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What Is The Objective Of

._/
AGENTFATE The Agent Fate Program?
Improve model predictions of agent persistence

Objectives: Payoffs:

* Measure and understand the ® Support research and
physico-chemical processes of acquisition decisions of all
CW agents on surfaces in order capability areas: detection,
to predict their persistence and protection, decontamination
fate in operational scenarios via ® Support and improve
agent fate models Operational Risk Management

decisions based on inhalation
and contact hazard

* JFOC - Battle Management:
Battlespace Analysis and
Planning

* Augments operational and
mission area analysis tools
such as Joint Effects Model
(JEM) and Joint Operational
Effects Federation (JOEF) 2




@ Role of CB Hazard Models
AGENTFATE In ChemBio Defense Program
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CWW Battlespace Mgmt



Why Do We Need An
AGENTFATE Agent Fate Program?

Models give varying and inaccurate persistence predictions
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Temp Liquid Vapor Liquid Vapor Liquid pﬁ L\qU|d /Va/ﬁo
GD 10-30°C Not Avail | Not Avail Not Avail Not Avail ot Agail Nof A4vall <\).2 .
HD 10-30°C Not Avail Not Avail Not Avail N ot-A vay/ Not\e ail Mol Avall <6\2 1 5]
vx | 10-30°c [ Notavail [ Notavail [ Notpamail | Nothvafl [ ot dvaill | [Not fvali 0% 1\7.5)
. sand FM 3-f] A3 oo 307] FM 3fo ‘\por\o‘\es
Fleld manuals and mOdeIS Tem p —\iqufid ap olr Ligufid Vapqgr Liguid Vappr L qu\{‘d Va
G p0-30fc | oy afail |\ 1jp -[sq+ 51 Ajvai 11 - 44 N gt abail 5 -48 | toz2 | 5-5
. . . y(D 1?\-3,6°c/' ot\a}ail \ 6+ Nol alvai 3| 1p \ Nox/vail 6-168 <0.2 5-4
bu I It from Ilm Ited da.ta. Sets & oy N\ye-{ood ot[afaif\| 4% -[ed+ | not AjailfTojpb -7oo 2\ NofAvail [ 1800 -3600 [ < 0.2 7.5 -10
o F -4 FMWM 3-7 FM 3-9 CONOPS
questlonable data [‘Fp p Liﬁuid \Va;oj/ Liquid Vapor Liquid Vapor Liquid Vapor
\e &k _V19-3R°c [ nFtalal “20+ | NotAvail 4-17 Not Avail 5-48 4% 5-5
\iD | 1b-30%—Kotavail 20+ Not Avail 1-5 Not Avail 6-168 4% 5 -4
W—"10-30°C | NotAvail | 18 - 20+ | Not Avail | 422 -3108 | Not Avail | 1800 -3600 4% 7.5-10
FM 3-4
Temp Temp FM 3-9
- Liquid Vapor L
10-30C q P 10-30c| Liquid Vapor
GD Not Avail 7 -20+ .
GD Not Avail 5-48
HD Not Avail 20+ .
VX HD Not Avail 6-168
Not Avail 18 - 20+ .
VX Not Avail | 1800 -3600




P Model Prediction Improvement By
AGENTFATE Agent Fate Program

VX On Concrete
Field trial

2004 prediction

1999 prediction
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o Current State of Agent Fate Data
AGENTFATE

Less than 400 usable live agent fate experiments exist

Circa 1999
. . ; .. Temp Surface
e Deficiencies of EXIStlng Agent (°C) Grass Sand Soil |Concrete| Asphalt
. . <0 no data | no data | no data | no data | no data
Data POlntS A < 15 no data | no data | no data | no data | no data
S < 30 8 9 no data 2 2
- parse > 30 no data 6 no data 2 2
o C <0 no data 1 no data 1 no data
_ NO Coord|nat|0n B < 15 no data | no data | no data | no data | no data
between tests < 30 7 10 no data 2 2
L. . > 30 no data 6 no data 2 2
— Limited test duration <0 no data | no data | no data | no data | no data
NO repeatability C < 15 no data 1 no data | no data | no data
- < 30 16 4 38 1 1
. . > 30 1 3 no data | no data | no data
- MISSIng data <0 no data | no data | no data | no data | no data
: < 15 no data | no data | no data | no data | no data
_ ”Ieglble source b < 30 no data 5 no data | no data | no data
matel’lal > 30 no data 2 no data | no data | no data
. <0 no data 3 no data | no data | no data
— Anthuated test E < 15 no data 1 no data | no data | no data
3 < 30 4 49 64 5 1
eqUIpment > 30 1 23 4 no data | no data
_ Signiﬁcance Vversus <0 no data | no data | no data 16 no data
. . . = < 15 2 no data | no data 9 1
uantification testin < 30 9 1 7] 57 2
q g
> 30 no data | no data | no data 4 no data
Agent Fate Program will start to fill the holes in this matrix 6

