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Overview of this Presentation

¢ Description of the site (CSM) and data results from
additional investigations

¢ The remedial technologies & implementation of the
remedy

¢ Groundwater monitoring program

¢ Evaluation of the groundwater data by the U.S. EPA’s
Groundwater Statistics tool

¢ Results and recommendations
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Conceptual Site Model
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Generalized Hydrogeological Model
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Data Results from the Additional Investigation Soil (mg/kg)
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Direct push survey
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Direct push survey
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The Remedial Technologies

¢ |In Situ Redox Manipulation Permeable Reactive Barrier

¢ Treatment of the source area soil & groundwater in situ
using augers to mix a reducing agent “EcoBond”



Schematic to
illustrating the
concept of the
ISRM Wall

Taken from Battelle (1/2004), In
Situ Redox Manipulation
Permeable Reactive Barier
Emplacement: Final Report,
Frontier Hard Chrome
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Final Location of the Reactive Barrier

FORMER RICHARDSON |
. METAL WORKS INC.
Injection -I_ BUILDING

and
Monitoring
Wells
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CaL INC.
BUILDING

Figure 3.8. Well Location Map




Implementation of the ISRM Wall
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Treatment of the Source Area Soil & Groundwater In Situ

Using Augers to Mix the Reducing Agent “EcoBond”

Two different auger size
diameters, 10 and 6 feet
with injection ports along
the stem of the auger.
Treatment depths 2.5 to 25
feet BGS




Treatment of the Source Area Soil & Groundwater In Situ
Using Augers to Mix the Reducing Agent “EcoBond”
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Confirmation Soil Sample Results
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Confirmation Groundwater Sample Results

Hexavalent Chromium (down to 30 feet BGS)
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Groundwater Monitoring Network
and Monitoring Program

Thanks to:
\’ Bernie Zavala
United States U.S. EPA, Region 10
Environmental Protection
Agency




Site Map and Monitoring Well Locations
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Groundwater Monitoring - A-Zone
Total Chromium Concentration (pg/l) September 2007




Groundwater Monitoring - B-Zone
Total Chromium Concentrations (pig/l) September 2007




Implementation of the

Long Term Monitoring Optimization (LTMO )

¢ Monitoring And Remediation Optimization Software
(MAROS) method was selected for the LTMO and the

evaluation was performed in 2007

¢ Total of 33-monitoring wells were actively being
monitored
» 16-wells in the A-zone
» 17-wells in the B-zone

¢ Sampling frequency was quarterly for the most part




MAROS Uses Several Lines of Evidence

to Develop Recommendations for the Monitoring Network

Individual well trend

Plume wide trends

Well redundancy and sufficiency

Sampling frequency

Data Sufficiency

Qualitative Evaluation

Mann-Kendall (linear regression)

Moment analysis: Total dissolved mass, center
of mass, and distribution of mass

Delaunay triangulation and slope factor
calculation, along with area ratios and
concentration ratios

Modified cost effective sampling
Sequential T-Test, Student’s T-Test and Power

analysis

Hydrogeologic factors, monitoring objectives,
stakeholder concerns and all statistical results

to develop final recommendations




Results of the LTIMO

¢ Monitoring network was sufficient

¢ General decreasing trend in groundwater quality in all
monitoring wells

¢ Some monitoring well redundancy

¢ Sampling frequency could be reduced from quarterly to
semi-annually

¢ After 2007 the list of monitoring well locations for
sampling changed from 33 to 22

wEPA




The Statistical Evaluation of the Groundwater Data

¢ Recommended Approach for Evaluating Completion of
Groundwater Restoration Remedial Actions, March
2014

¢ Groundwater Statistical Tool and User’s Guide. January
2014




Remediation and Attainment Monitoring

¢ The evaluation will be performed on a Well by Well basis
per COC

¢ Either a statistical approach or non-statistical approach can
be used

¢ There are two different phases of evaluation groundwater
monitoring

» Remediation phase monitoring — typically is completed when the
data collected and evaluated demonstrate that the groundwater

has reached the cleanup levels

» Attainment phase monitoring — contaminant cleanup level has been
met for each well and will be in the future

wEPA




Example of Remediation & Attainment Monitoring

Well RAMW1ZA

Sample Number  Matdy  Swnple Date Ansiylo Coes, Units  Qualifier Stationloclicn Noles

