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Problem Statement eI

| A Closer Look.at Heferogenemes _—
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1. Remediation technologies for
contaminated groundwater sites

are expensive and imperfect
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104 cm/sec

2. Matrix diffusion at heterogeneous
sites can enhance contaminant

persistence

3. Many sites has often appear to
“hit a wall” because remaining

mass is hard to treat




Critical Elements of a Transition Assessment

NATIONAL RESEARCH COUNCIL
oF NA

THE NATIONAL ACADEMES

ALTERNATIVES FOR MANAGING
THE NATION’S COMPLEX
CONTAMINATED GROUNDWATER SITES

“At many complex sites, contaminant concentrations in the
plume remain stalled at levels above cleanup goals despite
continued operation of remedial systems.”

“There is no clear path forward...”

“If the effectiveness of site remediation reaches a point of
diminishing returns...the transition to monitored natural
attenuation or some other active or passive management
should be considered using a formal evaluation.”

NRC, 2013
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Critical Elements of a Transition Assessment

NATIONAL RESEARCH COUNCIL
OF THE NATIONAL ACADEMES

ALTERNATIVES FOR MANAGING
THE NATION’S COMPLEX
CONTAMINATED GROUNDWATER SITES

1. Describe site complexities and
implications for achieving cleanup goals

2. Quantitative assessment of temporal
concentration trends

3. ldentification of alternative approaches
for managing the site (e.g., MNA)

KEY NRC emphasizes importance of

POINT: transition assessment but is not
prescriptive in how it should be done.
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Project Objective
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Pre-Treatment Period Treatment Transition Assessment:
(Natural Attenuation) Period Determine whether long-
term managementis
g - appropriate (or new
'.g ® - remedy is warranted)
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Remedial Goal

Develop a quantitative,
research-driven web-
based tool that provides
stakeholders with reliable
and transparent way to
decide when to transition
from active treatment to
MNA and other
alternative approaches



Web-Based Tool: Concept and Structure QWGSIH

ENVIRONMENTAL

Homepage for the working version of this app

m About Datalnput 1.Asymptote 2. Expansion 3. Clean-up Goals 4. Performance 5. FPlume Projections 6. Matrix Diffusion 7. EA 8. Heterogeneity 9. Other Projects  10. Summary

TAZ:

E SERDP TRANSITION ASSESSMENT ASSISTANT ' SERDP >E5TEF' Teac hin g Ass istant f or
Transition Assessments

(1) Use Tools #1 — 9 to evaluate specific issues that are important for Transition Assessments.
(2) Use Summary Tools #10 to see how to integrate this information into a full Transition Assessment.

I want to do calculations to answer the question...

 Web-based app
Click buttons to

access modules e Runs in a web browser

that explore key * No downloading
individual requirements
questions

* Free

* Anticipated release in
late 2023

ShA Ny from GStudio 7

Index (RTAI)




Web-Based Tool: Concept and Structure QWGSIH

ENVIRONMENTAL

10 Modules
(“Tools”)

Quantitative Analysis Tools

Qualitative Learning Tools

User can go through a single module
(to answer specific question(s))
or multiple modules
(for more comprehensive TA)



Web-Based Tool: Concept and Structure QWGSIH

ENVIRONMENTAL

1. Has a concentration vs
time asymptote been
reached at my site?

6. Model a groundwater plume
for a Transition Assessment

10. Summary
and 7. Enhanced Monitored

3. How long will it take to Remediation Natural Attenuation
reach cleanup goals after i Transition \ processes

. source remediation at my site?
Assessment 8. Understand how much geologic

P
4. What level of performance Index (RTAI) heterogeneity there is at a site
can | expect from an in-situ N

_ source remediation projects?

