
The order of this data package is as 
follows: 

1. Chain-of-Custody/Lab Request

2. Copies of field COCs

3. Validation Report

4. Laboratory analysis

Comments:   

Validation report not required 
for University of Illinois 
samples. 

Revised data begins page 27.  



University of Illinois 
COC/Lab Request #: 

Chain of Custody/Analysis Request 2017-650-1 

Urbana IL Page 1 of 1 

Client Contact: Lab Agreement#: Site Name: Los Alamos National Laboratory 

Project Number: ~ad Screening Info: 

Analysis Turnaround Time: 

24 Hour- D Other- D 
7 Days- D 
14 Days - D Lab Reporting Limit Type: 

(") 

21 Days - D ll) Sample Quantitation N 
28 Days - ~ 

ll) 

Limit 0:: 
(.) 

Sample Sample Sample cl. 
Field Sample ID en 

Date Time Matrix ::: 
CAM0-17-127242 Nov 8 2016 10:34 w 1 

CAM0-17-127214 Nov 8 2016 10:34 w 1 

CAM0-17-127243 Nov 8 2016 13:34 w 1 

CAM0-17-127244 Nov 15 2016 10:47 w 1 

CAM0-17-127215 Nov 15 2016 10:47 w 1 

CAM0-17-127245 Nov 7 2016 12:07 w 1 

CAM0-17-127247 Nov 15 2016 12:34 w 1 

CAM0-17-127249 Nov 14 2016 12:33 w 1 

CAM0-17-127250 Nov 14 2016 14:03 w 1 

CAM0-17-127252 Nov 7 2016 11 :49 w 1 

CAM0-17 -127253 Nov 7 2016 14:05 w 1 

CAM0-17-127254 Nov 17 2016 10:53 w 1 

CAM0-17-127255 Nov 17 2016 12:57 w 1 

CAM0-17 -127257 Nov 18 2016 12:16 w 1 

CAM0-17-127258 Nov 18 2016 15:05 w 1 

CAM0-17-127260 Nov 16 2016 12:46 w 1 

CAM0-17-127261 Nov 21 2016 10:47 w 1 

Special In~~ _,,,,?' -- A // , I 

Re~¥'~~/__.-~r~=£ « U.,..L I Df Jp['"l,ny{: I 2 ~ , • ' Received by: Print Name: Date/Time: 

R~ll~eW:" ~ 
, • - v ·- J • ~ 1~' .... 

Print Name: Date/Tl e: Received by: Print Name: Date/Time: 

Relinquished by: Print Name: Date/Time: Received by: Print Name: Date/Time: 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 
EVENT NAME: Mort/Sandia_Mort MY2017 01 

SAMPLE ID: CAM0-17-127214 WORK ORDER: 

AS. 
PLANNED AS COLLECTED 

M 
PLANNED 

Date Collected 
(MM/DDNYY): 

TIME COLLECTED 
(HH:MM): 

PRSID: 

LOCATION ID: 

LOCATION TYPE: 

TOP DEPTH: 

ot. 

t/A 

MCOl-5 

/JA 

BOTTOM DEPTH: ± "II' 

PRIORITY ORDER CONTAINER # 

rJA WSP-All Metals 1 LITER POLY 1 

WSP-CR52/53 1 LITER POLY 1 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 

e 

WSP-N 15/018- 40 ML SEPTUM 2 
N03 AMBER GLASS 

WSP- 500 ML AMBER 
1 .... v NH3+N03/N02 GLASS 

SAMPLE COMMENTS: No-N-

LOCATION COMMENTS: NoAf 

FIELD PARAMETERS: 

mg/L Flow (in gpm) 

Specific 
pH SU 

Conductance 

NTU 

FIELD MATRIX: WG 

MEDIA: UA 

SAMPLE TECH UA 
CODE: 

FIELD PREP: F 

FIELD QC TYPE: FD 

SAMPLE USAGE: QC 

EXCAVATED: 

PRESERVATIVE COLLECTED Y/N 

HN03 ICE '1 
ICE 

ICE 

ICE 

H2S04 

'l..I 

V--'\ \\\~I \lo 

coLLEcTED BY (PRINT): A . Si +ru'lf\ el J J-- \) . H. 0 (1~5 

AS COLLECTED 

0 Jc_ 

i 
f<_s,p 

oic 

L 
YES I NO I~ 

SPECIAL INSTRUCTIONS 

;VA 

'LI 

mV 

degC 

RELINQu1sHED BY KGt,-\-r\l\,cx. -10w 
(Printed Name) 

. Dpte/Tjime\(o RECEIVED BY tL, (.r~ c..c::...~ 
11 I ~ J_O (Printed Name) ~ .--------......-:::? _ 

Date/Time 

11/~//6. 
3 :3o (Signature) 

RELINQUISHED BY 
(Printed Name) 
(Signature) 

Report Date: 11/02/2016 

lS'30 (Signature) ~~ 

Date/Time RECEIVED BY 

(Printed Name) 
(Signature) 

Date/Time 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 

SAMPLE ID: CAM0-17-127215 

Date Collected 
(MM/DD/YYY): 

TIME COLLECTED 
(HH:MM): 

PRSID: 

LOCATION ID: 

LOCATION TYPE: 

TOP DEPTH: 

BOTTOM DEPTH: 

AS 
PLANNED 

\\\IS IZ-01 \tJ 

\o'11 

R-1 

+-

EVENT NAME: 

WORK ORDER: 

AS COLLECTED 

FIELD MATRIX: 

MEDIA: 

SAMPLE TECH 
CODE: 

FIELD PREP: 

FIELD QC TYPE: 

SAMPLE USAGE: 

EXCAVATED: 

Mort/Sandia_Mort MY2017 Q1 

AS. AS COLLECTED 
PLANNED 

WG 6K 
UA ~ 
UA c:i~e 

F o~ 
FD 

QC 

PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N SPECIAL INSTRUCTIONS 

WSP-All Metals 1 LITER POL y 1 HN03 ICE 

WSP-CR52/53 1 LITER POLY 

WSP-
GENINORG+PerChlorat 1 LITER POLY 

e 

2 
WSP-N15/018- 40 ML SEPTUM 

N03 AMBER GLASS 

WSP- 500 ML AMBE 
NH3+N03/N02 GLASS 

FIELD PARAMETERS: 

Dissolved Oxygen 

pH 

Turbidity 

mg/L 

SU 

NTU 

Flow (in gpm) 

Specific 
Conductance 

COLLECTED BY (PRINT): \:). ~. ') s. I<' ~ler 
Date/Time 

ti I I <Jiil,, 
/Jl/S-

ICE 

ICE 

ICE 

H2S04 

uS/cm 

RECEIVED BY 
(Printed Name) 
(Signature) 

RELINQUISHED BY 
(Printed Name) 
(Signature) 

Date/Time RECEIVED BY 

(Printed Name) 
(Signature) 

Report Date: 11/02/201 6 

mV 

degC 

Date/Time 

11/11/11, 

11'-fS-

Date/Time 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 
EVENT NAME: Mort/Sandia_Mort MY2017 Q1 

SAMPLE ID: CAM0-17 -127242 WORK ORDER: NA 

AS. 
AS COLLECTED 

AS 
el..AN~ED eLANNED AS COLLECTED 

Date Collected 

1 \Li /zoib o~ (MM/DDNYY): FIELD MATRIX: WG o(C 
TIME COLLECTED 

103L.f MEDIA: UA 
(HH:MM): 

SAMPLE TECH UA 
PRS ID: tJA CODE: 

LOCATION ID: MCOl-5 FIELD PREP: F OK 
LOCATION TYPE: MON FIELD QC TYPE: REG 

TOP DEPTH: ;JA 
SAMPLE USAGE: INV 

~I.:'. BOTTOM DEPTH: "v EXCAVATED: 

± 
YES I NO 1@ 

PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N SPECIAL INSTRUCTIONS 

(VA WSP-All Metals 1 LITER POLY 1 HN03 ICE 'Y ;JA 

WSP-CR52/53 1 LITER POLY 1 ICE 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 ICE 

e 

WSP-N15/018- 40 ML SEPTUM 2 ICE 
N03 AMBER GLASS 

WSP- 500 ML AMBER 
1 H2S04 

\v NH3+N03/N02 GLASS \!/ ,; 
SAMPLE COMMENTS: ;J ot'\...Q 

LOCATION COMMENTS: 

Dissolved Oxygen mV 

pH deg C 

Turbidity 

COLLECTED BY (PRINT): A. ~\<Mil fi d d d- D. H v~ ~ S 
--....... _ 

RELINQUISHED BY IL-Cl tri/1"\_ "\cvJ Date/Time RECEIVED BY IL , er- - e: e:-~ Date/Time 

11 /~ /2oi b ll/'6/1/. (Printed Name) -/(, ~-·a-· (Printed Name) ~~~ 
(Signature) .· 1 _ \ ') 3 0 (Signature) 3: 30 
RELINQUISHED BY Date/Time RECEIVED BY Date/Time 

(Printed Name) (Printed Name) 
(Signature) (Signature) 

Report Date: 11/02/2016 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 
EVENT NAME: Mort/Sandia_Mort MY2017 Q1 

SAMPLE ID: CAM0-17-127243 WORK ORDER: NA 

Date Collected 
(MM/ODIYYY): 

TIME COLLECTED 
(HH:MM): 

PRS ID: 

LOCATION ID: 

LOCATION TYPE: 

AS. 
PLANNED 

1\/1> /zo/lo 

153 '1 

NA 
MCOl-6 

MON 

AS COLLECTED 

ok:-

AS. 
PLANNED 

FIELD MATRIX: WG 

MEDIA: UA 

SAMPLE TECH UA 
CODE: 

FIELD PREP: F 

FIELD QC TYPE: REG 

TOP DEPTH: SAMPLE USAGE: INV 

BOTTOM DEPTH: 

PRIORITY ORDER 

NA WSP-All Metals 

WSP-CR52/53 

WSP-
GEN INORG+PerChlorat 

e 

WSP-N15/018-
N03 

WSP-,v NH3+N03/N02 

SAMPLE COMMENTS: 

LOCATION COMMENTS: 

FIELD PARAMETERS: 

Dissolved Oxygen 

pH 

Turbidity 

' I 

CONTAINER # 

1 LITER POLY 1 

1 LITER POLY 1 

1 LITER POLY 1 

40 ML SEPTUM 
2 AMBER GLASS 

500 ML AMBER 
1 

GLASS 

Flow (in gpm) 

Specific 
Conductance 

EXCAVATED: 

PRESERVATIVE 

HN03 ICE 

ICE 

ICE 

ICE 

H2S04 

COLLECTED BY (PRINT): A . S+a (\ h ~ \ d & \) , H v ~ \!\{' S 

RELINQUISHED BY Date/Time RECEIVED BY 

COLLECTED YIN 

'-I 

,l/ 

Oxidation-Reduction 

IL . &- , t!- c--<.... 

AS COLLECTED 

o~ 

-1 
GSP 

Df:-

± 
YES I NO t{N~ 
SPECIAL INSTRUCTIONS 

NA 

, ; 

mV 

deg C 

Date/Time \l.cd1 i (\Q \ C,v-> 
(Printed Name) 

~a-
\I I 1)201 lo (Printed Name) 

-?7~ 
ll/<(/J(. 

