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What we’ll cover today...
 Chemical Mixture Method (CMM)

— Review basic concepts B

e When to use CMM—New Draft EMG

 Simple 3-chemical example mixture
— Using CMM Excel Workbook
— ALOHA 5.4 for concentration at site boundary input

 BEFORE Scenario—exceeds PAC

* Mitigation options implemented

— Re-run ALOHA—input new concentrations
— Re-run CMM workbook

e AFTER Scenario—Below PAC?7?7?
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CMM—Review

 Based on -
—Hazard IndeXx concept
—Health Code Number (HCN) “binning”

« Target-organ effects categories
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Review—Hazard Index (HI)

What Is 1t?
« HI=C /PAC ...aratio...where...

— HI = Hazard Index of chemical

— C = Airborne conc. of chemical at

* Receptor point of interest

« User-supplied concentration (from ALOHA 5.4)
— PAC = Protective Action Criterion

 For a chemical
« AEGL, ERPG, or TEEL—In this order
« User-selected PAC Level: 3,2,1,0 (Usually Level-2)

» To be BELOW PAC: HI <1
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Review—HCN “Binning”

What's an HCN?

Describes toxic effects of each chemicalsss
A code like medical diagnostic code

Used to categorize or “bin” health effects
HCN Examples

CN 11.00: Lung effects
CN 3.10: Liver effects
CN 7.00: Nervous system effects

45 current HCN codes—SCAPA website

http://www.orau.gov/emi/scapa/healthcodenumbers.htm
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Review—HCN “Binning”
What's an “HCN bin"?

 Like different kinds of baskets (kindsms)
* Ready to be filled

=y HCN 11.00: Lung organ bin
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Review—HCN “Binning”
What's IN an “HCN bin™?

- One kind of “fruit"—like “all apples’ =

— Sum All His (like “all apples”)
—for one HCN effect (HCN “bin”)
— from any chemical

His in HCN
“bin”

HCN “bin”
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Review—
How does HCN “Binning” work?

Mixture of effects

Sum All Hlis \
for liver effects Sum All His

Sum All Hls
for lung effects HCN 3.10 for nerve effects
HCN 11.00 2] HCN 7.00
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Review—HCN “Binning™:
Simple math addition!

 Simply ...
« Add ALL Hls in EACH target-organ bin

e To be BELOW PAC
— Sum of all HIs for Each HCN hin< 1
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Chemical Mixture—When to Analyze?

Source: Draft EMG Vol Il, “Hazards Surveys and Hazards

Assessments”, 2.6.2(1), 12-16-2005
B

 Chemical Mixture...analyzed...ONLY IF:
— Plausible scenario

AND

— Exceeds lab-scale threshold
 In general...5 gal-liquids, 40 Ib-solids, 10 Ib-gases

AND

— Released from same location at same time
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Example Mixture

« Two chemicals -.

— Carbon Tetrachloride
— Chloroform
— Chlorophenol
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CMM--Input Sheet

A \/" B cV D \/ EV FV
Conc. Limit | Conc. (Ci) at
| : Receptor (Liy at Receptor
| No. Chemical Compound CASRN Point (RP) | Receptor Point
Point. (mgima3)
Site
1 |Carbon tetrachloride 56-23-5 Boundary TEEL-2
0.5 mi
Site
2 |Chloroform 67-66-3 Boundary TEEL-2
0.5 mi
Site
3 |2-Chlorophenol 95-57-8 Boundary TEEL-2
0.5 mi

<]

M % Input ¢ Import /4 HIs by mode # HIs by target organ 4 Qutpub £ HCW-TEEL /
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Example Mixture—HCN “BIns”

CHEMICAL IN MIXTURE

TARGET
0]={cT:\ Carbon Tet Chloroform | 2-Chlorophenol

(CT) (CF) (CP)
Liver 3.10 3.10

Kidney 3.09

Repro Sys

Narcotic

Cancer

Acute, generic

13
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Changing HCNs in CMM File

 HCN-TEEL sheet
— Tools - Protection - Unprotect Sheet 2 0K

D E

Units of
arigingl
litmit=;

SAX
number

4 4 » »\ Input £ Import / HIsbymode £ HIsby target organ /£ Output 3 HCN-TEEL /

Calculate

EMISIG/SCAPA Meeting ... Las Vegas, NV... May 2006 14



DOE Protective Action Criteria (PACS)

. AEGLs (60-min) > ERPGs > TEELs
— AEGLs - Final or Interim (NOT Proposed) ™

e Chlorophenol
— TEELs in CMM file
— No AEGLs or ERPGs

 Carbon Tet & Chloroform
— ERPGs (TEELs Rev 20) in CMM file
— AEGLs (Interim) currently exist
— Need to change PACs on HCN-TEEL sheet

