quality assurance procedures employed during the analysis of the
Construction Grants samples have been summarized by parameter group.

General

The Central Regional Laboratory participates each year in four external
performance audit sample surveys. These include unknown audit samples

for the SDWA; NPDES; Superfund and RCRA programs. The laboratory has a
full time quality assurance officer and technician. Quarterly performance
checks are routinely performed to assure adequate operational of balances;
spectrophotometers; pH meters and other critical insturmentation.

Phenot

A duplicate (precision) and spike (accuracy) sample were analyzed every
tenth sample. A check standard was anatyzed in the middle and end of
each set of samples analyzed. An audit sample (EPA-Cincinnati provided
external standard) was analyzed at the beginning of each set of samples
analyzed. The calibration curve consisted of six standards.

Cyanide

A duplicate (precision) and spike (recovery) sample were analyzed after
every tenth sample. A check standard was analyzed after every three or
four samples. An audit (EPA-Cincinnati) was analyzed at the beginning
of each analysis set. The calibration curve consisted of six standards
and was prepared for each set of samples analyzed.

Total Carbon

A duplicate (precision) and spike (recovery) sample were analyzed after
every tenth sample. A check standard was analyzed after every tenth
sample. An audit (EPA-Cincinnati) sample was analyzed after every
tenth sample. The calibration curve consisted of seven standards.



Nitrite, Nitrate, Ammonia

A duplicate (precision) and spike (recovery) sample were analyzed after
every tenth sample. This was followed directly by a check standard.

An audit sample (EPA-Cincinnati) was analyzed at the beginning of each
set of analysis. The calibration curve consisted of seven standards.

Chloride

A duplicate (precision) and spike (recovery) sample were analyzed after
every tenth sample. A check standard on audit sample (EPA-Cincinnati)
was analyzed at the beginning of each analysis. The calibration curve
consisted of at least seven standards.

Mercurx

A duplicate (precision), a digestion duplicate, a check standard and a
‘spiked sample (recovery) were analyzed after every tenth sample. An
audit sample (EPA-Cincinnati) was analyzed at the beginning of each set
of samples analyzed, for each type of matrix. The calibration curve
consisted of at least six standards.

Metals

A standard curve composed of five or six standards for each metal was
analyzed to calibrate the instruments. In addition, the instrument was
previously autozeroed. After the standardization, a performance audit
sample (EPA pravided external standard) was routinely analyzed to
confirm the accuracy of the instrument (+ 10% required audit performance).
This performance check was followed by the analysis of a reagent blank,
a digestion blark and corresponding field blanks. Ten percent of the
samples were analyzed in duplicate. Also a check standard was analyzed
every ten samples with the required limits of + 10%. For samples
analyzed by the furance technique every sample was spiked at least
once. If this single spike result was not found to give 85-115%

recovery, then the Method of Standard Additions was employed using two
additional spikes.

Extractables Organic Compounds GC/MS

Before acquisition of any samples the mass spectrometer was calibrated
using FC43., The calibration was verified by obtaining the spectra of a
known compound (DFTPP). A1l mass assignments and relative abundances
were found to be in acceptable ranges or the instrument was adjusted
until suitable spectra of the known were obtained. Immediately before
analysis each sample was spiked with an internal standards mixture
containing six compounds including D10-phenanthrene. All gquantitation
or estimates of concentration were made in comparison to the nearest
jnternal standards. Mixed standards of extractable priority pollutants
and Hazardous Compound List Substances (EPA-RTP provided) were analyzed
at multiple concentration levels before each group of samples. The
relative response of each compound versus the nearest internal standard
was determined for use in quantitation. For each group of samples
extracted (<20 samples) a method blank was prepared and examined for
laboratory introduced contamination. In addition, field blanks were



Extractables Organics (GC/MS) (Con't)

analyzed and all sample values were corrected for any hlank contamination.
Each sample was spiked with a mixture of surrogate compounds (six) prior
to extraction and analysis. The recovery for each was determined to

check for matrix effect. For each group of samples extracted (<20),

an aliquot of sample was spiked with a priority pollutant cocktail
containing twelve representative target compounds and carried through

the extraction and GC/MS analysis. The recovery for each compound

was determined to check for matrix effect.

Pesticides

The instruments are calibrated before each set of samples with varified
standards (EPA-Cincinnati or proven equivalent). The samples are
spiked with EPA reference PCB/chlordane mixtures). A duplicate sample

.is analyzed with each set of samples. A degradation check standard

for Endrin and DDT was analyzed with each set of samples to assure
satisfactory column performance. Field and reagent blanks were analyzed
to varify the absence of pesticide contamination.

Volatile Organic Compounds GC/MS

The QA procedures included on a daily basis an initial instrument blank
followed by a method blank and standards (EPA or EPA varified).

Incorporated in the first method blank was the analysis of 4-Bromo-1-
Fluorobenzene (BFB) as a Mass Spectral Criteria Compound. If the
spectra of BFB did not meet the criteria specified in Method 624 the
Mass Spectrometer would be recalibrated using Perfluorotributylamine
(FC43) until the criteria was met.

The analysis of field blanks and additional method blanks followed
the analysis of standards.

The following additional QA procedures were employed: At least one
duplicate analysis was performed for each batch of samples. At least
one matrix spike was performed for each batch of samples. In addition,
samples that had high contamination were followed by method blanks.
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TAB.E S § — (ARAMIE, WYOMING LASOON SYSTEW CONTAMINONT SUMARY

DATA COLLECTED AUBUST 1985

SRMPLE LOCATION and CONCENTRATION

: WONITORING WELLS ; ! TREATED WASTEWRTER \! LAS0O% SLUDSE
! \ WASTEWATER | o 1\ CONCENTRATION
CONTRMINANT CATEGORY / contaminant [ B Down gradient ' + LABODK LAGDON I\I  wet weignt
‘: LY H 3 0 OIFLENT ¢ LIDUID EFFLUBNT ‘\d basis,ug/e
: : ! : ne
VOLATILES - STANDARD EQUATRBLE E H 3 .; .: :'
henzene ug/l E 2.3 i T-14 3 " ':
chlorofors ug/l 1 H H 9-21 |} 1 Y
ethylbenzene ug/1 H : H 4.2-360 ¢ 2.5 i
tetrachiorcethylene ug/l H 3 l 13-63 | 1.2 Y
toluene ug/l \ H ' 9.8-280 ¢ 2.1 Y- T 11
1,1,1- trichloroethane ug/l ' ! ' (1-15 & i\
trichloroethylene ug/l i H 5 3.5-11 3 1 “Q-
T T ENTARCTABCE ORGAWICS : : T i ne T
enol s/ Foaag : : S.1y i
mmthal!m usll ' ! t : ' 313 fts
PCBs/ PESTICIDES 5 H 'i E Etf
lirdane /! ! : : : 8.3 0
! s ! H N
s P e s Y
antimony ug/l . . : ': '.\l 2.2
arsenit ug/1 ' : H H Y 8.2
bariuw ug/l H ! ! 9 a3 i\ M)
beryilius ug/1 H : H H i\l
cadmiua ug/l1 i 6.0 ¢ 1 H Y 7.8
cnromius uc/1 H H 12a | 77 W\ 34
covper ug/} H H ' 84 ¢ Y -3
leac ug/l : : | 8 8.7 i\ 224
percury ug/l H H H T Y 10
nicke] ug/} 1 1 ! H i 16.4
stleniun ug/} H : T.4 H \ 1.8 .8 i\ 11
silver ug/l H H ' H N\ 8.8
thallium ug/l H 5.5 5.0 S.7 4.6 1 3.7 3.9 3.5 i\
2nc ug/1 : H : 180 & [ I&: 882
OTER PUIORITY POLLVTRNTS i LT T Ty Ty .:il: ------
Cyanide, ug/l : 8t § -
Total pherolics, vg/l : moi a7 § -
CONVENT LONL CONTANINGRTS, ng/1 : s T : :
Total Organic Carbon A ENIREETR B X 0.4F B4 86 } -
OLORIDE PowT: %9 19 80.5 | .6 %3 } -
N3 < N (asmonta) Pooam: am 2T 2% se2i  &T AW QN -
NG2/N03 - N P .05 .08t | Mmoo am i -

a — value say be high, BLANX (830809-01) ‘concentration = 13 ug/l

1 == ESTIMATED CONCENTRATION, detected 8 concentration delow accurate quantification.
6\{? analyzed
L :

Trace concentrations (( 1 ug/l) set eaual to 1 ug/l, blank indicates value below detectanle limt.




TR3.E S 2 -~ LANDZR , WYOPINS LAGOON SYSTEM CONTOMINANT SUMMARY DATA COLLECTED AUBYST 198S
SAMPE LOCATION and CONCENTRATION

'
} WONITORING WELLS ! i TREATED WASTEWATER i\} LAGOON S.UDSES
H i WASTEWATER ! I\l CONCENTRATION
CONTAMINANT CATESORY / contaminant ' Up H Down gradient H ! LAGOON  LAGDON I\ wet waignt
oM m3 W41 INFLLENT | LIQUID EFFLUENT | bas:s,ug/g
: : : 0\
VOLATILES ~ STANDARD EQUATABLE ! ! ' ‘:ti
chiorofora ug/l : ' 12-15 ! 1 i\:
tetrachloroethylere ug/l AR 1.4 W\
toluene ug/l H : B0 ug/l
trichlorcethylene w/l PoLs 'Q:
. o E;TP.QCTRB’.E 0RSANICS E '} : ':Q-:
chero!l ug/1 : 4,83 4.2) ! ! .'\2
raonthalene ug/l E 2.8) ': i :&:'

#CBs/ PESTICIOCS, ug/l

] : ! ‘ i
: : ' ! 0w
. rone oetected : : i ; :t:
H B ! H Y

s S e : ¥
antieony ug/l '. 5 E l\i 2.8
arsenic ug/l : . 1 i\ A7
bariun wg/l ! 143 ¢ 172 154 8.9 85 1 31 3t 1482
cadeiun ug/l H 6.5 ! ! i 15.3
chrosius ug/l H H ' Y] 48,2
cogper ug/l ! : | 27.5 27 "\ 854
lea¢ ug/l t 11 740 ! H Y 374
mercury ug/l H ) 30 i\ 10,4
nickel w/l : H : N 27.3
seientus g/l : 14! : S.2 N\l .4
silver ug/l H ) 131 "\ [X)
thalliue ug/l 2.9 2.7 2.4 3.0 e W\
3%, w/l : 28 | 8 26 (&:_ 1185
-0'-[‘{1 PRICAITY POLLUTANTS l_ : o ! H E{:
CYANIDE §
Total phenolics, ug/l : 56! %6 485 Q -
T T T oweTiow coirnnn&?s, eg/1 ) o Tttt TTyTT Tt T
1 : H ! Ay
Total Organic Carbon ! H 2.0 ! 118 ¢ 8.8 1.4 N\ -
H H H H Y
OLORIDE ' Al 2.7 S.88 4,22 ) 16.5 16,1 15.7 I\ -
| H ' | Y
NHI - N (ammon1a) ': H 1.15 042 5 2.7 ': 7.62 7.63 Ek‘: -
NO2/NO3 - N : : 26 (0563 | 63 L2000 .13 -
i H H H AN

a — eauioment blank { 85080%-14 ) contained 0.052 g/l NO2/NO3-n

3 — ESTIMATED CONCENTRATICN, detected @ concentration below accruate quantification.
6T£cs)t analyzed
N :

Trace concentrations ({1 ug/1) set eoual to | ugsi, blamk indicates value below detectable limit.



TA3Z § 2 -- BUFFALD , WYO®ING LAGOON SYSTEw CONTAMINANT SUMMARY DATA COLLECTZD AUBUST 1983
SAMPLE LOCATION and CONCENTRATION

: MONITORING WELLS : ! OTREATED !\! LABODN SLUDS
' 1} WASTEWATER ¢ 1\! CONCENTRATION
CONTAMINANT CATEGORY / contaminant Vo Down gradient ) OLABDON I\ wet weight
o1 W 3 {OINWENT ! LIBUID I\ basis,ugfp
: : : : Y
VOLATILES - STANDARD EQUATABLE : ) : i
\ H ' H N
chlorofors u/l : Po8,0-20 i 2.3 i\
toluene va/l H HEE % U %% %96 I\
1,1,1- trichloroethane g/l ! H H i i N\
sethylene chloride ug/l ! H 8,1 80! i k:
EXTRACTABLE OREANICS, ug/l) ; : } ! N
H t ' 1 Y
H : H ! Y
PCBs/ PESTICIDES, wa/l H H é | :{.’
| H H N\
none detected : H é i ft-
METRLS =. : a e N
antisony ug/l :. ‘: ; ;\; .8
arsenic wg/l ! : H ' i\
barun w/l 185 ¢ 2] 88.5 ¢ 118 ¢ 9 i\ 748
bersiliua ug/l & : H H B
cace:un ug/l | 6.3 : 1.3 5! ! Y 6.4
chromius ug/l i 1 H i Y 9.3
copoer ug/l : H 173 ¢ 67 i\, &7
lead ug/l 1} : 8.8 8.2 H 131 Y 216
sercury ug/l H ! | Y 4.3
nickel ug/l H ' ' Y 18.2
seienlum g/l i ' H A}
si1lier w/l i : ! i N\ 9.2
thallius wg/l 24 2.4 2.9 2.8 1 H Y
nc ug/l i 2th 202p (230} tiah ¢ 1% : 9 :}: 5%
H H H 4 %
o oﬁinoiwnfn;ﬁumrs ----- l-----;----'-—-------? o s--- i\
1 H H 1 Y
CYRNIDE 1 H t ' :}:
| H | ! i\
Total phemolics, ug/l : H 3 128 f “Q: -
T OWENTIONL CONTRUONNTS, w1 1 ) :. P N
Total Organic Carbon T VR N (W & WL sA Q -
CHLORIDE P06 587 T4 5.0 w2i 3.9 N
M3 - N (ammonta) i T 0T .m0 0% Tl e ! -
1 H [ ' W\
NG2/NO3 - N H ,072 3 .078 .07 s E 5%.‘

a — equiosent blank ( 850809-27 } contained 34 ug/l lead
b - equioment blanks ( 850809-27,-3! ) contained 45 ug/l and 66 ug/] z1nC respectively

- not analyzed
NOTES:

*

Trace corcentrations ({ | ug/i) set equal to | ug/}, blank 1mdicates value delow detectadle limt.



TABLE S 4 -- HONZY BRODK, PR LAGOON SYSTEW CONTAMINANT SUMMARY SAmALES COLLECTED July 1985
SAMILE LOCATION ard CONCENTRATION

E MONITORING WELLS ' i\ TRERTED 11 LAGOON SLUDGE
| ! WASTEWATER | ————— 1+ CONCENTRATION
CONTAMINANT CRTESORY / contaminant t lUo : Down | {  LAGODN o wet weight
i gradient : gradient | INFLUENT | LIGUID " basis,ua/g
VOLATILES - STANDARD EQUATABLE :
chlorofors ug/l : : ! 2.2-4,7 ! i
taluene ug/l f : E 5 55
EXTRACTABLE ORGANICS, ug/l : ! : ' i
phenol E ; i 61),a E H
naphthalene : : ! By " 3.8)
phenanthrene : : H : H 1.9}
1,2- dichiorobenzene : t ' i " 0.4)
1,4~ dicnlorobenzene : : : : " 1.5)
diethyl-phthalate ' : ' 2),3 ; '
PCBs/ PESTICIDES, ug/l E : E ' :E
Arochlor 1254 : .5
WETALS ' 5 : g ; ¥
ant 1mony ug/l E : E E E; 1.8
arsenic ug/l : ) ! HH 15. 4
bariun w/l | a7 . 6l " " 343
cadmium ug/l : : i " 16
chromius ug/l |} H : ! Hh 4f
copoer ug/l | : [ 183 1 " 944
lead ug/l H H 18 % " 166
mercury w/l .3 2 o i 9.2
nickel ug/l 4 : H i ' 39
selenium ug/l | : i i H 1.3
silver we/l ) H : : H 1.2
zine ug/1 S 18 : 63 5 123 E 26 EE 10%
----- O;HER-PRIDR;T; BOLLBTENTS- -:- T : T ? T ;- o ?3- T
Cyanide, ug/} E ; ; E 43 E; -
Total phenolics, ug/l : 6L9 L 131 -
CONVENTIONAL CONTAMINANTS, mg/l . LT ! " )
Total Organte Carbon 5 L1t .61 294 i -
CHLORIDE TS B XTS sti 0 537 -
NH3 - N (ammonia) 5 : : I B X T -
ND2/NO3 - N {63 258 0621 107 -

a — actual detection limt = 100 ug/l for this samnle
b — value may be high, up gradient MW equipment blank (B850725-09) cortained 2.1 mg/1 NO2/NO3-N

Field blank (850725-01) contaired 6.9 ug/l bis(2-ethylhexy)-phthalate and 4.43 ug/1 di-n-butyl-phthalate
) - ESTI”ATED CONCENTRATION, detected @ concentration below accurate quantification,
- not analyzed

NOTES:
Trace corcentrations (( 1 ug/l) set eoual to 1 ug/l, blank indicates values belew detectable limit.