MUISM4 Vaatar 17-0c1.03 Checmum 192 poL RAMW-12A  Dissotnd
MRTFS Vst 12-New-03 Chvemium 155 et RAMW-12A  Dissolved
MZAFD Wistwr C3-FutrOd Checerium 180 [y RAMWN-12A Total
MIZBHI Wit 06 Ape. 04 Chocemim 58 pol RAMW-128  Dssolved
MUT25 Vister 17MugO4 Ghoomium 249 worL RAMW-12A  Dissoved
104755 Vdater 05-Mary-06 Chacmium 0 polL RAMW-12A  Dasotved
DE504262 \Vustae 12-Dec-05 Chieemium 102 [ RAMW-12A  Dissoived
104243 ot OF-Mar-08 Chsomism 96 ¥l RAMW-12A  Dissolved
244313 Véoter 15Jun 06 Chromtham 0 Pl u RAMW-12A  Dissoived
04218 Viatar 28.50p-05 Chrombam &0 poL RAMW-12A  Disotved
64110 o 04-Dee-08 Chrombam a8 P RAMW.12A  Dissolved
134288 o 30-Mw07 Chrosban 50 P RAMW-12A  Dissoived
22a0m1 Ve 0507 Chrossban 48 ol RAMW-12A  Disoved
2450 Warer 16.50p-07 Chrombum T oL RAMVS12A  Disssived
504181 ater 12.Dec-07 Chromium 57 poL RAMV-12A  Dissoived
A¥4109 Witer 72-Sep-08 Chiomius 12 Pl RAMW12A  Dissoived
50500523 Wister 16-Sep-00 Chromius 868 ol RAMW-12A  Dissoved
Well B87-8 1005055-25 Water 18-Sep-10 Chromium Rl Pl RAMVI-1ZA  Disscived
1008084-24 Waer 15.5ep-91 Chromium ° Pl RAMI-12A  Disscived
1210057-25 Wiker 18-0e%-12 Chromium 608 wal RAMW12A  Dissoved
s D Analyie Cone, Units Qulilier S . NI 130407202 Weiher 25-2p0-13 Chromium 500 ol u RAMV-1ZA Ossoved
Wator 04-Fob04 Caromium 182 L [P Totw 20 R
Walor 07-2ge-04 Caromium 244 paL 887.3 Total 80 so  POvrselae Lo Wall RA-MW-12A (:n:u;.,,.-h-uﬁgt
Wealar 15-Aug-(4 Crromium a5 paL J Be7.2 Dissovod 364 e g
Water 04-May 05 Creomium Ha pol BET S Total 65 2
Water 13.00c.00 Crromum 3 oL Bo7-3 Tets 51 . ]
Walar 06 Aar06 Coeomium 50 oL Bora Tota 0o :
Walei 14-Jun-08 Chromium ¥ ot para Total an s =0 TR T eyl e
o 27-Sup-ce Checemium 154 por Ba78 Dissolved 134 £ |
Waster 02-Dec(0 Checmum n ot Ba7-S Totw 3] 5 WO
134261 Vdater 20Mar 07 Checmium 78 upt pars Dezsodwod "y ‘: l l
234080 Watar 05-Jun-07 Checmium 6.2 oL Bars Dissoived 0% S W A |
Wassz Vistur 18-Sap 07 Checemium 533 Jot 5673 Dizsovod 2.1 E w D i
4144 Vst 11-Dac 07 Chweemum 8o ot E473 Dissotvod 84 5 o ? - “3 /L )
3104008 Vister i Sep @ Cheomum me polt Bay-s Dissotved 134 8 3 3 8 8 8 8§ 8 88 8 ¢ L -
DO00E620 Viatar 16-Sop 09 Chwomium 405 pplL mrs Descachymed 18, 3 3 8 § £ 3 3 ; 2 yj 5 '3 -1 '." ;_‘ & g 5
100008520 Vit 15-8ap-10 Chsomium am [T L8 T Chor BoTs Dssotved LA
1008004-10 Vistn 14-Sap-11 Chisenbam a pgt s, EGTS8 Dissolved 2.0 Sergle D!
121008713 Vidatnr 17.0ch12 Chomeam 500 pl Uas O0 pars Dissowd 74
130407201 Véter 25Apr 13 Chrombam 500 oL u T.al 78 Dsschved 54 Note: Whers & Sasched concertreion o wsed, the NTU vl sled 18 e pro-flleneg v
-4
i Rrrrdeb e Well BB78 3k s venyie \
=)
) ‘;{' e
E 300 { 8
E I
é 1% e
‘ | A\
o o
: - I Ler v
£ . a \ i e
X W
33 3 % 8% % 553 % 3 3 7 = = & % =
$ 38 3% 38 28 8 % % % 33 8 8 %38 %
Sampka Date

Nota Whar 3 Bes0hed concartration is used. e NTLI vidus Lxted Is (e predtemg vakis
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Examples of Attainment Monitoring Non-Statistical