(Comprehensive, systematic, and integrated program)



Agent Fate
i,

AGENTFATE Concept And Approach
Three Major I'Lab / Wind Tunnel
Thrusts / Field Trials Science
- Surface Evaporation ™. Based
L o o e agen, 4 Predictive
. c : Substrate, drop size, spread rate, etc.) e
Predictive ' e Capability
Modeling f-. ¢ v for Agent
Statistical Design of T Persistence
Experiments * NMR
» Secondary MGthOdOlogy * HS-SPME
E ti
Mvo?zlpeolirr?glon Development » Soil System
d Understanding of Agent/ Surface Chemistry

* Residual liqui
contact & picku~ » Secondary evap

model for JEM
= Interim VLSTRACK
= CHEMRAT/JOEF

Hazard & Vulnerability
Analysis

= Field Manuals

Operational Environment



o’ Wind Tunnel
AGENTFATE

Testing Matrix

Priorities: 1. non-absorptive, non-reactive
2. absorptive, non-reactive
3. non-absorptive, reactive
4. absorptive, reactive

Agents Substrates Test Matrix
HD Glass?/Teflon! Velocity @5mm: 0.2, 1.6, 3.3 m/s
VX Concrete* Drop Size: 0.0005, 0.2, 9.0 pL
GD Asphalt* Temperature: 0/20, 25, 55 deg. C
NTA Grass? RH: 5 to 90%
Thickened VX Sand?/Clay?

Thickened GD



Atmospheric
o
AGENTFATE Surface Layer

Wind speed near
the drop

Surface
Layer
Height




Agent Fate Wind Tunnels
|
AGENTFATE (to the same scale)

DSTL 50 x 100-cm

TNO 30 x 65-cm

/ Czech 10 x 10-cm
/ ECBC 5 x 5-cm
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Scale Independence of
= .
AGENTFATE Agent Fate Wind Tunnels

o No scaling corrections are required between the various sizes of
wind tunnels used in the Agent Fate Program. Since the tunnels
all possess the same velocity profiles (based on realistic wind
conditions), the agent/substrate combinations being tested
experience the same air flow and evaporation environment.

(o
@)
O
O Accordingly, identical data should be obtained for identical
agents/substrates tested in any of the tunnels. This finding allows
O the results from the tunnels to be directly compared and also
eliminates the need to perform duplicate tests in the different
O tunnels.

- Based on assessment by:
Dr. Klewicki, University of Utah
Recognized expert in theoretical and
experimental atmospheric boundary

NO SCALING
CORRECTIONS
ARE
REQUIRED

11




5x 5-cm Wind Tunnel
AGEI\I*TIEAJATE Operational Arrangement

Hapsite Standard Control
GC-MS Chemical System
Fume Hood Computer

Vapor Sample 2T - :
Tube o % Miller-Nelson
Tunnel Conditioned
Exhaust Air Supplier
Tunnel LR Tunnel
Static Mixer k: Inlet
{ ::.-
Insulator c FLOV‘:I
Heater Blankets ONTRONIET,

(6 thermocouples

Throughout tunnel)  velocity, RH  Viewing  Agent/Substrate  Video  Internal Velocity Profile

Sensors Window Sample Camera Conditioners 12



5-cm Wind Tunnels

_/
AGENTFATE

Sub-ambient ECBC windtunnel
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Persistence Estimates

Aegﬁéng HD On Concrete/Sand Vapor Hazard
T

1.6
TBM attack, 500kg warhead ¢ Sand
3 m/s windspeed @ 2-m height
e 35°C ground temperature B Glass
16" percentile, threshold response
12 1 hour exposure A Concrete

=

safe unmasking time
sand surface
8+ hours

safe unmasking time
non-porous & concrete
4to0 4 % hours

Comparison to other products:

o
o))

AFMAN CHEMRAT
HD/Concrete 1-5 hrs < 3 hrs

Hyfed signal (mV > baseline)....
o o
N o

<2hrs

HD/Sand 1-4 hrs

0.00 50.00 100.00 150.00 200.00 250.00 300.00 350.00 400.00 450.00 500.00
Time (minutes) 14