TRBLE S & -- MINOTND LAGOON SYSTEM CINTAMINANT SUMMRRY

DATA CDLLECTED SSPTEMBZR 1983

SAMP_E LOCATION and CONCENTRATION

: MONITORING WELLS : ! TREATED WASTEWATER :\! LAGOON SLUDGT
: i WRSTEWATER @ i\D COMCENTRATION
CONTAMINANT CATEGQRY / contasinant I I | Down gradient : tOLAGOON  LAGOON I\l wet weignt
L. 3 t INFLLENT §  LIQUID EFFLUENT I\ basis, ug/g
' : ! ' n
VOLATILES = STRNDARD EQUATASLE | H H 1 :Q:
1 3 H H Y
1,1~ dichloroethane ug/t ' { 1.5 Y
lorofors w/l ! 1 13 { %4-10 1 i\
brosodichlorosethare g/l : 1.2 H 1 Y
dibrosochlorosethane  ug/l i ! 26 H H Y
tetrachloroethyiene ug/l @ ! i 2-3 ! Y
toluane ug/l 1 H 2.6=4.7 % Y
{,1,1- trichloroethane g/l | : | 1-22 i Wi
trichloroethylene w/l | : 1! 12-110 | 1 Y
sethylene chlorice wl i t : 10-40 ‘Q:
EXTRASTABLE OREANICS, ug/l H H H H 7\:
H H 1 ; Y
butyl-benzyi-onthalate H 0,4) ¢ H 93,8 ! 0,15 \}
di-n-octyl phthalate : 0.9) : : i\
diethyl phthalate i H 1 101,64 AV
his(a-!thylhexz) H 16 : .2 .71 33500 HY
ohthalate
1,4- dichlorodenzene 1 : \ Tb it :{:
i H H H N
PCBs/ PESTICIDES, ug/! ! H : ! ti
none detected E : E : :\:'
' ! ! H BY
METALS | : ! ! Y
H H \ 1 W\
antisony w/l H H : .
arsenic uw/l o 63 H 5.1 8 11 0\ [N
barius uwg/l | B i ) Y
beryllius ug/l H i H Y
cadmius ug/l !} : i [T Y 3.4
chromiun ug/l 4 16 ¢ i 11 5.8 24 Y 33
copoer ug/l ¥ 44 H 97 ! i\ 233
lead wg/l @ 15 @ 10 28 i 174 0 7.4 I\ 215
mreury ug/l : .2 1 B Y A8
nicke} wa/l s 3 i { Y 18
selenius ug/i ' H i Y 42
silver uwg/l [} : 21 i 3
thallium ug/l ! H ' H i\
ine wg/l 151 ¢ 34 151 38 ! 228 § :k: 507
H H H H Y
OTHER PRIORITY POLLUTANTS : ' ! : i
! H ' \ "\
CYANIDE H : ' H :t:
H H ! | N\
Total phemolics, ug/l ! 12.8 ¢ 45.3 10.4 ¢ B0 ! 3.8 17.8 .Q. -
CONVENTIONAL CONTAMINANTS, ng/l ' : i i '}:
Total Organic Cardon boe6s 12 14 %o /eI 23 2.6 } -
CHLORIDE P05 TEIRNC N ¥ 188 | 26 166 t -
N3 = N (asmontal T T SN AT . [ P 066 :
NG2/NO3 - N P 065 k2043 } -
a — analyzed as liguid
b — actual detection limit = 10 x NDX for this samole
} — ESTIMATED CONCENTRATION, detected ® concentration below accurate guantification
- not analyzed
NOTES:
Trace concentrations {( | ug/l} set eoual to 1 ug/l, blank indicates value below detectatle limit,




TABLE 5 7 -- McVILLE, ND LAGOON SYSTEM CONTAMINANT SUMMARY DATA COLLECTED SEPTEMBER 1985
SAMPLE LOCATION and CONCENTRATION

' MONITORING WELLS ' ' TREATED \i LAGOON SLUDGE
| | WRSTEWATER | 1\}  CONCENTRATION
CONTASINANT CATEEORY / contaminant t U Down gradient ' { LAGDON I\l wet wnight
L. "3 Wy INLLENT 0 LiguIp i\ basis, ug/g
! : ! ! ‘
VOLATILES ~ STANDARD EQUATABLE i t H H :t:
: 1 H i i\
1,1- dichloroethane ug/l i ! 1.4 1 ' : i\
lorofors we/l s : HI U LA B Y
ethylbenzene ug/l H H H Y] 005
toluere we/l H i 9.6-11 "\ . 006
trichloroethylene ug/l E H 1 E 3 g}s
EXTRACTRBLE ORSANICS, ug/1 i H ! h :t.‘
H : 1 : A
phenol : ¢ : 10),a ! Y
diethyl phthalate ! H H JEXIY B i\
1,4- dichlorobenzene : : 0.8 H LN W .'Q:
H H : \ Y
PCBs/ PESTICIDES, ag/! ' s ' ' stl
none detected 3 é . § g&
METALS s ! E 5 5{:
antimcny ug/1 E : E E .\.' 1.8
arsenic ug/l H 17 28 t H Y 5.5
barius ug/l 3 1 ! i\
beryllius u/l : H ' I
cadaius ug/l ) H 6.6 H ' "\ 5.7
chromiuz uwg/l ) : ' H I\ %
cooper ug/l : b e€ ! 164 | "\ 2100
lead wg/l ) 16 : 16 88 14 18 1 12 I\ 223
sercury w/l : i 3.0 Y 29.8
nickel ug/l o ' H H Y] 23
selerius ug/l ) ' ' 1 i\ 2
stiver ua/l : : | o\ 95
thallium wg/l 1 H H ' W\
2ne ug/l E 0 a7 a1 5 13 E ‘:Q: 1340
D777 Tomen emiomiTy poutaTs R CTT T T T
H : H ' Y
crAwoe e = a : i
Total phenolics, ug/l TR ST 10.4 | Wi 186 { -
T cowENTIONL COMTAAINWTS, mg/) ¢ I T P Q- o
Total Qrgamic Carbon PSSt 18 87 A8 Hoi 3R § -
CHLORIDE Pooaan 2z a2 20! 78 | 258 Q -
M3 - N (amsonia) : o 18.28 %.10 B4l 10 t -
NG2/N03 - N DR X BN BN TRT 3 : Q

3 -- actual detection lLimt = 10xNDL
b — eguipsent alank { 850927-32 ) contained 26.8 mg/1 NM3-N

3 == ESTINATED CONCENTRATION, detected ® concentration below accurate guantification
NBTECS" analyzed

Trace concentrations ({ | ug/l1) set egua) %o ! ug/l, biank indicates value below detectible limt.



TABLE § 8 — BRITTON VILLAGEZ, ¥I LAGOON SYSTEN CONTAMINANT Summady

DATA COULLECTED NOVEMBER 198%

CONTAMINANT CATEGORY / contaminant

SAMPLE LOCRATION and CONCENTRATION

MONITORING WELLS

Dosm gradient
mi aa.'! M4

WASTEWATER
INFLUENT

! TREATED WASTEWATER

q

LASOON  LAGDON
LIGLID EFFLUENT

LAGOON SLUDGE
CONCENTRATION
wet weight

basis. ug/g

VOLATILES - STANDARD ERUATRBLE

chlorofors
tolueme (see note a),

.......... B

EXTRACTARLE DREANICS, uz/l

phenol
Sis{2-ethylhexyl}

phthalate { see note ¢)

PCBe/ PESTICIDES, ug/l

none detected

ant 1mony
arsen:¢
barius
beryllius
cadaive
chros:ius
conper
lead
mreury
nicke
selenium
s1lver
thailiua
unc

OTHER PRIORITY POLLUTANTS
CYANIDE
Total phemolics, ug/l

CONVENTIONAL CONTRRINANTS, mg/l

Total Organic Cardon
CHLORIDE

W3 - N (ammomia}
NO2/M03 - N

5.5

2.8
13.9
0T

h oo ws =n o0 oo

a7

s o vo os 55 ws s om0 e
-
w
[ =]

135

! 89

6.5 ! 1
5 .2

701a 115
B2.2

£.6 102
23,0 150

i1
13
117
.4 25.9
146 180
1.3
.23

ot

-

o~

not analyzed
s.

Ei-nn
e

— blanks (851120-20/21) costasinated w/ 31,3.0; ug/l, respectively of this contaminant
- value say be high , blank (851120-20) contained 4120 ug/1 zinc
— ESTIMATED CDN:ENTR»’:TIDN. detected @ concentration below accurate quantification

— blanks (B31120-20/21) contaminated w/ )60 ug/l toluene, mo valid results for this contasinant
— actual detection limit = 1Qx NDL for this sample

Trace corcentrations ({ | ug/1) set equal to I ug/1, blank 1ndicates vaiue below detectable Limit.




TABLE § 9 == POTTERVILLE, W1 LRGOON SYSTEM CONTAMINAAT SLMMAgy DATA COLLECTED NOVEMR:IQ 1965
: SAMPLE LOCATION and CONCENTRATION
: MONITORING WELLS H | TREATED WASTEWATER \i LAGOON Sulpss
: ¢ WASTEWATER ! 1\I CONCENTRRTION

CONTRMINANT CATEGORY / contaminant [ I Down auradimt : { LAGDON  LAGOON i\ wet weignt
oMo MR 3 W4 1 INFLUBNT | LIQUID EFFLUENT I\l basis, ug/g
)
! ! ! H By

VOLATILES - STRADARD EQUATABLE, ug/l ! t ] ] !

( holding time ) 7 days ) ' H 1 H W\
chlorofors ' H ' -3 Y
ethylbenzene ' H ' 8-12 : Y
benzene : ' $ A-6 ! "\
toluene i t ) 21-33 | W\
tetrachloroethylene 5 [ ] 5 .: 't"

EXTRACTADLE ORGANICS, wo/l E H E 3 ':§:
brs (2-ethylhexyl) ; : E : i
phthalate ( ses note a) | H ' ! Y
oCBs/ PESTICIDES, wg/l i t ' ' ':Q':
. o cetecte L a s \
H : H H AN
TS : : e s i
ant:aony ug/l : : .: E .'\.'
arsenic ug/l ! s ' ’ "\ 2.1
bariun uw/l : 1% 300 120 ¢ H e 25
beryilius ug/l : ' H Y
cade:um ug/l | : i 3 "\
tnrosius ug/l 3 ' | Y 7.0
cooper ug/l H i M i il
lead [T-7A T 149 : 2 27 34 8.9 ! i\ 3.0
mercury ug/l o H : H Y
nicke: uw/l t ' | "\ 8.7
seleriua ug/l ' H 1 "\
silver ug/l H 1 ' i
thallius va/l ¢ H H ' N
1nc ug/l : 80 10600 3370 5340 ; 73 : :Q-: 25
OTHER PRIORITY POLUTANTS C T o i : oot ane
H : H : "
CYANIDE ' H ' i I\
H H ! ! Ay
Total phemolics, o/l 5 3 12.9 i7.0 14.8 : 3.5 : 13.3 :k‘ -
CONVENTIONA. CONTRMINANTS, =g/l ': H 1 i .lt‘!
Total Orgame Carton ¥ FE ST I T Wi om2 a2 N -
CHLORIDE Y @ 2 155 ! 453 Q -
N3 - N (amwomia) t .25 053 .08 nsi Ln s Q -
N02/NOZ - N Pos3 1% : LR .2 } -

a — bianks (85112)-26) contaminated w/ 3.2) ug/l of this contaminant

- not analyzed

Trace concentrations (( 1 ug/l) set eoual to ! ug/l, blank indicates value below cetectable lirmt,



TAB.E § 10 — STANDISH, W[ LAGOON SYSTTW CONTAMINANT SUmmaRy DATA COLLECTED NOVEN2ZR 1985

SAMPLE LOCATION and CONCENTRATION
MONITORING WELLS TRERTED WASTEWATER

i ! WASTEWATER ! !
CONTAMINANT CATEGORY / contamimant oW Down gradient H t LAGOON LAGOON !
oML s ome 3. M1 INLENT 1 LIGUID  EFFLUENT !
: : ) : ‘
VOLATILES - STANDARD ERRATABLE, ug/l | : : ! '
( holding time )} 7 days ) H H H i H
cnloroforn H H i 8 1 H
1,1,1- trichloroethane H H H | 1 H
benzane ' H H 1! i
toluene i H H -3 :
tetrachloroethylene ! H ; 1 ! :
EXTRACTABLE QRGANICS. ug/l E : 3 ': :.
PCBs/ PESTICIDES, ug/l E ! E : '
none detected E E E "

ETRS : : : ! ! )
H H H H 1
ant isony ug/l ! H H H [
arsenic ug/l : H ' !
barius ug/l | : } H '
berylliu wg/l H } ' i
cadmius ug/l H | \ H
chrosius ug/l : ' H i
cooger ug/l H H 28 ! !
lead ug/l i 0.2 T2 9.3 ! !
wercury ug/l : ' H 1
nickel ug/l b H ' ' H
seienius ug/l : \ H '
stiver ug/l : : i h
thatlius ug/l ! H ' ! :
zine ug/i 3 3 : 41 s :
OTHER PRIORITY POLLUTANTS E H H 1 E
CYANIDE : : : :
3 H H H H
Total phemolics, ug/l : H 3 18.5 . :
CONVENTIONAL CONTRNINANTS, we/} Co T : ! ) ;
Total Orgamc Carbon Pooa2: L8 80 &6 0.9} 9.8 2T
CHLORTDE P2k 1 33 26! 684 ! %2.8 nt
M3 - N (asmomia) R I - R 1% S48 L
NG2/NO3 - N : : .709 | .207 67

a — blank (B3UI25-45) contamsrated w/ 19 up/) of lead, duplicate ( 851125~43) contained 31 ug/l lead
~ not analyzed .
07TES:

“Trace concentrations ({ 1 ug/l) set ecual to 1t uc/l, blank indicates value below detectanle limit.




APPENDIX 3.5
TABLE 3.5-3
SUMMARY OF DOMESTIC/INDUSTRIAL LAGOON SAMPLING RESULTS

Pollutant Category/ Lagoon Influent Lagoon Ef fluent? Lagoon S]udggb

Pollutant Min Max Min Max Min Ma x

VOLATILES ug/1 ug/1 ug/1 ug/1 ug/kg ug/kg
Acrolein 13.4 63.8 2.3 3.5 58.2 58.2
Acrylonitrile 1.7 83.8 2.1 4.4 86 86.7
Benzene 1 153 0.99 11 99 99
Ethylbenzene 0.6 17.8 0.4 0.99 4 130
Carbon Tetrachloride 0.13 0.13 -c - - -
Chioroform 0.21 747 0.06 86 2.61 2.61
Chlorobenzene V.66 61.8 0.99 0.99 20.7 3,700
Chloroethane 0.26 80.3 12.1 12.1 0.58 3.59
Bromodichloromethane 1 2 - - - -
Tetrachloroethylene 0.71 361 3 31 - -
Toluene 1 1,964 1 34 2.5 3,300
Trans-1,2-dichloro-

ethylene 6 6 0.99 0.99 80 80
1,1-Dichloroethane 0.14 3 0.99 0.99 - -
1,1-Dichloroethylene 0.99 0.99 - - - -
1,2-Dichloroethane 730 730 1.17 164 0.06 0.06
1,2-Dichloropropane 3.84 3.84 5.46 5.46 0.22 0.22
1,1,1-Trichloroethane 1.06 93 0.99 9 0.25 40
1,1,2-Trichloroethane 0.09 99.2 4.15 4,15 19.8 19.8
1,1,2,2-Tetrachioroethane 6.4 17 - - - -
Trichloroethylene 0.73 56.7 0.4 2 - -
Methyl Chloride 0.99 0.99 5 5 - -
Methylene Chloride 5.2 340 0.49 280 0.34 0.34
Vinyl Chloride 0.62 11.6 1.9 1.9 50 50

EXTRACTABLE ORGANICS ug/1 ug/1 ug/1 ug/1 ug/kg ug/kg

Acid

Phenol 1.72 233 0.71 44 10 26,500
2-Chlorophenol 2 742 0.99 90 26.6 3,560
2,4-Dichlorophenol 2 164 0.41 10.6 123 32,500
2,4-Dimethylphenol 0.6 273 0.98 35.3 128 20,000
4-Chloro-3-Methylphenol 0.85 113 0.36 46.4 26.4 124,000
2-Methyl-4,6-Dini-

trophenol 5.2 578 - - 775 34,200
2-Nitrophenol 3.81 491 0.85 96.9 19 61,500
4-Nitrophenol 4,91 527 6.96 824 193 23,000
2,4-Dinitrophenol 7.42 553 320 320 243 45,300
Pentachlorophenol 0.99 828 5.44 416 61 126,000
2,4,6-Trichlorophenol 0.71 289 0.64 47.8 117 132,000



TABLE 3.5-3, Continued

APPENDIX 3.5

SUMMARY OF DOMESTIC/INDUSTRIAL LAGOON SAMPLING RESULTS

Pollutant Category/ Lagoon Influent Lagoon Effluent? Lagoon S]udgeb
Poliutant Min Max Min Max Min Ma x
EXTRACTABLE ORGANICS, continued
Base/Neutral ug/1 ug/1 ug/1 ug/1 ug/k ug/k
Acenaphthene %.§9 110 ;.T ;.72 2%.5 1,5%0
Acenaphthylene 0.99 4,24 2.68 2.68 6,300 6,300
Anthracene 0.91 12 1.49 1.49 11.5 6,100
Benzidine 1.11 0.15 0.12 0.34 1.14 2.25
Benzo (a) Anthracene 0.12 0.99 - - 0.35 1,590
Benzo (a) Pyrene 0.05 0.99 0.09 0.09 0.13 0.13
Benzo (b) Fluoranthene 0.44 0.44 U.28 0.28 42.4 344
Benzo (ghi) Perylene 0.2 12.5 - - - -
Benzo (k) Fluoranthene 0.32 0.59 1.24 1.24 21.2 1,110
Dibenzo (a,h) Anthracene 0.1 1.9 0.58 1 103 1,410
2-Chloronaphthalene 0.1 165 8.4 173 1.81 10,900
Chrysene 0.99 30.3 0.99 4,2 2.81 15,000
n-Nitrosodimethylamine 0.24 9.34 2.66 2.66 36.6 713
n-Nitrosodiphenylamine 0.28 1.45 0.14 123 14.3 282
n-Nitrosodi-n-propylamine - - 0.16 3.6 0.83 2,120
3,3'~Dichlorobenzidine  0.69 23 0.99 6 4,000 44,000
Dimethyl Phthalate 0.94 118 3.25 78.7 430 240,000
Fluoranthene 0.8 18 0.32 0.99 38.1 1,260
Fluorene 0.99 37.4 0.92 1.1 40 389
Indeno (1,2,3-cd) Pyrene 0.05 19.1 0.19 0.19 20.6 529
Pyrene 0.54 3.2 0.95 1.61 29 8,320
1,2,4-Trichlorobenzene 0.99 0.99 - - - -
Naphthalene 4 130 0.99 0.99 50 580
Phenanthrene 0.91 2.6 0.99 0.99 29.1 1,560
Di-n-butyl Phthalate 0.11 4,68 0.99 5.17 4,42 964
Butyl-benzyl-phthalate 0.75 1 0.2 22,93 0 280
Di-n-octyl Phthalate 0.14 5.75 0.6 0.6 0.54 171
Diethyl Phthalate 0.99 0.99 - - - -
Bis(2-ethylhexyl)

Phthalate 0.23 0.23 0.63 80 10.7 11,700
1,2-0Dichlorobenzene 1.4 31.9 0.7 6.2 101 7,560
1,4-Dichlorgbenzene 1 23.2 1.05 8.7 200 4,030
1,3-Dichlorobenzene 1.8 22.9 0.6 27.6 153 4,880
2,4-Dinitrotoluene 0.63 36.9 4,1 42.6 0.43 194,000
2,6-Dinitrotoluene 0.15 109 0.27 32.8 0.22 35,600
Isophorone 1.06 30.1 - - 251 5,100