4 4 » M\ Input { Import £ HIsbymode / HIs by target organ £ Output ) HCN-TEEL /

Ready Calculate
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Changing Carbon Tet PACs
» On HCN-TEEL sheet

D E

Units of
Chemical Matne CASRR L arigingl
LIS limit=

414 T [Forhon efiachiore EMMMHM‘ ‘.nm o M
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Changing Chloroform PACs
» On HCN-TEEL sheet

D F G H

Unit= of
originl
limit=s
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Chlorophenol PACs
» On HCN-TEEL sheet

E

Unitz of

Chemical Mame ariginal

mmmmm

\/
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“Plausible” Scenario

- Stored together in drums in warehouseé™
 Explosion from “plausible” source
— Propels drums laterally through walls

 Drums & building walls breached
— Mixture released to outside environment

 Chemicals not “transformed” by explosion

EMISIG/SCAPA Meeting ... Las Vegas, NV... May 2006 19



Source Term: General Equation

« ST =MAR x ARF x RF x DR x LPF
— ST = Source Term
— MAR = Material at Risk
— ARF = Airborne Release Fraction
— RF = Respirable Fraction
— DR = Damage Ratio
— LPF = Leak Path Factor
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Source Term: BEFORE

» ST = MAR x ARF x RF x DR x LPF

— MAR (Material at Risk) —

100 drums of each chemical = 300 drums total
e 55 gallons / drum

— ARF, RF, LPF =1 (vapor)
— DR =0.9 2 90% of all drums breached
e ST =0.9 MAR =90 drums of each chemical

e ST, =4950 gallons
e ST, = 4950 gallons
e ST.p = 4950 gallons

21
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CMM—Input Sheet

A B C D E F\/
Conc. Limit | Conc. (Ci) at
| : Receptor (Liy at Receptor
| No. Chemical Compound CASRN Point (RP) | Receptor Point
Point. (mg/m3)
Site
1 |Carbon tetrachloride 56-23-5 Boundary TEEL-2
0.5 mi
Site
2 |Chloroform 67-66-3 Boundary TEEL-2
0.5 mi
Site
3 |2-Chlorophenol 95-57-8 Boundary TEEL-2
0.5 mi

M 5 Input ¢ Import /4 HIs by mode # HIs by target organ 4 Outpub £ HCW-TEEL /
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Concentration at Distance—ALOHA 5.4
Carbon Tetrachloride (Before)

FAALOHA 5.4
File Edit SiteData SetlUp Display  Sharing  Help

THREAT Z0HE:
Model Hun: Heawvy Gas
Hed : 585 yards ——— (3278 mg/{cu m}})
Orange: 827 yards —-—- (1198 mg/{cu m) ) gEal=lc] Ry
Yellow: 1754 yards ——— (277 mg/{cu m) )\ my

THREAT AT POIHT:
Concentration Estimates at the point:
Downwind: Off Centerline: @ yards
Max Concentration:
Indoor: 154 mg/{cu m)
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Concentration at Distance—ALOHA 5.4
Chloroform (Before)

FAALOHA 5.4
File Edit S5SiteData SetUp Display  Sharing  Help

THREAT Z0HE:
Model Run: Heawy Gas
Red : 322 yards —— (15,6808 mg/{cu m))
Orange: 1.1 miles -—— {312 mg/{cu m})) AEGL-2
Yellow: greater than 6 miles ——-- {18 mg/{cu m)) BRI EY

THREAT AT POIHT:
Concentration Estimates at the point:
Downwind : m Off Centerline: B8 yards
Max Concentration:

Outdoor: 1,530 mg/{cu m
Indoor: 245 mg/{cu m)
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Concentration at Distance—ALOHA 5.4
Chlorophenol (Before)

FAALOHA 5.4
File Edit SiteData SetUp Display Sharing Help

THREAT ZOHE:
Model Run: Heawvy Gas
Red : 276 yards ——— (2808 mg/{cu m}))
Orange: 798 yards -—— (48 mg/{cu m)) RISy
Yellow: 1.6 miles ——— {6 mg/(cu m)} TEEL-1

THREAT AT POIHNT:
Concentration Estimates at the point:
Downwind:| 880 yards | OFf Centerline: 8 yards
May nrrarion:

111 H .
Outdoor: 34.7 mgS{(cu m)

Indoor: 8.34 mg/{cu m)}
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CMM Input Sheet (Before)—

Concentrations at Receptor Point

E F
Conc. Limit | Conc. (Ci) at
| : Receptor (Li)y at Receptor
| No. Chemical Compound CASRN Point (RP) | Receptor Point
Point. (mg/m3)
Site
1 |Carbon tetrachloride 56-23-5 Boundary TEEL-2 1060
0.5 mi
Site
2 |Chloroform 67-66-3 Boundary TEEL-2 1530
0.5 mi
Site
3 |2-Chlorophenol 95-57-8 Boundary TEEL-2 347
0.5 mi