2. Is my plume still
expanding?

-~

9. Learn from other SERDP
Transition Assessment Projects

5. Can | meet my cleanup goal at a
downgradient point of compliance
after stopping active treatment?

Quantitative Analysis Tools Qualitative Learning Tools




Web-Based Tool: Data Input QY GSI

ENVIRONMENTAL

1. Concentration and Time Data 2. Monitoring Well Information

Event Date coc Units MW-1 MW-2 MW-3 MW-4 MW-5 MW-6 MW-7 MW-8 MW-9
1 | 03/02/2012 TCE ug/L 37.10 37.10 37.10 37.10 7.00 37.10 37.1C KEY PO I NTS'
2 | 08/31/2012 TCE ug/L 41.90 41.90 41.90 41.90 8.49 41.90 41.9C °
3 | 03/02/2013 TCE ug/L 13.00 13.00 13.00 13.00 10.70 13.00 13.0¢ Slt e-s p e lel C
4 08/31/2013 TCE ug/L 5.10 5.10 5.10 5.10 11.20 5.10 5.1C . . .
5 03/02/2014 TCE ug/L 11.50 11.50 11.50 11.50 11.50 11.5C m0n|t0r| ng data )
6  08/31/2014 TCE uglL 5.00 5.00 5.00 5.00 12.00 5.00 5.0C p a St e d or u p I oa d e d
7 | 03/02/2015 TCE ug/L 15.00 7.00 .
8  08/31/2015 TCE ug/L 4.60 4.60 4.60 4.60 9.40 7.00 8.49 4.60 4.6( I ntO t h e tO O |
9  03/01/2016 TCE ug/L 1.85 1.85 1.85 1.85 8.49 10.70 1.85 1.88 . .
10 08/30/2016 TCE ug/L 11.60 10.70 11.20 NO data IS Stored In
1" 03/01/2017 TCE ug/L 1.80 1.80 1.80 1.80 14.30 11.20 37.10 1.8C the Cloud - use rS Save
12 | 08/30/2017 TCE ug/L 1.20 1.20 1.20 1.20 12.00 41.90 1.2C d h .
13 | 03/01/2018 TCE ug/L 1.00 1.00 1.00 1.00 12.00 15.00 13.00 1.0¢ ata on t elr
14 | 08/30/2018 TCE ug/L 1.20 1.20 1.20 1.20 15.00 9.40 5.10 1.2¢ com p u te rs.
15 | 03/01/2019 TCE ug/L 1.00 1.00 1.00 1.00 9.40 11.50 1.0C
16 = 08/30/2019 TCE ug/L 0.80 0.80 0.80 0.80 11.60 5.00 0.8C

10



Tool 1 - Asymptotes: Are you approaching a QyGS|

ENVIRONMENTAL

concentration vs. time asymptote?

Results Data

Average Concentration of COC in Selected Wells Over Time @
® Q : =
E : E First Order Source Attenuation Rates Estimated Time-to-Clean
o b.') : 8 (per year) Lower Bound Year Year Upper Bound Year
E._' : x Entire Record 0.180 1986 1992 2000
1000 ::’ E Period 1 0.175 1977 1992 2016
w E m Period 2 0.316 1974 1995 2080
©»:Q
D d Lower and upper bound years based on 90% confidence interval.
c :
o :
2 L]
18] "
B 5
) :
e g ®
g X
|9} '
@) .
Q ¢ H
8] .
°:
100
1995 2000 2005 2010 2015 11




Tool 1 - Asymptotes: Five asymptote tests WGS|

ENVIRONMENTAL

Possible Asymptotic Conditions Is the Condition Met?
1. Are the two slopes for the two periods significantly different?
2. |s the rate for period 2 significantly different then 07
3. Is the rate of the first period more than two times the second rate?

4 |s the concentration difference of the last points on the regression lines shown in the graph
greater than one order of magnitude?

5. Is the period 2 rate less than 0.0693 per year (10 year half-life)?

5 of the S possible asymptotic conditions are present.

KEY POINT: Site-specific data are processed to develop simple Lines of Evidence (LOE)

12



Tool 2 — Plume Stability: Y GS|

ENVIRONMENTAL

Spatial and temporal analysis

LL MANN-KENDALL TEST RESULTS
S Statistic  p-Value  Coefficient of Variation Sen's Siope ‘