APPENDIX 3.5

TABLE 3.5-3, Continued

SUMMARY OF DOMESTIC/INDUSTRIAL LAGOON SAMPLING RESULTS

Pollutant Category/ Lagoon Influent Lagoon Effluent? Lagoon S]udgeb
Pollutant Min Max Min Max Min Max
Base/Neutral, continued wug/l ug/1 ug/1 ug/1 ug/kg ug/kg

Nitrobenzene 5.47 48.9 - - 189 189
Bis (2-chloroethyl)
Ether 2.1 202 1.3 3.9 90.5 4,420
Bis (2-chloroethoxy)
Methane 3.6 448 4.7 15.7 115 8,560
Bis (2-chloroisopropyl)
Ether 0.4 1,430 2.5 60 1.06 9, 140
4-Bromophenyl Phenyl
Ether 6.5 89.1 0.25 9 9.17 13,200
4-Chlorophenyl Phenyl
Ether 0.99 288 1.4 32.9 73 42,500
Hexachlorobenzene 0.13 326 0.15 32 17.7 58,000
Hexachlorobutadiene 0.3 5.43 0.2 0.2 1.83 274
Hexachloragethane 0.19 11.5 0.2 235 15.8 36,100
PCBs/PESTICIDES ug/1 ug/1 ug/1l ug/1 ug/kg ug/kg
Lindane (gamma BHC) 0.1 0.1 0.1 0.1 - -
Dieldrin - - 0.031 0.031 - -
OTHER ug/1 ug/1 ug/1 ug/1 ug/kg ug/k
Cyanide d 4 23 0.1 3.5 95.1 9,000
Total Phenolics 5.7 260 1.4 204 142 20,700
METALS ug/1 ug/1 ug/1 ug/1 ug/ ug/
Antimony 5.3 ; %.3 10% .09 2.2
Arsenia 2.4 717.7 0.5 88.4 0.55 24
Barium 22.8 58.2 12.55 47.1 0.66 240
Beryllium 1.4 15.2 0.7 7.4 0.17 20
Cadmium 1 2.7 0.3 7.4 0.009 37
Chromium 4,6 78 2.2 35.2 4,79 208
Copper 28.8 330 5.6 55 4,87 1,034
Lead 1.7 200 1 16.7 7.6 999
Mercury 0.3 0.7 0.4 0.4 0.01 11.4
Nickel 6.9 45 3.8 5,103.6 3.5 221
Selenium 27.7 118 27.7 208 0.36 9.6
Silver 1.1 10.9 1 4 0.04 81
Thallium 14 17.7 17.7 17.7 0.04 0.18
Linc 155 4,670 22 535.5 0.36 1,176



APPENDIX 3.5
TABLE 3.5-3, Continued

SUMMARY OF DOMESTIC/INDUSTRIAL LAGOON SAMPLING RESULTS

Pollutant Category/ Lagoon Influent Lagoon Effluent? Lagoon S]udggb
Pollutant Min Max Min Max Min Ma x
NON-CONVENTIONAL
POLLUTANTS mg/1 mg/1 mg/ 1 mg/1 ug/g ug/g
Total Urganic Carbond 66.1 248 16. 1 34,000 90,000
Chloride d 21.1 1,200 17.6 630 1.53 720
NHq = N (amgonia) 6.7 28.05 0.44 73.2 110 3,480
NO5/NO, - N d 0.105 11.5 0.1 7.32 - -
Tofal Solids, percentd - - - . 4.8 37

a

bIncludes lagoon wastewater samples.

Dry weight basis.
"-" indicates all values below detection limits.

dNot a priority pollutant.
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4,1.1 SELECTION OF POLLUTANTS OF CONCERN AND EXPOSURE POINT THRESHOLD
CONCENTRATIONS

The first step in the assessment process was the selection of pollutants
of concern and determination of their human health-based thresholds (MCLs and
RSD/RfD-based concentrations, as described in Chapter 2 of the text). To this
end, sampling data from the domestic and domestic/industrial lagoons were
examined separately to identify any significant differences in the types and
concentrations of pollutants detected. Lagoon wastewater and effluent data
were expected to most closely approximate concentrations found in the lagoon
(see Chapter 3 in the text), and therefore were used in this analysis.

Those pollutants most likely to be of concern in ground water were identi-
fied by comparing maximum lagoon effluent concentrations to human health-based
threshold concentrations based on RSD and RfD values. (Because MCLs reflect
economic and technological feasibility, they were not used for this initial
screening process.) Although use of median effluent concentrations would have
been more realistic than maximums, that approach was not possible because few
pollutants had median concentrations above their health threshold concen-
trations, (in some cases, median concentrations did not even exceed analytical
detection limits)., Additionally, as data are available for only 23 of 5,476
lagoons, a median value would not be statistically significant.

The actual selectior process was based primarily on the magnitude of the
ratio of effluent concentration to the human health-based threshold for a
given pollutant. Whenever this ratio was less than one (i.e., when the
maximum effluent concentration was less than the corresponding threshold
concentration), that pollutant was considered unlikely to cause a risk to
human health via drinking water and was eliminated from further consideration.

4,1.1.1 Domestic Lagoons

Only three of the pollutants found in the effluent of domestic lagoons
exceeded their respective health thresholds (see Table 4.1-1). Therefore, all
three were identified as pollutants of concern for this study. It should be
noted that, although the maximum effluent concentration for arsenic is only 11
ug/1l, the health threshold is so low that it is exceeded by a factor of 4,721,

4,1.1.2 Domestic/Industrial Layoons

In contrast to domestic lagoons, 21 compounds found in the effluent of
domestic/industrial lagoons exceeded their respective health thresholds (see
Table 4.1-2). Because the number of computer runs conducted had to be kept to
a managyeable number, this list of 21 chemicals was condensed. The criteria
used in this selection process were:



TABLE 4.1-1
POLLUTANTS OF CONCERN (DOMESTIC LAGOONS)

Maximum Effluent Health b Frequency

Concentragion Threshold c 4 of
Pollutant (ug/1) (ug/1) Ratio Mobility Detection®
Arsenic 11 0.00233° 4,721 High 2/15
Chloroform 2.3 0.430% 5.35 High 4/15
Tetrachloroethylene 1.4 0.676% 2.07 High 2/15

From Appendix 3.5 (Table 3.5-1).

Pgased on RSD/RFD Values.

“Maximum Effluent Concentration: Health Threshold.

dOrgam‘c carbon partition coefficient (Koc) less than 2,000 1/kg (Source: Reference 1).
®From Appendix 3.5 (Table 3.5-2}. Includes layoon wastewater and effluent

fRisk specific dose (carcinogen).
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o Degree of threshold exceedence (high ratio);

0 Frequency of detectian;

0 Degree of mobility (not significant for steady-state models, but
useful if transient analyses are conducted); and

0 Persistence in the environment.

The four pollutants selected on the basis of these criteria are shown in
Table 4.1-3, alonyg with the three domestic lagoon pollutants (Table 4.1-1) and
nitrates (included to illustrate the effects of anaerobic biodegradation).

4.1.,2 EPACMS COMPUTER MODEL

The procedure used in this study for assessing the extent of potential
yround-water contamination necessarily involves definition of a human health-
based risk threshold concentration for each pollutant at the exposure point,
back~calculation along the migration pathway to determine the corresponding
source concentration which yields the threshold concentration at the exposure
point, and comnparison of the calculated source concentration with the known or
likely source concentration. EPACMS is a two-dimensional composite numerical/
analytical solution model designed to evaluate the migration of dissolved
pollutants from a surface impoundment to points of interest in an underlying
water-table aquifer (Figure 4.1-1). The c¢ross-sectional model considers
spatial variability of the flow field induced by mounding beneath the surface
impoundment and important attenuation mechanisms such as dispersion, adsorp-
tion, first-order decay (including anaerobic, but not aerobic, biodegradation)
and dilution due to recharge in the fully saturated zone, The model can also
assess adsorption and first-order decay in the unsaturated zone, if desired.
This option was not selected for the national assessment, as the major decay
process in the unsaturated zone would be that of biodegradation, for which
rate constants were not generally available (see Section 4.1.3.4).

4.1,2.1 Code Features and Applicability

EPACMS, a composite model, comprises four major components including:

0 A one-dimensional finite-element code designed to simulate steady-
state moisture movement through the unsaturated zone;

o A one-dimensional analytical solution for advective transport of
dissolved contaminants through the unsaturated zone;

0 A one-dimensional cross-sectional analytical solution for steady-state
saturated ground-water flow in an anisotropic homogeneous aquifer
subject to leakage from above; and

o A one-dimensional cross-sectional analytical solution for advective-
dispersive transport in an aquifer subject to a variable flow field.

The four modules are designed to be utilized together to simulate the
movement of pollutants from a surface impoundment (i.e., lagoon) through the
unsaturated zone to the water table and finally through the saturated zone.
The modules can also be used in pairs to evaluate either vertical ground-water




TABLE 4.1-3

POLLUTANTS SELECTED FOR COMPUTER MODELLING

Pollutant

Rationale

Arsenic

Benzene

Chloroform

2,4-Dinitrotoluene

Hexachlorobenzene

Nitrate

Tetrachloroethylene

Highest ratio of lagoon effluent concentration
to human health-based threshold concentration
for both domestic and domestic/industrial
lagoons

Found in domestic Tagoon monitoring wells with
maximum ratio of 12,017 (ground-water concen-
tration: threshold)

Detected in 64% of domestic/industrial lagoons
sampled

Persistent

Highly mobile

Retained for possible comparison with earlier,
site-specific modelling (SWIFT Model)

Organic with highest ratio for domestic

lagoons (seventh for domestic/industrial
1agoons)

Detected in almost one-third of domestic
lagoons sampled

Relatively persistent

Highly mobile

High ratio for domestic/industrial lagoons
Persistent
Highly mobile

High ratio for domestic/industrial lagoons
Detected in over one-third of domestic/
industrial lagoons sampled

Persistent

Highly immobile

Anaerobic biodegradation coefficients are
available for use in computer model

Ratio exceeds 1.0 for domestic lagoons
Moderately mobile




Y IIIINYIIIIVIINININNIIININININNIINIINNINNNNi

o——
.

JWNId LNVNIAVLINOD N\
as

p—
P
.
.

JNID3H OIDOTOIDOHAAH ANV
NOODV1 40 NOiLdIHOS3A JILYWIHOS
L-1'¥ 34NOI4

N
S'l

(434INOV)
@ | INOZ Q31vHNLY

3nave

INOZ @3LvHNLVYSNN !

|

JIVM

$66821




flow and contaminant transport 1in the unsaturated zone or cross-sectional
ground-water flow and contaminant transport in the saturated zone, or they can
be used as individual components.

4,1.2.2 Model Description

The surface impoundment model is comprised of four modules including:
o A one-dimensional unsaturated flow finite-element module;

0o An analytical model for advective transport of dissolved contaminants
migrating from the surface impoundment to the saturated zone;

0 An analytical solution for ground-water flow in the saturated zone;
and

0 A semi-analytical model for transport of dissolved contaminants in the
saturated zone.

Each module can be used as a stand-alone code or the four modules can be run
sequentially to evaluate the migration of contaminants from the surface im-
poundment and through the saturated zone. In addition, full analysis can be
perfarmed for the unsaturated zone or the saturated zone.

When EPACMS is used in the compotite mode, the evaluation is initiated by
the simulation of moisture movement through the unsaturated zone. The simula-
tion results in a moisture profile which is used to derive the seepage velo-
city field in the unsaturated zone. The seepage velocity field is then
utilized as input for an analytical solution describing steady-state advective
transport through a multilayered system (Figure 4.1-2). For the unsaturated
zone transport simulation, the variable seepage velocity field derived from
the unsaturated zone flow simulation is approximated by taking the average
saturation in a series of zones. Vertical transport through the unsaturated
zone is then simulated with results determined at the water table. The gene-
rated value of concentration at the water table is then used as a boundary
condition for the saturated-zone advective-dispersive transport solution. The
derived concentration is applied as a patch source of constant concentration
boundary of the top of the saturated zone (Figure 4.1-3). After flow and
transport are evaluated in the unsaturated zone, a similar analysis is per-
formed for the saturated zone. First, the ground-water velocity field in the
saturated zone, which is a product of the regional gradient fluid flux from
the impoundment, and any infiltration from precipitation, is generated using
an analytical solution. These velocities are then used as input to the satu-
rated zone transport module. The transport module is then used to evaluate
advective-dispersive transport of dissolved contaminants in the saturated
zone. The final result. is a dimensionless concentration, CD’ defined as:

C
source
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FIGURE 4.1-2

SCHEMATIC OF LAYERED ANALYTICAL SOLUTION
FOR TRANSPORT IN THE UNSATURATED ZONE
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where:

CD = dimensionless concentration
well = concentration at the exposure point (e.g., water supply well)
Source = concentration at the source.

Therefore, for a given maximum permissible concentration at the exposure point
or well, the corresponding maximum allowable lagoon seepage concentration is:

C
source

For purposes of the national assessment, a Monte Carlo driver was added to
the process, enabliny a wide variety of input parameters to be taken into con-
sideration for a given hydrogeologic region. The resulting output, C,, is in
probabilistic form. By assuming a maximum acceptable well concentratign, this
output was transformed (using the above equation) to reflect maximum permis-
sible source (i.e., lagoon seepage) concentrations.

4.1.2.3 Model Assumptions

The major assumptions upon which the flow module is based include:

0 Flow of the fluid phase is considered isothermal and governed by
Darcy's Law;

0 The fluid considered is slightly compressible and homogeneous;

0 Hysteresis effects in the constitutive relationships of relative perme-
ability versus water saturation, and water saturation versus capillary
pressure head, are assumed to be negligible; and

0 The simultaneous flow of a second phase (i.e., air) can be disregarded.

The simplifying assumptions upon which the solutions for advective solute
transport in a multilayered porous medium are based are as follows:

0 The flow field is at steady state;
o The seepage velocity is uniform in each layer;

o The rate of adsorption by the solid matrix is related to concentration
levels in the ground water and matrix by a linear isotherm;

o The influence of Tlongitudinal and transverse dispersion is negligible;
and

o The source is constant.



The saturated zone analytical solution for ground-water flow is based on a
number of simplifyiny assumptions pertaining to the yeometry and material
properties of the saturated zone. The key assumptions are as follows:

0o The saturated thickness of the aquifer remains constant despite the
fact that mounding occurs;

o The aquifer is homogeneous;

0 Ground-water flow is steady;

0 Flow is isothermal and governed by Darcy's Law; and
o The fluid is slightly compressible and homogeneous.

The major simplifying assumptions upon which the solutions for advective-
dispersive solute transport used in the saturated zone analysis are based
include:

o The flow field is at steady state;
0 The seepage velocity is uniform in each set-up;

o The rate of adsorption by the solid matrix is related to concentration
levels in the yground-water matrix by a linear isotherm;

o The source is constant;
0 Each strip is homogeneous and isotropic;

o Each strip is approximated as infinite in horizontal length and there-
fore the ratio of horizontal dispersivity to strip width for cases
where horizontal flow is dominant should be >>1; and

o For the constant concentration boundary condition, the amount of mass
entering the system via vertical dispersion 1is much smaller than by
advection. (This assumption may be invalid for cases where the ratio
of horizontal to vertical velocity is large).

4.1.3 DETERMINATION OF MODEL INPUT DATA

As shown in Figure 2-1 of the text, the first step in the Monte Carlo
method is generation of a problem set, or assembly of a complete set of input
parameter values. Individual values are selected at random based on their
frequency distributions and interrelationships. Table 4.1-4 1ists the
required input parameters and their distribution type, as selected for this
study. In applying the EPACMS model to the municipal tagoon study, certain
modifications to the general input structure were needed to represent the
nature of the data available and the problems and issues specific to lTagoon
systems. The approaches used to identify and define these values are dis-
cussed below.



TABLE 4.1-4

SUMMARY OF EPACMS INPUT DATA

(Saturated Zone)

Parameter (units) Symbol Distribution Type
Mean particle diameter of the d Log10 uniform
aquifer medium (cm)
Hydraulic gradient (%) s Exponential
Thickness of the saturated zone (m) B Exponential
Ground-water pH (standard units) pH Normal
Ground-water temperature (°C) T Normal
Net infiltration (m/yr) FLUXI Uniform
Lagoon seepaye rate (m/yr) q Uniform
Fractional organic carbon content foc "Johnson SB Distribution"
of subsurface environment
Hydrolysis constants -1 -1
Acid-cata]y;id (mole “hr 7) Ka Single value, chemical-specific
Neutral (hr ) -1 -1 K, Single value, chemical-specific
Base-catalyzed (mole “hr °) Kb Single value, chemical-specific
Anaerobic biodegrg?ation - Single value, chemical-specific
constant (second )
Normalized distribution coeffi- K Single value, chemical-specific
cient for organi¢ carbon (mg/1)
Lagoon area (m2) A Non-standard distribution
(see Section 6.4.3)
Distance to exposure point, X Non-standard distribution
measured from downgradient edge (see Section 6.4.3)
of layoon (m)
Longitudinal dispersiv%ty (m) = ¢ L Defined as a function of
distance to the exposure
point: CKL = 0.1(X)
Vertical dispersivity (m) C*Z Defined as a function of
K Ay T O where

0.025 < ¢ < 0.10




4.1,3.1 Hydrogeologic Parameters

The vulnerability of each hydrogeologic setting region and subregion of
the DRASTIC System (Chapter 2 of the text) to ground-water pollution is
indexed by key factors controlling the migration of pollutants from the land
surface to the ground-water table. The acronym DRASTIC was formed from the
following key factors:

Depth to water

Recharyge (net)

Aquifer media

Soil media

Topoyraphy (slope)

Impact of vadose zone

Conductivity (hydraulic) to the aquifer

O Wn>0o
[T T I T T [T |

Each factor is weighted for its relative importance with respect to other
factors and rated by its likely effect on ground-water pollution potential.
The product of the weight and rating for each factor is then added to generate
the DRASTIC index for a specific setting. Thus, the higher the DRASTIC index,
the higher the ground-water pollution potential (or the increase in ease with
which the pollutant on the land surface reaches the ground-water table). The
DRASTIC index does not provide the impact of ground-water pollution directly.
The impact of ground-water pollution could be indexed to key risk factors as
given by the acronym IMPACT.

