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Purpose Study area

¢ Evaluate the occurrence of \
natural and anthropogenic B |
(man-made) Cr VI

Estimate background Cr VI
concentrations upgradient, near
the plume margins, and
downgradient from the mapped
plume near Hinkley, CA

“« |ssues are COI’T]p'EX, Mapped extent of Cr VI (> 3.1 ug;’L],- 15t quarter 2013

0 5
but not unknowable . " Miles

Goal is to produce useable, understandable,
unbiased, and actionable science-based
information to assist with Cr VI clean-up




Purpose Study area

“ Evaluate the occurrence of \
natural and anthropogenic
(man-made) Cr VI

“ Estimate background Cr VI
concentrations upgradient, near
the plume margins, and
downgradient from the mapped
plume near Hinkley, CA

Ancillary purpose(s):
< QOccurrence of other trace
elements including: manganese,

Mapped extent of Cr VI (> 3.1 pg/L), 1% quarter 2013

. . . 0 5
iron, arsenic, and uranium . " Miles

« Work with the CAC, Project Navigator, RWQCB,
PG&E and their consultants to provide data to
address other issues within the Hinkley Valley




Scope of proposal Study area

Evaluation of existing data | \ E
Sample collection and analyses F ﬁjﬁ |

of rock and alluvium N2
Sample collection and analyses "

of water (chemistry and

isotopic tracer data)
Evaluation of local conditions

Evaluation of groundwater
movement

Evaluation of occurrence of :
) Mapped extent of Cr VI (> 3.1 pg/L), 1% quarter 2013
natural and anthropogenic 0

5] )
chromium - . Miles

Estimation of background Cr VI concentrations
Fate of chromium within the IRZ




Task 2: Analyses of rock and alluvium

10
Si0, blank =0 mg/kg
Field
measurements

NIST 2711a (soil) = 53 mg/kg

209%0000000° 00090 0,00994,
Field
measurements

, [

_——— g

Hand-held X-Ray Fluorescence (XRF)

BHVO-2 (basalt) = 280 mg/kg

Field
measurements

Chromium, milligrams per kilogram (mg/kg)

0 20 30
Number of measurements

Standard reference materials




Task 2: Analyses of rock and alluvium

PG&E core storage area

———
——

Hand-held X-Ray Fluorescence (XRF)

More than 800 measurements of
elemental composition of rock, alluvium,
and core material




Task 2: Analyses of rock and alluvium

X-Ray fluorescence spectrum and elemental compositions
(illustrative)

Cr=13.6 mg/kg
As =< 1.4 mg/kg
U=<3.0mg/kg

Note: 3-channel mode

Camera image of
measurement area

Alluvium
floodplain aquifer of the Mojave River,
near Hinkley, CA




Task 2: Analyses of rock and alluvium

X-Ray fluorescence spectrum and elemental compositions

Cr = 8,600 mg/kg
As =< 3 mg/kg
U=<6mg/kg

Hand-held X-Ray Fluorescence (XRF) Note: 2-channel mode

A Camera image of
- : :";1 '-'.;'Ii e " measurement area
Fuchsite (chromium mica), '
San Gabriel Mountains
near Wrightwood, CA




Task 2: Analyses of rock and alluvium

- 7

Hand-held X-Ray Fluorescence (XRF)

Primarily a screening
tool for selection of
material for more
detailed analyses

Raman Spectrograph of mineral grains,
USGS Menlo Park, CA




Task 3: Sample collection and analyses of water

Wells were selected |Task 1: Evaluation of existing data — trend analyses

Mumber of analyses

on the basis of the 1 6 1 52 90 57

0.4
. Domestic wells L
rESUItS Of TaSk 1 Wlth n

input from the TWG
106 120 151 169 159

Monitoring wells
(RMSE normalized for sample mean)

Root Mean Squared Error

Work closely with
PG&E consultantsto !
sample existing o
monitoring wells and
domestic wells

Percent difference

Advanced Technology Laboratories
————————————————————————.

From Hinkley TWG 04172014




Task 3: Sample collection and analyses of water

Wells were selected
on the basis of the
results of Task 1 with
input from the TWG

Work closely with
PG&E consultantsto
sample existing
monitoring wells and
domestic wells

Monitoring well Cr VI trends, Hinkley, CA 2011-2013

Positive Tau (increasing Cr VI concentratiﬂns}

Data from PGRE / CHIM-Hill

3,978 analyses from 396 wells

Kendall's Tau, unitless

o Positive value, p <0.05
e Positive value, p<0.1
e No statistically significant trend
e Negative value, p<0.1
o Negative value, p <0.05
Compressor
station

From Hinkley TWG 04172014




Task 3: Sample collection and analyses of water

Wells were selected |Attachment 2: Candidate Wells on Soreadsheet: Summer 2014

: - ] Maximum mapped plume
on the basis of the o) o extent 2008-2013
results of Task 1 with - WA ) Vi B PG&E professional judgment

input from the TWG | [ S& e ofpluneedentdad 2ol
. A Dubvrsasi/s > 50 micrograms per liter