P Open Air Field Trials
AGENTFATE Improved Test Pad

* Track-driven system to

regulate dissemination device
speed

 New concrete pad

 New sampling mast, arms, and
sampling hardware/equipment
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Open Air Field Trials
AGE?\.?.EATE Agent Dissemination Device

e 2005 Obijectives were to
minimize:
— Variance in circumferental
deposition density

— Variance in annular deposition
density (more uniform density)

— Droplet overlap and droplet
size distribution

e Objectives met with new
dissemination device (goose)

 New goose performance
allows for more accurate
— Mass balance

— Determination of evaporation
rate HD On Glass (15 Sep 2005)

16



,
AGENTFATE

Methodology Development

Results: Degradation of HD*

Limestone:
Asphalt:
Sand:
Mortars:
Concrete:

on Ambient Substrates

No reaction in 7 months
No reaction in 2 months
No reaction in 7 months

Half-lives of weeks to years.
Half-lives of weeks to years.

17



HD* and Water on
AGE?\.%“E Asphalt, Sand & Limestone

e The sulfonium ion H-2TG (toxic) was the major product, >75%.
* An alcohol — thiodiglycol (non-toxic) and/or chlorohydrin - was also formed.
« Half-lives: ~1 month for asphalt and limestone, 1-2 weeks for sand.

ACE Asphalt

3 months -
6l.7 34.3 :
/\ 46 .7 32 0 jk

44.6
44.3
35:15
Filter sand 42f£-1 35.05 26.9
2 weeks 51 4 ;Edwwmﬁ#J\nﬁwﬂhu_m

56:.7
Limestone, 1 week
e nﬁdwwhﬂvk,//“\_ﬂ St D

I I I
60

B SR A

PPpm
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HD* and Water
o
AGENTEATE on Concrete

e The product distribution varied from sample to sample.
— The sulfonium ion H-2TG (toxic) was a minor product, 0-30%.
— 2-chloroethyl vinyl sulfide, minor product, 10-15%
— Thiodiglycol (non-toxic) was also formed, 5 — 25%.
— Product tentatively identified as 1,4-oxathiane, ~30%
— Unknown at 65.5 ppm, 25-50%

Half-lives: 3 — 9 days for wet concrete and mortar samples.
« Non-toxic products in green; toxic in red.

44.3 35.1 . .
Dry (22004 Comparison of HD* on ambient
22 weeks b % * 7" ” =
Ly 112 '@ o concrete (“dry”) and with added

I I OO = PN water (“wet”).

Wet CZ2004
6 weeks

133

The same products were
formed; water decreased the
T T T T T T T T half-life from months to days.

19



_/
AGENTFATE

Soil System Unit

e —— PIPE, BLACK
POLYETHYLENE
(HDPE), ENCASES
SOIL-CORE;

86 cm, 11.5 cm OD,
10.3 cm 1D.

SOIL-CORE,
B300 cm3 SOIL max.;
76 cm max.x 10.3 cm I?IAM.

END CAP, HDPE;
WITH FITTINGS.

TEFLON TUBING;

WITH THREE-WAY VALVE/
CERAMIC PLATE, VACUUM MONITOR.
2.5 pum PORES;

1.0 cm x 10.5 cm DIAM.

POLYETHYLENE
BUNG.
SILICONE SEALANT.

TO VACUUM

SILI?(ONS RUBBER ~ AND ACCESSORIES.
GASKETS.

ONE-WAY VA.LVE~>

N2 (PURGE GAS). SAMPLE COLLECTION FLASK (1-1);
210 mbL EQUIVALENT TO 2. cm
COLUMN THROUGH-PUT.

General Schematic
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.. Simulated
o i .
AGENTEATE Rain Event On Soil

: Atmospheric concentrations of GD
Agent Fate on SO” above the soil surface: Monitored until
9 undetectable (Time 0). Very light
¢ Rain Event simulated rain events sufficient to just
g - moisten the soil surface were applied.
e Rain Event Rain events displacement of GD from
£ 71 1 the soil into the atmosphere above the
(o) ! soil. Successive displacement reactions
E 6 - occurred over the course of days in
S Response to very light simulated rain
N 5 ) events.
g Rain Event
S a- g Agent Application: 80 pl neat GD dropped
< onto soil surface using gas tight syringe
. (applied from 1 inch above soil surface).
< 37 Approximate droplet size 3.6 pl .
C [
A 27 Rain Event Rain Event: Moisture from the Synthetic Rain
@) Rain Event Generator, (1.6 ml distilled water/event ).
1 -
04 ¢