Inclination of the water table (gradient)

Measured horizontal distance to the exposure point
Population exposed

Application rate of poliutants

Concentration of pollutants

Toxicity of pollutants

uonouwonon

4O P VX —

The IMPACT factors are site and facility-specific and therefore are not
provided in the DRASTIC system. (See Reference 2 for a further description of
the DRASTIC system.)

Althouygyh the DRASTIC system does not provide sufficient information for
the evaluation of the potential impact of ground~water contamination in terms
of human health risk, selected parameters from DRASTIC (notably aquifer and
hydraulic conductivity), combined with general knowledge of topoyraphy and
assumptions regarding regional hydraulic gradients (which control the velocity
of yround-water flow), can be used as key inputs for the lagoon study. In
addition, the DRASTIC classification of the entire nation into unique hydro-
geoloyic settings can be compared with the actual lagoon population within
each setting, leading to a systematic national assessment as well as to the
identification of potential problenatic situations.

In an effort to concentrate the hydrogeologic scope of this project on
those areas with siynificant lagoon populations, the DRASTIC map was super-
imposed on a lagoon distribution map, thus identifying the DRASTIC regions
with high Tlagoon populations (see Figure 4.1-4). As a result, seven major
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DRASTIC regions with high lagoon concentrations were were selected for evalu-
ation. These major DRASTIC regions are mainly in the central United States,
but several reyians extend to encompass areas of lower lagoon density. The 15
DRASTIC regions, including the seven selected regions, are listed in Table
4,1-5,

Each DRASTIC region is divided into subregions which represent the various
hydrogeologic settings typically found in the region. For example, DRASTIC
Region 5 consists of hydrogeclogic settings 5A (Ogallala), S8 (Alluvium), 5C
(Sand Dunes), 50 (Playa Lakes), and 5E (Braided River Deposits). These hydro-
geoloyic settings were individually analyzed to characterize them by their
hydraulic conductivity range, aquifer media, and geomorphological features,
Once this analysis was accomplished, those settings with similar character-
istics were regrouped into nine larger categories containing comparable ranges
of hydrogeologic parameters. Table 4.1-6 lists the new categories and their
associated settings.

Next, the hydrogeologic data for each category were compiled for input to
EPACMS. These parameters include (see Table 4.1-4).

mean particle diameter of the aquifer medium
hydraulic yradient (slope of the water table)
thickness of the saturated zone

net infiltration (net precipitation recharge)

© O OO

Estimated ground-water velocities for the nine categories are presented in
Table 4.1-7.

Other subsurface parameters listed in Table 4.1-4 (e.g., ground-water pH
and temperature, subsurface fractional organic carbon content, etc.) were the
same for all hydrogeologic categories.

A third class of parameters, longitudinal and vertical dispersivities, was
originally defined as functions of distance to the exposure point (see Table
4.1-4), For this study, the definition of the two parameters was modified to
reflect more accurately realistic situations,

This modification involved the division of dispersivity into two
categories: under the source (i.e., lagoon} and outside the source (i.e.,
downgradient from the 1lagoon). To ensure a constant rate of mass (i.e.,
pollutant) entering the aquifer from the source with each Monte Carlo
iteration, dispersivity was held constant underneath the source. This was
accomplished by defining longitudinal dispersivity under the source as a
function of lagoon area:

o, = 0.5 (fR)

The definition of longitudinal dispersivity downgradient from the source
was left unchanged, except for the specification of a maximum value of 60
meters, corresponding to comnonly encountered regional values (3). As a
result of these modifications, the corresponding values of vertical dispersi-
vities &xz) changed, althouygh the definition ofcxZ remained the same,



_ TABLE 4.1-5
DRASTIC REGIONS

Region Number

Region Name

2*

6%
7%
g*
g*

10*

11

12

13

14

15

Western Mountain Ranges
Alluvial Basins

Columbia Lava Plateau

Colorado Plateau and Wyoming Basin
High Plains

Nonglaciated Central Region
Glaciated Central Region
Piedmont and Blue Ridge
Northeast and Superior Uplands
Atlantic and Gulf-Coastal Plain
Southeast Coastal Plain
Altuvial Valleys

Hawaiian Islands

Alaska

Puerto Rico and Virgin Islands

Source: Reference 2

* Regions selected for the municipal lagoon study based on lagoon

population.




TABLE 4.1-6
HYDROGEOLOGIC CATEGORIES AND SETTINGS

Setting
Cateyory Number Setting Name

1 2E Playa Lakes
5A Ogallala
50 Playa Lakes
6B Alluvial Mountain Valleys
7Ea River Alluvium with Overbank Deposit
7Eb River Alluvium without Overbank Deposit
9B Alluvial Mountain Valleys
9F Moraine

10Ab Shallow Surficial Aguifers
10Ba River Alluvium with Overbank Deposit

2 28 Alluvial Mountain Valleys
2C Alluvial Fans
20 Alluvial Basins (Internal Drainage)
5B Alluvium
7C Moraine
88 Alluvial Mountain Valleys
10Aa Confined Regional Aquifers
3 5C Sand Dunes
4 5E Braided River Deposits
6Fa River Alluvium with Overbank
6Fb River Alluvium without Overbank
6G Braided River Deposits
7Ab Glacial Till over Outwash
7Ba Qutwash
70 Buried Valley
7H Beaches, Beach Ridges, and Sand Dunes
8E River Alluvium
9Db Glacial Till over Outwash
9t Outwash
9Ga River Alluvium with Overbank
9Gb River Alluvium without Overbank
10Bb River Alluvium without Overbank Deposit
10C Swamp
5 7Aa Glacial Till over Bedded Sedimentary Rocks
78b OQutwash over Bedded Sedimentary Rocks
JF Glacial Lake Deposits
7G Thin Till over Bedded Sedimentary Rocks
8C Mountain Flanks
9C Mountain Flanks
6 6A Mountain Slopes
6C Mountain Flanks
6Da Alternating Sandstone, Limestone, and Shale-thin Soil
6Db Alternating Sandstone, Limestone, and Shale-deep Regolith
7 6H Triassic Basins
8 7Ad Glacial Till over Sandstone
9 7Ae Glacial Till over Shale




TABLE 4.1-7

ESTIMATED GROUND-WATER VELOCITY FOR
THE NINE HYDROGEOLOGIC CATEGORIES

Category Estimated Ground-Water Velocity (m/yr)a
1 25 - 364
2 10 - 251
3 76 - 760
4 36 - 760
5. 32 - 203
6 0.3 - 64
7 0.1 - 48
8 51 - 376
9 0.1 - 48

Estimated on the basis of hydraulic conductivity and hydraulic gradient.



4,1.3.2 Lagoon Seepaye Rates

An assessment of potential seepage rates from lagoon systems was made to
establish a range of hydraulic loadings for input into the EPACMS model. This
assessment focuses on seepage from lagoons through permeable liners and
unlined lagoons. The effects of accumulated sludge and self-sealing are also
addressed. (Synthetic liners are considered to be essentially impermeable and
are therefore not included in this analysis).

4,1.3.2.1 Theoretical Calculation of Seepage Rates. The rate of seepage from
lagoons is dependent on the water depth, liner hydraulic conductivity and
liner thickness and can be calculated from the rate of flow in saturated media
using Darcy's Law (4):

v = K (dh/dl)
where
v = Darcy's velocity (length/time)
K = hydraulic conductivity coefficient (length/time)
dh/d1l = hydraulic gradient

Figure 4.1-5 presents a schematic of a lagoon system with water depth (D) and
a liner of known hydraulic conductivity (K) and thickness (t). Assuming: (1)
the liner is completely saturated; (2) the underlying aquifer has an hydraulic
conductivity greater than that of the liner; (3) the ground-water table is
below the liner; and (4) accumulated sludge does not affect seepage, then the
seepage equation developed from Darcy's law is:

S = K(D+t)
t

For seepaye, S, in inches per day (in/day), K in centimeters per second
(cm/sec), and D, t in feet (ft), the seepage equation becomes:

s = 3.4 x 10° Kk (D+t)

t

Figure 4,1-6 presents a summary of seepage rates for various water depths
and liner characteristics based on this seepage equation. To illustrate, a
lagoon having a 10-foot water deQEh would seep at 0.04 in/day through a 1l-foot
thick clay liner having_§‘ = 10 cm/sec. However, for a 3-foot compacted
earth liner with K = 10 7 cm/sec, the seepage rate would be 1.47 inches per
day at a 10-foot water depth. If the water table is above the bottom of the
1iner, seepaye would be reduced proportionally to the change in head between
the water table and water surface elevation in the lagoon. Therefore, for the
identified liner characteristics, Fiqure 4.1-6 represents maximum expected
seepaye rates from a lagoon systenm, Typical permeabilities for various
Tiners are presented in Table 4.1-8 (5).
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TABLE 4.1-8

PERMEABILITY OF VARIOUS LINERS AND GEOLOGIC MATERIALS

Material

Permeability (cm/s)

Liner

Soil cement

Gunite

Compacted clay

Compacted bentonite plus earth
Asphalt concrete

Unreinforced concrete

Geologic Material

Glacial till
Clay

Silt, loose
Silt sand
Clean sand
Gravel

10
10

10

-6
-6

-6
-7

10
10
to 10~
to 10~
1077

107

10

to 10
to 10

to 10
to 10
to 10

Source: References 4 and 5.




Application of the permeabilities in Table 4.1-8 to Figure 4.1-6 for the
range of water depths typical of lagoon syst%ns (4 t? 20 ft) indicates that
for readily available liner materials (K = to 10 ' cm/sec), seepage rates
can vary from less than 0.0l in/day to 1. 4 1n/day. This represents a varia-
tion of over two orders of magnitude. However, the max1mum s§epage rate can
be reduced to less than 0.1 in/day by a liner with K = cm/sec and a
thickness of one foot. This is representative of a typ1cal bentonite clay
liner design.

For unlined lagoons, seepage rates are dependent on the hydraulic conduc-
tivity of the native soil (excluding the effects of an overlying sludge
layer). Freeze and Cherry (4) have compiled ranges for various consolidated
geoloyic deposits (shown in Table 4.1-8). Assuming that a compacted native
earth Tiner decreases the hydraulic conductivity 1 to 2 orders of magnitude,
seepage rates determined from Figure 4.1.6 would be in excess of 2 in/day for
gravelly, sand and silt aquifers (depending also on the depth of water in the
tagoon and thickness of the compacted earth layer).

4,1.3.2.2 Effects of the Sludge lLayer. Table 4,1-9 presents a summary of
measured seepage rates from unlined municipal lagoon systems which are known
to have a sludge layer. These data indicate the relative impact of a sludge
layer on laygoon seepaye caused by self-sealing mechanisms, such as physical,
chemical and biological clogging. Seepage rates range from 0.04 to 1.3 inches
per day (1,000 to 35,300 galions per day per acre, ynd/ac) and reflect
hydraulic characteristics of botn the sludge layer and underlying soils.

The thickness of the sludge layer, sludge/soil hydraulic conductivity, and
location of the water table were not measured for the lajoon systems refer-
enced in Table 4.1-Y. However, the data in Table 4.1-9 indicate the presence
of a sludge layer that significantly reduces the expected rate of seepage. In
four studies of lagoon systems located in sandy soils, expected seepage rates
greater than 2 in/day were reduced to values of 0.35, 0.34, 0.18, and 0.12
in/day, respectively, presumably due to the effect of a sludge layer. In more
permeable silt, sands, and gravels, seepage rates of 0.61 to 1.3 in/day occur-
red through the sludyge layer. These data suygest that the degree of self-
sealing is dependent on the underlying geologic media.

Intensive studies of seepage from lagoons in Minnesota suggest that the
hydraulic conductivity of permeable soils may be decreased one to two orders
of magnitude by the accumulation of a sludge layer. However, fluctuations in
the water table above the bottom of the Tagoon system may also be the cause of
the reduced seepaye as noted in these studies (6). The measured soil/sludge
hydraulic conductivity was approximately 10~ cm/sec. Therefore, for a l-foot
sludye/soil liner, the seepaye rate would be 0.37 in/day at a 10-foot water
depth (see Figure 4.1-6).

The rate and extent of sludge deposition significantly affects seepage
from unlined lagoon systems. For at least three cases {multiple cell systems,
lagoons receiving primary effluent, and intermittently used lagoons) the
deyree of sealing will vary widely. Thus there is much uncertainty in
applying seepage rates to the total area of a lagoon system, or even a single
layoon, as sludye may settle out near the influent pipe. Data on berm and/or



TABLE 4,1-9

SUMMARY OF MEASURED SEEPAGE RATES FROM

MUNICIPAL LAGOON S

YSTEMS

Water

depth Seepage Rate

(feet) Lagoon Type Underlying Soil in/day gpd/ac Reference
5 Facultative Heavy silty clay 0.3 8,200 7
6 Facultative Light silty clay 0.29 7,900 7
5 Facultative Atkaline silt 0.65 17,700 7
6 Facultative Fine sand 1.2 32,600 7
6 Facultative Gravel and silt 1.3 35,300 7
- - Sandy soil 0.35 9,500 8
- - Sand and gravel 0.612 16, 600 8
- - Sandy soil 0.34 9, 300 8
- - Clay loam and shale 0.3 8,200 8
- Maturation Mica and schist 0.06-0.23 1,700-6,300 8
5 Facultative Silt, sand, mari 0.18 5,000 9
5 Facultative®  Sand, silt, mar] 1.07 29,000 9
5 EvaporationC Sand, silt, marl 0.04-0.11 1,000-3,000 10
- Facultative 0.12 3,400 10

Sandy soil

Source: References 7, 8, 9, and 10.

a
Used intermittently.

bInc]udes net precipitation/evaporation.

CSealed with bentonite and soda ash.




lTiner compaction specifications and actual construction practices collected
during the lagoon sampling program were very limited. In many cases, it
appears that only berm compaction (for structural stability) was provided.
Compaction of lagoon bottoms to prevent seepaye apparently was not always
required.

4.,1.3.2.3 Selection of Lagoon Seepage Rates for the National Assessment. Of
the 23 municipal layoons investigated as part of this assignment, 8 had
liners, 2 had compacted native clay liners, and 13 were unlined or caonsisted
of compacted native soils (see Tables 3-3 and 3-4 in the text). Table 4.,1-10
presents an hydraulic balance for each of the nine domestic lagoons sampled
(and Mandan, ND) based on hydrogeologic, liner, and flow information obtained
during the field investigation. The resulting seepage rates estimated for
these ten systems vary between 0.03 and 1.2 in/day (excluding the percolation
beds at the Laramie, WY site), and represent 5 to 48 percent of the influent
hydraulic load. (Honeybrook, PA experienced an increase in discharge caused
by positive net precipitation, resulting in an effective seepage rate of 1% of
the influent loading.)

Table 4.1-11 presents a summary of State seepage and permeability
limitations for 1laygoon systems. Thirty-four States have limitations; 24
States designate allowable seepage rates, 8 States 1imit maximum hydraulic
conductivities, and two States, Washington and Virginia, regulate both seepage
and liner permeability. Eleven States follow the "Ten State Standards"
seepage rate of 500 gpi/ac (0.02 in/day), based on a 6-foot water depth (11).
Conversion of these conditions to a 20-foot water column would result in a
seepage rate of 0,06 in/day. Allowable seepage rates vary between 0.02 and
0.25 in/day (1/64 to 1/4 in/daxg or 500_&9 6,800 gpd/ac. Allowable 1iQ§5
permeabilities vary between 10 and 10 cm/sec (Alanma requires 10
cm/sec for syntaetic liners), with 7 States requiring 10 cm/sec. Many of
these limitations have only recently been enacted. In 1978, only 16 States
limited seepage from lagoon systems (5), and the Ten States Standard of 500
gpd/ac was just then implemented.

Based on the assessment of potential seepage rates from lagoon systems
(Tables 4.1-9 and 4.1-10), a range of seepage rates, from 0.1 to 0.3 in/day,
uniformly distributed, was selected for use in computer modelling. While the
low end of state seepage limitations, 0.02 in/day for a 6-foot water column
(corresponding to 0.06 in/day for a 30-foot water column), is achievable with
standard materials and construction practices currently available, it is not
likely that a high proportion of existing lagoons conforms to this value.
Below these values, synthetic liners would result in virtual impermeability
(less than 0.001 in/day).

The 0.3 in/day value is at the upper limit of State limitations (0.25
in/day) and represents’ a reasonable sludge-layer limiting value for unlined
lagoons under many geologic conditions. For the majority of lagoon systems,
values yreater than 0.3 in/day would result in the majority of the influent
wastewater being disposed of via seepage. Therefore, use of seepage rates
greater than 0.3 in/day for computer modelling would simulate estimated upper
bound worst-case conditions for domestic and domestic/industrial Tlagoon
scenarios, beyond the range of reasonable values.



TABLE 4.1-

10

ESTIMATED SEEPAGE RATES AND HYDRAULIC
BALANCES AT 10 LAGOONS
(9 Domestic, 1 Domestic/Industrial)

Influent Net_. Effluent
Flow, Q. Seepage Rate P/Ea Flow, Q_

Site/Liner Type mgd in}day in/day gpd/acre % Gi in/day % Qi -
Laramie, WY

Bentonite sealer 4,2 8.6 1.2 32,600 14 -0.08 85

Percolation beds 3.6 3.6 3.6 97,800 100 -0.08 0
Honeybrook, PA

Double bentonite 0.6 2.33 0.024 650 1 +0.04 101
Potterville, MI

2-ft clay seal 0.45 0.58 0.027 750 5 0 95
Standish, MI

Compacted clay soil 0.3 0.34 0.125 3,400 37 0 63
Britton Village, MI

Compacted clay soil 0.19 0.35 0.17 4,600 48 +0.01 54
Buffalo, WY

Bentonite 1.3 1.37 0.032 850 2 -0.07 93
Lander, WY

Bentonite 2.0 1.05 0.034 900 3 -0.06 91
Mandan, ND

Compacted earth 1.5 1.94 0.37 10,050 19 -0.05 78
Minot, ND

Bentonite {assumed) 3.5 0.18 0.03 800 17 -0.05 55
McViltle, ND

Compacted earth 0.06 0.74 0.3 8,150 41 -0.02 57

Unlined/sand 0.036 0.42 »>0.5 >13,600 100 -0.02 0

a

bDai]y net Precipitation (+)/Evaporation (-) based on annual average (P-E).
Includes effect of percolation and net P/E.