(Signature) \S~O (Signature) 'B' : 5J 
RELINQUISHED BY Date/Time RECEIVED BY Date/Time 

(Printed Name) (Printed Name) 
(Signature) (Signature) 

Report Date: 11 /02/2016 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 

SAMPLE ID: CAM0-17-127244 

Date Collected 
(MM/DDIYYY): 

TIME COLLECTED 
(HH:MM): 

PRSID: 

LOCATION ID: 

LOCATION TYPE: 

TOP DEPTH: 

BOTTOM DEPTH: 

AS 
PLANNED 

R-1 

MON 

AS COLLECTED 

ol( 

EVENT NAME: Mort/Sandia_Mort MY2017 01 

WORK ORDER: NA 

AS. 
PLANNED 

AS COLLECTED 

FIELD MATRIX: WG 

MEDIA: UA 

SAMPLE TECH UA 
CODE: 

FIELD PREP: F OK. 
FIELD QC TYPE: REG 

SAMPLE USAGE: INV t 
EXCAVATED: NA 

PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N SPECIAL INSTRUCTIONS 

N 'A WSP-All Metals 1 LITER POLY HN03 ICE 

WSP-CR52/53 1 LITER POLY 

WSP-
GENINORG+PerChlorat 1 LITER POLY 

e 

WSP-N15/018- 40 Ml SEPTUM 
2 

N03 AMBER GLASS 

WSP- 500 MLAMBE 
NH3+N03/N02 GLASS 

FIELD PARAMETERS: 

Dissolved Oxygen mg/L Flow (in gpm) 

pH 

Turbidity 

SU 

NTU 

Specific 
Conductance 

COLLECTED BY (PRINT): °t) l-N Li / s /( \!) 
\ - 1c, s O'.) , 

RELINQUISHED BY Date/Time 

(Printed Name)W , Su \1\11\"4 
(Signature) L t'Q..-1...,__ ~ I ~<-4) 
RELINQUISHED B'v c) Date/Time 

(Printed Name) 
(Signature) 

Report Date: 11/02/2016 

ICE 

ICE 

ICE 

H2S04 

uS/cm 

RECEIVED BY 
(Printed Name) 
(Signature) 

RECEIVED BY 
(Printed Name) 
(Signature) 

Oxidation-Reduction 
Potential 

IL_ <.r ~Le.-.....__fl__.__ 

/~ 

mV 

deg C 

Date/Time 
i I )1S / / £ 

I ~'f ~ 

Date/Time 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 
EVENT NAME: Mort/Sandia_Mort MY2017 01 

SAMPLE ID: CAM0-17-127245 WORK ORDER: NA 

Date Collected 
(MM/DDIYYY): 

TIME COLLECTED 
(HH:MM): 

PRS ID: 

LOCATION ID: 

LOCATION TYPE: 

AS. 
PLANNED 

·q jo1 /zal"­
\1,07 

R-13 

MON 

AS COLLECTED 

FIELD MATRIX: 

MEDIA: 

SAMPLE TECH 
CODE: 

FIELD PREP: 

FIELD QC TYPE: 

AS. 
PLANNED 

WG 

UA 

UA 

F 

REG 

TOP DEPTH: 1\ .. f\ 
SAMPLE USAGE: INV 

BOTTOM DEPTH: IY EXCAVATED: 

PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N 

"-A WSP-All Metals 1 LITER POLY 1 HN03 ICE ~ 
' 

WSP-CR52/53 1 LITER POLY 1 ICE 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 ICE 

e 

WSP-N15/018- 40 ML SEPTUM 2 ICE 
N03 AMBER GLASS 

v WSP- 500 ML AMBER 
1 H2S04 I 

NH3+N03/N02 GLASS v 
SAMPLE COMMENTS: l'l&vz.-

LOCATION COMMENTS: ~l.RJ c:;-o 0 c~ (v"'"'"'J de~J /~i"""<-.V 

FIELD PARAMETERS: 

Dissolved Oxygen £!:§.. mg/L 

pH '8.ol, SU 

Turbidity (), 3 4 NTU 

COLLECTED BY (PRINT): ft. .l;; ; I 
RELINQUISHED BY 
(Printed Name) \)O\ViuJ· 
(Signature) 

RELINQUISHED BY 
(Printed Name) 
(Signature) 

Report Date: 11 /02/2016 

Flow (in gpm) 

Specific 
Conductance 

GPM 

uS/cm 

Date/Time RECEIVED 
11/7//<t 

I '3'-?,1 
Date/Time RECEIVED BY 

(Printed Name) 
(Signature) 

Oxidation-Reduction 
Potential 

Temperature 

AS COLLECTED 

J 

YES I NO I NA 
SPECIAL INSTRUCTIONS 

ll)J 

21 . J 

~!I 

mV 

deg C 

Da,e/T~me 
1 \ 1 \I ~ 

t'7 '-"2-7 
Date/Time 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 

SAMPLE ID: CAM0-17-127247 

AS 
PLANNED 

Date Collected 

(MM/DD/YYY): \\ks I 1 \? 
• 

TIME COLLECTED 

(HH:MM): ..... f ...... l-1-.L-+-\ --

PRS ID: O~ 
---"'-----

LOCATION ID: R-15 

LOCATION TYPE: MON 

TOP DEPTH: 
6'( 

BOTTOM DEPTH: v 

EVENT NAME: 

WORK ORDER: 

AS COLLECTED 

FIELD MATRIX: 

MEDIA: 

SAMPLE TECH 
CODE: 

FIELD PREP: 

FIELD QC TYPE: 

SAMPLE USAGE: 

EXCAVATED: 

Mort/Sandia_Mort MY2017 01 

NA 

~ AS COLLECTED 
PLANNED 

WG oY 
UA ~ 
UA ease 
F O( 

REG 

L INV 

YES I~ I NA 

PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED YIN SPECIAL INSTRUCTIONS 

N'A- WSP-All Metals 1 LITER POLY 1 HN03 ICE y 

' 
WSP-CR52/53 1 LITER POLY 1 ICE 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 ICE 

e 

WSP-N15/018- 40 ML SEPTUM 2 ICE 
N03 AMBER GLASS 

I 
v WSP- 500 ML AMBER 

1 H2S04 
{) 

NH3+N03/N02 GLASS 

SAMPLt: • ·- NTS: 

LOCATION COMMENTS: It/ I s-/11~ 
FIELD PARAMETERS: 

Dissolved Oxygen -- mg/L 

pH SU - -

Turbidity - - NTU 

COLLECTED BY (PRINT):~ t\v 
RELINQUISHED BY 
(Printed Name)~ 3o.~1. 
(Signature) 

RELINQUISHED BY 
(Printed Name) 
(Signature) 

Report Date: 11 /02/2016 

Flow (in gpm) 

Specific 
Conductance 

Date/Time 

l\ l1sl11. .. 
1~<.f $' 

Date/Time 

GPM 
Oxidation-Reduction 

-- Potential 

uS/cm Tempera --

RECEIVED BY f L. , & - <-- "----<__ 
(Printed Name)-~ 
(Signature) ,,.---~ _ 

RECEIVED BY 
(Printed Name) 
(Signature) 

rv 1t 

J ,v 

--

--

mV 

degC 

Date/Time 

11/1s/I' 
I '. !..\) 

Date/Time 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 

SAMPLE ID: CAM0-17-127249 

Date Collected 
(MM/DDNYY): 

TIME COLLECTED 
(HH:MM): 

PRS ID: 

LOCATION ID: 

LOCATION TYPE: 

TOP DEPTH: 

BOTTOM DEPTH: 

AS. 
PLANNED 

l\-14-zolh 

1Zl3 

R-33 S1 

MON 

EVENT NAME: 

WORK ORDER: 

AS COLLECTED 

FIELD MATRIX: 

MEDIA: 

SAMPLE TECH 
CODE: 

FIELD PREP: 

FIELD QC TYPE: 

SAMPLE USAGE: 

v 
EXCAVATED: 

MorUSandia_Mort MY2017 01 

NA 

As. AS COLLECTED 
PLANNED 

WG 

t UA 

UA &sp 
F 

cK 
REG t INV 

YES I WI NA 

PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N SPECIAL INSTRUCTIONS 

MA WSP-All Metals 1 LITER POLY 1 HN03 ICE 

WSP-CR52/53 1 LITER POLY 1 ICE 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 ICE 

e 

WSP-N 15/018- 40 Ml SEPTUM 2 ICE 
N03 AMBER GLASS 

WSP- 500 ML AMBER 
1 H2S04 \v NH3+N03/N02 GLASS 

SAMPLE COMMENTS: :) • 

LOCATION COMMENTS: 

FIELD PARAMETERS: 

Dissolved Oxygen mg/L GPM 

pH 

RELINQUISHED BY~ 
(Printed Name) 
(Signature) 

Report Date: 11 /02/2016 

Specific 
Conductance 

Date/Time 

II ~1L1~zo1t· 
/Soo 

uS/cm 

(Printed M<mm..t--­

(Signatu 

Date/Time RECEIVED BY 
(Printed Name) 
(Signature) 

y 

'V 

Oxidation-Reduction 
Potential 

Temperature 

MA 

'V 

mV 

deg C 

D3\te/Ti~e 
Ll \ l l\. 'l(, 

\t::?V 
Date/Time 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 
EVENT NAME: Mort/Sandia_Mort MY2017 01 

SAMPLE ID: CAM0-17-127250 WORK ORDER: NA 

AS. 
PLANNED AS COLLECTED 

AS. 
PLANNED 

AS COLLECTED 

Date Collected 
(MM/DD/YYY): 

TIME COLLECTED 
(HH:MM): 

PRS ID: 

LOCATION ID: 

LOCATION TYPE: 

TOP DEPTH: 

BOTTOM DEPTH: 

/1-l'/-U9/( 

/ifo3 

R-33 82 

MON 

I 

FIELD MATRIX: 

MEDIA: 

SAMPLE TECH 
CODE: 

FIELD PREP: 

FIELD QC TYPE: 

SAMPLE USAGE: 

EXCAVATED: 

WG 

UA 

UA 

F 

REG 

INV 

YES I@ I NA 

PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N SPECIAL INSTRUCTIONS 

NA WSP-All Metals 1 LITER POLY 

WSP-CR52/53 1 LITER POLY 

WSP-
GENINORG+PerChlorat 1 LITER POLY 

e 

WSP-N15/018- 40 ML SEPTUM 

N03 AMBER GLASS 

WSP- 500 ML AMBE 
NH3+N03/N02 GLASS 

SAMPLE COMMENTS: 

LOCATION COMMENTS: 

FIELD PARAMETERS: 

Dissolved Oxygen mg/L 

pH 

LECTED BY (PRINT): A-f V1'~ : I 

RELINQUISHED Bv-(;Y'llt{J 
(Printed Name) 
(Signature) ~~~---:... 

RELINQ 
(Printed Name) 
(Signature) 

Report Date: 11/0212016 

HN03 ICE y 
ICE 

ICE 

2 ICE 

H2S04 

Date/Time 
1/-/t/-?P//' 

!S-o 
Date/Time 

GPM 

uS/cm 

Oxidation-Reduction 
Potential 

Temperature 

RECEIVED~~·- ~ 
(Printed Na e - . 
(Signature) . 

RECEIVED BY 
(Printed Name) 
(Signature) 

mV 

deg C 

qateffime 
\{ \t4\ \ ~ 
\~0-0 

Date/Time 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 

SAMPLE ID: CAM0-17-127252 

Date Collected 
(MM/DD/YYY): 

TIME COLLECTED 
(HH:MM): 

PRS ID: 

LOCATION ID: 

LOCATION TYPE: 

TOP DEPTH: 

BOTIOM DEPTH: 

AS. 
PLANNED 

R-44 S1 

MON 

EVENT NAME: 

WORK ORDER: 

AS COLLECTED 

'01< FIELD MATRIX: 

MEDIA: 

SAMPLE TECH 
CODE: 

FIELD PREP: 

FIELD QC TYPE: 

SAMPLE USAGE: 

EXCAVATED: 

Mort/Sandia_Mort MY2017 Q1 

NA 

AS. AS COLLECTED 
PLANNED 

WG of><. 
UA l 
UA Gsr 
F 01< 

REG i INV 

YES I NO I f(;;J 
PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N SPECIAL INSTRUCTIONS 

NA WSP-All Metals 1 LITER POLY 1 HN03 ICE y A1A 
WSP-CR52/53 1 LITER POLY 1 

WSP-
GEN INORG+PerChlorat 1 LITER POLY 1 

e 

WSP-N15/018- 40 ML SEPTUM 2 
N03 AMBER GLASS 

WSP- 500 ML AMBER w 1 
NH3+N03/N02 GLASS 

FIELD PARAMETERS: 

Dissolved Oxygen 
1.og 

mg/L Flow (in gpm) 

pH 

Turbidity 

1.ft,S 
o.rs 

SU 
Specific 

Conductance 

NTU 

COLLECTED BY (PRINT): A St-4tJF-fC:::::v1) 

RELINQUISHED~~~ Date/Time 
11~1-1~ (Printed Name) 

(Signature) 1.>or 
RELINQUISHED BY Date/Time 

(Printed Name) 
(Signature) 

Report Date: 11/02/2016 

ICE 

ICE 

ICE 

.Lt 
H2S04 ... 