0 500 1000 1500 2000 2500 3000 3500 4000 4500

Sampling Time (min)
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o

GD on Dry
Composite Soill

AGENTFATE
1.4 -
GD applied
1.2
GD displacements from Soil

1.0 - due to simulated Rain Events
6”; 0.8 -
Fs)
E 0.6
a)
(O 0.4 A

0.2

0.0 - RAaes k HL

(I) 5OIOO 10(I)OO 15(I)00 20(I)OO 25(I)OO 30(;00 Min.
1 wk 2 wk 3wk

*GD displacement into air remains >0.05 mg/m3 (IDLH) after 35 Rain Events
eLight simulated Rain Events were applied after GD conc. in air <0.005 mg/m3
*GD persists much longer in complex soil (e.g., sand + clay + humus)
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1 nL droplets on a Teflon surface

/
AGENTFATE




5 Optical Results
AGENTFATE

Agent Drop on

Non-Absorbent,
Non-Reactive Surface

Concrete Asphalt

Cut-away

Cut-away
Agent absorbs rapidly Agent absorbs rapidly
t>>1, Spreads deep into Spreads wide over substrate
substrate

Creates tar-like solvate

Follows aggregate

Evaporation Varies with concrete type
Sequence
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Decision Aiding Analysis & Tools

o
AGENTFATE

« CHEMRAT initiated by
warfighter urgent need request

 Developed and fielded in 3
months
— Ver 1.0 released in Jan 2003
— Deployed to OIF

e Interim accredited by DATSD-
CBD in April 2003

 Transitioned to JOEF in FY05

o Currently used by USAF, USN,
NORTHCOM, DHS, DOE

e Ver 1.51to be released in 1st
quarter FY06

— Updated data from Agent Fate
Program

CHEMRAT

|1
%
AAAAA Vicodly  Wea ] S Tempeal Stabily Category
W x)ex =] [im i | [pba <] [0 =] ams =] [0 ]
Risk. Detector Cas
nGENTFATE &
[Inhaed =] Protector [NaNE -]
Co [Pesk ]
: Hozrd Time Hous}
Pecentie® Dosage -15WdDev Mean  +1S5tdDev
[ Kn3 50 \EDF‘Wl <100 <100 UﬂEI.
o [ 50 [10047 [ <100 [ <100 [ <1m
1 | %0 [ 01007 [crm [ o0 [ 2%
rcent of populabon affected
N/A - Casuslty level cannot be obtained
< ow
%
;
¥
?
8
A
2 8 g g 2 g 2
szard T (Mumber of Hours After Attack)
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Decision Aiding Analysis & Tools

AGEI\I#IEAJATE VLSTRACK Update
e
B -
—
* VLSTRACK updated to VerSion UNCLASSIFEED Depoaition (mgim2k  1-Long Ang Ml I'Iall-'lli-tl (Soman m
3.1.2 0 e :
— Released June 2004 e .
« Updated with Agent Fate ' |
Program data i) i
« VLSTRACK is integration test S 0 - i
bed for transition of Agent Fate VLSTRACK Vercon 212
evaporation models to JEM ! ) asﬂa"m@? .
« New contact hazard and liquid g Datigen. VA 24485100
pickup model being added n st
Mo distribubon to thed pasty i authoneed




- Decision Aiding Analysis & Tools

AGENTEATE AFMAN 10-2602 Table Updates
e

 USAF guidance manuals being
updated with revised hazard Vaor ez VX OnCce X
prediction tables Wh | M0 | RoF | R | MGF | RED ) G

HidSped s
— AFMAN 10-2602 TR
— AFMAN 10-2517 A
 Estimates derived from

50
)

updated VLSTRACK

predictions

L[
* |Incorporates newest agent fate
data

e Scheduled release in Dec
2005

Relase

== s|s|s(s(s|=gE
ggezee22|F
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Decision Aiding Analysis
sl Revised C-CW CONOPS and TTPs

Leveraged live agent outdoor
tests to quantify and assess
detection levels of:

— CAMs

— M-22 ACADAs

— M-8 paper

— M-256A kits

— HAPSITE

— M-279 surface sampler

* Determine droplet spread factors

« Quantify transfer of liquid agent
by vehicles

» Determine effectiveness of
foot/glove decon procedure




Transitioning CW Agent Fate S&T Into
AGE?\.:.EATE Products For CBDP Users

Vi Rz O Coxr B2
Sy PXD | RSOF | RCD | PSCF | RCD | PF

Rl
LovAt
HohAt
LouAt
Hoht
Lovit
HohAt
LovAt
HohAt

== === === FE
EEIEEIEFIETE1H

nnnnnnnnn

GD in Air Above Soil (mg/m3)

Sampling Time (min)
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