-104 0.000832 3.1 -0.507 O
MANN-KENDALL TEST RESULTS BY WELL ‘ O

Groups of Wells

All Monitoring Wi Decreasing

Monitoring Well Trend Statistic  p-Value Coefficient of Variation Sen's Slope

MW-1 Decreasing -96 0.0000886 3.53 -0.579

MW-2 Decreasing -96 0.0000886 2.85 -0.579

MW-3 Decreasing -96 0.0000886 3.46 -0.579 5

MwW-4 Decreasing -96 0.0000886 3.46 -0.579

MW-5 Probably Increasing 23 0.0868 2.71 0.800

MW-6 Probably Increasing 23 0.0868 2.10 0.800 O

MwW-7 Probably Increasing 23 0.0868 2.80 0.800 | nSUfflcent Data

MW-8 No Trend -32 0.199 1.26 -0.400 NO Trend

MW-9 Decreasing -96 0.0000886 2.70 -0.579 |ncreaSi ng
Decreasing

Is the plume still expanding?
Stable
All Monitoring Wells No

13



Tool 3 — Remediation Timeframe Estimates: How long will Qg GS|

it take to reach cleanup goals after source remediation? ENGIRONS

$SERDP GQESTCP — e
DOD * EPA » DOE 0 B T =
Viaw Al Socal Media
DoD'’s Environmental Research Programs uun
. Source
............................ REMChlor-MD
Home > Program Areas > E Restoration > G . Persistent & PRINT
Contamination > ER-2529 Project (
Estimating Mobile-Immobile Mass Transfer Points of Contact
Parameters Using Direct Push Tools sl Tevaitigatas T;\
Dr. Robert Borden | Draper Aden Associates Or. Robert Borden
Draper Aden Associates llIllll ll
ER-2529 Phone: 919-349-8472 100 200 300
Objective | Approach | Results | Benefits | Publications reborden@eosremediation.com Years
P 10’
Objective Environmental Restoration F T T
SERDP and ESTCP E
erf@noblis.org i 2 I r?=0.97
.
o >10F n=13984
(2" Blog_Post (02/23/2015! L 1 -
T Final Report (posted 11/20) 210
[B] Audio Summary 8
T Exe 20
;@Mmm(pm g 100
10'1 B L LI L L L LU L LI
0 5 10 15 20 10" 10° 10' 10° 10°
Mass Residence Time (yr) REMChlor-MD T, (yr)

SERDP Project ER-2529 Borden and Cha Paper
(PI: Dr. Bob Borden) (Science of the Total Environment, 2021)
28,000 REMChlor-MD Simulations

14



Tool 3 — Remediation Timeframe Estimates

WGSH

ENVIRONMENTAL

Hydraulic Gradient

Input Data

1. Site/Temporal 2. Select Scenario & 3. Site-Specific
Settings & COC Hydrologic Setting Parameters (Optional)

4. Uncertainty Analysis
(Optional)

Enter specific parameters below or use buttons to upload data (requires use of template
file):

Choose Input File
Update Input Values

from Input File

Browse... No file selectet
Will reset all input values.
Distance from Source to Monitoring Well (meters): 50 ~ »
Hydraulic Gradient (-): 0.0001 = »
Constituent of Concern: TCE N 2
Year Source Started: 1970 -~ 5
Year Source Removed: 2020 -~ 5
Concentration of COC Before Source Removed (ug/L): 10000 - s

15



Tool 3 — Remediation Timeframe Estimates QW GS|

ENVIRONMENTAL

Select the hydrogeologic setting that best matches your site. ?

© Setting 1: Aquifer with aquitard (either below, Setting 1

above, or both) T -

_ ' . . ransmissive B ~

Setting 2: Aquifer with no aquitard but Zone

layers/lenses

Setting 3: Aquifer with both aquitard and

layers/lenses

Describe Layers and Lenses Setting 2
Transmissive Zone
For All Scenarios:

Agquifer Thickness (meters): 1

<>
~

Transmissive Zone —_— ] |

Transmissive Zone Soil Type: Gravel s s

Transmissive Zone 0

Low-k Soil Type:

Clay G ?

Transmissive Zone

16




WGSH

Tool 3 — Remediation Timeframe Estimates =

TCE Concentration at

1. See Timeframe to Reduce Plume Concentrations by 90%, 99%, and 99.9%

Concentration Reduction Concentration (ug/L) Year Achieved Years From Now (2022) Deviation of Years from Mean

90% (1 OoM) 1000 2024 2 1-2
99% (2 OoMs) 100 2049 27 12-15
99.9% (3 OoMs) 10 221 189 49 - 55

10000

=
o
o
o

Monitoring Well (ug/L)
o
o

10
Clean-up Lev

5

2000 2050 2100 2150 2200 2250 2300 2350 2400

—— CI10% —— CI90% —e— Mean Year

KEY POINT:

Estimates remediation
timeframe after active

source treatment (with
uncertainty) to compare
to MNA-based
approaches.