TABLE 4.1-11

SUMMARY OF STATE SEEPAGE AND PERMEABILITY
LIMITATIONS FOR LAGOON SYSTEMS

Permeability Seepage

State K (cm/sec) in/day gpd/acre

Alabama lo:iz(Earthen liner)
10 (Synthetic Tiner) a

Arkansas 0.02 500
Colorado 0.03 850a
Delaware 0.02 500
Georgia 0.12 3,400
Idaho -7 0.25 6,800
Indiana 10 b
Iowa 0.06 1,700
Kansas 0.25 6,800a
Kentucky 0.02 500a
Maine -8 0.02 500
Maryland 10
Michigan 0.12 3,400a
Minnesota 0.02 500
Mississippi 0.02 5002
Micsouri 0.25 6,800
Montana a

Primary 0.02 500

Secondary 0.04 1,200
Nebraska 0.25 6,800
New Hampshire -7 0.02 500
New Jersey 10 a
New York 6 0.02 500
North Carolina 107°¢
North Dakota 0.12 3,400
Ohio _7 0.02 500°
OkTahoma 10
Uregon 7 0.25 6,800
Pennsylvania 107 a
South Carolina 0.02 500
South Dakota

Primary 0.06 1,700

Secondary 0.12 3,400
Utah -6 0.25 6,800
Virginia 10_7
Washington 10_7 0.25 6,800
Wisconsin 10 ° (Soil and bentonite 0,04 1,000

liners)

Wyoming .12 3,400

3Ten State Standard based on 6-foot water depth (11).
Based on 6-foot thickness.
Minimum 1-foot thickness, compacted on-site soils.



4,1.3.3 Lagoon Area and Exposure Distance

In the original use of EPACMS and preceding models, both lagoon area and
distance to the nearest exposure point were entered as single values. For
this project, a Monte Carlo approach was selected to reflect more accurately
the realistic variation of those two parameters. To this end, data on both
lagoon area and exposure distance were obtained from sample populations and
compiled to yield frequency distributions, which were then subjected to
curve-fitting procedures to determine the most representative probability
distributions.

For lagoon area, data were compiled from Table 3-1 (in the text) for
domestic lagoons, Data for domestic/industrial layoons (Table 3-2, text) were
not included as they could not be readily combined with domestic lagoon data.

Data for the exposure distance distribution were obtained by selecting a
sample lagoon population of 220 lagoons and conducting an exposure mapping
exercise to identify distributions of downgradient receptors. This mapping
technique is discussed below.

For each Tagoon, the distance to the closest downgradient well within 2000
meters was determined from USGS 7.5-minute maps. In measuring the distance to
the closest well, both private residential wells and public water supplies
were considered, as was the potential for ground-water interception by surface
water. Wells located downgradient from a stream that was likely to intercept
the contaminant plume from the lagoon were not included. However, in cases
where the stream might not intercept all of the plume, wells beyond the stream
were included. For the facilities without a potentially affected well within
2,000 meters, exposure was assumed to occur in the 2,000 meters to infinite
distance range.

These data are summarized in Table 4.1-12, which gives the probability and
cumulative probability distributions for the distance to the closest well at
municipal wastewater treatment facilities, based on survey data from 220
facilities. The distribution provides probabilities that a well will be
located within one of eight exposure ranges.

As both lagoon area and exposure distance data are reported in incremental
terms, an equal probability of occurence must be assumed within a given range.
The distributions determined on the basis of this assumption are:

Lagoon Area (square meters, mz)

"2. 103)

P(X) = 2.36 x 107 (x
10,522 < X < 943,760

Exposure Distance {meters, m)
-13 .3
)

9 ,,2 6 4

P(X) = 6.4 x 10 (X7) - 2 x 1077 (X°) + 1.22 x 107" (X) + 5.84 x 10°

35< X <2000




TABLE 4.1-12
DISTANCE TO NEAREST WELL

Number of
Distance Range, X (meters) Wells within Probability Cumulative
Lower Upper Distance Range of Exposure Probability
0 35 4 0.0182 0.0182
36 130 18 0.0818 0.1000
131 300 28 0.1273 0.2273
301 500 35 0.1591 0. 3864
501 800 35 0.1591 0.5455
801 1,250 25 0.1136 0.6591
1,251 2,000 17 0.0773 0.7364
2,001 Infinite 58 0.2636 1.0000

‘ TOTAL: 220 1.0000

Source: ICF, Inc., 1987




These distributions represent the probability of lagoon area or exposure
distance equaling a specific value within the defined range. Details of the
distribution derivation are presented in Appendix 4.2,

4,1.3.4 Chemical Constants

The preliminary results of a literature search for values of hydrolysis
and other chemical constants required as input to EPACMS are presented as
Appendix 4.3. (It should be noted that these values are subject to change, as
additional experimental data become available). Because of the large and
sometimes diverse number of values obtained for a particular constant, it was
necessary to formulate a basis for the selection of a corresponding single
value. In general, values of dubious validity (e.g., “estimated from values
which were themselves estimated") were discarded and the remaining values
averaged. This process is outlined in more detailed form in Appendix 4.3.
Table 4.1-13 presents the final values used in the EPACMS computer runs.

Table 4.1-13 shows that none of the pollutants investigated in this study
had values for all five constants. In one case, arsenic, no data were
available. Although biodegradation is known to occur for some of the other
pollutants (e.g., tetrachloroethylene), reliable rate constants were not
identified in time for inclusion in the Report to Congress. Where constants
were not available or a reaction was considered insignificant, a default value
was assumed, indicating no attenuation due to that particular process. The
net result of this assumption was the underestimation of retardatlon or
degradation for a particular pollutant,

4,1.4  SELECTION OF GENERIC MODELLING SCENARIOQS

As discussed in Sections 4.1.3 and 4.1.1 of this Appendix, nine
hydrogeoloyic categories and seven pollutants were selected for the national
assessment, If all combinations were to be investigated using the EPACMS
model, a total of 63 runs would be required, covering approximately 90% of the
nation's 5,476 lagoons, as shown in Table 4.1-14. The remaining 10% of the
lagoons are scattered throughout the Northwest, the Rocky Mountains and
Florida (see Table 4,.1-5 and Figure 4.1-4 of this Appendix).




TABLE 4.1-13
CHEMICAL CONSTANTS USED IN EPACMS RUNS

oc -ia -1 Kﬂl T? -1 Bioﬁggig;glgon
Pollutant (mt/g) (mole “hour °) (hr °) (mole “hour °) (sec )
Arsenic NAZ NA NA NA NA
Benzene 59 b L b NA
Beryllium NA NA NA NA NA
Chloroform 31 0 3x107 0.23 NA
2,4-Dinitrotoluene 76 b L b NA
Hexachlorobenzene 1.5x105 b . b NA
Nitrate NA NA NA NA 3.2x107°
Tetrachloroethylene 209 b b .b NA

Source: Appendix 4.3

aNot available.

Hydrolysis not significant.



TABLE 4.1-14

NUMBER OF LAGOONS PER HYDROGEOLOGIC CATEGORY?

Number of Number of Number of

Small b Large c Total

Category Lagoons Lagoons Lagoons
1 894 123 1,017
2 555 99 654
3 23 1 24
4 1,766 149 1,915
5 376 25 401
6 319 26 345
7 255 21 276
8 116 7 123
9 132 _8 140
TOTAL 4,436 459 4,895

% OF TOTAL 90.6 9.4

Because only seven of the 15 DRASTIC regions were included in the
study, not all of the nation's 5,476 lagoons are represented in this

table.
Flow rates less than 0.5 mgd.
Flow rates greater than or equal to 0.5 mgd.

b




APPENDIX 4.2

DETERMINATION OF PROBABILITY DISTRIBUTIONS
FOR LAGOON AREA AND EXPOSURE DISTANCE



A.

B.

C'

APPENDIX 4.2

DETERMINATION OF PROBABILITY
DISTRIBUTIONS FOR LAGOON
AREA AND EXPOSURE DISTANCE

General Procedure

(1) Take probability of being within a given range and divide it by the
size of the range itself. For example, take exposure distances
between 0 and 35 meters:

(a)

(b)

0 < X < 35; probability = 0.0182
(0.0182)/(35-0) = 0.000520

(2) Do this for all intervals
) Plot the resulting data as a step function (e.g., all unit values from
1 to 35 are 0.000520) of probability versus distance
(4) Fit a curve to the endpoints or midpoints of the steps

(a)

Use step endpoint for exposure distance, as lagoons in the 0-35
range are likely to be closer to 35 (also, since there is no
upper limit on distances greater than 2000m, it is not possible
to define a discrete “step” and assign probabilities to each unit
value as done in Item (1) above).

Use step midpoint for area, as approximately 60% of the lagoons
are in the first increment (0 to 5.2 acres)

Layoon Area

(1) Form of equation: P = AxB

(2) Correlation coefficient: R

2 . 0.97 (see graph)

(3) Limits are step midpoints: 10,522 < X < 943,760

(4) Equation: P = 2.36 x 10% (x2-103)

Exposure Distance

(1) Form of equation: P = AX3 + BXZ + CX + D
(2) Correlation coefficient: RZ = 0.91 (see graph)
(

(3) Limits are step endpoints

the step above 2000 has no endpoint):

35 < X < 2000
(4) Equation:

P =

6.4 x 10713(x3) - 2 x 10°9(x%) + 1.22 x 107%(x) + 5.84 x 107°
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APPENDIX 4.3
SELECTION OF CHEMICAL CONSTANTS



APPENDIX 4.3

SELECTIUN OF CHEMICAL CONSTANTS BASED ON
DATA COMPILED BY OSW

CHEMICAL CONSTANTS USED IN EPACMS RUNS

Koc -:a 1 K21 fg .1 Biogggigggégon
Pollutant (mi/g) (mole “hour ") (hr ") (mole “hour ") (sec™ ™)
Arsenic NA2 NA NA NA NA
Benzene 59 b D S NA
Beryllium NA NA NA NA NA
Chloroform 31 0 3x107° 0.23 NA
2,4-Dinitrotoluene 76 b b b NA
Hexachlorobenzene 1.5x105 b b b NA
Nitrate NA NA NA NA 3,2x107°
Tetrachloroethylene 209 b b b NA

8Not available.
Hydrolysis not significant.



Note 1: Benzene

Organic Carbon Partition Coefficient, KOC

Value
(a) 93
(b) 920
(c) 27.8
(dy 65

Discard (b) as not relevant to

conservative
Average (a), (c) and (d)
Result is 59

Note 2: Chloroform

Source
Estimated from measured data
Experimentally mgasured for aqueous es-
tuarine colloids
Unknown
Estimated from estimated data

subsurface regime

Could select (a) only, but it is the highest value and thus the least

Organic Carbon Partition Coefficient, KOC

Value
(a) 31
(b) 34
(c) 44

- Discard (c)

Source
Estimated from measured data
Estimated from measured data
Estimated from estimated data

- Could average (a) and (B), but (a) is found in Superfund Public Health

Evaluation Manual and was the only value originally reported for use

in initial runs
- Therefore, pick 31




Neutral Hydrolysis Constant, kﬁ

Value Source
(a) 3 x 10-7 Experimentally measured

9

(b) 2.5 x 107 Estimated from measured data

- Pick 3 x 10'9 as more reliable (also, only value reported for use in
initial runs)

Note 3: 2,4-Dinitrotoluene

Organic Carbon Partition Coefficient,;ﬁoc

Value Source
(a) 45 Estimated from estimated values
(b) 107.2 Unknown

- Average (a) and (b)
- Result is 76

Note 4: Hexachlorobenzene

Organic Carbon Partition Coefficient, KOC

Value Source
(a) 3900 Estimated from measured data
(b) 104-105 Estimated from measured data
(c) 0.00175 Unknown
(d) 3.954 x 10° Unknown
6

(e) 1.2 x 10 Estimated from estimated data

Discard (c) as being suspect

Discard (e), which is "estimated from estimated data"
Take median (5 x 104) of the range in (b)

Averaye (a), (d) and 5 x 10°

Result is 1.5 x 10°



Note 5: Nitrate

Anaerobic Biodegradation Rate Constant

Given the variety of constants compiled (different depths, incubation
times, and initial concentrations), it was decided to pick a constant
corresponding to the greatest depth and longest incubation time. Three
values, 15.6 x 10%, 4.5 x 107%, and 3.2 x 107°
The latter value, 3.2 x 10'6, was selected to reflect a more conservative

second ~! fit these criteria.
approach (A1l data were experimentally measured).

Note 6: Tetrachloroethylene

Organic Carbon Partition Coefficient, KOC

Value Source
(a) 209 Estimated from measured data
(b) 229 Estimated from estimated data
(c) 245 Estimated from estimated data
(d) 3.5 x 10'4 Estimated from estimated data expressed
in dimensionless units
(e) 166 Source unknown
(f) 364 Estimated from estimated data

Discard (d) as being noncomparable
Discard (b), (c) and (f) which are "estimated from estimated values"

Discard (e) as being unknown

Choose (a), 209 as being "estimated from measured data." (This value is
the second most conservative.)
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Viscosity unit is "mPa-s"

Value of Kot was calculated from the Kow value using the equation
Kac=0.48Kow.

Value of Kow was obtained by computer:calculation, using FRAGMENT
calculation procedure.

In hr-1. Estimategd for pH7 and 25C from data (Radding, et al.)
extrapolated from 100-150C. Corresponds to "a first order rate
constant for hydrolysis of 6.9 x 10-12 sec -1". The "validity of
the extrapolation method has not been established”. This value is

"in sharp contrast" to the first-order rate constant of 0.045
month-1 (Dillinger, et.al.) reflecting a "primarily ionic"
mechanism, Discrepancies exi1st for other halomethanes.

Diffusivity in air in cm2 s-1

In M=-1 hr-t.

In hr-1: at 25C.

ka=0 '"No acid catalyzed mechanism",

In hr-1.

Specific gravity; relative to water at 4X.

Calculated from vapor pressure and solubility at 20C.

NER = pK "not environmentally relevant".

PNER = "photolysis not environmentally relevant”.

Specific gravity.

Koc in ml/g.

Level or confidence = error= greater then one order of magnitude
(Note: this reference contains many values ftor HC; all
approximately the same value).

Observed (from A. Leo, Hansch, and Elkins; Chem Rev 71,3525(1971)
and C. Hansch and A. Leo "Substituent Constants for Correlation
Analysis in Chemistry and Biology" Jobhn Wiley & Sons, N.Y., 19791

Log Kow calculated as function of solubility.

Experimentally determined from Kinematic viscosity at 20C 99.7%
pure, v=0,73952mm2/s and desnity d=0.87%1 g/cm3.

Expermentally determined from Kinematic viscosity at 20C, 99% pc
v=0.73920mm2/s, and d as in footnate 2.3.



2.10

2.11

2.12

2.18B

2.19

2.20

2.22

2.23

2.24

Expermentally determined <from kinematic viscosity v=0.690&68 at
25C, 99.7% pure, density d=0.8737.

Aqueous solubility; determined on estvarine colloids; organic
carbon = 42.0mg/1.

Associated with value for Kp, correlated experimentally with GLC
retention time.

1007 degradation; benzene at Sug/L; third subculture; representing
biota of domestic sewer sludge. ist subculture 497
biodeqradation,

bb/4 removal; biological treatment system; B.Bug/L influent level;
by municipal activated sludge.

2% removal: 7.7 ug/L influent level; municipal activated sludge.
90-100% removal; industrial activated sludge.
6% removal; aerated lagoon; 6.53ug/L influent level.

9% removed; 160ug/L 1nfluent level; activated sludge with
powdered activated carbon added.

>60% removed; 10,250ug/L influent level. Industrial activated
sludge.
>847% removed; 45.%9ug/L influent level; Industrial activated
sludge.

Kd=2.4, Hasting silty clay loam.

Kd=1.8 Overton silty clay loam.

Kd=3.09 Al-saturated montmorillinite.

Kd=4.4 Ca-saturated montmorillonite.

At 25C: corresponds with vapor pressure value of 95.19mmHg.
Concentrations in water at equilibrium with threshold value =
0.1S5mg/L.

At 40C; corresponds with vapor pressure oFf 182.Bé6mmHg.
Concentration in water at equilibrium with threshold value =
0.08mg/L.

At 23C; see footnote 2.20.

At AQC; see footnot 2.21.

Saturati1on vapor pressure; determined 1n conjunction with Kd (see
footnote 2.235).



2.35
2.36
2.37

2.38

At 23.8C Uptake of benzene vapors by dry woodburn O relative
humidty soi1l: ~30mgs/g at P/P =1; 13mg/g at P/P =0.85; ™~1limg/g at
P/P =0.8; ~7.5mg/qg at P/P =0.235.

At 20C uptake at 350% relative humidity; “8Bmg/g at P/P =0.6;
~Smg./g at PsP =0.4; (linear relationship),

At 907 relative humidity “~4mg/g at P/P =0.8; “~2mg/g at P/P =0.5.

P/P = relative vapor concentration; P = equilibrium partial
pressure; DU = saturation vapor pressure.

At 25C (given as 1,789gm-31
from McAuliff C., J. Phys Chem 70, 1267(1966)

From Zwolinski, Wilhoit, "Handbook of Vapor pressures and Heats of
Vaoporization of Hydrocarbons and Related Compounds" AP1, 44-TRC-
Publ. in Sc: and Eng., 1971.

Calculated from measured values.

Experimentally determined.

Diffusivity 1n air.

Hydrelysis not significant.

NHFG = "“No hydrolyzable functional group".

Viscosity unit 1s “mPa-s*

Value of Koc was calculated from the Kow value (135), using the
equation Kopc=0.48Kaow. (See footnote 2.38.)

Specific gravity; relative to water at 4C.

Error (level of confidence) = + 3J0%.

Calculated from vapor pressure and solubility at 25C.
Calculated by computer calculation (FRAGMENT).

Value of koc was calculated from the kow value using the equation
koc=0.48kow.

Value of kow was obtained by computer calculation, using FRAGMENT
calculation procedure.

Diffusivity 1n air calculated using F,S and 6 method (Lyman,
1982).

Photolysis of solid hexachlorobenzene on silica gel "extremely
slow":. Sample irradiated for 4.5h in sunlight "extremely small
amounts of photoproducts™. Crystalline hexachlorobenzene exposed



3.12

3.13

S months to "sun lamp or labaoratory illumination" bHad no
detectable photoproducts as determined by (by GLC or HPLC).

