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Fukushima Dali-ichi Nuclear Power Plant,
Near Sendal, Japan

Country Japan :

Area : Fukushima Daiichi Nuclear Facility
Tsunami Damage

Acquisition' Date :.' March 14, 2011
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March 12, 2011

March 14, 2011

March 15, 2011

March 16, 2011

Timeline

— Fukushima Dai-ichi Release(s)

— NADP and USGS begin preparation of
Sampling and Analysis Plans.

- NADP begins saving filters and
water samples.

- NADP/USGS contacted USEPA
to offer samples for analysis.
Sent 5 samples on March 28.

- NADP/USGS contacted DHS
to offer samples for analysis.
No samples sent.




Timeline

March 25, 2011 - USGS Reactor Facility Group (RFG)
started analysis of filters.

April 15,2011 - USGS RFG completes filter analyses
April 18, 2011 - USGS RFG begins water analyses

July 8, 2011 - USGS RFG completes water analyses

August 26, 2011 - Initiated ES&T article and Open-File
Report (OFR)




Timeline

September 2011 - ES&T article and OFR In review

October 18, 2011 - USGS Director’s approval for OFR

October 25, 2011 - Presentation of preliminary results at
2011 NADP Technical Symposium,
Providence, RI, USA

January 2012 - USGS Director approved ES&T article

February 2012 - ES&T article and OFR Published




Objectives

1. Evaluate NADP NTN and MDN capabilities for
monitoring radionuclide activities in precipitation.

2. Evaluate NADP/USGS capabilities to monitor
unexpected atmospheric events.

3. Offer NADP support to agencies responsible
for monitoring radioactive fallout — USEPA,
DOE, DHS, Environment Canada.
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NOAA HYSPLIT Back Trajectories from 35 NADP sites
at 5,000 meter altitude March 22-April 5, 2011.
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Sample Processing & Filtration

Lab Filtration

— Decanted Field
¥,
» Samples

=Polyethylene buckets and bottles
»Polyethersulfone filters




b NADP SITES SAMPLED MAR 8 -APR 5, 2011

EXPLANATION
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MDN Sites ®
NTN Plant Pathogen Sites ©




Filters Sorted by Priority Regions

JAPAN FILTERS
JAPAN FILTERS PRIORITY 3
PRIORITY 2 DATES OFF: MARCH 22, 2011
DATES OFF: MARCH 22, 2011 MARCH 29, 2011
MARCH 29, 2011

JAPAN F”_TERS
PRIORITY 1

- MARCH 22
OFF 2011
DATES © MARCH 28, 2014

USGS, Denver, CO ~2USGS
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Phase 1: 47 mm Diameter Filters

Example of
NTN Filter
Sample

RESULTS: NO FISSION PRODUCTS
DETECTED ON 280 FILTERS.
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WET DEPOSITION SAMPLES
NOT FILTERED
ACIDIFIED, pH < 2.0




Phase 2: Whole-water precipitation
samples

== First 250 ml, for

| normal NTN
——— .
operations

Available
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Phase 2: Whole-water precipitation
samples

N =16 MDN
samples
analyzed



SAMPLES

1. Analyzed 280 NTN filters.

2. Weighed, acidified, composited and
analyzed 160 NTN & 16 MDN samples.

3. QA/QC - 8 Blanks and 4 replicates.

4. Gama Spectrometry by
USGS National Reactor Facility;,
Denver, Colorado




QUALITY ASSURANCE

1. 4 BLANK FILTERS — NO FISSION PRODUCTS

2.4 BLANK WATER SAMPLES - NO FISSION PRODUCTS

3. SAMPLES FROM WEEK MAR 8-15 ANALYZED FOR SITES
WITH DETECTED %3’Cs — NO FISSION PRODUCTS

4. REPLICATE SAMPLES FROM CO-LOCATED SITES
MAO1/01MA @ CAPE COD NSS - BOTH NO FP
CA50/50CA @ SAGE HEN CREEK FS-BOTH NO FP
C098/C0O89 @ ROCKY MTN NP

— BOTH WITH FISSION PRODUCTS!




GAMMA SPECTROMETRY

. 2 DETECTORS AVAILABLE, 16% AND 40% EFFICIENT

. DETECTOR EFFICIENCY CHECK *?Eu SOURCE

. RANGE: 122 keV - 1.528 MeV

. CALIBRATION: +/-1 keV

. FILTER CALIBRATION: 0.5 uC ®Co, 0.055 uC 37Cs

. WATER CALIBRATION: 1 uC »?Eu in 500 mL & 1,000 mL

MERINELLI BEAKER GEOMETRY STANDARDS
. COUNT TIMES: 6 HOURS STANDARD,
UP TO 24 HOURS FOR RERUNS
. BUACTIVITIES ADJUSTED FOR DECAY FROM TIME OF
SAMPLE ANALYSIS TO LAST TIMES COLLECTORS OPEN
DURING PRECIPITATION PER RAIN GAGE.
. 134Cs ACTIVITIES MANUALLY ESTIMATED.




Gamma

spectrometry
detector
mounted on
liquid N dewer




Calibration
Standard
In Merinelli
Beaker




Pb
Shield







ACTIVITIES vs DEPOSITION (FLUX)

Gamma Spectrometry values in activity units
= picocuries per liter (pCi/L).

Deposition calculated using raingage depths in
= Becquerels per square meter (Bg/m?)