17



Tool 4 — Remediation Performance: Qy GSI

What performance can | expect from in situ remediation?  ='"™""&™

Remediation Performance: Chlorinated Solvents

Number of Remediation Projects: 253

10,000,000~
@ Bioremediation (n=117) q@
o Chemical Oxidation (n=70) “b(\
[ ] Chemical Reduction (n=17) o Hiah
1.000.000- @ Chemical Reduction / Bioremediation (n=4) o & Low [s)
000, RS
® MNA (n=18) f ¢ e <‘}oc. Range Range
) Surfactant (n=4) ® [ ] (]
® Thermal Treatment (n=23) s N . f s
e® ° Empirical Remgdiation Perforrhance Stats
100,000- 1 N S
® o [ o . .
L ... ® Q@b % reduction Increasing 100
) L
[ ) .
Ty o :
10,000- 0. ® PY %o L o & OoM reduction 1.4 5.1
[

U TR
1,000~ .'5..0 e ® &

Maximum Concentration After Treatment (ug/L)

o K9
y °a‘0ﬂ :'." o0 @Q@b
160 ‘. :..o o o ° e &
¢ o * :,.o. ‘ ’t 1 & h
o e g% [T, & KEY POINT:
10- MGL , Ce ve 8 .
Sl Kl gl Gl e KR i Bl sl sl el ik Tool provides access to
°® ° . .
. 1 AP empirical perfqrmance data
for benchmarking purposes

Maximum Concentration Before Treatment (ug/L) 13



Tool 5 — Plume Attenuation Rates: Can | meet a Qy GS|

downgradient cleanup goal after transitioning to MNA? ENVIRGNMENTAL

1. Estimate the plume attenuation rate
using field data (concentration vs.

distance) or lab-based data
2. Use this rate to forecast the future C
plume extent downgradient of source ?
area (e.g., after shutting off a P&T well) | fooooooooooooooc =S e———
3. If forecasted concentrations at point-of- distance

compliance are below the goal, then this
supports transitioning to MNA as risk
management strategy

19



Tool 5 — Plume Attenuation Rates: Qy GS|

Use Pre-Remediation rate constants ENVIRONMENTAL

Results

1. Pre-Remediation Period (actual)

Mean Concentration of COC in Selected Wells Over Distance

5

s

Point of
Compilance\

loglo [COC Concentration {ug/L)]
= ] 15

=]
L]

Q 500 1000 1500 2000 2500 3000

Natural attenuation rate used for future

L] PreRem Regression:PreRemediation - - - - - = Regression:PreRemediation with confidence plume projections
Estimated Attenuation Rate Constant (per meter) Without With Confidence
: Confidence Limit| Limit

-0.0012 -0.0011

20
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Tool 5 — Plume Attenuation Rates: Qy GS|

ENVIRONMENTAL

Use Pre-Remediation rate constants

2. Post-Remediation Period (projected)

Mean Concentration of COC in Selected Wells Over Distance

5
s
é‘ Point of
= Compilance
g: !
5>
Y e S S ol 1T = 1 T 71 )
’ - T == -
Q 500 1000 1500 2000 — ;500 3000
Distance (m) . . o o .
Natural attenuation rate is sufficient to achieve
L Current Concentration for Source Well ———— Regression:Projected - - - - — - Regression:Projected with confidence Cleanup goal
Estimated Conceniration at Point of Compliance (ug/L) Without With Confidence
: |Confidence Limit| } Limit
0.078 0.19
Cleanup Goal Achieved at Point of Compliance? Without With Confidence
i | Confidence Limit | : Limit
: Yes Yes 21
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Tools 6 -9 Qy GSI

The Four Qualitative Modules ENVIRONMENTA

Tool 6 - Understanding and e — e SR————
Modeling Matrix Diffusion

CONTAMINATED GROUNOWATER SITES

HOW TO USE REMChior-MD FOR TRANSITION ASSESSMENTS
KEY PARAMETERS FOR REMChior-MD

HOW TO CALIBRATE REMChlor-MD

Sa Hstory of TA S5 MD Case Study 5c Models for TA §d REMChior40
REMCHLOR-MD ASSUMPTIONS AND LIMITATIONS

Tool 5d. How can | model a groundwater plume to support a Transition Assessment (TA)?