).~ 
GPM 

Oxidation-Reduction If J, C, 
mV 

Potential --
/Jf.1 uS/cm Temperature zo.tf degC 

RECEIVED B . ',r\SD\). Date/Time 

ll\-1\lSo> (Printed N e (Signature~ vo L I C-o<S'" 
RECEIVED BY Date/Time 

(Printed Name) 
(Signature) 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 
EVENT NAME: Mort/Sandia_Mort MY2017 Q1 

SAMPLE ID: CAM0-17 -127253 WORK ORDER: NA 

AS 
AS COLLECTED 

M AS COLLECTED eLANNED eLANNED 
Date Collected 

If /o~/io1~ dk (MM/DD/YYY): FIELD MATRIX: WG Of< 
• 

TIME COLLECTED 
/'107 MEDIA: UA ~ (HH:MM): 

SAMPLE TECH UA b>P PRS ID: NA CODE: 

LOCATION ID: R-44 82 FIELD PREP: F Of< 

LOCATION TYPE: MON FIELD QC TYPE: REG i TOP DEPTH: NA 
INV 

.£, 
SAMPLE USAGE: 

BOTIOM DEPTH: EXCAVATED: YES I NO I (N'A_..../ 
PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N SPECIAL INSTRUCTIONS 

fJ4 WSP-All Metals 1 LITER POLY 1 HN03 ICE 

WSP-CR52/53 1 LITER POLY 1 ICE 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 ICE 

e 

WSP-N15/018- 40 ML SEPTUM 2 ICE 
N03 AMBER GLASS 

WSP- 500 ML AMBER 
1 H2S04 'V NH3+N03/N02 GLASS 

SAMPLE COMMENTS: NPt.A;:,, 

LOCATION COMMENTS: ~ 

FIELD PARAMETERS: 

Dissolved Oxygen 6.32- mg/L --

pH ~ SU 

Turbidity c./. / NTU 

COLLECTED BY (PRINT): /c 1lJA} 

RELINQUISHED BY 0~ ~f(ttJ 
(Printed Name) _ f0 · -~ 
(Signature) ~ 

RELINQUISHED BY 
(Printed Name) 
(Signature) 

Report Date: 11 /02/2016 

Flow (in gpm) 3-~ GPM - -

Specific l'f>.1- uS/cm 
Conductance 

Date/Time 

/f-1-/~ r 

lS: ~ OI.: 

DatefTime RECEIVED BY 
(Printed Name) 
(Signature) 

y 

'~ 

Oxidation-Reduction 
Potential 

Temperature 

r"A 

1..-

169./ mV 

u .t- deg C 

Date(Time 
\A\1\\\c 

t~t..t1S 
DatefTime 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

11014 EVENT ID: 
EVENT NAME: Mort/Sandia_Mort MY2017 01 

SAMPLE ID: CAM0-17 -127254 WORK ORDER: NA 

AS 
AS COLLECTED 

AS 
eLANNED eLANNED 

Date Collected 
(MM/DDNYY): 11-rr---z.01 b (JI__ 

FIELD MATRIX: WG 

TIME COLLECTED 
[0:§'5 MEDIA: UA 

(HH:MM): 

SAMPLE TECH UA 
PRSID: CJ.LI! CODE: 

z . 

LOCATION ID: R-45 81 FIELD PREP: F 

LOCATION TYPE: MON FIELD QC TYPE: REG 

TOP DEPTH: c/__lt 
SAMPLE USAGE: INV 

} / 
BOTTOM DEPTH: I 

EXCAVATED: 

PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N 

Nft WSP-All Metals 1 LITER POLY 1 HN03 ICE 

WSP-CR52/53 1 LITER POLY 1 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 

e 

WSP-N15/018- 40 ML SEPTUM 2 
N03 AMBER GLASS 

WSP- 500 ML AMBER 
1 

/ NH3+N03/N02 GLASS 

SAMPLE COMMENTS: 

LOCATION COMMENTS: 

FIELD PARAMETERS: 

Dissolved Oxygen 

Specific 
Conductance 

NTU 

COLLECTED BY (PRINT): ~' :J~.(,µV 

RELINQUISHED B,..Y Ll. A 
(Printed Name) Dv~tu1fteb 
(Signature) 

RELINQUISHED BY 
(Printed Name) 
(Signature) 

Report Date: 11 /02/2016 

Date/Time 

tt-n--ior-b 
5 :9 

Date/Time 

ICE 

ICE 

ICE 

H2S04 

GPM 

uS/cm 

(Printed 
(Signature) 

RECEIVED BY 
(Printed Name) 
(Signature) 

\/ 
l 

' 

y 

Oxidation-Reduction 
Potential 

Temperature 

AS COLLECTED 

YES I NO trt) 
SPECIAL INSTRUCTIONS 

All+-
' 

/' . 

mV 

degC 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 

SAMPLE ID: CAM0-17-127255 

Date Collected 
(MM/DD/YYY): 

TIME COLLECTED 
(HH:MM): 

PRS ID: 

LOCATION ID: 

LOCATION TYPE: 

TOP DEPTH: 

BOTTOM DEPTH· 

AS. 
PLANNED 

(HJ---zorb 

\-z,:S7 

;J/t 
R-45 82 

MON 

/l/A-

EVENT NAME: 

WORK ORDER: 

AS COLLECTED 

FIELD MATRIX: 

MEDIA: 

SAMPLE TECH 
CODE: 

FIELD PREP: 

FIELD QC TYPE: 

SAMPLE USAGE: 

EX CAVATED : 

Mort/Sandia_Mort MY2017 01 

NA 

AS. AS COLLECTED 
PLANNED 

WG O(L 
UA L , 
UA a;5\' 
F or;. 

REG t INV 

YES I NO/~ 
.___...... 

PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N SPECIAL INSTRUCTIONS 

A/4- WSP-All Metals 1 LITER POLY 1 HN03 ICE 

WSP-CR52/53 1 LITER POLY 1 ICE 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 ICE 

e 

WSP-N15/018- 40 ML SEPTUM 2 ICE 
N03 AMBER GLASS 

v WSP- 500 ML AMBER 
1 H2S04 

NH3+N03/N02 GLASS 

SAMPLE COMMENTS: 

LOCATION COMMENTS: 

FIELD PARAMETERS: 

Dissolved Oxygen Flow (in gpm) GPM 

SU 

NTU 

COLLECTED BY (PRINT): l\ -\ .JJ 
,v . d~tlfo 

RELINQUISHED BY J . i 
(Printed Name) t~ /~ ~~ 
(Signature) 

RELINQUISHED BY 
(Printed Name) 
(Signature) 

Report Date: 11 /02/2016 

Specific 
Conductance 

Date/Time 

\ \-\-y-Zo/J, 
1:>.> 

uS/cm 

Date/Time RECEIVED BY 

(Printed Name) 
(Signature) 

y 
' 

/\"' 

Oxidation-Reduction 
Potential 

Temperature 

!VA-

.......... 

mV 

degC 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 
EVENT NAME: Mort/Sandia_Mort MY2017 Q1 

SAMPLE ID: CAM0-17-127257 WORK ORDER: NA 

AS. 
AS COLLECTED 

AS. 
eLANNED eLANNED AS COLLECTED 

Date Collected 

11 l1rlio1J, (MM/DD/YYY): Of<:- FIELD MATRIX: WG ol< 
TIME COLLECTED 

11.-1 fp MEDIA: UA 
(HH:MM): 

l 
SAMPLE TECH UA 

PRS ID: fvA- CODE: 

LOCATION ID: R-50 81 FIELD PREP: F 

LOCATION TYPE: MON FIELD QC TYPE: REG 

TOP DEPTH: NJ+ 
SAMPLE USAGE: INV 

J,- '"" ± 
BOTTOM DEPTH: EXCAVATED: YES I NO t@ 

PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N SPECIAL INSTRUCTIONS 

f'J4 WSP-All Metals 1 LITER POLY 1 HN03 ICE '( N.l\ 
WSP-CR52/53 1 LITER POLY 1 ICE 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 ICE 

e 

WSP-N15/018- 40 ML SEPTUM 2 ICE 
N03 AMBER GLASS 

.... 
WSP- 500 ML AMBER ·V 1 H2S04 ,.,. 

NH3+N03/N02 GLASS 

FIE D PARAMETERS: 

Dissol ed Oxygen mg/L mV 

pH uS/cm 

Turli ...._ity---

COLLECTED BY (PRINT): '\' ~~ 

RELINQUISHED BY Date/Time RECEIVED BY DatefTime 

(Printed Name) (Printed Name) 
(Signature) (Signature) 

Report Date: 11/02/2016 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 
EVENT NAME: Mort/Sandia_Mort MY2017 Q1 

SAMPLE ID: CAM0-17-127258 WORK ORDER: NA 

AS 
PLANNED AS COLLECTED 

AS AS COLLECTED 
PLANNED 

Date Collected 
(MM/DD/YYY): 

TIME COLLECTED 
(HH:MM): 

PRS ID: 

LOCATION ID: R-50 S2 

LOCATION TYPE: MON 

TOP DEPTH: t 
BOTIOM DEPTH: 

PRIORITY ORDER CONTAINER 

t'A WSP-All Metals 1 LITER POLY 

WSP-CR52/53 1 LITER POLY 

WSP-
GENINORG+PerChlorat 1 LITER POLY 

e 

WSP-N15/018- 40 ML SEPTUM 

N03 AMBER GLASS 

, ., 
WSP- 500 ML AMBER 

NH3+N03/N02 GLASS 

IELD PARAMETERS: 

Di solved Oxygen mg/L 

NTU 

COLLECTED BY (PRINT): ~ J~ z.._ 

RELINQUISHED BY 0Ar1; ~(.9-S'~ 
(Printed Name) ..1v _ 
(Signature) ~ 

RELINQUISHED BY 
(Printed Name) 
(Signature) 

Report Date: 11/02/2016 

FIELD MATRIX: WG 

MEDIA: UA 

SAMPLE TECH UA 
CODE: 

FIELD PREP: F 

FIELD QC TYPE: REG 

SAMPLE USAGE: INV 

EXCAVATED: 

# PRESERVATIVE COLLECTED Y/N 

1 HN03 ICE y 
1 ICE 

1 ICE 

2 ICE 

... 
1 H2S04 

GPM 

uS/cm Temperature 

Date/Time 

ll-/Y-l(p 
1'4eo 

Date/Time RECEIVED BY 
(Printed Name) 
(Signature) 

Ok 

I 
Cf;-P 

1Jk 

L 
YES I NO I~/ 
SPECIAL INSTRUCTIONS 

flA 

mV 

DatefTime 
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SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

EVENT ID: 11014 
EVENT NAME: Mort/Sandia_Mort MY2017 01 

SAMPLE ID: CAM0-17-127260 WORK ORDER: NA 

Date Collected 
(MM/DD/YYY): 

TIME COLLECTED 
(HH:MM): 

PRS ID: 

LOCATION ID: 

LOCATION TYPE: 

AS. 
PLANNED AS COLLECTED 

ol 
R-62 

MON 

AS. 
PLANNED 

FIELD MATRIX: WG 

MEDIA: UA 

SAMPLE TECH UA 
CODE: 

FIELD PREP: F 

FIELD QC TYPE: REG 

TOP DEPTH: t> \l I SAMPLE USAGE: INV 

BOTTOM DEPTH: EXCAVATED: 