Well RAMW-1 54

Sample Humber Matrix Sample Date Analyte Conc. Units Qualifier Station Location Hotes HTU
MJ2508 Water 15-00-03 Chromium 4 polL u RA-MA-158 Total =10
MJ2TES YWater 11-Nov03 Chromium 15 pgl =] RA-MA-158 Total <10
M J285T YWater 04-Feb-04 Chromium 72 pgl J RA-MA-158 Tatal 1.00
M J2BH1 YWater 05-Apr-04 Chromium 15 pgl J RA-MA-158 Tatal 0.00
MJ4722 YWater 17-fug04 Chromium 15 pgl J RA-MA-158 Tatal 0.00
184248 Water 04-May-05 Chrom ium 4.7 Hig L RA-MWY-1528 Total 2.00
05504280 WWater 13-Decls Chramium 37 pgiL RA-MA-158 Tatal 1.30
104251 Water 07 -Mar-06 Chramium 53 pgiL RA-MA-158 Tatal 0.00
244280 Water 12-Jun 06 Chramium 45 pgiL RA-MA-158 Tatal 0.80
394182 Water 25-3ep 06 Chromium 27 polL RA-MA-158 Total 0.20
494080 Water 02-Dec06 Chromium 50 polL u RA-MA-158 Total 2.00
134241 YWater 29-Mar-07 Chromium 37 pgl RA-MA-158 Tatal 0.30
234068 YWater 04-Jun 07 Chromium 40 pgl RA-MA-158 Tatal 0.50
384541 YWater 17-Sep 07 Chromium 34 pgl RA-MA-158 Tatal 0.40
5044153 YWater 12-Decd? Chromium 34 pgl RA-MA-158 Tatal 1.0
£394093 YWater 21-Sep 08 Chromium 24 pgl RA-MA-158 Tatal 0.30
90906514 YWater 17-Sep08 Chromium 2.62 pgl RA-MA-158 Tatal 1.32
1009065-18 WWater 16-Sep-10 Chromium 2.582 pgL RA-MA-158 Tatal <10
el WE5-6A 1009064-18 WWater 15-Sep-11 Chromium 2 pgiL u RA-MA-158 Tatal 2.45
1210057-18 Water 18-00-12 Chramium 9.00 pgiL RA-MA-158 Tatal 018
Sample Number — Matrix  Sample Date Analyte Conc.  Units  OQualifier Station Location Motes - Well RA-MW-150
MJ2ZAJE Wiater 09-Feb-04 Chrarmium 1.4 poil J WG 5B Total r 1
MJ2BLO Water 08-Apr04 Chromium 143 pall WWESBA Total “g @
M 4T 4T Water 159-Aug-04 Chromium 9.1 pall J WWEESBA Total =4
184235 Water 04-May-05 Chromium 29 pall WWEESBA Total 2 A
244284 Water 12-Jun-08 Chromiurm 22 pall WWEESBA Toatal Eg=
394182 Water 25-5ep-06 Chromiurm 41 pall WWBA-BA Tatal E / \
494113 Wiater 05-Dec-06 Chramium kil uoil u WEE-BA Total Sm
134245 Water 30-Mar-07 Chromiurm 3.4 poll W 564 Total o / \
234072 Water 05 Jun-07 Chromiurm 32 poll W 564 Total £ 10
334545 Wiater 18-5Sep-07 Chramiurm 4.1 pail WA EY Total E
a04132 Wiater 10-Dec-07 Chramiurm 21 pail WA EY Total E
8394083 Wiater 20-Sep-08 Chramiurm ] pail WA EY Total o0
30906501 Water 15-5ep-09 Chromiurm 1.53 poil WEE B Total g 2 § ] g g g 5 % g g 2 g 2 g T3 5 g
1009065-03 Water 15-Sep-10 Chromium 2,06 poil WA BA Total S & & & & & &6 4 & & & &£ &6 & & & & T o
1009064-03 Wy ater 1358p-11 chromium 3 oL WYES-BA Total Sample Date
121005703 Wiater 16-Cct-12 Chromium 4.1 poil WG 5B Total
MNate:urhere a dissolved concenfration i uzed, the NTU walue listed is the pre-fitering walue
Well W85 6A

Chrormiurn Concentration (pgd)