REFERENCES

Tool 7 — Enhanced Attenuation o i

Intercept surface v

waler aned wiorm fow

Approaches for: — B

" Chlorinateds Attenuation
* Inorganics-radionuclides
« PFAS

|

Reduce maes Mus 0 g condwate
‘ﬂ*\q.ﬂ".m‘

+ Redute vp sloge wfow of groundeme:
+ Enhance destruction of seurce mass

Conceptual Position of Enhance Attenuation +Uss gl pustios beor
vs. Source Treatment and MNA (ITRC, 2008) sendniicn Jinicnd

22



Tools 6 -9

The Four Qualitative Modules

WGSH

ENVIRONMENTAL

Tool 8 — Geologic
Heterogeneity Calculator

Tool 7 indicates the relative impact
of matrix diffusion on remediation

Example Result: h

User describes aquitards and enters boring log data

T b B T

| [— ]
1 1 1 |

“Combining values from all steps, the overall impact of
eterogeneity on matrix diffusion is expected to be High.”

Tool 9 - Learn from

SERDF Project

SERDP Project

T Pt

ERZ0-1075 Derehopemant of Pradictive Tooks for ER20-1357 Dhirvsboping @ Cuanttate Framework

Azsasarant of Halral ADsruaton
Canpacity mnd Treabmasnl Trangson el
Chirinalisd Scdvisni Silds

flor Prsdiciing Abeglic Aseunlon under
Natursl &5 Traniitonsl S
Managemen Soenanos

Other SERDP Transition
Assessment Projects

EHGH- 100 Quantfying the Distributon of Biolc and ERM- 1368 Diriaamant of Promosts. b Guansfy

Ablotc Transiormation Fabe Constanis
In Low Permaabdity Clary Tores for

Imiproved Assarssmasnd of TCE bmpaects
o Groundealor at Dol Fald Silos

ibiotic Transfamaltion Fates and
Mochnnmrd for Chicrinabed ESwnes in
Water Supply Aquilens

ERA0-1374 Fiodd Deployabia DFP KL for
bt Asissamant of Abdolic
WMondoned Matural ABerwation Rales

EHE =12 Quanitalve Assessment of Long-lem
Abicte Transicrmation Fates of
Chinrnaled Sohvweris

23



Tool 10 — Summary of Site-Specific Qy GSI

ENVIRONMENTAL

Transition Assessment (TA)

Determine if the concentration goal at the point of
compliance can be met with MNA (Tool 5)

[ - — “Bright line” criteria

Determine if the remediation timeframe for MNA is reasonable
and/or similar to the timeframe after source remediation (Tool 3)

A _4

Y. =

?Calculate Remediation Transition Assessment Index (Tool 10b)

A 4

} Summarizes results from
multiple tools

Complete Checklists (Tool 10c)

l | l
/1. Describesite\ / 2. Perform \ /

__ Walks through key
complexities quantitative
and assessment of elements Of TA
implications for concentration » 3b. Enhanced
achieving trends (e.g., Attenuation / Active
KcleanUp goals Y, k”asvmptotid’) VA Remediation 24




Tool 10 — Summary of Site-Specific TA: Qy GSl

ENVIRONMENTAL

Remediation Transition Assessment Index (RTAI)

< RTAI >

 Remediation Transition
Assessment Index (RTAI) is a
simple metric that reflects the
relative persistence of
contamination at a site due to
matrix diffusion and other
site-specific considerations

RTAI = 1 RTAI =5 e Summarizes the results from
Site is poor Site is strong relevant modules within the
candidate for candidate for TA? Tool, assigning an RTAI

transition transition value to each result

25



Tool 10 — Summary of Site-Specific TA:

Remediation Transition Assessment Index (RTAI)

Tool

Asymptote? Tool 1

Expanding? Tool 2

Performance? Tool 4

ITRC Potential? Tool 4

Timeframe? Tool 3

Enhance? Tool 7

Remediation Transition Assessment Index

WGSH

The RTAl is higher is key downgradient/sentinel well(s)

reduction is needed and may not be achievable based on the

difficult conditions based on a methodology developed by ITRC.