After 1S days irradiation in sunlight; 38% recavered from
hexacnhlorobenzene 1n methanol. '

From Callahan Slimak, and Gabel, et al. Water Related
Environmental Fate of 129 Priority Pollutants. EPA 440/4-79-0296,
US EPA; Washington, DC. (ref 13)

Calculated from experimental data and from impirical relationship;
Kp for pure water (see focotnote 3.10).

Ksorp = rate constant for sorption by sediment (0.13mL/cm2hr).
kdesorp = rate constnt for desorption from sediment; 0.000&87 hr-1.

Experimentally determined; pond sediment
Quantum yeild = 0.00603 at 313nm in distilled water.

Photolysis rate constant calculated for 40 north latitude at noon
in the fall, 1n hr-1,

Volatization rate constant 2.76 cm/hr.

Soil: Houghton Mock (16.81% organic carbon). Freundlich, K; units
ng/q. Experimental absorption of C-hexachlorobenzene by soils
from aqueous solution. DPata plotted according to Freundlich
adsorption equation (from a Adamson, 1967) x/m=KC~-n., x = ug (or
ng) of compound sorbed. m = weight of adsorbent in g. c =
equilibrium concentration of solution (in (ug or ng/l).

Catlin silt loam; 4.73% organic carbon; 1/2 = 0.99 (see footnote
3.13).
Ava silty clay loam; 1.1B% organic carbon; 1/n = 0.93 (see

footnote 3.13).

Do = wvapor diffuision coefficient in air (in em2/day).

Experimentally determined utilizing Fick’s first law: J=Ds(c22-

Cs) /1. and equation (developed from Millington and Quirk, 1961)
Ds=Ds (palO/3/Pt2)

where J = vapor flux through soil (in ug cm-2 day-1);

Ds = apparent steady-state diffusion coeffient ( 1n cm2/d8ay);

Cs = concentration or vapor density of volatile substance i1n air
at soi1l surface (in mg/liter);

€2 = concentration 1n air at bottom of soil layer (in mg/liter);

L = soil depth (in cm), Pa = soil air—-filled porosity (in
cm3/cm3); and Pt = total soi1l porosity (in em3/cm3).

Vapor pressure calculated from log p=12.94-(527%9/T).

Literature values "extrapolated from the data of Sears and Hopke
(1949 .



Experi1mentally determined; calculated from vapor density (wt/vol)

by p = (wt/vol) (RT/M).
From unpublished data M. Yang and W.J. Farmer.

At 1nfinite dilution.

Solubility 2.22 ppb in creek water (C. Gri+fin and Chou, 1980,

Henry’s law constant calculated from vapor pressure and solubility

at 25C.
HNES = "Hydrolysis not significant"”.
N.A.D "No Appreciable Degradation" in aerobic or anaerobic

condition.

No observable biodegration.

Photolysis in purified water. The rate of substrate disappearance
is represented by the linear combination of four contributing

processes; purging, photolysis ozonization,

and photolytic

oxidation. Data refers to photaolysis process only.

In lake water. See footnote 4.3.
No degradation observed in live or dead culture.
From Chiou, Peters, Freed; Science 1979,206,831.

From log Koc = 0.72 log Kow + 0.49.

From log Koc=1.00 log Kow-0.21 (Karichkhoff, Brown, Scott, Water

Res 1979,13,241).

From Chiou, Schmeddling, Kohnert, Env. Sci. Tech. 1977,11,4753.

From average of six measurement b (extropoloted)

from measured.

Measured half-lives (t1/2): 14.2h for tetrachloroethylene at 10
ppm, no Sppm; 1 atm, 27*1lc, 9.58L UV cutoff 290nm; I=2.6x natural
sunlight/noon (summer (Texas)) 3I5-409 relative humidity (94 ulH20)

a/measured t.44 = 12.5 hr; same conditions;

b extrapdated t1/2 :83hr CCl12=CC12 10ppm;
measured

a meas t.42 7.0hr; as above
b extrap from meas tl1/2 :11.2hr CC12=CC12 10ppm;

3 meas t.29 6.5hr; as above

NO2 146.8 ppm fraom

Sppm NO



a meas tl1/2 7.0hr CC12=CCl2=40ppm NO; 20ppm

a meas t1/2 3J.8hr CC12=CC12=100ppm ND; SOppm

Hydrolysis

Calculated
m3 g-1 oc

Calculated

"nat relevant™

from

Kow f (0c) (s)

Koc

(not a dimensionless ratio).

; empirical relationship.

Calculated ratio of molecular diffusivity of
aqueous solution to diffusivity

Dimensionless,

thr) .

Calucated ratio
air to
Dz2g/Dwg=83(1/m2+40.0347) 1/2x ({EV2)1/3+2.72)1/2

of molecular

that

Photolysis not relevant.

Kp(strbx (Kowia in units of m3

perchloroethylene in

of oxygen 1N aqueous solution.

individual diffusivity terms in area

(m2) per time

diftusivity of perchloroethylene in

water

in

Hydrolysis rate is not environmentally significant.

Vicosity unit is

Value of
Koc=0.48Ko

Diffusivity 1n air

1982).

Henry’s law constant calculated by (Vapor
(MW) / (Scolubility!).

HNES - "Hydrolysis not environmentally significant".

W,

"mPa-s".

calculated

Photolysis rate constant calculated for summer at 40

air from

Koc was calculated from the Kow value using the equation

using F,S and 6 method (Lyman,

Pressure)

latitude.

Henry’s law constant calculated from vapor pressure and solubiity,
lLevel of confidence (error)

Calculated by the method Tute 1971.

Calculated from Koc = 0.48 Kow.

Arsenious
not exist
anion,

Arsenious
reactions

acid;

in solid,

acid
(i.e.

+1 order of magnitude.

the acid that corresponds to arsenite salts. Does

1s Oxyanion
reducing

free state;

exists in

of Arsenic 1113

agent)

yeilding

solution as arsenite

subject to oxidation

Aslv

(argenate).




Predominant speciles 1n reduced conditions; unstable im oxidized
conditions where evV=0.

Various +formulas exi1st for the acid (which 18 hypothetical
entitys; H3IAsOI or HAsD2. Usually considered indential; but data
ex1sts dit+rerentiating between the two (gsee reference 46).

Water solubiity of arsenious acid is not 'applicable, si1nce solid
arsenious aclio does not exi1st outside of solution. Solubility is
defined for arsenite anions as specific salts.

Vapor pressure of Arsenious acid not applicable since solig
compound does nNot ex1st in free state.

Viscosity for this parameter 1is not applicable since it is not a
fluid.

Density - this parameter not applicable to arsermious acid; since
pure compound does not exist. Paramter 1s relevant for; compounds
of arsenious ac:d (ex: salts), and solutions of orgenites
(arsenous acid salts).

Values for this parameter are applicable only to a stable solution
containing arsenite anion. The solution species that exists is a
funciton of pH and electrochemical potential (eV).

The following equations describe the oxidation-reduction of

[ (arsenious acid/arsenites) and oxidesl. [These equilibria are
related to pKa.l K calculated by

For H3As03K~--->H2As03- +H+

For H2As03-—~->HASO3I~2 +H~+

For HAsQ3I2--->As03I-3 +h+

For HAsOZ-->As02- +H+

For H2ARs03--->HAsOss—- +H-+

Arsenic Acid. Arsenic acid exists as H3As04 only in purasolid
phase. Arsenic acid in natural ground water systems exists as a
solution that is dissociated to an extent controled by pH. In

solutio~ H3As04, H2As04-2, HAs04~-3, and As04-3 occur. H3As04
exists as main species in acidic environment (pH<pKa), As042
exists as main species in alkaline environment. At pH 4-9,
HAsD4-2 and H2AsD4- predominate.

Arsenic acid is a special case of arsenate, (i.e. "hydrogen
arsenate™) . In any natural environmental situation, the species
that exists are arsenates of metal cations. Arsenic acid
(arsenates) are also formed by dissolution of arsenic troiroxide
and pentoxide (As203 and As205); and oxidation-reduction reactions
of arsenites (arsenious aci1d).



The solubility of arsenates 1is controlled by the metal 10ns
present. Any dissolved arsenic acid species will precipitate out
of soluti1ion when disscolved metals are present. and arsenotes will
redissolve when the concentration of metal cations i1n the aqueous
environment 1s¢ less than the concentration of metal cations 1n the
solubility product constant (Ksp),

Arsenic acid 1s formed from dissolved As205 1n watl@r or As202
(depending on pH, eVv).

Arsenic acid (tarsenate) 1s 1nterconvertable to arsenite by

reduction. Wide application of this redox (As]lll+2e-->AsV) 1s
employed in chemistry. The lower valence states of many metals,

inorganic anions, etc., participate in redox reactiond; i.e. Fe+2;
Cu+l; Cr+3, etc.

Arsenic ac1d 1S subject reguction by biocdegragation to arsxné
(AsH3), & volatile gas, and toc methyl and dimethyl arsine.

Does not exist in gaseous state “2H3AsD4-->3IH20 + As205"
Not applicable; a sol:id.

Calucalted for H3AsD4-~>H2AS04- +H+

For H2As04-->HASDA-2+H+

For HAs04-2--~>AsD4-3+H+

The following equations describe the solubility of arsenic acid

(arsenate) with cations 1n solutiaon (see footnote &.8). K = Kegp
solubility is @ function of pM.

AsS(reaiger) - SH,O = HAsQ}" +» SO;° + 11§ - [3H* -831)
45,5, 0rpiment)16H,0 & ZHASO! "™ » 250" » 228 » 2IH " - 180 42
As:Sy(c) » 20H,0 = 2HAO]~ + 3507 + J0F + 38H " ~21914
AlAsO,ic) « H* = A" » HAsO!" -470
Cay(AsO,)sic) « 2H* = 3Ca?* + 2HAO}- ~-1.91
Cdy(4s0,)5(c) « ZH " =3Cd* " « 2HAs0;- -897
Cu,y(450,)5tc) = 2H = = 3Cu’* + 2HASO;" -1497
FeAsO,icl» H* = Fe’~ « HAsO: " -859
MnyiASO, i) = 2H = 3Mnl® « 2HASO;” -85¢
NijlAsO)y(c) ~ 2H = = 3N~ + 2HASO! " =221
Pby(AsO,)y(c) » 2H = = IPb " + 2HASO; " -90?
Zny(AsO,)yc) » 2H® = 12Zn° " » 2HAsO}" -0
The following reaction describes the solubility of arsenic

pentoxi1de 1n water to form argenic acid.

The +following equations describe the oxidation-reduction reactions
of Arsenite-Arsenate (Arseni1ous acid-Arsenic Acad). (See footnote
7.8.) These values describe the relationship of the equalifbrium
constant (ac1d dissoci1ation constant and oxidation-reduction,



Nitrates (NO3J) do not exist as stable species per se, but as the
anionic portion of a solid; crystalline 1ionic species, occuring
with a catian, forming a neutral molecule. (The ioni¢c character
of these crystals exists in degrees depending on the metal.) It
is 11 the form trnat nmnitrates enters the environment -~ as dissolved
salts (or less freguently, from dissolved nitrogen oxides).

Nitrogen oxides dissolved 1n water form nitric acid (nitrates),

nitrous acid (nitrites, etc. The many varieties of nitrogen
oxides are in equilibrium with each other via oxidation-reduction,
photolysis, evaporation, gi1ssolution etc., in complex
interrelationships that also include molecular nitrogen (N2) and
ammonia (NH3). Nitrates dissolved in water in varying amounts
depending on the cation-forming "free" nitrate anions. Nitric

acid is special case of nitrates (hydrogen nitrate).

Nitrates and other species of nitrogen are involved in~
biocdegradat:on/biotransformation.

Qverall disappearance of nitrate by “biodegradation” = K =
denitrification + reduction to ammonia. K = KD + KA. KA = rate
constant for nitrate reduction, approximated as lst order. KD =
denitrificatien = 1| x 10-&6 s-1. KA = 2 x 10-6 to 8 x 10-4;

average S x 10-6.

Mass transfer coefficient; estimated 10-4cm2(s—-1) (from
Vanderborght).

Diffusion coefficient for nitrate 1n pure water 1.8x10-Scm2 s-1
(Handbook Chemistry and Physics. 1969).

Nitrates are salts of nitric acid; HNO3 [(strong acidl, ~
completely discociated "nitric aci1d" would be present in nitrate
solutions from many processes i1ncluding:

a) Hydrolysis of water by catiaon Mm+H20 M((m-1)+ (0OM=-)m+H+

b) photolysis of NO3 yeilding nitrite and peroxynitrite

c) oxidation-reduction of nitrate and derivatives of nitrate

a) solutions—-gas pnase equilition of nitrogen oxides (N20,
NO, NO2, N203, N204, N203) anions and radicals

e) biodegradations.

kpl for (see original article) formation of nitrates under NO2-
+NO2-->NO3I-+NO. P=0,40 torr; 24 NO2 in CO02. wavelenghts 4131-5309A

Measured from slope of graph of values of photolysis of 2ml Molar

NO3- at 254nm alkalime (pH 12) solution: for reaction (NO3-)x=-=>
NO2~+0 (presented as rate of formation of nitrate per time.)
Yield vares linearly with time. 8x (10)4x (NO2-yield) /mole=25x10-
4time(sec): reaction 1nhibited by presence of added nitrate. NO2-



1s not an inhibitor in alkaline photolys:s, but absorbs

kp2 for CO3-+ND2 NO3I-+C02 formation of nitrate same
as above.

Reaction in acidic solutions involves protonation of (N
self 1nhibated reaction.

In acidic solution; (pH2.8) 254nm, 293K, inadiate

energy.

parameters

03-)r*; and

d 3,600s;

presence of NaAS02 increases quantum vyield by <factor of ~30,

lessor degrees of increase observed for reaction in p
stand, allyl alchol, and sodium bromide.

kp3 for NO3I-+H20+C02 ND3-+H20+C0D2 formation of igomer
(probably OONDO-) from nitrate same paramters as above.

Photolysis rate constant for crystalline NaNO3 at 203+5
Pa (1Torr=133.3Pa) radiation 1254cv (1.60x10-19 J=lew)

resence of

of nitrate

K P=3x10-7

Photolysi1s rate constant for crystalline KNO3. See f{footnot 9.7

for values of parameters.

Photolys:s of sodium nitrate solutions (3.46.3 mole 1-12
UV lignt at 25C.

Photolysis rate of reaction of Ethanol with ND3J
C2HsOH+NO3 C2HIOH+ND2+H20 rate (for production of ni

at pH12 by

radical.
trite from

nitrate) than without ethanol; at given pH value; “apparently due

to the acceptor properties of ehtanol with respect ¢t
(NO3 oxidized form of NO3-; mitrate).

Photocecomposition of nitrate to nitrite in alkaline sol

o the NO3.

utions:

in conditions of continuous irradiation NO3-, (exci1ted anious)

"remains constant and low", relative to nitrate ions.

Denitrification rate; 10C; 3I~-10cm depth; 10/5/22hr
time; location aressp; 77.

As in note 9.13, 46 hr incubation time.
as above; 24 hr incubation time (10/1%9/77)
as above; 46 hr incubation time.

as above 12C 0-3 cm depth; sampled 9/28/77 Norway 22 hr
time.

as above; 47 hr i1ncubation time
as above, 3-10cm depth: 22hr incubation time.
as above; 47 hr incubatiaon time.

3-10cm depth, 1nitti1al NO3I-N (Nr1trate nitrogen) 0.8mgl-

incubation

1ncubation

1 (sampled




S/717/71)

as above; NO3-N 4.8 mgl-1

3-1C0cm depthsy NO3JI-N }.2mgl-1 (&/1/77)
as abave; NO3-N 7.2 agl-1l

3-10cm; NO3-N B.lmgl-1; (&/29/77)

as above; NO3-N B, imgl-1

0-3cm depth; NO3-N 0.8mgl-1; (7/14/77)
as above; NO3-N 3.8mgl-1

3-10cm depth; NO3I-N 0.5Smgl-1}

as above; NO3-N 2.4mgl-1

0-3cm; NO3I-N O.é6mql-1 (7/27/77)

as above; NO3-N 3.1 mgl-~1

3-10cm; NO3-N 0.4mgl-1

as above, ND3-N 2.1mgl-1
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APPENDIX 4.5
RESULTS OF GENERIC RUNS: DIMENSIONLESS CONCENTRATIONS
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APPENDIX 4.6

RESULTS OF GENERIC RUNS: TARGET LAGOON CONCENTRATIONS
BASED ON. HUMAN HEALTH THRESHOLDS
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APPENDIX 5.1

MODFL LAGOON LEACHATE CONCENTRATIONS

Concentration
Median Maximum

Metals, uq/l

Arsenic 0,24 88
Conventional, ma/l

MO, /N3N 0.0052 7.3
Volatiles, ua/l

Renzene 13 11

rthloroform n.psa 86

Tetrachloroethylene n.n14 31
Nraanics, hase-neutral, ua/l

2,4-Dinitrotoluene 0.n2a 43

Hexachlorohenzene 1 32

a  Median calculated using the analytical detection 1imit value for
non-detect values resulted in the detection 1imit being the median.

Sonrce: See Apnendix 3.5
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APPENDIX 5.3

DESCRIPTION OF MAPPING SURVEY



TABLE 5.3-1

TOTAL EXPOSED POPULATION DISTRIBUTION

Distance to Well (m) Population Cumulative

Lower Upper Exposed Probability Probability
0 35 10 0.0001 0.0001
35 130 92.5 0.0011 0.0012
130 300 1,781.5 0.0207 0.0219
300 500 4,722 0.0549 0.0768
500 800 61,042.5 0.7093 0.7861
800 1,250 5,520 0.0641 0.8502

1,250 2,000 12,892 0.1498 1.0000
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APPENDIX 5.4

CALCHLATION NF HEALTH RISKS FROM WELL CONCENTRATIONS

Post-processing software developed for EPACMS takes the dimensionless concen-
tration values produced by EPACMS and transforms these values into risk or hazard
values. farcinogenic and noncarcinogenic risks are calculated separately based
upon carcinogenic potency values and noncarcinogenic reference values. Cancer
and noncancer health effects are estimated with the following equations:

Carcinogenic Risk:

R=(CxF)x P, where:

'R = Risk (dimensionless)

C = Ground-water contaminant concentration (mg/L)

P = Potency factor (see Table 3-7) (mg/kg/day)-1

F = 0.029 (this is a conversion factor to account for ingestion

assumptions).