PRIORITY ORDER CONTAINER # PRESERVATIVE 

WA WSP-All Metals 1 LITER POLY 1 HN03 ICE 

WSP-CR52/53 1 LITER POLY 1 ICE 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 ICE 

e 

WSP-N15/018- 40 ML SEPTUM 2 ICE 
N03 AMBER GLASS 

~ WSP- 500 ML AMBER 
1 H2S04 

NH3+N03/N02 GLASS 

FIELD PARAMETERS: 

Dissolved Oxygen mg/L Flow (in gpm) 

pH SU 

Turbidity NTU 

RELINQUISHED BY . 
(Printed Name)iv &.Vt-It,~ 
(Signature) t1J. Ii.- .rJ 
RELINQUISHED Y 
(Printed Name) 
(Signature) 

Report Date: 11/02/2016 

Specific 
Conductance 

Date/Time 

1 ll/~/I b 

uS/cm 

Date/Time RECEIVED BY 
(Printed Name) 
(Signature) 

COLLECTED Y/N 

y 
, 

~ 

AS COLLECTED 

()I( 

L 
0Sf 

()ll 

t 
YES/~ NA 

-
SPECIAL INSTRUCTIONS 

IJ~ 

~v 
I 

mV 

Date/T\ime 
IA.\ l \, \,le 
\~ 

Date/Time 



Los Alamos National Laboratory Page 78 of 81 

SAMPLE COLLECTION LOG/FIELD CHAIN OF CUSTODY 

11014 EVENT ID: 
EVENT NAME: Mort/Sandia_Mort MY2017 Q1 

SAMPLE ID: CAM0-17-127261 WORK ORDER: NA 

AS. 
AS COLLECTED 

AS. AS COLLECTED eLANNED eLANNED 
Date Collected 

I\ Lzi Lit ol D/L (MM/OD/YYY): FIELD MATRIX: WG 

TIME COLLECTED 
\olf-1- MEDIA: UA t (HH:MM): 

OIL 
SAMPLE TECH UA GSP PRS ID: CODE: 

LOCATION ID: SIMR-2 FIELD PREP: F blL 
LOCATION TYPE: MON FIELD QC TYPE: REG 

~/ TOP DEPTH: Oj'L 
SAMPLE USAGE: INV 

i ""' 
/ 

BOTTOM DEPTH: EXCAVATED: YES I NO t@ 
PRIORITY ORDER CONTAINER # PRESERVATIVE COLLECTED Y/N SPECIAL INSTRUCTIONS 

NA WSP-All Metals 1 LITER POLY 1 HN03 ICE y· NA 
WSP-CR52/53 1 LITER POLY 1 ICE 

WSP-
GENINORG+PerChlorat 1 LITER POLY 1 ICE 

e 

WSP-N15/018- 40 ML SEPTUM 2 ICE 
N03 AMBER GLASS 

~/ WSP- 500 ML AMBER 
1 H2S04 \ / \ / NH3+N03/N02 GLASS 

SAMPLE COMMENTS: ~k_..,A tt- fu1yy\ o... {\AV\vv~ ~e' ~et\~tz>r 

LOCATION COMMENTS: 

FIELD PARAMETERS: 

Dissolved Oxygen 1; SO 
pH 

Turbidity 

1o1b 
&t}f 

mg/L 

SU 

NTU 

Flow (in gpm) >~ GPM 

Specific .l3lo3 uS/cm 
Conductance 

COLLECTEDBY(PRINT): D0 ~wlllo!> T. ~~VV\ 
RELINQUISHED~ . · ,\?rr?tire RECEIVED BY 
(Printed Name) 11~ ~ U (Printed Name) 
(Signature) " 1'2-\5 (Signature) 

RELINQUISHED BY Date/Time RECEIVED BY 
(Printed Name) (Printed Name) 
(Signature) (Signature) 

Report Date: 11/02/2016 

Oxidation-Reduction ''2CQO mV 
Potential 

Temperature \+.b deg C 

IL. . 6-- - L- /!!.- ---<--. Date/Time 

~~ 
ll/J-1/tJ. 

I) 11) 

Date/Time 



UNIVERSITY OF ILLINOIS 
AT URBANA-CHAMPAIGN 

Department of Geology 

School of Earth, Society, & Environment 
156 Computing Appli\:ations Building 
605 E. Springfield Avenue · 
Champaign, IL 61820 

14 April, 2017 

Ms. Susan Leese 
ARS International, LLC 
2609 North River Road 
Port Allen, LA 70767-3469 
225.381.2991 sleese@amrad.com 

Subject: Cr stable isotope results 

bear Susan: 

Please find below tabulated results from Cr stable isotope analysis of water samples from Los Alamos 
National Laboratory (LANL). The samples were analyzed on April 13111 and 1411\ 2017 and results were 
reported via EDD, on April 14111. 

Sample ID 
os3Cr1 

COC# (per mil) 
2017-650-1 CAM0-17-127242 1.64 
2017-650-1 CAM0-17-127214 1.59 
2017-650-1 CAM0-17-127243 1.14 
2017-650-1 CAM0-17-127244 1.15 
2017-650-1 CAM0-17-127215 1.04 
2017-650-1 CAM0-17-127245 1.03 
2017-650-1 CAM0-17-127247 0.84 
2017-650-1 CAM0-17-127249 i.43 
2017-650-1 CAM0-17-127250 1.24 
2017-650-1 CAM0-17-127252 Reprep3 

2017-650-1 <:;AMO-l 7-1'27253 1.13 
2o17-650-1 CAM0-17-127254 0.98 
201-7-650-1 CAM0-17-127255 1.23 
2017-650-1 CAM0-17-127257 0.93 
2017-650-1 CAM0-17-127258 0.92 
2017-650-1 CAl\l.0-17-127260 0.90 
2017-650-1 CAM0-17-127261 0.97 
2017-649 CASA-17-127290 1.20 
2017·649 CASA-17-127291 1.80 
2017-649 CASA-17-127292 Reprep3 

2017-649 CASA-17-127293 0.93 
2017-649 CASA-17-127268 0.94 
2017-649 CASA-17·127294 0.91 
2017-649 CASA-17-127295 1.28 
2017-649 CASA-17-127296 1.84 
2017-649 CASA-17-127307 0.12 
2017-649 CASA-17-127308 1.12 

Duplicate o53Cr1 

(per mil) 

1.25 

0.87 

1Parts per thousand deviation of the measured 53Cr/52Cr ratio from that of the NIST SRM-979 standard. 
:Not analyzed; insufficient Cr{VI) was present in th e samp le to al low accurate isotope ratio analysis . 
,Reanalysis in progress; sample must be prepared again. 

plio11e 21 7-333-3540 • fax 217-244-5149 
11rl httpJlwww.geology. illinois.edu/ 

~- . 



The analytical methods used for these samples are identical to those used for LANL water analyses for 
the past several years, and are described in the article: Reinhard, C.T., et al., 2014. The isotopic 
compositi.on of authigenic chromium in anoxic marine sediments: A case study rrom the Cariaco Basin. 
Earth am/Planetary Science Leuers vol. 407, pp. 9-18. Nominal precision is ±0.2 per mil, though actual 
reproducibility is generally better than that. 

A raw data tabJe is attached. Analyses identified as "979" are NIST SRM-979. Analyses identified as 
"31 I 2a" are NIST $RM-3112a, which has a published value of -0.07 per mil. The SRM-3 I l 2a standard 
solutions were processed through the sample preparation procedure with the reported samples. Sample 
results are normalized to the mean value of SRM-979 for the analytical session. 

Chain of Custody (COC) forms are also attached. Some samples, as indicated above, were not analyzed. 
Where indicated, very little Cr was recovered by our sample preparation method. We assume this is 
because actual concentrations were much lower than expected. Other possible causes are: I) The 
samples were acidified or 2) Other dissolved components in the sample (e.g., organic compounds) 
interfered with our anion exchange process . In some cases, sufficient Cr is present but samples must be 
prepared a second time to attain an acceptable ratio of double spike to sample Cr. 

Thomas M. Johnson 
Professor of Geology 



SmpllD 

'979_125ppb' run 
'979_125ppb' run 

'979 _125ppb' run 

'979_125ppb' run 
'3112a_125ppb' n 

'3112a_125ppb' n 
'979_75ppb' run c 
'979_75ppb' run c 
'979_125ppb' run 

'979_125ppb' run 

'979_125ppb' run 

979_125ppb' 

Proc_3112a_l ' 

979_125ppb' 

Proc_3112a_l ' 

Proc_3!12a_2' 

. 979_Underspiked' 

979_125ppb' 

~27242' 

127214' 

127243' 

127244' 

i27215' 

979_125ppb' 

127245' 

127247' 

127249' 
127250' 

125ppb_979' 

127253' 

127254' 

127255' 

127257' 

127258' 

979_125ppb' 

127260' 

i27261' 

127290' 

979_125ppb' 

127293' 

127268' 
127294' 

127295' 

127296' 

979_125ppb' 

127307' 

127308' 

127255-2' 

127294·2' 

l10538' 

979_125ppb' 

Proc_3112a_l ' 

Proc_3112a_2· 

979_125ppb' 

979_125ppb' 

52 Int (V) std err 

1.98E+OO { l .16E-03) 
1.94E+OO { 8.47E-03 I 
1.96E+OO { 7.16E-03) 

1.97E+OO { 6.85E-03 I 
2.68E+OO { 1.26E-03 I 
2.64E+OO { 7.68E-03) 

8.89E-01 { 3.24E·03) 

9.03E-01 {7.72 E-04) 

1.96E+OO { 6.99E-03) 

1.96E+OO { 3.95E-03) 

l.96E+OO { l .38E-03) 

1.97E+OO { 2.99E-03 I 
l .15E+OO { 1.75E-03) 

1.97E+OO [ 3.95E-03 I 
1.16E+OO { 5.51E-04) 

1. 73E+OO { 6.89E-04 I 
2.14E+OO [ l .36E-03) 

1.99E+OO { 5.34E-03 I 
1.15E+OO I 2.55E-03) 

l.34E+OO I 3.68E-03 } 

2.lSE+OO I 1.43E-03} 

1.51E+OO I 9.37E-04} 

1.56E+OO I 1.20E-03 } 

2.06E+OO [ l .25E-03 I 
1.12E+OO I 6.95E-04} 

1.46E+OO I 4.47E-03} 

1.52E+OO ( 3.35E-03 } 
1.33E+OO I 7.03E-04 } 

2.llE+OO { 4.53E-03 I 
1.51E+OO { 3.14E-03} 

1.97E+OO I 9.57E-04} 

1.54E+OO ( 1.0lE-03 } 

2.30E+OO I 5.17E-03 } 

1 .15E+OO I 1.48E-03} 

2.lOE+OO ( 3.79E-03 I 
2.15E+OO I 9 .63E-04} 

1.23E+OO I 2.19E-03} 

1. 76E+OO I 1.04E-03 } 

8.73E-01 I 5.75E-04} 

2.lOE+OO { 2.95E-03} 

1.32E+OO { 3.20E-03 } 

1.42E+OO I 2.16E-03} 
2.18E+OO I 1.28E-03} 

1.73E+OO I 9 .83E-04} 

1.18E+OO I 1.llE-03} 

2.llE+OO { l.26E-03 ) 

9.32E·Ol ( 5.46E-04 } 

2.37E+OO I 1.llE-03} 

1.21E+OO { 6.SOE-04 ) 

2.BE+OO { l.39E-03) 

2.15E+OO I 1.lOE-03 } 

2.12E+OO { 1.56E-03) 

l.32E+OO ( l.02E-03 ) 

l.83E+OO ( 1.24E·03) 

2.llE+OO { l .25E-03) 

2.llE+OO ( 1.07E-03) 

Raw 50/ 52 std err 

6.05E-01 { 2.88E-05 I 
6.05E-Ol { 4.87E-05 I 
6.05 E-01 { 5.36E-05 I 
6.05 E-01 { 4.13E-05 I 
6.57E·Ol { 8.36E-06 ) 