The RTAl is higher for sites where additional source remediation
does not result on short remediation timeframes. It is based on

The RTAl is higher for sites where EA technologies or approaches

METRIC VALUE

POOR FAIR TYPICAL GOOD STRONG Rationale
Candidate Candidate Candidate Candidate Candidate
RTAI =1 RTAlI=2 RTAI=3 RTAI =4 RTAI=5
1 2 3 4 5 The RTAl is higher is there are more Lines of Evidence
that concentrations at the site are asymptotic.
! Pl ST PD 2 exhibit stable or declining concentration trends.
The RTAl is higher for sites where a higher concentration
=0.5 05to=0.75 0.75t0 =125 1.25 to <2 =2
expected performance of remediation technologies.
High High-Mod Moderate Modl ow Low The RTAl is higher for sites with challenging cleanup goals and
=2 5to <10 10to <25 2510 <30 250 the estimated number of years to reach the cleanup goal after
remediation.
can by easily implemented. It is based on the depth and width
NA NA NA NA NA of the area being targeted, which are used as proxies for cost
and ease of installation.
0 0 0 2 3

ENVIRONMENTAL

26



Case Study Snapshot ﬂmﬁmsm!

e Chlorinated solvent plume (TCE)

S 3 e Tench SR % <7 {7 was being managed by extraction

" 2 B e S SRR system (including collection

We"s Ul [ el e R e trench) for ~10 years

71 | i\ ' e Sandy aquifer with high seepage
velocity overlaying low-k clay till

e Decision was made to transition
from pump-and-treat to MNA
starting in 2015

Treatment
Plant

27



Case Study Snapshot

COC Concentration in
Extraction Trench (ug/L)

TOOL1

10

Extraction
wells running

/ SHUTDOWN

Post-
remediation

Jul 2012

Jan 2013 Jul 2013

Jan 2014

Jul 2014 Jan 2015

Year

Jul 2015

Jan 2016 Jul 2016 Jan 2017

WGSH

ENVIRONMENTAL

Site would have been
considered a good candidate
for TA based on some
metrics, but not others

No asymptote

Performance of | RTAI=
additional remediation 1or2
not strongly influenced

by site geology _

Decreasing concentration
trends and favorable
plume stability

RTAI

28



Case Study Snapshot

COC Concentration (pmole/L)

Distance (ft)

Cleanup Goal (0.05 pmole/L)

Point of Compliance

Post Remediation

Pre Remediation

Regression:Projected

Regression:Projected with confidence
Regression:Evaluation Well Projected
Regression:Evaluation Well Projected with confidence

WGSH

ENVIRONMENTAL

Natural attenuation rate was estimated based
on pre-remediation data (red symbols)

During the post-remediation period (blue
symbols), the natural attenuation rate was
sufficient to achieve cleanup goal

* Tool was used to project concentrations
from multiple downgradient wells

Field-based rate was consistent with lab-
based rate showing that abiotic processes
were responsible

29



Conclusions ;,!oﬁﬁ!

= Transitioning to MNA requires a clear

path with strong technical basis TAZ TOOI

= Project deliverable is a software app that

makes transition assessments easier Available mid-2024
* Free, web-based, and fully compatible
= Supports evaluation of passive, less- Will be available for
intensive approaches download at the SERDP
) . . o ER20-1429 project page:
= (Case studies provide site-specific https://serdp-
examples of app’s utility estcp.org/projects/details
. .. i /350cbc0b-893a-43a6-
= Additional training webinar and short 830c-c9c057bacac0

course are planned

30


https://serdp-estcp.org/projects/details/350cbc0b-893a-43a6-8a0c-c9c057bacac0
https://serdp-estcp.org/projects/details/350cbc0b-893a-43a6-8a0c-c9c057bacac0
https://serdp-estcp.org/projects/details/350cbc0b-893a-43a6-8a0c-c9c057bacac0
https://serdp-estcp.org/projects/details/350cbc0b-893a-43a6-8a0c-c9c057bacac0
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