Conversion Factors: 0.037 Bg/ pCi
1 Liter = 1 mm depth / m?
Deposition, (Bg/m?)
=ACTIVITY (pCi/L) x PPT DEPTH (mm) x 0.037
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/ Cs-134 peak at ~796 keV

»~ Expanded spectral region
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Arctic Ocean
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EXPLANATION . 28"
Annotated Values are T I ;
NADP Deposition, in BGim?
MCs Activity Ranges, in Bl -
NADP Wet-Only RadNet Bulk

o 0.0 [ 0.048
© 0.01-0.04 1 0.048 - 0.053
© 004-007 1 0.087 _
Gulf of Mexico
@ 007-0.10
@® 010-027
@ 027-041 ALASKA (AK) EXPLANATION
@® 041-052 Precipitation Depth (mm)
® 20 ] 2- 4 6 -75
*  MNADP Plant F"alhn?an Study Sites - No Samples Available Bl 20 - 25 Bl 100 -115 b,
@ NADP Sites - No 13%Cs Detected Bl 40 - 45
S Unie, CA - Berkeley Bulk: 0.25 Bg/l “"cs NADP Wet-Only Activity, in Bg/L *
2-Week Precipitation Depth, in millimeters .- 20
[ Jo-02 I 20-30 N 100 - 200 = MADP Sites - No "**Cs Detected
[ Joz-5 [ 20-40 [ 200 - 300 MADPDep-usltlun,lan.'mL_____.m
[ 5.10 I 40-50 R 300 - 400 Fa s 0 km

[ 10-20 [ 50 - 100 [ 400 - 571



EXPLANATION

Annotated Values are
NADP Deposition, in Bqim?

1375 Activity Ranges, in Bg/L

NADP Wet-Only RadNet Bulk
o 003 Q.02 o
o  0.03-006 a02-004 o
© 0.06-0.11 0.88 (]
@ 0.11-018
@ 0.18-037
@ 037-056
@ o056-092

@ o092-14
A Univ. CA- Berkeley Bulk: 0.28 Bo/l
@ NADP Sites - No1 Detected

#  NADP Plant Pathogen Study Sites - No Samples Available
2-Week Precipitation Depth, in millimeters

[ Jo-02 [ 20-30 [N 100 - 200

[ Joz-5 [ 20-40 | 200 - 300

[ 5-10 BN 40-50 (NI 300 - 400

[ 10-z0 [N 50 - 100 [ 400 - 571

ALASKA (AK) EXPLANATION
Precipitation Depth (mm)
1 2- 4@ 60 - 75

¥Tcs NADP Wet-Only Activity, in Bg/L "
e 028

Annotated Values are
@ 032 NADP Deposition, in Bqim-
® 055 T H“




Fukushima vs Chernobyil
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Wetherbee, G.A., Gay, D.A., Debey, T.M., Lehmann, C.M.B., and Nilles, M.A., 2012, Wet deposition of fission-product isotopes to North America from
the Fukushima Dai-ichi Incident, March 2011, Table 1, Environmental Science and Technology, 46 (5), pp 2574—2582.



Context

e Maximum 13’Cs deposition from Fukushima
In USA would contribute approximately 3%-
10% additional radioactivity to that present in
a common square meter of soil (5 cm deep).

e Maximum NADP-measured 13’Cs wet
deposition from Fukushima (240 Bq/m?) is




CONCLUSIONS

1. Detectable 131, 134Cs, & 137Cs
20% of sampled locations.

2. Estimated Deposition (FLUX) Ranges:

1311 60. — 5,100 Bo
134Cs: 0.47- 46 Bo
137Cs: 0.74- 240 Bo

/m? - 5 SITES

/m? - 25 SI7

'ES

/m? - 33 SITES

3. Spatial distribution of deposition and source
region consistent with NOAA HYSPLIT
back trajectory analysis.




CONCLUSIONS

4. Fission products associated with particles < 0.45 mm,
OR dissolved species.

5. NADP demonstrated a national capability to monitor
unexpected releases of radionuclides to the

environment.




LESSONS LEARNED

1.Prioritize whole water precipitation samples
& archive filters for possible later analysis.

2.Improve Interagency coordination for sample

analysis, especially for short-lived isotopses
such as 311,




Protocols to Consider

1. Dedicate a collector solely for the purpose of
collecting wet deposition for radionuclide
monitoring.

2. Acidify (preserve) samples in the bucket
BEFORE transfer of sample to bottle.

3. Homogenize (“stir’) sample BEFORE
transfer to bottle instead of decanting off
liquid only to obtain particulates.




Future Work

1.Reanalysis of samples for °°Sr.

We Need a lab to do radiochemistry!

2.Proposed 3H network for southeastern USA.
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EXPLANATION

Annotated Values are
NADP Deposition, in Bqim?

1375 Activity Ranges, in Bq/L

NADP Wet-Only RadNet Bulk
o 003 0.02 a
o  0.03-008 0.02-0.04 o
© 0.06-0.11 0.88 O
@ 0.11-0.18
@ 018-037
@ 037-0.56
@® o055-092

@ o092-14
A Univ. CA - Berkeley Bulk: 0.28 Bg/L
@ NADP Sites - No1 Detected

*  NADP Plant Pathogen Study Sites - No Samples Available
2-Week Precipitation Depth, in millimeters

[ Jo-o2 [ 20-30 [ 100 - 200

[ Joz2-5 [ 20-40 [ 200 - 300

[ 5-10 BN 40-50 [ 300 - 400

[ 10-z0 [ 50 - 100 [ 400 - 571

ALASKA (AK) EXPLANATION
Precipitation Depth (mm)
C1 2- 41 60 - 75

EE 20 - 25 [ 100 - 115 " |
B 40 - 45

137cs NADP Wet-Only Activity, in Bg/L "
e 028

Annotated Values are
® 032 NADP Deposition, in Bgln:
@ 0396 T— 33'