Moncarcinogenic Hazard:

H = (C x F)/fD, where:

H = Noncarcinogenic hazard index (dimensionless)

C = Ground-water contaminant concentration (mg/L)

RfD = reference dose (see Table 3-7) (mg/kg/day)-1

F = 0,029 (this 1is a conversion factor to account for ingestion

assumptions).
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APPENDIX 5.5

DESCRIPTION OF COMPUTER RUNS

One set of EPACMS runs was done to estimate the maximally exposed individual
(MET) risks. This set of runs examined seven pollutants and nine hydrogeologic
settings resulting in a total of sixty-three computer runs. Each run consisted
of 500 ijterations of the Monte Carlo simulator. The model generates a ratio
between an estimated well concentration and the leachate concentration (this
ratio is called a dimensionless concentration). This ratio is multiplied by the
Teachate concentration and a ingestion conversion factor. For carcinogenic
risk, the result is multiplied by a risk potency factor, P. For noncarcinogenic
hazard, the result is divided by a reference dose, RfD.

A post-processing software package was developed to allow these computer
runs to he examined in several ways. The computer runs describe the distribution
of risks to individuals in a single hydrogeologic setting caused by exposure to
a single pollutant. With the post-processing package, analyzing the total risks
within each hydrogeologic setting after summing the carcinogenic risks can be
done. This allows relatively vulnerable hydrogeologic settings to be identified.
The nost-processing package also enahles aggregation of risks across all environ-
ments in order to determine the overall magnitude of the risks posed nationwide
by municipal lagoons.

Tables of the input parameters are presented in Appendix 4.4,
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APPENDIX 5.6

NATA FROM MODEL OUTPUT

The attached tables present the outputs of the EPACMS model and the post-
processing software. The tables present two sets of outputs corresponding to
runs usinag median well concentrations as input and runs using maximum well
concentrations as innut. Nine hydrogeologic settings were examined for each
concentration input.

DPlease Mote: The data output contains a typographical error. Data for
tetrachlorethylene are incorrectly labeled as “tetrachloroethane."
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APPENDIX 6.1

LINER MATERIAL SELECTION AND DESIGN CONSIDERATIONS

Earthen, asphalt and concrete liners are some of the earliest types of
lagoon sealers employed. While some of the rigid linings in this group have
not enjoyed good reputations as hydraulic linings, they have a definite place
in the technology. The structural stability of rigid linings complements the
flexible systems which do not rate well 1in this respect. However, rigid
systems cannot elongate to accomodate subgrade deformation as easily. Under
certain conditions, some rigid systems may serve well as protective devices
over other, more fragile, lining systems; in this application they have been
most efficiently used.

Disadvantages of this category include sensitivity to low temperatures and
frost penetration. Some admixed materials perform best when applied during
periods of moderate temperatures, while asphalt concrete liners degrade when
exposed to excessive heating conditions.

Soil-bentonite liners are easiest and least costly to repair when the
breach can be identified and 1is relatively small. Because bentonite can
absorb 5 times its weight in water and swell to 12-15 times its dry volume at
maximum saturation, it is often used for filling voids in soil or repairing
leaks. Draining of the liners requires dry conditions for proper adherence of
the repaired section; however, repair of these materials is often more effec-
tive than repair of synthetic liners. Table 6.6-1 summarizes some of the
basic characteristics of selected liners in this category (1,2,3,4,5,6 and 7).

Use of synthetic and rubber liners came into practice in the 1960s, and they
have become increasingly popular in applications requiring essentially zero
permeability. Table 6.1-2 lists some of the more common liners in this
category together with their general characteristics. These materials are
economical, resistant to most chemicals if selected and installed properly,
available 1in large sheets simplifying installation, and essentially imper-
meable. As discharge standards continue to become more stringent, the appl-
ication of plastic and elastomeric (the general name given to butyl rubber,
neoprene and EPDM) membranes as lagoon liners will increase because of the
need to gquarantee protection against seepage. This is particularly true fn
the sealing of lagoons containing potentially toxic wastewaters.

Selection criteria for synthetic liners include the following:

o Chemical compatibility with lagoon waters. Wastewaters that are
treated in municipal Jagoons usually contain very dilute quantities of
substances which may degrade liner materials. It has been found that,
in cases where industrial wastes are accepted into an impoundment,
aggressive chemicals can come into contact with and adversely affect
some liners. Compatability testing of expected wastewater compositions
and proposed liner materials must be conducted to ensure successful

containment conditions.
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Resistance to extreme temperatures. In general, flexible membrane

Jiners require mild temperatures for seaming, and some liners (e.g.,
polyvinyl chloride based 1liners) degrade when exposed to excessive
heating conditions. If such conditions are expected, consideration
should be given to selecting another liner (e.g., Hypalon) that is
better able to withstand extreme temperatures.

Resistance to ultraviolet light. Exposure of some flexible membrane

pond linings to sunlight can cause degradation due to the effects of
ultraviolet light. Polyvinyl chloride, polyethylene and polypropylene
based liners are among those not recommended for use when the liner may
be exposed to the weather for a long period of time before filling.
Dike slopes and other exposed areas whould be protected by a soil cover
to reduce the effects of sunlight on ultraviolet-sensitive materials.
Exposable materials include the synthetic rubbers (butyl, EPDM, Hypalon
and neoprene).

High tensile strength, flexibility, and the ability to conform to minor
subrade deformations without failure. While flexible membrane liners

can offer significant advantages with regard to flexibility and
relative impermeability, they are relatively fragile when compared to
the more rigid admixed materials.

Resistance to abrasion, puncture, bacterial and fungal attack. The

minimum recommended thickness is 20 mils. The material should exhibit
good weatherability, with a manufacturer's guarantee of long life (20-
30 years). The life expectancy of the liner system of a surface im-
poundment is extremely dependent on design, construction quality and
consistent maintenance.

Specific gravity greater than 1.0. If a liner material does not meet

this criterion, it will not be held in place by the weight of lagoon
liquids.

Ease of installation. Liner installation must be evaluated on a case-

by-case basis. The relative ease of installation will depend on such
factors as design (above-grade, below-grade, or combination); the
availability of wusable low-permeability materials for the subgrade
and/or liner; seaming requirements; and weather.

Ease of repair. Flexible membrane liners are not as easily repaired as
so1l-bentonite liners. At the very least, the pond will require
draining prior to effecting the repair and may require replacement of a
panel or the entire liner.

Relative cost and availability. Transportation and delivery costs must
be taken into account in any comparison of liner material, particular-
ly when choosing between admixed and synthetic liners. For example,
clay may appear cheaper than a given synthetic liner on the basis of
material costs; however, transport costs for the former may tip the
balance in favor of the synthetic liner.




In addition to use of admixed and synthetic/rubber liners, ponds can be
sealed, either separately or in combination, by natural means or by chemical
treatment (2). Natural sealing of ponds has been found to occur from three
mechanisms: (1) physical clogging of soil pores by settled solids; (2)
chemical clogging of soil pores by ionic exchange; and (3) biological and
organic cloyging caused by microbial growth at the pond lining. The dominant
mechanism of the three depends on the characteristics of the wastewater being
treated. Chemical treatment changes the nature of the bottom soil to ensure
sealing.

Chemicals have also been used for some time as a means of stabilizing
soils. Although these techniques are aimed at reducing porosity, their pri-
mary objective has been to increase soil stability and/or bearing capacity.
Sealants used include: (1) polymer-diesel mixtures; (2) petroleum-based emul-
sions; (3) powdered polymers which form a gel after application; and (4) mono-
valent cationic salts. These agents can be water-borne, spray-applied, mixed
in place, or injected below the ground surface (l1). There is little
information in the literature regarding the use of chemicals for reduction of
seepage. Among the several reasons for the lack of popularity of chemical
treatments as linings, three are important: (1) they are not 100 percent
effective and often are not effective at all; (2) they are complex and not
well understood; and (3) usually they are expensive, although there are a few
exceptions (8).

Each lining material discussea in this section has certain advantages and
disadvantages. No single liner has all the attributes that would make it the
ideal material. The concept of combination liners makes use of various com-
binations that would place each component in the location where its desirable
properties could be used most efficiently (8).

The best example of a combination liner that nas been widely used in the
past is that of a continuous impervious 1lining overlaid with a concrete,
gunite, or asphalt concrete topping. Although this 1liner combination is
effective, it is rather costly, and consequently it has given way in recent
years to other combinations.

A second general type of combination system that has been used in the
lining field involves the use of a combination of fiexible liner materials.
For example, the exposed portion of a liner (i.e., berms, embankments) could
be fabricated of a highly weather-resistant, and possibly less expensive,
material.

Combination systems also have involved continuous membranes in combination
with low permeability clays. In this application, the lining often serves a
dual role of seepage control and wave erosion control.
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APPENDIX 6.2

LAGOON CONSTRUCTION

6.2.1  SUBGRADE PREPARATION

The compaction of soil is an essential step in the construction of all
types of liners whether it is soil for a soil-clay liner or for a subgrade
upon which admixed or flexible membrane liners will be installed. The equip-
ment, depth, number of 1ifts, and degree of compaction will be specified by
engineering design. The soil type and moisture content will be tested to
determine the methods of achieving the desired permeability. The installation
of both admixed and synthetic liners can be quite sensitive to small deforma-
tions in the subgrade. The liner should be emplaced before the subgrade can
be damaged by wind or rainfall, particularly if a synthetic liner will be
used. In general, the smoother the surface of the impoundment prior to liner
placement, the greater the potential for successful lagoon performance (1, 2,
4, 5, 6 and 7).

6.2.2  LINER INSTALLATION

Installation procedures for admixed material 1liners are site and
material-specific. In general, in-situ soils are mixed with the liner
material and applied to the lagoon surface in a continuous or overlapping
manner. Soil cement and asphalt cement may be placed by road paving equip-
ment; hot asphalt is spray-applied, and concrete and gunite are placed using a
slip or screen. Bentonite is mixed with soil, spread and compacted. Varia-
tions in matlerials and application methods are numerous and new téchnologies
are regular'y being introduced (1,2,4,5 and 6).

Synthetic liner panels are delivered to the lagoon site either folded or
in rolls. Depending on the specific liner material, seams are sealed using
adhesive(s) solvent(s), bodied solvents, heat guns, and other thermal tech-
niques, cements, or tape. Quality control during seaming is vital to ensure
adequate strength and permeability of the seal. All inlets, outlets and other
penetrations must be sealed to prevent leakage. Past experience indicates
that it 1is very difficult to be sure that all seams are sealed properly to
assure long-term integrity of the liner system.

Protective soil covers are provided in many cases to anchor and protect
the synthetic liner from degration. Ultraviolet light and ozone are damaging
to some liners (e.g., polyvinyl chloride) and the effects of excessive heat or
cold can cause others to become brittle or to lose their impermeability. Soil
covers are recommended for dike slopes to aid in resisting mechanical damage
and slippage.

Proper anchoring of the liner around the impoundment perimeter as well as
conscientious tailoring and sealing of the Tiner around penetrating structures
is essential to satisfactory liner performance. The most common anchoring
method for the perimeter is "trench-and-backfill." A trench is excavated
alony the top of the dike or beam and the liner edges are emplaced. After
seaming has been completed and the panel is proper spread and smoothed, the
trench is then backfilled to secure the liner (1,3 and 7).
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LAGOONS, ALRATED FACT SHEET 2.1.11

Descraption - Aerated lagoons are medium-depth basins designed for the biological treatment of wastewater on a
continudus basis. In contrast to stabalizatjion ponds, which obtain oxygen from photosynthesis and surface re-
aeration, they employ aeration devices which supply supplemental oxygen to the system. The aeration devices may
be mechanical (i.e., surface aerater), or diffused air systems. Surface aerators are divided into two types:
cage aerators and the more common turbine and vertical shaft aerators. The many diffused ajir systems utilized in
lagoons consist of plastic pipes supported near the bottom of the cells with regularly spaced sparger holes
drilled in the tops of the pipes. Because aerated lagoons are normally designed to achieve partial muxing only,
aerobic-anaerobic stratification will occur, and a large fraction of the incoming solids and a large fraction of
the biolegical solids produced from waste conversion settle to the bottom of the lagoon cells. As the solids
begin to build up, a portion will undergo anaerobic decomposition. Volatile toxjcs can potentially be removed by
the aeraticn process, and incidental removal of other toxics can be expected to be samilar to an activated sludge
system. Several smaller aérated lagoon cells in series are more effective than one large cell. Tapering aeration
intensity downward irn the darection of flow promotes settling out of solids in the last cell. A non-aerated
polishing cell following the last aerated cell is an optional, but recommended, design technique to enhance
suspended solids removal prior to discharge.

Common Modifications - The lagoons may be lined with concrete or an irpervious flexible lining, depending on soil
conditicns and environmental regulations. Use of various types of aeration. When high-intensity aeration pro-
duces completely mixed (all aeroric) conditions, a final settling tank is required. Solids are recycled to
maintain about 800 mg/]l MLVSS an this mode.

Technology Status -~ While not as widely used when compared with the large number of stabilization ponds in common
use throughout the U. S., 1t has been fully demonstrated, and used for years.

Applications - Used for domestic and industrial wastewater of low and medium strength. Commonly used where land
is inexpensive and costs and operational control are to be minimized. It i{s relatively sirmple to upgrade existing
oxidation ponds, lagoons, and natural bodies of water to this type of treatment. Aeration increases the oxidation
capacity of the pond and is useful in overloaded ponds that generate odors. Useful when supplemental oxygen
reguirements are high or when the requirements are either se2sonal or intermittent.

.

Limitations - In very ccld climates aerated lagoons may experience reduced biological activity and treatment
efficiency, and the formation of ice.

Typica. Ecuipment/No. Mfrs. (23) - Lining systems/6; Aerators/30; Hydraulic Contxrols/29

Performance
Influent A Removel
BOD 200 ~« 500 mg/l 60 - 90
coD - 70 - %0
TSS 200 - 500 mg/1 70 - 90

Resicuals - Settled solids on pond bottom may require clean-out every 10 to 20 years, or possibly more often if a
pelishing pond is used behind the aerated pond.

Desigr Criteria (12, 67)

Operation: One or more aerated cells, Water Temperature range: ¢ to 40°¢

followed by a settling (unaerated) cell Optimum Water Temperature: 20 C

Detenticn time: 3 to 10 days Oxygen requirement: 0.7 to 1.4 times the amount of BODS removed
Depth, ft: 6 to 20 Organic lLoading: 10 to 300 1b BODS/Acxe/d

pE: 6.5 to 8.0

Energy requirements:
For 2eration: 6 to 10 hp/million gallons capacity
To maintain all solids in suspension: 60 to 100 hp/million gallons capacity
To maintain some solids in suspension: 30 to 40 hp/million gallons capacity

Process Reliability - The service life of a lagoon is estimated at 30 years or more. The reliability of equipment
and the process is high. Little operator expertise is required.

Environmental Impacts - There is opportunity for volatile organic material and pathogens in aerated lagoons to
enter the air as with any aerated wastewater treatment process. This opportunity depends on air/water contact
afforded by the seration system. There is potential for seepage of wastewater into ground water unless a lagoon
is lined. Compared to other secondary treatment processes, aerated lagoons generate less solid residue.

Toxics - Volatile toxics will be removed, and incidental removal of other toxics can be expected to be similar to
an activated sludge system.

references - 7, 12, 13, 18, 23, 67

Source: Reference 12




LAGOONS, AERATED

FACT SHEET 2.1.1

FLOW DJASKAM -
Influent
Aerated

- lagoon(s)

ENERGY NOTES (4) -
Low speed mechanical surface aerstors; motor
efficiency = 90\; aerator efficiency = 1.8

ib 02/hph (wire to water}); head loss negli-

gible. Type of energy required: electracal

Fer additaonal information on energy
requirements and transfer efficiency
of selected aeration devices, refer
to Table D-1.

-
COSTS (3) -Assumptions:
1. Service life, 30 years; ENR Index & 2475

3. Horsepower required = 36 hp/Mgal of capacity; power

Wastewater Characteristics: In
BOD,, mg/1 210
coD; mg/l 400
TES, mg/l 230
Total-p, mg/l 11
NH =N, mg/1 20
To adjust
Q * Qppeygy X New Design Detention Time
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0
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2. Theoretical detention time = 7 &; 15-ft water depth: floating mechanical aerators;

4. Construction cost includes excavation, embankment, and seeding of lagocn/slopes (3 cells); service road and
fencing: riprap embankment protection; hydraulic control works; aeration equipment and electrical equipment.

construction cost for detention time other than above, enter curve at effective flow (QI-:)
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*To convert construction cost to capital cost see Table A-2
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Source: Reference 12




LAGOONS, FACULTATIVE JFACT SHEET 2.1.13

Descripiion - Facultative lagoons are intermediate depth (3 to B feet) ponds in which the wastewater 15 stratafied
1nto three zones. These 20nes consist of an anaerobic bottom layer, an aerobic surface layer, and an intermeciate
2one. Stratification 1s a result of solids settling and temperature-water density variations. Oxygen in the
surface stabilization zone is provided by reaeration and photosynthesis. This 1s in contrast to aerated lagoons
1n which rechanical aeration 1s used to create aerobic surface conditions. In general, the aerobic surface layer
serves to reduce odors while provading treatment of soluble organic by-products of the anaerobic processes opera-
ting at the bottom.

Sludge at the bottom of facultative lagoons will undergo anaerodbic digestion producing carbon dioxide, methane and
cells. The photosynthetic activity at the lagoon surface produces oxygen diurnally, increasing the dissolved
cxygen during daylight hours, while surface oxygen is depleted at night.

Facultative lagoons are often and for optimum performance should be operated in series. When three or more cells
are linked, the effluent from either the second or third cell may be recirculated to the first. Recirculation
rates of 0.5 to 2.0 times the plant flow have been used to improve overall performance.

Common Modifications -~ Facultative lagoons are customarily contained within earthen dikes. Depending on soil
characteristics, lining with variocus impervious materials such as rubber, plastic or clay may be necessary. Use
of supp.emental top layer aeration can improve overall treatment capacity, particularly in northern climates where
icing over of facultative lagoons is common in the winter.

Technolocy Status ~Fully demorstrated and in moderate use especially for treatment of relatively weak municipal
wastewater in areas where real estate costs are not a restricting factor.

Arplications - Used for treating raw, screened, Or primary settled domestic wastewaters and weak biodegradable
irndustrial wastewaters. Most applicable when land costs are low and operation and maintenance costs are to be
cainimized.

Liratations - In very cold climates, facultative lagoons may experience reduced biological activity and treatment
efficiency. Ice formation can also hamper operations., 1In overloading situations, odors can be a problem.