004
Fpr08
0006
Apr06
0ct-06
rpr07
0at-07
Fpr08
008
#pr0g
0ct:09
fpr0
0at-10
sor1
oat-11
rprz
012

Fprd

0at-03

Sarmple Date




Groundwater Statistics Tool - Data input

Groundwater Statistics Tool
Data input worksheet

— Test R y
= "oty s=- i
~ AL oot g [ u-- g ¢ Detected Data —Remediation Goal
m::t M - 'Yﬁ 1040 Nondetect Data
Bemie Zavala 611472006 218 Yes i & |
/2712006 13.4 Yes
Chromium 12/212006 31 Yes = 100
8870 33012007 78 Yes ¥ w
Date 616/2007 92 Yes §
ug/L SI1B/2007 53.3 Yes s &
12/11/2007 56.9 Yes 2 an -t .
95% 9/21/2008 119 Yes £ .
50 9/16/2009 40.5 Yes ¢ 20 o‘
ik Unad S15/2010 2.71 ‘(’u 5 » o o S0
9/14/2011 3 Yog. = 2 o =k
% 101712012 586 Yes 38000 35000 40000 41000 42000
42572013 5.96 Yes. . : Scwth
3 12/11/2013 6.86 Yes _____Axis Values
Min Max Min Max
Auto Auto Auto Auto
Reset Concentration Axis
None
None
%




Groundwater Statistics Tool

Groundwater Statistics Tool
Outlier testing worksheet

. ‘lG ‘ i
Box and Whiskers Plot I
140
B Values Outside 3 1QR
120 —
@® Values Outside 1.5 IQR
100 ‘
— & Values Within 1.5 IQR
60 - Box (Interquartile Range) and
. P 4 Whiskers
40 L] — Minimum and Maximum Values
*
20 1 e Median Value
| o |
0 - - ‘




Groundwater Statistics Tool

Groundwater Statistics Too
Normality Testing Worksheet

. 5% N/A
; 1 - 31.9180286 ' N/A
] 28.55266667 N/A
‘ 0.875145548 ) N/A
! | 0.7806648 N/A
Ee 0.881 N/A
Normal Q-Q Plot (
140
120 4 >
= 100 1
=
|2 8o -
5
- o ?
§ 40 ‘0
S 20 4 L J
oLoeaseesst”
-2 -1 0 . 1 2
Quantile
| Previous Step: Outliers Screen I Next Step: Trend Screen | Skip Step: UCL Screen ||
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Groundwater Statistics Tool

Groundwater Statistics Tool
Trend test results for datasets nonparametrically distributed residuals

Trend and UCL Line
140
& Detected Data
J ¢ Nondetected Data
e ¢ s Thiil-Sn
| | weme Remediation Goal
g 0 - - 95% UCL
=
< 80 -
8
- &0 * - - = =
E e e
¢ a0 - @
§ ™
20 - =<8
»
0 ‘ , Y S ——
38500 39000 39500 40000 40500 41000 41500 42000
_Month




Groundwater Statistics Tool

Groundwater Statistics Tool

Summary and UCL calculations for nonparametric data sets

Concentration (ug/L)

Trend and UCL Lines

€ Detected Data —Theil-Sen
140 —— Remediation Goal w == Upper Confidence Limit
120 4 <>
100 4
_—
- -_—
i ;—.—.ﬁ‘ el
40 - &
£3
20 - 2
o %
o Y S —
38500 39000 39500 40000 40500 41000 41500 42000

Month




Results and Recommendations

¢ No, this site has not attained the chromium cleanup
level throughout the plume

¢ The 95% UCL is 64.3 ug/L cleanup level 50 ug/L

¢ Yes, the trend is decreasing or not statistically
significant

¢ Recommendation: Continue sampling for two additional
qguarters and redo the evaluation




Comparison of Case Study to the EPA's Guidance for

Evaluating of Groundwater Restoration

¢ Discussion of the evolving CSM
¢ Remedial Technologies and monitoring confirms the DQOs were meet

¢ Adequate groundwater monitoring program (LTMO) - Groundwater
monitoring network was sufficient

¢ Statistical Evaluation of the groundwater data on a “well-by-well basis” for
each COC

¢ Evaluated remediation monitoring and then attainment monitoring through a
statistical tool

¢ Statistical analysis for each well determined that additional monitoring is
needed to demonstrate completion of the restoration remedial action

¢ Once groundwater restoration has been met, it will be recommended to
pursue site deletion.

wEPA




Questions?




Disclaimer

¢ Information presented in this presentation represents the views
of the author(s)/presenter(s) and has not received formal U.S.
EPA peer review.

¢ This information does not necessarily reflect the views of U.S.
EPA, and no official endorsement should be inferred.

¢ The information is not intended, nor can it be relied upon, to
create any rights enforceable by any party in litigation with the
United States or any other party.

¢ Use or mention of trade names does not constitute an
endorsement or recommendation for use.