6.57E-01 { 1.87E-05 I 
5.98E-Ol { 7.48E -05) 

5.98E·01 [ 2.45E-05) 

6.04E-01 { 2.24E-05 ) 

6.04E-01 { 1.77E-05) 

6.04E-01 ( 3.47E-05) 

6.04E-01 ( 2.82E-05 I 
6.02E-01 { 1.03E-05 ) 

6.0SE-01 [ 4.60E-05 I 
6.02E·Ol { l.30E-05 ) 

5.90E-01 { 7.24E-06) 

2.89E-01 

6.05E-01 

5.53E-01 

5.71E-01 

5 .93E-01 

5.82E-01 

5.SlE-01 

5.96E-01 

3.03E-01 

5.67E-01 

3.03 E-01 
2.78 E-01 

. l 

[ 8.17E·06) 

[ 1.49E-05) 

I 8 .64E-06} 

I 1.0SE-05} 

I 8 .24E-06} 

I 1.04E-05} 

( 7.49E-06} 

[ 8.30E-05) 

{7.71E-06} 

I 1.0GE-05} 

( 9.21E-06} 
( 7.41E-06} 

31! 
5.96E-01 { 1.03E-04 ) 

5.37 E-Ol { 1.42E-05 } 

6.04 E-01 { 8.98E-06 } 

5.54 E-01 { 8.92E-06 } 

5.86E-01 I 8.86E-06 } 

3.llE-01 I l.12E-05} 

5.98E-01 ( 1.23E-04) 

5.91E-01 I 7 .13E-06 } 

3.19E-01 I 8.02E-06} 

5.58E-01 { 6.29E-06 } 

3.08E-01 
::o· 

5.91E-01 { 2.69E-04 ) 

3.05 E-01 I 7.84E-06} 

3 .04E-01 { 5.48E-06 } 
6.17E-01 { 7.58E-06} 

5.66E-01 { 7.08E-06} 

5.77E-01 { 7.40E-06} 

5.88E-01 ( 1.84E-04) 

6.19E-01 { 1.lOE-05 } 

5.51E-01 { 5.40E-06} 

6.12E-01 { 9.87E-06) 

5.99Hll { 7.54E-06 I 
5 .61E-01 { 7.21E-06} 

5.87E-01 { l.08E-04 ) 

6.02E-01 { 1.12E-05 I 
5.91E-01 ( 7. 74E -06) 

5.93E-01 ( l.16E-04) 

5.95E-01 ( 7.35E-05) 

Raw 53/52 std err 

1. lSE-01 { 2.49E-06) 
1.18E·Ol { 2.23E-06) 

1.18E-01 { 2.32E-06} 

1.18E-01 { 2.54E-06 I 
1.lSE-01 { 1.57E-06 I 
1.18E-01 { 2.21E-06 I 
1.18E-Ol { 2.71E-06 i 
1.18E-Ol ( 4.04E-06] 

1.lSE-01 { 2.47E-06 I 
l .lSE-01 { 2.60E-06 I 
1.18E-01 { 2.18E-06) 

l.18E-01 { 1.84E-06 I 
l.18E-01 [ 3.28E-06) 

1.18E-01 { 1.99E-06 I 
l .18E·Ol { 2.78E-06 I 
l.18E-01 { 2.SOE-06} 

1.17E-01 { 2.28E-06 I 
1.lSE-01 { 2.15E-06) 

1.18E-01 I 3.33E-06 } 

1.18E-01 I 3.30E-06 } 

1.18E-01 I 2.09E-06} 

1.18E-01 I 2.97E-06 } 

1.18E-01 I 2.51E-06} 

1.18E-01 { 2.22E-06 I 
1.17E-01 I 3.lSE-06} 

1.18E-01 I 3.36E-06 ) 

1 .17E-01 

1.18E-Ol ( 1.92E-06 I 
1.18E-Ol I 3.63E-06 } 

1.18E-01 I 2.05E-06 } 

1.18E-01 { 2.97E-06 } 

1.18E-Ol I 1.89E-06 } 

1.17E-01 { 3.38E-06 } 

l.18E·Ol { 2.00E-06) 

1.18E-01 I 2.02E-06 } 

1.17E-01 ( 2.71E-06} 

I 2.37E-06 I 

l.lSE-01 { 2.65E-06} 

1.17E-01 I 2.85E-06} 

1.17E-01 { 3.13E-06} 
1.18E-01 I 2.40E-06 } 

1.18E-01 { 2.60E-06 } 

1.18E-01 I 3.07E-06 } 

1.18E-01 ( 2.28E-06} 

1.18E-01 I 3.49E-06} 

1.18E-01 { 1.55E-06) 

l.18E-01 ( 2.82E-06 I 
l.18E·Ol { 2.18E-06) 

1.18E-01 I 1.86E-06} 

l.18E-01 { 2.26E-06 ) 

l.18E·Ol ( 2.80E·06) 

1.17E-Ol ( 2.33E-06} 

l.18E-Ol ( 2.13E-06) 

1.18E-01 { 2.27E·06) 

Raw 54/52 std err 

5.13E-01 { 3.31E-05} 
5.13E-01 { 4.46E-05 } 

5.13E-Ol { 4.68E-05} 

5.13E-01 { 3.35E-05} 

5.59E-01 { 6.SSE-06 I 
5.59E-01 [ 1.49E-05 } 

5.08E-01 [ S.92E-tl5) 

5.07E·Ol { l .86E-05) 

5.13E-01 { 5.41E-05 ) 

5.13E-01 { 1.42E-OS) 

5.13E-01 { 3.18E-05) 

5.13E-01 { 2.59E-05) 

5. llE-01 [ 9.17E-06) 

5.14E-01 { 3.76E-05) 

5.llE-01 { 8.31E-06 j 

5.0lE-01 [ 5.52E-06) 

2.40E-l11 ( 6.39E-Oli ) 

5.14E-01 { 2.55E·05) 

4 .70E-01 { 7.64E-06} 

4 .86E-01 I 1.02E-05 } 

5.05E-01 I 5.84E-06 } 

4 .95E-01 { 1 .07E-05} 

4 .70E-01 I 6 .97E-06} 

5.06E-01 { 7.94E-05) 

2.54E-01 I 8 .35E-06} 

4.83E-01 I 1.23E-05} 

2.52E-01 I 5.06E-06 } 

I 1.20E-05 I 
.01 

S.06E-01 { 1.0lE-04} 

4.55E-01 { 8.33E-06} 

5.13E-01 I 8.81E-06} 

4. 70E-01 { 8.92E-06} 

4.97E-01 I 6.07E-06} 

2.61E-01 I 1.08E-05 } 

5.07E-01 { 1.14E-04) 

5.0lE-01 I 4.89E-06} 

2.65E-01 I 7.84E-06} 

I 6 .75E-06} 

5.0lE-01 [ 2.39E-04 ) 

2.53E-01 I 6.63E-06} 

2.53E-01 I 4.76E-06} 
5.25E-01 I 6 .63E-06} 

4 .81E-01 I 4.85E-06} 

4 .90E-01 I 6.61E-06 } 

Raw 56/54 std err 

4.44E-03 ( O.OOE+OO) 
4.40E-03 ( 2.91E-11} 

4.29E-03 { 0.00E+OO I 
4.43E-03 { O.OOE+OO I 
l .46E-02 { 5.89E-11} 

1.46E-02 { 5.59E-11) 

l .29E·02 { O.OOE+OO) 

l.36E-02 [ 6.90E-11 ) 

4.43E-03 ( O.OOE+OO I 
4.38E-03 { l .17E-11} 

4.SOE-03 { 0.00E+OO) 

4.35E-03 { O.OOE+OO} 

3.31E-02 { 1.92E-10) 

5.24E-03 { O.OOE+OO) 

3.25E-02 ( 0.00E+OO I 
4.75E-02 { O.OOE+OO I 
3.37E -02 ( 2.lOE-10} 

4.22E-03 { 2.67E-11} 

1 .22E-02 I 6.14E-12} 

1 .95E-02 ( 1.07E-10} 

4 .05E-02 ( 9.44E-11} 

1.67E-02 ( O.OOE+OO} 

9.98E-02 I O.OOE+OO) 

4.62E-03 ( O.OOE+OO} 

1.50E-Ol { 7.84E-10} 

2.18E-02 . { 8.28E-11} 

4 .16E-02 ( 2.73E-10} 
8.90E-02 { O.OOE+OO} 

Ii :!·, 
4.66E-03 { 1.19E-11) 

1.26E-02 I O.OOE+OO} 

5 .34E-02 I O.OOE+OO } 

2.23E-02 I O.OOE+OO } 

2.80E-02 I 1.23E-10} 

1.24E-01 I O.OOE+OO} 

4.60E-03 { 3.39E-11} 

2.92E-02 I 1.93E-10} 

3. lOE-02 I O.OOE+OO} 

1.25E-02 I O.OOE+OO} 

4.88E-03 { 3.SGE-11 I 
3. 73E-02 { O.OOE+OO} 

1.07E-01 I O.OOE+OO } 
4 .96E-02 I O.OOE+OO } 

3.51E-02 { 1.52E-10} 

2.94E-02 I O.OOE+OO } 

4.98E-01 ( 1.69E-04} 5.02E-03 { O.OOE+OO I 
5.29E-01 { 9.06E-06} 3.37E-02 { O.OOE+OO } 

4.67E-01 { 4 .83E-06} 4 .95E-02 I 2.83E-10} 

S.20E -Ol ( 8.2SE·06) 1.ZSE-02 { 6.67E-11) 

5.09E-Ol { 3.84E·06) 2. 7SE-02 { O.OOE+OO) 

4.77E-01 I 4.57E-06} 9.08E-02 I O.OOE+OO) 

4.97E-01 [ 9.91E-05) 5.05E-03 { 0.00E+OO I 
5.llE-01 ( 6.40E-06} 3.07E-02 ( 1.59E-10) 

5.00E-01 ( 5. 21E-06 j 4.53E-02 { O.OOE+OO} 

5.02E-Ol ( l.05E-04 ) 5.0lE-03 ( O.OOE+OO I 
5.04E-01 { 6.72E-05} 4.91E-03 { 3.3SE-11} 

Raw 51/52 

1.53E-05 
9.71E-06 

1.29E-05 

1.12E-05 

6.48E-04 
6.49E-04 

1.82E-OS 

l.12E-05 

1.23E-05 

1.14E-05 

1.45E-05 

9.62E-06 

6.66E-05 

1.17E-05 

6.80E·05 

5.95E-05 

1.82E·05 

1.24E-05 

9.84E-04 

5 .llE-03 

7.40E-04 

1.95E-02 

1.86E-02 

1.llE-05 

2.98E-02 

4 .14E-03 

2.40E-03 
2.25E-02 

, 9El03 
1.58E-05 

1.37E-02 

5 .21E-03 

6 .15E-03 

1.93E-03 

3.32E-02 

l.43E-05 

4 .83E-04 

7.40E-03 

3.99E-03 

1.91E-OS 

3.05E-02 

4 .23E-03 
7.52E-04 

3 .llE-03 

2.04E-03 

1.57E-05 

8 .98E-03 

1 .03E-04 

6.SOE-04 

6.79E·04 

5.70E-04 

l.23E-OS 

6.45E-OS 

5.59E-OS 

l .49E-05 

1.34E-05 



std err 

{ 1.06E·06} 
{ 8.63E·07} 
( 9.62E-07 I 
{ 9.29E-07 I 
( l.04E·06) 

{ 8.38E·07} 
[ 2.38E-06) 
{ 2.64E-06) 

{ l.41E-06} 
{ 1.lOE-06) 

{ l.15E-06 I 
{ l.14E·06 I 
{ 1.68E-06) 

( 1.19E-06 I 
{ 2.07E-06} 

{ 1.45E-06 } 

( 8.78E-07} 

/l.17E·06} 
{ 2.20E-06} 
{ 2.14E-06} 

{ 1.00E-06} 
{ 4 .42E-06} 

{ 2.42E-06} 

{ 1.05E·06 I 
{ 3.18E-06} 

{ l.70E-06} 

{ 2 .19E-06} 
{ 4.36E-06} 

i 1.14E-06) 
{ 1.22E-05} 

{ 1.12E-06) 