HCM-TEEL




Execute CMM Macros

- PC>
“Control” & “=* together OR “F9”

e Mac—>

“Apple” or “Command” & “=* together
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CMM Results (Before)

A B c D E |F G H | 1
_ Indivicual Toxic Mode or Endpoint-specific HIs Sum of Organ-specific His
No Chermicals in mixture chemical) = zarg [ SUM OF Hl sum Hl sum
' CASRN all His i
Index |:H|:I Mode ar Er'lljpl:llr'lt »= .95 Drgar'l »= .95
= - - |
1 |Carbon tetrachioride 56-23-5 | 0.891 SIS IR i IESE | o 1o G SR DA e o
qens Bladder Cancer
2 |Chiarafarm 67-66-3 | 4.904 CLUE o UdEs e AU e o
Liver Cancer
3 |2-Chlorophenal 95-57-8 | 0.868 HCN = 3 Chronie System- | 5 7g¢.9
ic Toxins
4 6.66E+D HCN =4 Acute Syatem-lc 8 68E-1
Toxins
5 HCN =5 Repm—ductwe 1.76E+D
Toxing
= HCM = 8 Marco-tics 5.79E+0
11 HCN = 3.09 or 3 Kidney 4.90E+0
Toxin
12 HCN = 3.10 ar 3 Liver & 79E +0
[ Toxin

4 4 » M| Input ;-:f Irmpaork j-:': HIs by mode ;-:f HIs by karget organ }.J]utput ;-:f HCM-TEEL f
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CMM Results (Before)—

Lower & Upper Bound
C

A B D E
o Chemical| MoMiUal o o
Mo Chemicals in mixture Hazard
CASHEN all HIs
Index (HI)
1 [Carbon tetrachloride Sh-23-5 0.8491
2 |Chloroform E7-bBb-3 A 904
2-Chlorophenaol 05-57-0 0.865




CMM Results

Toxic Mode or Endpoint-specific HIs SuUm of Organ-specific HIs

—HCN “Binning”

J

HI s Oroan HI sum
w= [0.25 . ~= [0.25

HCM =1 or 2 Carcino- 5 79E+0 HCM =1,1.01, 2 or 2.01

CEMNS Bladder Cancer
HCM =1, 1.02 2 or 202

Liver Cancer

hMode or Endpoint

3.79E+0

3.79E+0

HCM = 5 Chronic Swstem-
ic Toxing

HCR = 4 Acute System-ic
TOxING

HCM = & Repro-ductive HCM = 3.09 or 3 Kidney
Toxins Toxin

HZMN = 3.10 ar 3 Liver

Toxin s A

HCR = 8 Marco-tics

4 4 » M4 Input f-:f Import ,.-:f HIs by mode f-:f HIs by target organ hﬂutpt,{HCN-TEEL f
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Results Summary (Before)

 Upper Bound—Sum of ALL His
— 6.7—O0ver conservative

« HCN Binning
— 5.8—Realistic yet Conservative

 Lower Bound—Individual Hls
— 4.9, 0.9, 0.9—Non-conservative
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Mitigation Options

 Chemical Substitution |
* Inventory Reduction

 Engineering Controls

 Administrative Controls

« OUR CHOICE - Inventory Reduction
— Goal: “After” results—be at PAC (HI = 1.00)
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CMM Results (Before)—

Lower & Upper Bound
C

A B D E
o Chemical| MoMiUal o o
Mo Chemicals in mixture Hazard
CASHEN all HIs
Index (HI)
1 [Carbon tetrachloride Sh-23-5 0.8491
2 |Chloroform E7-bBb-3 A 904
2-Chlorophenaol 05-57-0 0.865




Inventory Reduction—
Carbon Tetrachloride
Chlorophenol

« ST = Cut to ONE-QUARTER
— 90 dr released (0.25) = 22.5 dr released
-DR=0.9
— 0.9 (x dr-inv) = 22.5 dr-rel
— X =22.5/0.9 = 25 dr-inv
* Inventory (MAR): 100 dr = 25 dr
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Inventory Reduction—
Chloroform

e ST = Cut to ONE-TENTH
— 90 dr released (0.1) =9 dr released
-DR=0.9
— 0.9 (x dr-inv) =9 dr-rel
-x=9/0.9 =10 dr-inv
* Inventory (MAR): 100 dr = 10 dr
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Source Term: AFTER

e ST =MAR X ARF X RF x DR x LPF
— MAR
e 25 drums—Carbon Tetrachloride
* 10 drums—Chloroform
e 25 drums—Chlorophenol
— ARF, RF, LPF =1 (vapor)
— DR =0.9 2 90% of all drums breached
« ST=0.9 MAR

o« ST+ =1235 gal [was 4950 gal]
» ST = 495 gal [was 4950 gal]
o« ST.p =1235 gal [was 4950 gal]
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Concentration at Distance—ALOHA 5.4
Carbon Tetrachloride (After)