Typical Ecuipment/No. of Mfrs., {23) - lLining systems/6; Hydraulic controls/29.

Ferforrance - BOD,reductions of 75 to 95 percent have been reported. Effluent suspended solids concentrations of
20 to 15C mg/1 can be expected, depending on the degree of algae separation achieved in the last cell. Effi-
ciencies are strongly related to pond depth, detention time and termperature.

Chemicals Recuired - If wastewater is nutrient deficient, a source of supplemental nitrogen or phosphorus may be
reeded. No other chemicals are reguaized.

Residuals ~ Settled solids may require clean out and removal once every 10 to 20 years.

Jesign Criteria -

Operation: At least three cells in series. Parallel trains of cells may be used for larger systems.

Detention time: 20 to 1B0O days.

Depth, ft: 3 to 8, although a portion of the anaerobic zone of the first cell may be up to 12 £t deep to accom-
modate large initial solids depositien,

PH: 6.5 to 5.0 °

Water temperature range: 35 to S0 F for municipal applications

Optimum water temperature: 68 F

Organic loading: 10 to 100 1lb BODS/ncre/d

Process Reliability - The service life of the lagoon is estimated to be 50 years. Little operator expertise is
required. Overall, the system is highly reliable.

Environmental Impact ~ There is potential for seepage of wastewater into ground water unless lagoon is lined.
Compared to other secondary processes, relatively small quantities of sludge are produced.

References - 3, 7, 18, 23, 67, 109, 110

Source: Rcference 12




LAGOONS, FACULTATIVE FACT SHEET 2.1,13

FLOW DIAGRAM - Effluent Discharge Sump with

— \_f/ Multiple Drawoff lLevel Diascharge
Capability (to minimize algae
concentrations 1in discharge)

Aerobic Zone _]

Transfer Pipe to
V=T Secondary Cell

Liner (1f necessary)

Sludge Storage 2one (for
primary cells only without
pPrior primary sedimentation)

Inlet (typically near 1/3 poant)

ENERGY NOTES - Facultative lagoons are operated by gravity and therefore have no energy reqguirements other than
any pumping that may be necessary to lift the influent wastewater into the lagoons.

COSTS -Assumpticns:

1. Warm climate - lagoon loading = 40 lb BOD /acre/d.

2. Cool climate (northern U.S.) - lagoon 1oaaing = 20 1b BODs/acre/d.

3. water depth = 4 ft.

4. Construction cost includes excavating, grading, and other earthwork required for normal subgrade preparation
and service roads. Costs do not include land and pumping.
5. Process performance: wWastewater Characteristics
In oot
BOD, , mg/1 210 30
coD; mg/l 400 100
TSS, mg/l 230 60
Total-P, mg/1 11 8
NHy =N, mg/l 20 15 (cool climate)

1 (warm climate)

6. No liner included in cost estimate.
7. ENR Index = 2475

hdjustment Factor: To adjust costs for loadings other than those above, enter curve at effective flow (QE)'

warm Climates Cool Climates
Q. =0 X 40 _lb BOD_/acre/day Qp " Qppoigy X 20.1b BOD /acre/day
E DESIGN " Nev Desigh Loading New Desigh Loading
CONSTRUCTION COST OPERATION & MAINTENANCE COST
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I ~ T T T
b L. -
B sl
IREAAL
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l v
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Wastewator Flow Mgal/d Wasiewater Fluw Mgaizd

REFERENCF - 3

*To conver!l constructlon cost to capiltal cost see Table A-2.

Source: Reference 12




LAGOONS, ANAEROBIC FACT SHEET 2.1.12

Descripticn - Anaerobiac lagoons are relatively deep {(up to 20 ft) ponds with steep sidewslls in which anserobic
conditions are maintained by keeping loading so high that complete deoxygenation is prevalent. Although some oxy-
genation is possible in a shallow surface zone, once greases form an impervious surface layer, complete anaerobic
conditions develop. Treatment or stabilization results from thermophilic anaerobic digestion of organic wastes.
The treatment process 1is analogous to that occurring in single stage untreated anaerobic digestion of sludge in
which acid forming bacteria break down organics. The resultant acids are then c¢onverted to carbon dioxide,
methane, cells and other end products.

In the typical anaercbic lagoon, raw wastewater enters near the bottom of the pond (often at the center} and mixes
with the active microbial mass in the sludge blanket, which is usually about 6 ft deep. The discharge 1s located
near one of the sides of the pond, submerged below the liquid surface. Excess undidested grease floats to the
top, forming a heat retaining and relatively air tight cover. Wastewater flow equalization and heating are
generally not practiced. Excess sludge is washed out with the effluent. Recirculation of waste sludge is not
required.

Anaerchic lagoons are capable of providing treatment of high strength wastewaters and are resistant to shock
loads,

Commen Modifications~ Anaerobic lagoons are customarily contained within earthen dikes. Depending on soil

characteristics, lining with various impervious materials such as rubber, plastic or clay may be necessary. Pond
geometry may vary, but surface area to volume ratios are minimized to enhance heat retention.

Technology Status - Although anaercbic processes are common for sludge digestion, anaerobic lagoons for wastewater
treatrent have found only limited application. The process is well demonstrated for stabilization of highly con-
centrated organic wastes.

Typical Ecuipment/No.of Mfrs. (23) -

Lining Systems/6; Hydraulic controls/29

Applications - Typically used in series with aerobic or facultative lagoons. Anaerobic lagoons are effective as
roughing units prior to aerobic treatment of high strength wastes.

Limitations -~ May generate odors. Requires relatively large land area. For efficient operation, water tempera-
tures abceve 75 F should be maintained.

Perforrance -BODS removals of S0 to 70 percent are achievable depending on locadang and temperature conditions.
TSS concentrations may increase, especially if the influent BOD, is primarily dissolved. Generally does mnot
produce an effluent suitable for direct discharge to receiving waters,

Residuals Generated ~ In anaercbic lagoons excess sludge is usually washed out in the effluent. Since anaerobic
lagoons are often used for preliminary treatment recirculation or removal of sludge not generally required.

Chemicals Required - Nutrients as needed to make up deficiencids in raw wastewater. No other chemicals required.

Design Criteria =

Operacion: Parallel or series
Deterntion Time: 20 to 50 &
Depth, ft: 8 to 20

PH: 6.8 to 7.2

Water Temperature Range: 35 to lgOOF
Cptimaon Water Temperature: 86 F

Crganic loading: 200 to 2200 b BODs/acre/d

Unit Prccess Reliability - Generally resistant to upsets. Highly reliable if pH in the relatively narrow optimum
range 1is maintained.

Environmental Impact - May create odors. Have relatively high land requirements. There is potential for seepage
of wastewater into groundwater unless lagoon is lined.

Joint Treatment Potential - Valuable as a preliminary treatment process for combined industrial and municipal
wastes containing high concentrations of organic materials. Can be used preceding most standard biological
treatment processes.

References - 7, 16, 18, 20, 23, 67, 107, 110

Source: Reference 12 .




LAGOONS, ANAEROBIC FACT SHEET 2.1.12

FLOW DIAGRAM -

G Layer NN
rease Y &(/\}/ N
—e
8 to 20 ft
M K
Sludge Blanket RS
T &
Inlet

\ W

Liner (:f necessary)

ENERGY NOTES ~ Anaercbic lagoons are operated by gravity flow and therefors have no energy reguirements other than
any pumping that may be necessary to lift the influent wastewater into the lagoons.

COSTS* - Assurmptions: January 1979 dollars; ENR Index = 2872,

Service Life: 50 years

Average detention time = 35 days; depth = 10 ft; BOD, loading = 466 lb/acre/d. Construction cost includes exca-
vating, grading and other earthwork and service roads. Costs do not include land and pwping. Lliner cost not
included in estimate. Operation and maintenance costs consist of labor and material.

Wastewater Characteristics Influent, mg/l Effluent, mg/l
BOD5 600 240

To adjust costs for other BOD5 loadings and/or detention times, enter curve at effective flow (QE):

o =0 « {466 lb/acre/d) (New detention time)
4 DESIGN (New Design Loading) (35 days)
CONSTRUCTION COST OPERATION & MAINTENANCE COST
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TABLE 6,3-1

DEVELOPMENT OF CAPITAL COSTS

Cost?
Warm b ~ Cool c
Category Climate Climate
Component Instalied
Construction Costs $142,000 $319,000
Subtotal 1 142,000 319,000
Non-Component
Construction Costs
Piping @ 10% 14,000 32,000
Electrical @ 8% 11,000 26,000
Instrumentation @ 5% 7,000 16,000
Site Preparation @ 5% 7,000 16,000
Subtotal 2 39,000 90,000
Non-Construction Costs
Engineering and Construction
Supervision B8 15% 27,000 61,000
Contingencies @ 15% 27,000 61,000
Subtotal 3 54,000 122,000
TOTAL CAPITAL COST $235,000 $531, 000

SOURCE: After Reference 12

8June 1987 dollars; ENR Index 4386.80

bSurface loading rate in warm climate is assumed to be 40 1b BODS/acre/day
for facultative lagoons

CSurface Toading rate in cool climate is assumed to be 20 1b BODS/acre/day
for facultative lagoons




COSTS OF SELECTED FLEXIBLE MEMBRANE LINERS

TABLE 6.3-2

Price ($/yd2)a

Nominal Relatiye Insta11gd
Material Thickness (mils) Cost Cost
d,e
Butyl Rubber 30 6.68-7.99
Chlorinated 30 7.31-12.60%78
Polyethylene (CPE)
Chlorosul fonated 30 7.31-12.609°€
Polyethylene (CSPE)
Elasticized Polyolefins 20 3.52-3.83
(ELPO)
Ethylene Propylene 30 6.68-7.99d’e
Rubber
Neoprene 30 9.95-11.48°
High Density d
Polyethylene (HDPE) 60 M-H 8.17 d
80 9.07-9.64
Epichlorohydrin - 8.48-12.72
Rubbers
Polyvinyl Chloride 20 2.45-3.37
(PVC) 30 3.06-4.17

Source: References 1 and 13

@June 1987 dollars; ENR Index of 4386.80
bL=]ow; M=moderate; H=high

“Installed cost is highly dependent on the area being lined.
dInc]udes subgrade preparation
€lncludes fabric reinforcement

fDepends on thickness



TABLE 6.3-3

COSTS OF SELECTED EARTHEN AND ADMIXED LINERS

Material Installed Cost ($/yd2)a’b’c
Soil and %entonite 1.72
(9 16/yd™)
Bentonite 1.53 -~ 3.52
Soil Cement 2.97

(6 inches plus
2 coats sealer)

Gunite 6.12 - 22.95
Soil Asphalt 2.97
(6 inches plus
2 coats sealer)
Asphalt Panels 9.79 - 16.37
Hydraulic Asphalt , 7.15 - 10.02
Concrete (hot mix,
4 inches)

Source: References 1 and 2

8June 1987 dollars; ENR Index of 4386.80

bDoes not include subgrade preparation

cTransportation costs will vary depending on distance of site from material
source




APPENDIX 6.3

TABLE 6.3-4

COSTS FOR A FOUR-WELL GROUND-WATER MONITORING SYSTEM

Cost Per System
Item Well Cost
INSTALLATION AND DEVELOPMENT
COSTS {exclusive of supervisory
personnel)
Mobilization/Demobilization $125.00 $500.00
Drilling
- 10-inch hollow stem auger
@ $20.00/ft and 40 ft. 800.00 3,200.00
- Split-spoon sampling
@ $75.00/sample and
5-ft. intervals 675.00 2,700.00
Well Installation (4-inch
Schedule 80 PVC pipe)
- Well casing (blank)
@ $11.00/ft and 35 ft 385.00 1,540.00
- Well screen
@ $20.00/ft and 10 ft 200.00 800. 00
- Backfill (clean sand filter
pack, bentonite seal,
grout and cement)
@ $14.00/ft 560.00 2,240.00
- Protective locking well cover 300.00 1,200.00
- Equipment decontamination (one hour) 150.00 600.00
Well Development '
©3150.00/hr and 1 hr/well 150.00 600.00
TOTAL $3,345.00 $13, 380.00



APPENDIX 6.3

TABLE 6.3-4 (Continued)

COSTS FOR A FOUR-WELL GROUND-WATER MONITORING SYSTEM

Cost Per System
Item Well Cost
SUPERVISORY COSTS (during well installation)
Supervisory Personnel
- Geologist
@%$40.00/nr and 8-12 hr/well 400,00 1,600.00
- Rental Car
©$50.00/day 50.00 200.00
- Per diem
©$75,.00/day 75.00 300.00
TOTAL 525.00 2,100.00
SAMPLING AND ANALYSIS COSTS
Sampling (2 people)
- Pre-sample purge
©$30.00/manhour and 1-2 hrs/well 90.00 360.00
- Sampling equipment,
containers, protective
c¢lothing (Level D),
field instrument
rental, sample shipment
costs 80.00 320.00
- Rental car
@$50.00/day 50.00 50.00
- Per diem
©@$75.00/manday 150.00 150.00
Analysis
- Priority pollutant scan
@%$2,000.00/sample a 2,000.00 8,000.00
- QA/QC (field blank, wash blank) 2,000.00 2,000.00
TOTAL (per sampling event) $4,370.00 $10,880.00

4ne QA/QC sample per sampling event, whether one or four wells.
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PRETREATMENT
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APPENDIX 6.5
LAGOON REMEDIATION




APPENDIX 6.5
TABLE 6.5-1

GENERAL TYPES OF RESPONSE ALTERNATIVES
APPLICABLE TO MUNICIPAL LAGOONS

ACTION

No action (periodic monitoring)

Construction of alternate water supply (in response to a short-term
health threat)

Source Control
0 Retrofit/repair lagoon to eliminate pollutant source
o Clean closure (removal of waste)
o Closure with waste in place

Landfill of excavated material
Incineration of excavated material

Control of contaminant plume

Ground-water extraction and treatment

Ground-water diversion

In-situ treatment (innovative)

Allow natural attenuation through dilution, sorption and
degradation

o oo
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APPENDIX 6.5

TABLE 6.5-3

COMMON GROUND-WATER TREATMENT PROCESSES

Treatment Process

Comments

Activated Carbon

Biological Treatment
(suspended growth and
fixed-film systems)

Filtration

Precipitation/Flocculation

Sedimentation

Well-suited for the removal of mixed organics,
especially if they are hydrophobic and nonpolar.
Can also remove some metal and inorganic species.
If fulvic or humic acids are present, they will
preferentially adsorb and result in rapid carbon
exhaustion.

Requires pretreatment for o0il and grease and
suspended solids.

Often used following air stripping.

Mobile systems are commercially available, easy to
start up and shut down, and require minimal space.
Not affected by toxic compounds.

High capital and operating costs can be reduced by
pretreatment (e.g., sedimentation, biological
treatment, and/or air stripping).

Deyrades soluble organics more readily than
insoluble organics.

Halogenated and nitro-substituted compounds are
generally more refractory than other materials.
Bacteria can be inhibited by toxic compounds (e.g.,
metals) and shock loadings.

Pretreatment (usually neutralization and/or
sedimentation) is sometimes required.

Sludge must be properly disposed.

Good for removal of low levels of solids.

Equipment is readily available; easy to operate and
control.

Process is easily integrated into overall treatment
scheme.

Mobile systems are commercially available.

Backwash water will contain high concentrations of
contaminants and must be treated.

Removes metals and certain anionic species.

Can be used in situ in lagoon wastewater before it
is removed.

Equipment is readily available and easy to operate.
Process is easily integrated into overall treatment
scheme.

Sludge must be properly disposed.

Used as pretreatment for activated carbon
adsorption, ion exchange, air stripping, biological
treatment, reverse osmosis and filtration.

Sludge must be properly disposed.



APPENDIX 6.5

TABLE 6.5-3

COMMON GROUND-WATER TREATMENT PROCESSES, Continued

Treatment Process

Comments ’

Ion Exchange

Neutralization

Air Stripping

-

Resin Adsorption

Chemical Oxidation

Chemical Reduction

Removes metals, inorganic anions, and ionized and
organic acids.

Rapidly exhausted at high concentrations (2500-4000
mg/1)

Suspended solids greater than 50 mg/1 can plug the
resin.

Units are commercially available and can be used in
mobile treatment systems.

Regenerant solution must be properly disposed.

Often used to adjust pH prior to biological and
other treatment processes.
Relatively simple process.

Used to remove volatile compounds.

Less volatile compounds are not removed and must be
subjected to other treatment such as carbon
adsorption or biological degradation.

Often used upstream of carbon adsorption to reduce
the frequency and expense of carbon regeneration.
High energy cost (air flow).

Very cost-effective for removal of low
concentrations of volatile organics.

System is modular and easy to establish on site.
Off-gas may require collection and treatment.

Can remove a wide range of polar and nonpolar
organics.

Can tolerate high levels of dissolved inorganics.
Spent regenerant must be properly disposed.

Can partially oxidize specific refractory and/or
toxic wastes prior to biological treatment
(cyanides, phenols, mercaptans and pesticides).
Equipment is readily available but application is
complex.

Reagents are hazardous.

Used primarily for the reduction of hexavalent
chromium, mercury and lead.

Equipment is readily available and process is easy
to implement.

Capital and operating costs are low.




APPENDIX 6.5

TABLE 6.5-3

COMMON GROUND -WATER TREATMENT PROCESSES, Continued

Treatment Process

Comments

In-Situ Treatment

0 Bioreclamation

o0 Chemical Treatment

o Physical Treatment

Applicability must be detemined on site-specific
basis using laboratory and pilot-scale testing.

Aerobic conditions are usually required (except for
halogenated lower molecular weight hydrocarbons).
More soluble compounds are more readily available
for degradation.

Other conditions (pH, micronutrients, temperature,
etc.) must be suitable.

Hydraulic conductivity must be adequate to maintain
a supply of oxygen and nutrients throughout the
treatment zone.

Can degrade organics that are sorbed to soils which
can not be removed by groundwater extraction.

Still in developmental stage.

Groundwater to be treated and the injected reagents
must be contained within the treatment zone.

Types of chemical treatment include immobilization,
soil flushing, and detoxification.

Seil flushing with water surfactants appears to be
relatively feasible and cost-effective for organics.
Inorganics can be flushed with dilute acids or
chelating agents.

Still in developmental stages.

Types of physical treatment include in-situ heating,
vitrification and ground freezing to immobilize or
detoxify contaminants.

Source: References 13, 14, 17, 18, 19 and 20.
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