{ 2.38E-06} 

{ 8 .66E-07} 
{ 4.94E-06} 

j 9.13E·07) 

l 9.49E-07} 

f 3.49E-06} 
{ 1.40E-06} 

{ 7.59E-06} 

{ 1.42E-06) 

{ 5.99E-06} 

{ 1.78E-06} 
{ 1.07E-06} 

{ 1.36E-06} 

{ 1.70E-06} 

Raw 49/50 std err 

8.82E·06 { S.84E·l4} 
8.82E·06 { O.OOE+OO I 
5.75E-06 { l.46E-14} 

5.93E-06 { 2.65E·14 I 
4.86E·OS { l.17E·l4 I 
4.63E-05 ( l .16E·13 I 
1.52E-OS ( O.OOE+OO) 

1.41E·OS { 0.00E+OO I 
5.34E·06 ( 3.26E· l4} 
S.24E-06 { l .BSE-14} 
6.25E·06 { 0.00E+OO} 

5.60E·06 { 9.83E·l5} 
1.18E-04 { 6.61E·B} 

S.34E·06 { l.27E-14} 

l.12E·04 { 3.86E·l3} 
7.66E·OS { O.OOE+OO} 
1.87E-05 ( O.OOE+OO) 

6.9SE·06 { O.OOE+OO} 

2.53E-04 { 1.29E-12} 
2 .09E-04 { O.OOE+OO} 

8.58E-05 { 3.26E-13} 

3.lOE-04 { 1.96E-12} 
2. 76E-04 { O.OOE+OO} 

6.94E-06 { O.OOE+OO} 
4.0lE-04 { 4 .69E-13} 

1. 75E-04 { O.OOE+OO} 

5.47E-04 { 7.38E-13} 
6.95E-04 { O.OOE+OO} 

Conv Err std err 

-5.61E·05 { 6.86E-06 I 
-4.09E-05 { 6.89E-06} 
-2.12E-05 ( 6.39E-06 I 
·4.52E-05 ( 7.60E-06 I 
-3.24E-05 { 3.78E·06 I 
-3.68E-05 { 4.0SE-06 I 
·3.59E-05 { 6.54E·06} 

-3.93E·05 ( l.22E·05} 

-2 .83E·05 { 7.01E·06} 
·4.0SE-05 {7.49E-06 I 
·3 .33E-05 { 6.62E-06 I 
-3 .78E·05 { S.46E-06} 
·1.16E-OS { 1.03E·05) 

1.01E·06 { 6.10E·06} 

-2.81E-05 { 8.31E-06 I 
-3 .24E-OS { 8.88E·06} 

-3.ll6E-04 ( 6.42E-05} 

-2.88E·OS { 6. 71E-06 I 
6.64E-04 { 1.30E-05 } 

5.92E-04 { 1.lOE-05 ) 
3.91E-04 { 7.06E-06} 

4.00E-04 { 9.35E-06} 
4.81E-04 { 1.0lE-05 } 

-2.61E-05 { 7.21E-06 I 
2.65E-03 { 8.21E-05} 

3.07E-04 { 1.lBE-05 } 

3.41E-03 { 6.57E-05 } 
3.93E-03 { 1.0lE-04 } 

-2.54E·OS { 6.94E-06} 
4.95E-04 { l.13E-05 } 

3 .32E-04 { 6.09E-06 } 

5.0lE-04 { l.llE-05 } 
3.23E-04 { 6 .42E-06 } 

2.lSE-03 { 7.65E-05} 

-1.59E·05 { 6.21E-06 I 
3.07E-04 { 6.72E-06} 

l.98E-03 { 6.24E-05} 

4.72E-04 { 9.88E-06} 

FeCorrEst std err 

8.B8E·02 { 2.33E·06 I 
8.81E·02 { 8.91E·07} 
8.58E-02 { 1.BE-06 I 
8.86E-02 { 8.22E-07 I 
2.92E·Ol ( 2.22E-06 I 
2.92E·Ol { 7.21E-06} 
2.57E-Ol { 4.23E·06} 

2.71E·Ol l 3.IOE-06} 
8.86E·02 { 2.90E·06} 

8.76E-02 { 7.57E-07) 
9.00E-02 { 7.68E-07} 

8.70E·02 { 1.0GE-06} 
6.63E-01 { 7.37E-06) 

1.0SE-01 { 1.32E·06 I 
6.SlE·Ol { 9.53E·06} 
9.50E-01 { 8.89E·06} 

li.74E-ll1 ( 1.22E-05) 

8.45E·02 { 8.86E·07 ) 
2.44E-01 { 2.09E-06} 

3.89E-01 { 6.00E-06} 
8.lOE-01 { 8 .64E-06} 

3.34E-01 { 5 .55E-06 } 

1.99E+OO { l.72E-05} 
9.25E·02 ( 1.07E-06} 

2.99E+OO { 6.23E·05 } 

4 .35E-01 { 5.97E·06 } 

8 .32E-01 { 1.45E-05 } 
l.78E+OO { 2.77E-05} 

l :s.sse 
9.32E-02 { 1.08E·06} 

2.53E-01 { 4 .63E-06 ) 

l.07E+OO { 1.03E-05 } 

4 .46E-01 { 7.50E-06 } 

5.61E-01 { 5.67E-06 ) 
2.48E+OO { 3. 75E-05 ) 

9.21E·02 { 1.16E·06} 
5.84E-01 { 4 .52E-06 } 

6 .21E-01 { 9.30E-06} 

2.50E-01 { 2.20E-06} 

6.82E·06 { 4.65E·14 I 
l.68E-04 { O.OOE+OO } 

1.16E-04 { O.OOE+OO} 

4.38E-04 { 2.73E-12} 
2.33E-04 { 5.51E-13} 

4.86E-04 { 2.llE-12} 
7.02E-06 { O.OOE+OO} 

5.98E-05 { 4 .30E-13} 

S.12E-04 { O.OOE+OO} 

4. 72E-04 { O.OOE+OO } 

5.62E-04 { 3.48E-12} 4.02E-03 { 9 .52E-05 } 4.44E-01 
,3 

8.36E-06 { 3.28E-14 I -3.17E-05 { 8.04E-06 I 
4.64E-04 { 1.72E-12} 2.15E-03 { 6.84E-05} 

3.19E-04 { O.OOE+OO} 2.36E-03 { 8.04E-05} 
7.00E-05 { 8 .93E-14} 2.87E-04 { 7.18E-06} 

2.57E-04 { O.OOE+OO } 5.02E-04 { 9 .57E-06 } 

2.00E-04 { O.OOE+OO} 6 .78E-04 { 1.lOE-05} 

9.76E-02 { 9.64E·07 I 
7.47E-01 { l.03E-05) 

2.14E+OO { 3.23E-05 } 
9 .93E-01 { 8.87E-06} 

7.03E-01 { 5.0lE-06} 

5.88E-01 { 5.54E-06 } 

VCorrEst std err 

l.44E-OS { 9.96E-07 } 
9.12E-06 { 8.llE-07 I 
1.22E·05 { 9.04E-07} 
1.05E·05 { 8.73E·07} 
5.GOE-04 { 9.00E-07) 
5.61E-04 { 7.24E-07) 

l.73E·OS { 2.26E·Ofi) 
1.0GE-05 { 2.5 lE-0& } 

1.16E-OS { 1.33E-06 I 
1.07E-05 { 1.04E-06) 

l.36E·OS { 1.08E·06) 
9.04E-06 { l.07E-06 I 
6.29E·OS { 1.59E·06 } 
l.lOE-05 { 1.11£.06) 

6.43E-05 { l.96E-06) 

S.73E·OS { 1.40E·06) 
3.56E·05 ( 1.72E-06} 

l.17E-05 { l.09E-06 I 
1.0lE-03 { 2.26E-06} 
5.08E-03 { 2.lOE-06} 
7.09E-04 { 9.60E-07} 

1.90E-02 { 4 .26E-06 } 

1.91E-02 { 2.53E-06} 

l.06E-05 { 9.98E-07) 

5.59E-02 { 7.65E-06 } 

4.14E-03 { 1.72E-06} 

4.49E-03 

l.SOE-05 ( l .OSE-06) 

l.45E-02 { l.29E~OS} 
4.91E-03 { 9 .33E-07} 

6.31E-03 { 2.48E-06} 
l.87E-03 { 8 .39E-07 } 

6.06E-02 { 1.31E-05} 

1.36E-OS { 8.69E-07) 

4 .6SE-04 { 9 .13E-07} 

l.32E-02 { 6.62E-06 } 

4.07E-03 { l.41E-06 } 

l.24E-01 

1.84E-05 { l.37E-06} 

5.69E-02 { l.llE-05 ) 

7.92E-03 { 3.31E-06} 
6.94E-04 { 9 .89E-07 } 

3.12E-03 { 1.36E-06} 

2.0lE-03 { l.68E-06} 

{ 1.0lE-06 I 8.23E·06 { 5.32E·14 I -l.34E-05 { 6.82E-06 I 1.00E·Ol { 9.74E·07) 1.52E-05 { 9.79E-07 I 
{ 3.00E-06} 3.26E-04 { 7.20E-13} 2.36E-05 { 9.83E-06} 6 .72E-01 { 6.36E-06} 8 .22E-03 { 2.77E-06} 

{ 9 .21E-07} 7.63E-05 { 3 .78E-13} 4.90E-04 { 6.77E-06) 9.91E-01 { 7 .57E·06} 1.06E-04 { 9.52E-07) 

{ 1.42E-06 J 

{ l02E·Ofi} 

t 7.29E-07} 

'! l.14E·06) 

{ 2.21E-06} 

{ 1.18E-ll6 I 
{ l.07E-06) 

{ 1.21E·06) 

l.56E·04 ( 8.14E"l3 i 3.76E-04 ( S.43E-06) 2.SOE-01 { 2.35E-06} 6.03E-04 [ l.32E-06) 

5.53E·05 ( 2.88£.14} 2.8'3E-04 { 6.57E-06} 5.SOE-01 { 4.57E-06 I 6.45HJ4 ( 9 66E-07 j 

1.llE-04 { 0.-00E+OO} 4.31E-04 { 7.12E-06} 1.82E+OO { 1.lOE-05} 5.78E-04 { 7.40E-07} 

1.0lE-05 { O.OOE+OO) -6.78E-06 { 6.GOE-06} 

l.14E-04 { 5.47E·13) -1 .23E·05 { 8.49E-06) 

7.68E-05 { O.OOE+OO) -1.20E-05 { 7.SOE-06 } 

8.43E-06 { 0.00E+OO) -2 .07E-05 { 6.93E-06 I 
6.92E·06 ( O.OOE+OO} -l.22E-05 { 6.88 E·06) 

l.OlE·Ol { 8.07E·07 ) 

6.16E-01 { 8.62E·06) 

9.0BE-01 { 7.0lE-06) 

l.OOE-01 { 1.lOE-06} 

9.82 E·02 { 7.23E-07 ) 

l .20E-05 { 1.lOE-06 I 
6. l OE-05 { 2.09E-06) 

5.40E-OS ( l.13E·06) 

1.43E-05 { l.03E-06 I 
l.28E-05 { l.16E-06 I 

TiCorrEst std err 

2.18E-03 { 3.18E-08} 
2.18E-03 { l.23E-08 I 
l.42E-03 ( l .04E-08} 
1.47E-03 ( 7.56E·09) 
l .20E-02 { 5.09E-08) 
1.15E-02 { 1.57E-07 I 
3.77E·03 { 3.44E-08} 
3.SOE-03 ( 2.22E-08) 

l .32E-03 { 2.40E-08) 

1.30E·03 ( 6.23E·09) 

1.55E-03 { 7.34E-09 I 
1.39E-03 { 9.37E-09) 
2.92E·02 { 1.SOE-07) 

l.32E-03 { 9.29E-09} 

2.78E-02 { 2.26E-07 I 
1.90E-02 ( 9.SSE-08 ) 