[ | > 100 micrograms per liter

Work CIOSEIV with * Monitoring wells (65)

PG&E consultantsto | SEEEAAEs o e Su8d x Monitoring wells for possible

*5i

sample existing - ; i : - summer 2014 sample

_ _ collection (35)
monitoring wells and i % Domestic wells

domestic wells S EY t TEE + Domestic wells for possible
X areinm 0 2 SElES  summer 2014 sample
collection (4)

From Hinkley TWG 06252014




Task 3: Sample collection and analyses of water

Wells were selected

on the basis of the

results of Task 1 with § g =2
input from the TWG |

Work closely with
PG&E consultantsto
sample existing
monitoring wells and
domestic wells

Greg Smith, USGS, and BlaineTech personnel collecting
water samples. March 3, 2015




Task 3: Sample collection and analyses of water

Field parameters

Chemistry
Major-ion, minor ions, nutrients
Cr(VI1), and Cr{t) from multiple laboratories

Trace elements: includingarsenic, manganese,

uranium, and others

Isotopes and age-dating parameters

Tracers of the source and history of water
delta Oxygen-18 and Deuterium
Dissolved atmospheric gasses

Tracers of the age of water
Tritium / Helium-3
Industrial gasses (CFC’s and SF;)

Tracers of rock / water interactions (Sr-87/86)

Tracers of the source of chromium (Cr-52/53)

UNFILTERED

3 FUILL — NO RINSE — TAPE CaF

FILTERED

4] SCH 310 MAIDRS & TRACE = 350 mi, FA - CLEAR CAP BOWDL
> EMPTY DI — TOP FILL — ONE FINSE —HEADS SPACE — HNG: VIAL

F L Tkl -
| E“T‘f N — TIZ" FILL -~ OME RNSE ~ HEF-EI"'F'D’.[A:-

B deits Chieniom. 531 o 1 POLY FU - (NP Mando)
* EMPTY DIW - TOP FILL — OME RENSE —MEADSPALE

] ."'TF:l' L AT B PR = 2 [ 2t] IE!E.LEH &E ]
- TOP FLL — THREE RINSE — HEADSPACE

i WY e
l- EII"'I! bow — rr,\? r-||_| — BNE MNSE — HEADSPALCE

11} ALKALIRITY = SO0 sl FIY = EMPTY DIW - TOP FILL — ONE RINSE — FIRLL

18 LE31E CARBON SO TOFE i G G i o ;
* BOTTOM AVOLUME FLlJ H = N[IHELDSF‘-!.L'L

Remove Teflon tubin
13 CHROMIUM SPECLATION (TOTAL snd Cr VI (BOULDER) SEE PROTOCOL FOR INSTRUCTIONS

14 E GASES i 3 OOPPER T
= COLLECTED AT WELL SAMPLING POINT — STORE SAMPLES FOR SHIFFING

Collect from copper tubing

i VED 3 & & W OFFICE MOMDAYS
* Batiom I|H ..J..i.LEI T Ilr STEEL F".'JH?AINEE LINI:IEHWhTER - SEE PROTOCOL FOR
IRSTRUCTICONS [can bee cofleciad with grunfos pump and Teflon tubing)

15 W&-FHI 7 [ ] 3 LINED CAPS
= BOTTOM FILL wsing oo ppuh.nhn-; u':kf#f.u' <l learst @ I VOLUME FLUSH — D

HEADSPACE — TAPE CAP — SEE PROTOCOL FOR INSTRUCTIONS

FC) AMBIENT, SHP FROM OFFICE
ONDAYS ETJTTﬂH FILLuI ing ﬁ{ﬁn‘l haineg, neck underwalsr — ieast & 3 VOLUME FLUSH — NO
HEADEPALE == TAPE CAP — SEE PROTOCOL FOR INSTRUCTIONS




Task 3: Sample collection and analyses of water

Field parameters

Chemistry
Major-ion, minor ions, nutrients
Cr(VI1), and Cr{t) from multiple laboratories
Trace elements: includingarsenic, manganese,

uranium, and others

Isotopes and age-dating parameters
Tracers of the source and history of water
delta Oxygen-18 and Deuterium

Dissolved atmospheric gasses Carmen Burton, USGS,

Tracers of the age of water Preparing bottles for sample collection,
March 5, 2015

Tritium / Helium-3
Industrial gasses (CFC’s and SF;)
Tracers of rock / water interactions (Sr-87/86)

Tracers of the source of chromium (Cr-52/53)




Task 3: Sample collection and analyses of water

Field parameters

Chemistry
Major-ion, minor ions, nutrients
Cr(VI1), and Cr{t) from multiple laboratories
Trace elements: includingarsenic, manganese,

uranium, and others

Isotopes and age-dating parameters

Tracers of the source and history of water
delta Oxygen-18 and Deuterium
Dissolved atmospheric gasses