E A ALOHA 5.4
File Edit SiteData SetUp Display Sharing Help

THREAT Z0OHE:
Model Run: Heavy Gas
Red : 266 yards ——— (3270 mg/{cu m
Orange: 433 yards --- (1198 mg/{cu m)\Ie]Ry.
Yellow: 954 yards --- (277 mg/{(cu m) \Jc]R%

THREAT AT PODIHNT:
Concentration Estimates at the point:
Downwind{ 888 yards Off Centerline: 8 yards

[outdoor: 322 ngsccu m)] [ RRINATE

Indoor: A48.1 mg/{cu m)
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Concentration at Distance—ALOHA 5.4
Chloroform (After)

P ALOHA 5.4
File Edit SiteData SetUp Display Sharing Help

THREAT Z0OME:
Model Run: Heauy Gas
Red : 97 yards --- (15,688 mg/{cu m)
Orange: 674 yards --- (312 mg/{cu m)) QEA\cIEy]
Yellow: 2.8 miles --- {18 mg/{cu m}) TEEL-1

THREAT AT POIHT:
Concentration Estimates at the point:
Dnl.unl.uind: 0ff Centerline: 8 yards
Max Concentration:

Outdoor:| 196 mg/{cu m) | RVEEHMERIE Tl K]

Indoor: 32.5 mg/{cu m)
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Concentration at Distance—ALOHA 5.4
Chlorophenol (After)

P ALOHA 5.4
File Edit SiteData SetUp Display Sharing Help

THREAT ZO0HE:
Model Run: Heawvy Gas
Red : 153 yards -—- (288 ng/{cu m))
Orange: 94 yards —-—- (488 mg/{cu m}) TEEL-2
Yellow: 1686 yards ——— (6 mg/{cu m)) IRy

THREAT AT POIHT:
Concentration Estimates at the point:
Duwnw1nd HEH ard5 Off Centerline: @ yards

Was: 34.7 mg/m3
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CMM Input Sheet (After)—

or Point

Concentrations at Recept

D E F
Conc. Limit | Conc. (Ci) at
: Receptor (Li) at Receptor
No. Chemical Compound CASRN Point (RP) | Receptor Point
Point. (mg/im3)
Site
1 |Carbon tetrachloride 56-23-5 Boundary TEEL-2 322
0.5 mi
Site
2 |Chloroform 67-66-3 Boundary TEEL-2 196
0.5 mi
Site
3  |Chlorophenol, 2- 95-57-8 Boundary TEEL-2 15.1
Y 0.5 mi /\

b M|\ Input / Impart 4 HIs by mode 4 HIs by karget organ 4 Cukput 4 HCN-TEEL
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CMM Results (After)

TiC: ~ | sum of
] all His

Repro-ductive
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CMM Results (After)—

Lower & Upper Bound

A B C D E
. . . Chemical (eI S of
MO, Chermicals in mixture Hazard
CASREMN all His
Index (HI)
1 [Carbon tetrachloride oh-23-0 0.271
2 [Chlorofarm bi-bA-3 0.625
4 |Chlorophenol, 2- Oo-57-8 03738
' Lower
Bound

4 4 » M Input ,{ Impaork ,{ HIs by mode ,{ HIs by karget organ hﬂutput,{HCH-TEEL f
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CMM Results (After) —HCN “Binning”

5 H I
Toxic Mode or Endpoint-specific HIs SuUm of Organ-specific HIs
. HI sl HI sLirm
Mode or Endpoint oo 095 Qrgan =025
HCZM = 1 or 22 Carcino- 8 99E 1 HCZM =1, 1.01, 2 ar 2.01 8 99F_1
Ens Bladder Cancer
H_CN =1,1.02, 2ar 2.0 8 99E .1
Liver Cancer |
HE:N =_ J Zhronic System- 8 99E_1
i ToxiNns
HE:F_J = 4 Acute System-ic 3 TEE-1
Toxins
HZM = 5 Eepro-ductive HZR = 3.09 aor 3 Kidney
6.48E-1 _
Toxins T oxin b.28E1
: HCM = 3.10 or 3 Liver
HCZM = 8 Narco-tics 8.99E -1
L i /7

4 4 » M4 Input f-:f Import ,.-:f HIs by mode f-:f HIs by target organ hﬂutput,{HCN-TEEL f
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