4.63E-03 { 4.66E·08 i 
1. 72E-03 { l.OOE-08 I 

6.27E-02 { 2.97E-07} 

5 .18E-02 { 4 .43E-07} 
2.13E-02 { 1.26E-07 } 

7 .69E-02 { 7.09E-07} 

6 .85E-02 { 3.27E-07} 

1. 72E-03 { l. llE-08 ) 

9.94E-02 { 1.15E-06 } 

4.35E-02 { 3.31E-07} 

l .35E-01 { 1.31E-06} 
1. 72E-01 { 1.49E-06 ) 

l 
1.69E-03 { l.09E-08 I 

4.16E-02 { 4 .23E-07) 
2.86E-02 { l.53E-07} 

1.08E-01 { l.OlE-06 } 
5.77E-02 { 3.24E-07) 

l.20E-01 { l.OlE-06 } 

1.74E-03 { l.21E-08 I 
l.48E-02 ( 6.37E·08} 

l.27E-01 { l.05E-06 } 

1.17E-01 { 5 .72E-07} 

{ 1.32E-06} 

6' 
2.07E-03 ( l .14E·08 I 

l.15E-01 { 8.78E·07} 

7.91E-02 { 6.62E-07} 
l.73E-02 { 8 .59E-08 } 

6.38E-02 { 2.52E·07} 

4.95E-02 { 2.59E-07 } 

Mass Bias 

3.16E+Ol 
3.17E+Ol 
3.17E+01 
3.18E+01 
3.15E+Ol 
3.17E+01 
3.17E+Ol 

3.17E+Ol 
3.20E+Ol 

3.20E+Ol 
3.22E+Ol 
3.21E+Ol 

3.15E+Ol 
3.20E+Ol 

3.lSE+Ol 

3.14E+Ol 
3.19E+Ol 

3.19E+Ol 

3.25E+Ol 

3.22E+Ol 
3.19E+Ol 

3.22E+Ol 

3.23E+01 

3.19E+Ol 

3.23E+Ol 

3.29E+Ol 

3.19E+Ol 
3.18E+Ol 

E l 
3.17E+Ol 

3.20E+Ol 
3.14E+Ol 

3.20E+01 

3.16E+Ol 

3.22E+Ol 

3.17E+Ol 

3.13E+01 

3.14E+Ol 

3.17E+01 

3.16E+Ol 

3.lGE+Ol 

3.13E+Ol 
3.14E+Ol 

3.18E+Ol 

3.18E+01 

2.04E-03 { 1.lOE-08 I 3.16E+Ol 

8 .09E-02 { 4 .25E-07} 3.31E+Ol 

l .89E-02 { 8.0lE-08} 3.12E+Ol 

3.8SE·02 { 2.0lE-07} 

J.37E-02 { 6.46E-08} 

2. 75E-02 { 9.27E-08 ) 

2.49E-03 { 1.lOE-08} 

2.83E-02 ( 2. 20E-07) 

1.90E·02 { 8.14E-08} 

2.09E-03 { 1.27E-08} 

1.72E-03 ( 7.0lE-09) 

3.18E+Ol 

3.lSE<-01 

3.12E+Ol 

3.14E+Ol 

3.12E+Ol 

3.07E+Ol 

3.16E+Ol 

3.16E+Ol 



std err 
{ l.42E-02) 
( 5.48E-03) 
{ 7.14E-03) 
( 5.03E-03) 
{ 4.12E-03) 
( l.34E-02) 
[ 8.92E--03} 

{ 6.19E-03} 
{ l .77E-02} 
( 4.69E-03) 
{ 4.63E-03} 
( 6.60E-03} 
( 6.03E-03} 
( 6.85E-03} 
{ 7.93E-03) 
( 5.07E-03} 
{ 9 88E-03} 
( 5.68E-03} 
{ 4.64E-03} 
{ 8.37E-03} 
{ 5.79E-03} 
{ 9.00E-03) 
{ 4 .67E-03) 
{ 6.29E-03} 
{ 1.14E-02} 
{ 7.45E-03} 

{ 9.47E-03} 
{ 8.50E-03} 

{ 6.28E-03} 
I 9.92E-03) 
{ 5.20E-03) 

I 9.llE-03) 
{ 5.48E-03} 
{ 8.25E-03) 

i 6.81E·03) 
( 4.20E-03} 
{ 8.15E-03) 
{ 4.78E-03} 

I 9.35E-03} 

{ 5.35E-03} 

{7.50E-03) 

{ 8.23E-03) 
{ 4.84E-03} 

{ 3.87E-03) 

{ 5.llE-03) 

i 5.25E-03) 

{ 5.14E-03) 

{ 4.14E-03} 

{ 5 lOE-03) 

j 4.60E-03} 

{ 3.29E-03) 

f 4.32E-03) 

{ 7.SSE-03) 

{ 4.18E-03} 

i 5.94E-03) 

{ 3.99E-03) 

545pk/52Nat 

4.54E-Ol { 2.89E-OS} 
4.55E-Ol { 4.05E-05} 
4.55E-Ol { 4.34E-05 } 
4.SSE-01 { 3.23E-05} 
4.97E-Ol ( 5.63E-06} 
4.97E-01 { 4.05E-06) 
4.49E-01 { 5.76E-05} 
4.49E-01 { 1.79E-05} 
4.54E-01 { 3.33E-OS} 
4.SSE-01 { 1.40E-05 ) 
4.54E-Ol { 3.00E-05} 
4.55E-Ol { 2.34E-OS } 
4.52E-01 { 6.33E-06) 
4.SSE-01 { 3.70E-OS} 
4.52E-Ol ( 4.60E-06} 
4.43E-01 { 4.54E-06} 
1.97E-01 ( 5.57E·06 } 
4.55E-01 ( 1.92E-OS} 

4.13E-01 { 6.0lE-06) 
4.28E-01 { 5.48E-06 ) 
4.46E-01 { 3.97E-06 ) 
4.37E-01 { 5.94E-06) 
4.llE-01 { 4.59E-06) 
4.48E-01 ( 7.13E-05} 

2.08E-01 { 6.00E-06 ) 
4.24E-01 { 5.26E-06 } 

2.08E-01 { 5.32E-06 ) 
l.87E-01 { 5.55E-06 } 

4.48E-Ol { 8.68E-05 ) 
3.99E-01 { 4.SOE-06 } 
4.54E-01 { 4.36E-06 I 
4.13E-01 { 3.21E-06} 
4.39E-01 { 4.21E-06) 
2.15E-01 { 8.56E-06} 
4.49E-Ol ( l.04E-04 ) 

4.43E-01 I 3.90E-06} 
2.20E-01 { 6.19E-06 I 
4.16E-01 { 4.48E-06) 

2.13E-01 { 8.30E-06} 

4.43E-Ol { 2.23E-04} 

2.09E-01 { 4.55E-06 ) 

2.09E-01 { 3.33E-06} 
4.64E-01 { 4.81E-06 I 
4.23E-01 { 4.23E-06 } 

4.32E-01 { 4.66E-06} 

4.41E-Ol { 1.55E-04} 

4.68E-01 { 7.20E-06) 

4.lOE-01 { 2.77E-06} 

4.61E-Ol [ 4.SSE-06) 

4.50E-01 ( 3.50E-06} 

4.19E-01 { 4.31E-06) 

4.40E-Ol { 9.09E-05 ) 

4.52E-01 ( 4.26E-06} 

4.42E-01 ( 4.48E-06) 

4.45E-Ol { 9. 70E-05) 

4.46E-01 ( 6.25E-05) 

Delta 
53Cr std err Smpl ID 

-0.18 { 2.13E-02} '979_125ppb' 
-0.13 { 2.14E-02} '979_125ppb' 
-0.07 { l.99E-02) '979_125ppb' 
-0.15 { 2.36E-02} '979_125ppb' 
-0.15 ( l.49E-02} '3112a_l25pp 
-0.16 ( 1.61E-02} '3112a_125pp 
·0.12 { 1.9GE·02} '979_75ppb' n 
-0. 13 ( 3.64E-02 } '979_75ppb' n 
-0.09 { 2.18E-02} '979_125ppb' 
-0.13 ( 2.33E-02} '979_125ppb' 
-0.11 ( 2.06E-02} '979_125ppb' 
-0.12 ( 1.70E-02} 979_125ppb' 
-0.08 { 3.09E-02) Proc_3112a_l 
0.00 { 1.90E-02} 979_125ppb' 

-0.13 ( 2.49E-02} Proc_3112a_l 
-0.15 { 2.48E-02} Proc_3112a_2 
·0.13 ( 2.31E-02} 979_Underspil 
-0.09 ( 2.lOE-02} 979_125ppb' 
1.58 { 3.12E-02 } 127242' 
1.53 { 2.88E-02} 127214' 
1.08 { 2.03E-02 ) 127243' 
1.09 { 2.59E-02 ) 127244' 
0.97 { 2.32E-02) 127215' 
-0.08 { 2.15E-02) 979_125ppb' 
0.97 { 3.20E-02) 127245' 
0.78 { 2.93E-02) 127247' 

1.37 I 2.68E-02} 127249' 
1.18 { 3.14E-02 ) 127250' 

-0.08 { 2.08E-02) 125ppb_979' 
1.07 { 2.47E-02} 127253' 
0.92 { 1.81E-02 } 127254' 
1.16 { 2.62E-02} 127255' 
0.86 { 1.78E-02} 127257' 
0.86 { 3.27E-02 } 127258' 
-0.05 ( l.87E-02) 979_125ppb' 
0.84 { 1.92E-02) 127260' 
0.91 { 2.94E-02) 127261' 
1.13 { 2.41E-02 ) 127290' 

1.74 { 4.15E-02} 127291' 

-0.10 { 2.34E-02) 979_125ppb' 

0.87 { 2.83E-02) 127293' 

0.88 { 3.23E-02 } 127268' 
0.85 { 2.28E-02) 127294' 

1.22 { 2.41E-02} 127295' 

1.77 I 2.95E-02} 127296' 

-0.04 { 2.00E-02) 979_125ppb' 

0.05 { 3.22E-02 ) 127307' 

1.06 { 1.55E-02 ) 127308' 

1.19 ( 2. 72 E-02} 127255-2' 

0.81 ( 1.96E-02} 127294-2' 

0.89 I l.67E-02 ) 110538' 

-0.03 { 1.88E-02) 979_125ppb' 

-0.08 { 2.54E-02} Proc_3112a_l 

·0.11 { 2.lOE-02) Proc_3112a_2 

-0.07 { 2.03E-02) 979_125ppb' 

Date Time 

13-Apr 14:51 
13-Apr 15:01 
13-Apr 15:11 
13-Apr 15:21 
13-Apr 15:36 
13-Apr 15:46 
13-Apr 16:01 
13-Apr 16: 11 

13-Apr 16:26 
13-Apr 16:35 
13-Apr 16:5 7 
13-Apr 17:59 
13-Apr 18:14 
13-Apr 18:29 
13-Apr 18:44 
13-Apr 18:59 
13-Apr 19:14 
13-Apr 19:29 

13-Apr 19:44 
13-Apr 19:59 
13-Apr 20:15 
13-Apr 20:30 
13-Apr 20:45 
13-Apr 21:00 

13-Apr 21:15 
13-Apr 21:30 

13-Apr 21:45 
13-Apr 22:00 

13-Apr 22:30 
13-Apr 22:45 
13-Apr 23:00 
13-Apr 23:15 
13-Apr 23:30 
13-Apr 23 :45 
14-Apr 0:00 