Tracers of the age of water
Tritium / Helium-3
Industrial gasses (CFC’s and SF;)

Tracers of rock / water interactions (Sr-87/86)

Betty Hernandez and Roger Killian of the
Hinkley Community Advisory Committee (CAC)
observing sample collection, March 5, 2015

Tracers of the source of chromium (Cr-52/53)
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Specialized sample collection
and handling techniques:
samples cannot contact plastic
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Specialized sample collection

and handling techniques:
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samples cannot contact atmosphere
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At 1 femtomole/ liter

550,000 molecules
of SF. in this one-liter bottle
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At 0.02 Tritium units / liter
11,000 atoms of tritium (3H) per liter

-
Q
=
2
G
O
v
Q
w
=
(O
=
(O
©
c
(O
=
[
=t
O
ne
0
o
L
Q.
=
(O
(Vg
o
=
G
T




How good are the data?

Internal study design
40 Environmental samples:

Cr (VI) and Cr (t) analyzed
by multiple laboratories

Internal consistency within
the data
Asset Labs

results available as of
March 29, 2015
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Total dissolved chromium, Cr(t)




QA / QC for

?
How good are the data: 40 Environmental samples:

Equipment blanks (N = 20+):
Reference waters: N =2 How clean is our equipment ?

Replicates:N =7
Field blanks (N = 5):
How clean are we in the field ?

Replicate samples (N = 8):
How precise are our
measurements ?

Standard Reference Water (N=2):
Asset Labs
results available as of [RalA Ao S =1d=R=[g=Nelll}

Nabiledaadil Mmeasurements ?
B 12

Hexavalent chromium, Cr(VI),
in first replicate

in second replicate
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How good are the data?

Equipment blanks (N = 20):

Reference waters: N = 2 How clean is our equipment ?
Replicates:N =7

in second replicate

Reeat ks Original part: Cr(V1) contamination 0.4 pg/L

results available as of Remanufactured part:
March 29, 2015 Cr(V1) contamination 0.1 pg/L
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5]
Hexavalent chromium, Cr(VI),
in first replicate

@ Replicatedata © StandardReference (Known) Water




How good are the data?

Materials to prepare one Standard Reference Water sample in the field

Certified analytical COCform , Asset Lab sample bottles
- Acid preservative

15 mlvialof [ | | B micropipette

reference
concentrate

5 ml pipette
to prepare
solution

_ USGS NRP sample vials
Preweighed 485 ml of inorganic filter

free water in a 500 ml Teflon bottle _ _
Syringe with

anion exchange resin




Task 3: Sample collection and analyses of water

Cr(VI1) / Cr(t), P PP =8 M JohnFitzpatrick, USGS
. B - : ! Menlo Park, with TIMS
nutrients

for analyses of
chromium isotopes

Major ions,
minor ions,
trace Carbon-14,
elements, Dissolved, strontium,and
water and industrial chromium Tritium /
iIsotopes gasses iIsotopes helium-3

Time, in months




What is next?

“ Project management tasks:
schedule and timeline of
project tasks and interim
products

“ Project reporting tasks:
lay-reader manuscript

dE}S{: |"|b|ng the Study USGS drill crew positioning temporary pum[;) for coupled well-

bore flow logging and depth-dependent sample collection

“ Some work needs to move forward sooner rather than later

< Task 4: Evaluation of local conditions (hydrologic
characterization in support of Task 5)

< Task 5: Evaluation of groundwater movement
(Groundwater-flow model upgrades and simulations)

Task 8: Fate of chromium within the IRZ




What is next?

“ Project management tasks: S
schedule and timeline of RS aRCCEEEE T

0 20
I E—

project tasks and interim | 5
products SN |

“ Project reporting tasks: Assist CH2M-Hill

with upgradesto S ~  Regional Aquifer

lay-reader manuscript sl | 20

—

describing the study Ol >y M

“ Some work needs to move forward sooner rather than later

< Task 4: Evaluation of local conditions (hydrologic
characterization in support of Task 5)

< Task 5: Evaluation of groundwater movement
(Groundwater-flow model upgrades and simulations)

Task 8: Fate of chromium within the IRZ




What is next?

“ Project management tasks:
schedule and timeline of
project tasks and interim
products

“ Project reporting tasks:
lay-reader manuscript

describing the study Anerobic glove box

USGS Geomicrobiology Lab, Menlo Park

“ Some work needs to move forward sooner rather than later

< Task 4: Evaluation of local conditions (hydrologic
characterization in support of Task 5)

< Task 5: Evaluation of groundwater movement
(Groundwater-flow model upgrades and simulations)

Task 8: Fate of chromium within the IRZ
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What do you get when you send
two geologists into the field ?