14-Apr 0:15 
14-Apr 0:30 
14-Apr 0 :45 

14-Apr 1:00 

14-Apr 

14-Apr 

14-Apr 
14-Apr 

14-Apr 

14-Apr 

14-Apr 

·14-Apr 

14-Apr 

14-Apr 

14-Apr 

14-Apr 

14-Apr 

14-Apr 

14-Apr 

14-Apr 

1:30 

1:45 

2:00 
2:15 

2:30 

2:46 

3:01 

3:16 

3:31 

3:46 

4:01 

4 :16 

4:31 

4:50 

5:05 

5:20 

-0.04 { 2.04E-02} 979_125ppb' 14-Apr 5:35 

Final Delta 
979 std mean 53Cr 

-l.23E-Ol -0.06 
-1.23E-01 -0.01 
-1.23E-Ol 0.05 
-1.23E-Ol -0.02 
-l.23E-Ol -0.03 
-1.23E-01 -0.04 
-1.23E-01 0.00 
-1.23E-Ol -0.01 
-1 .23E-01 0.03 
-1.23E-Ol -0.01 
-1.23E-Ol 0.02 
-6.44E-02 -0.06 
-6.44E-02 -0.01 
-6.44E-02 0.06 
-6.44E·02 -0.06 
-6.44E-02 -0.09 
-6.44E-02 -0.06 

-6.44E-02 -0.03 
-6.44E-02 1.64 
-6.44E-02 1.59 
-6.44E-02 1.14 
-6.44E-02 1.15 
-6.44E-02 1.04 
-6.44E-02 -0.02 
-6.44E-02 1.03 
-6.44E-02 0.84 

-6.44E-02 1.43 
-6.44E-02 1.24 

-6.44E-02 
-6.44E-02 
-6.44E-02 
-6.44E-02 
-6.44E-02 
-6.44E-02 
-6.44E-02 
-6.44E-02 
-6.44E-02 
-6.44E-02 

-6.44E-02 

-6.44E-02 

-6.44E-02 

-6 .44E-02 
-6.44E-02 

-6.44E-02 

-6.44E-02 

-6.44E-02 

-6.44E-02 

-6.44E-02 

-6.44E-02 

-6.44E·02 

-6.44E-02 

-6.44E-02 

-6.44E-02 

·6.44E-02 

-6.44E-02 

-6.44E-02 

-0.02 

1.13 
0.98 
1.23 
0.93 
0.92 

0.01 

0.90 
0.97 
1.20 

1.80 

-0.03 

0.93 

0.94 
0.91 

1.28 

1.84 

0.03 

0.12 

1.12 

1.25 

0.87 

0.96 

0.04 

-0.02 

·0.04 

0.00 

0.02 

Diff vs. Orig. Comment 

0.03 

-0.04 

-0.02 

wVoltage 
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Chain of custody/Analysis.Request ' 2617-650-1 
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Client Contact: Lab Agreement #: Site Name: Los Alamos National Laboratory 
Project Number: l'iad Screening Info: 
Analysls Turnaround Time: 

24 Hour- 0 Other - D 
7 Days - 0 
14 Days· 0 l.ab Reporting Limit Type: 

C') 

21 Days - 0 ID Sample Quantitation c;;i 
26 Days - 00 ID Limit a:: 

(.) 

Sample Sample Sample cl. 
Field Sample ID Cl) 

Date Time Matrix ?: 

t CAM0-17-127242 Nov 8 2016 10:34 w 1 

• CAM0-17-127214 Nov 8 2016 10:34 w 1 

• CAM0-17-127243 Nov 8 2016 13:34 w 1 

~ CAM0-17-127244 Nov 15 2016 10:47 w 1 

.. CAM0-17-127215 Nov 15 2016 10:47 w 1 

' CAM0-17-127245 Nov 7 2016 12:07 w 1 

~ CAM0-17-127247 INov 15 2016 12:34 w 1 

\ CAM0-17-127249 Nov 14 2016 12:33 w 1 

._ CAM0-17-127250 Nov 14 2016 14:03 w 1 

' CAM0-17-127252 Nov 7 2016 11:49 w 1 

• CAM0-17-127253 Nov 7 2016 14:05 w 1 

' CAM0-17-127254 Nov 17 2016 10:53 w 1 

• CAM0-17 -127255 Nov 17 2016 12:57 w 1 

, CAM0-17-127257 INov 18 2016 12:16 w 1 

lo CAM0-17-127258 Nov 18 2016 15:05 w 1 

' CAM0-17-127260 Nov 16 2016 12:46 w 1 

" CAM0-17-127261 Nov 21 2016 10:47 w 1 
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• Rell~e~~ 
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University of Illinois COC/Lab Request #: 

Chain of Custody/Analysis Request 2017-649 

Urbana IL Page 1 of 1 

Client Contact: Lab Agreement #: Site Name: Los Alamos National Laboratory 
Project Number. Rad Screening Info: 

Analysis Turnaround Time: 
24 Hour- D Other- 0 
1 Days· D 
14 Days· 0 Lab Reporting Limit Type: 

D 
(') 

21 Days· .., 
Sample Quantitation "1 

28 Days· £.El 
.., 

Limit a:: 
() 

Sample Sample Sample ci.. 
Field Sample ID (/) 

Date Time Matrix ~ 

' CASA-17-127290 Nov 16 2016 14:58 w 1 

' CASA-17-127291 Nov 9 2016 12:29 w 1 

, CASA-17-127292 Nov 9 2016 12:27 w 1 i 

' CASA-17-127293 Nov 10 2016 12:40 w 1 I 

' CASA-17-127268 Nov 10 2016 12:40 w 1 

.. CASA-17-127294 Nov 14 2016 12:51 w 1 

~ CASA-17-127295 Nov 14 2016 14:26 w 1 

' CASA-17-127296 Nov 16 2016 09:38 w 1 

" CASA-17-127307 Nov 15 2016 10:35 w 1 

"' CASA-17-127308 Nov 18 2016 11:50 w 1 

Special lns~o~ 
- A I / I I A ,/ 

Re~~~~ Pr~Ae/~ ll J qaJp!JrJ1lll: l_l.. • ,_. ., //?;/IF Received by: r Print Name:&f Ja;,11 /). ,L oatemme:J1/g/U /1~ib 
·. Rel#s"~~~ - , . - - J '· ,,.,, . v 

Print Name:· Daternme·:,;. · ·· .~ , ' •." ~ecelved by: • 1~ ·r.. · Print Nam,e: Datemme: · .. 

: Relinquished by: 
' 

'. ' . I ~ ' ' ' « Print Name·:<· .· . ~ ........ .. . Date!Tim~:.e. 1. ;;: ... ,~ ,. ,\ .... ~ Received by: 1 • ·, -;,:._ . :.; Cirnt:. ~. Print.Name: , Datemme: .. , . · ............ 
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U N I V E R S I T Y  O F I L L I N O I S 
A T U R B A N A - C H A M P A I G N 

 
Department of Geology 
School of Earth, Society, & Environment  
156 Computing Applications Building  
605 E. Springfield Avenue 
Champaign, IL 61820 
 
21 July, 2017 
 
Ms. Susan Leese 
ARS International, LLC 
2609 North River Road 
Port Allen, LA 70767-3469 
225.381.2991  sleese@amrad.com 
 
Subject:  Cr stable isotope results  
 
Dear Susan: 

Please find below tabulated results from Cr stable isotope analysis of water samples from Los Alamos 
National Laboratory (LANL).  The samples were analyzed on July 19th and 20th, 2017 and results were 
reported via EDD, on July 21st.   

 
COC # Sample ID δ53Cr1  

(per mil) 
Duplicate δ53Cr1 

(per mil) 
2017-1391	 CrCH1-17-129984	 0.80	 	
2017-1391	 CrCH1-17-129981	 0.88	 	
2017-1391	 CrCH1-17-129732	 0.90	 	
2017-1391	 CrCH1-17-129980	 0.83	 	
2017-1391	 CrCH1-17-129735	 0.86	 	
2017-1392	 CASA-17-129340	 0.75	 0.92	
2017-1392	 CASA-17-129341	 1.84	 	
2017-1392	 CAMO-17-129411	 1.01	 	
2017-1392	 CAMO-17-129290	 1.25	 	
2017-1392	 CAMO-17-129413	 0.85	 	
2017-1392	 CAMO-17-129412	 1.20	 	
2017-1393	 CrEX3-17-127067	 0.89	 	
2017-1393	 CrEX3-17-126943	 1.33	 	
2017-1393	 Cr-EX3-16-123292	 1.03	 	
2017-1393	 CrCH2-16-123335	 1.34	 	
2017-1393	 CrCH2-16-123328+123329	 1.80	 	
2017-1393	 CrCH2-16-123324-123326	 2.84	 	
2017-1393	 CrCH2-16-123342	 1.25	 1.25	
2017-1393	 CrCH2-16-123510	 1.69	 	
2017-1393	 CrCH2-16-123557	 1.31	 	
2017-1393	 CrCH2-16-123560	 0.99	 	
2017-1393	 CrCH2-16-123566	 1.04	 	
2017-1393	 CrCH2-17-129559	 1.17	 	

2017-1393	 CrCH2-17-129562	 1.25	 	
2017-1396	 TRR-42-16-123764	 0.88	 	
2017-1396	 TRR-42-16-123769	 0.79	 	
2017-1396	 TRR-28-16-123657	 1.07	 	
2017-1396	 TRR-42-16-123759	 0.90	 	
2017-1396	 TRR-28-16-123688	 1.23	 	
2017-1396	 TRR-28-16-123667	 1.23	 	
2017-1396	 TRR-28-16-123651	 1.11	 	
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2017-1396	 TRR-42-16-123756	 0.97	 	
2017-1396	 TRR-28-16-123677	 1.26	 	
2017-1396	 TRR-42-17-126877	 0.95	 	
2017-1396	 TRR-42-17-126884	 0.89	 	
2017-1396	 TRR-28-17-127645	 1.13	 	
2017-1396	 TRR-28-17-129043	 1.19	 	
2017-1396	 TRR-42-17-126870	 0.86	 	
2017-1396	 TRR-28-17-127650	 1.03	 0.95	
2017-1396	 TRR-28-17-127668	 0.97	 	
2017-1398	 CrCH2-16-123532	 1.05	 	
2017-1398	 CrCH2-16-123582	 1.28	 	
2017-1398	 CrCH2-16-123578	 1.25	 	
2017-1398	 CrCH2-17-128860	 1.20	 1.22	
2017-1398	 CrCH2-17-128857	 1.19	 	
2017-1398	 CrCH2-17-128859	 1.18	 	
2017-1398	 CrCH2-17-128856	 1.35	 	
2017-1398	 CrCH2-17-128862	 1.14	 	
2017-650-1	 CAMO-17-127252	 1.05	 	
2017-649	 CASA-17-127292	 1.13	 	

1Parts per thousand deviation of the measured 53Cr/52Cr ratio from that of the NIST SRM-979 standard. 
2Not analyzed; insufficient Cr(VI) was present in the sample to allow accurate isotope ratio analysis. 
3Reanalysis in progress; sample must be prepared again. 

 
The analytical methods used for these samples are identical to those used for LANL water analyses for 
the past several years, and are described in the article:  Reinhard, C.T., et al., 2014. The isotopic 
composition of authigenic chromium in anoxic marine sediments: A case study from the Cariaco Basin. 
Earth and Planetary Science Letters vol. 407, pp. 9-18.  Nominal precision is ±0.2 per mil, though actual 
reproducibility is generally better than that.   
 
A raw data table is attached.  Analyses identified as “979” are NIST SRM-979.  Analyses identified as 
“3112a” are NIST SRM-3112a, which has a published value of -0.07 per mil.  The SRM-3112a standard 
solutions were processed through the sample preparation procedure with the reported samples.  Sample 
results are normalized to the mean value of SRM-979 for the analytical session. 
 
Chain of Custody (COC) forms are also attached.  Some samples may not have been analyzed, as 
indicated above.  Where indicated, very little Cr was recovered by our sample preparation method.  Other 
possible causes are:  1) The samples were acidified or 2) Other dissolved components in the sample (e.g., 
organic compounds) interfered with our anion exchange process.   In some cases, sufficient Cr is present 
but samples must be prepared a second time to attain an acceptable ratio of double spike to sample Cr.   
 
Sincerely, 

 
Thomas M. Johnson 
Professor of Geology 
 


