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Nathan Franklin executed the TEPHRA code and created the lookup table. Don
Hooper and Roland Benke assisted and directed the work. Brit Hill and Brandi
Winfrey had validated the Tephra software. They also had created TEPHRA
inputs, defined the eloian and fluvial areas, and constructed an earlier lookup
table.

This notebook document procedures, codes, data, and results used to support by
the creation of a look up table which contains the amount of tephra and high-level
waste deposited at a receptor location, the amount deposited at a location where
redistribution occurs by fluvial processes, and the amount deposited at locations
where redistribution can occur by eolian processes. This text and supporting files
are provided herein to meet the CNWRA requirements of QAP-001 and QAP-
014.

CNWRA data contained in this report meet quality assurance requirements
described in the CNWRA Quality Assurance Manual.

Tephra 1.0, ArcGIS 9, IutFromTephra (main.cpp, lutFromTephra.cpp,
jutFromTephra.h, and createLutFromTephra.pro)
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Entry 1: Nathan Franklin
Date: December 12, 2005

Objective:  The objective is to (1) determine the ash and high-level waste distribution for
1024 eruptions on 1000-meter grid using TEPHRA, (2) create a look up table by
using lutFromTephra code on the results from TEPHRA , (3) and verify the look
up table calculations using ArcMap.

Section 1: Determination of Ash and High-Level Waste Distribution for 1024 Eruptions a
1000-meter grid

The TEPHRA software calculates the distribution of ash and high-level waste over a set of
points for different volcanic eruptions. We calculated the dispersion of ash and waste for 1024
different eruptions. The file 1024erupts.in contains the parameters for each of 1024 eruptions
(Table 1).

The following commands were used to calculate the distribution of ash and waste:
Jusr/bin/mpirun -np 4 /opt/ TEPHRA/tephra thsnd_nobeta.conf 1024erupts.in grid.in
random_uad.in 1024_all.out > 1024_cum.out

The following command reformats the output file:
awk -f parse.awk 1024_all.out > 1024_all_pars

Table 1: Eruption parameters for three different eruptions (#1, #621, #1024) in file
1024erupts.in.

‘. 4079000 | 548000 1242647510 -3.33 3.33 0.01 1 0.5 610
46 <] 4079000 | 548000 | 16387000749 -3.33 3.33 0.01 1 0.5 610
10 4079000 | 548000 4507605736 -3.33 3.33 0.01 1 0.5 610

" | 288576 10 1000 2 -4 3 0.1 100
#8621 | 392032 10 1000 -2 -4 -3 01 100
#1024 | 2152.98 10 1000 2 -4 -3 0.1 100
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Section 2: Creation of the Lookup Table by Using lutFromTephra

The results from TEPHRA are used to create a lookup table for TPA calculations. The lookup
table contains the amount of mass of ash and waste in the eolian and fluvial regions as well as
the amount of area in these where ash and hiw-waste was deposited. Code (lutFromTephra.h,
lutFromTephra.cpp, main.cpp, createLUTfromTephra.pro) was developed in C++ to create the
lookup table. In constructing the lookup table, no ash or waste was considered to be deposited
at locations where TEPHRA had calculated ash deposition less than 0.12 kg/m2.

The following command was used to create the lookup table (Table 2) from the TEPHRA
results:
JereateLUTfromTephra 1024_all_pars grid.in grid.in grid.in 549000 4058000

Table 2: Lookup table entries for three different eruptions (#1, #621, #1024) in file
sum_1024_all_pars.out.

0.000E+00 | 0.000E+00 | 1.03BE+06 | 1.241E+12 | 1.200E+08 | 6.051E+03 | 7.229E+09 | 2.600E+07
] 5616E-04 | 8.847E+03 | 6.637E+05 | 1.046E+13 | 1.5620E+08 | 3.443E+05 | 5.424E+12 | 5.660E+08
: #1024 0.000E+00 | 0.000E+00 | 9.881E+05 | 4.284E+12 | 4 100E+07 | 1.030E+05 | 4.465E+11 | 4.200E+07

Section 3: Verification of Lookup Table Using Calculations Performed with ArcMap

We evaluated the creation of the Lookup Table by comparing it to calculations performed with
ArcMap for the 1%, 621% and 1024"™ eruption. In ArcMap, two point feature classes (eolian.shp
and fluvial.shp) were created that contain the grid points located in the eolian and fluvial regions
(Figure 1).

Using the 1024_all_pars file, three text files (eruption1.csv, eruption621.csv and
eruption1024.csv) were created. They contain data for the 1%, 621* and 1024" eruptions.
These text files were converted into shapefiles (eruption1.shp, eruption621.shp and
eruption1024.shp).
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Figure 1: Point locations were deposition of hilw-waste and ash are calculated. Points in
blue and yellow are locations where redistribution occurs by fluvial processes and by

eolian processes, respectively. The points are spaced 1000 meters apart.
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Using the selection tool, eolian and fluvial point feature classes (eruption1_eolian.shp,
eruptioni_fluvial.shp, eruption621_eolian.shp, eruption621_fluvial.shp,
eruption1024_eolian.shp, and eruption1024_fluvial.shp) were created by selecting grid points
for each eruption that intersected points in the eolian and fluvial regions.

By browsing the attribute file for each of the eolian and fluvial feature classes, we could
determine the statistics of the ash and hlw-waste deposited as well as how many points had a
deposition amount greater than 0.12 kg/m? (Table 3, 4).

Table 3: Sum of the HLW and ash in the fluvial and eolian regions for three different
eruptions (#1, #621, #1024) using ArcMap.

0.001041 1244 .11 0.000011 12.695 26
0.000664 10462.32 0.000345 5439.15 566
0.000988 4284.91 41 0.000104 450.12 42

Table 4: Sum of the HLW and ash in the fluvial and eolian regions for three different
eruptions (#1, #621, #1024) using ArcMap with units comparable to Table 2.

Jel l&ﬁ ) ;
1.041E+06 1.244E+12 1.100E+04 1.270E+10 2.600E+07
6.640E+05 1.046E+13 1.520E+08 3.450E+05 5.439E+12 5.660E+08
9.880E+05 4.285E+12 4.100E+07 1.040E+05 4.501E+11 4.200E+07

To verify the deposition, we compared the calculations using ArcMap (Table 4) and those
contained in the lookup table (Table 2) for the 1%, 621%, and 1024™ eruption. The fluvial region
and eolian region calculations do not significantly differ from the values calculated using the
createLUTfromTephra program. Notably, the values calculated in ArcMap are always higher
than values in the lookup table. This is because we are using the sum of all HLW and ash

deposition in this approach instead of ignoring all deposition where ash is less than 0.12 kg/m?.

This is most prominent when there is less deposition (e.g. the HLW deposited in the eolian
region during the 1% and 1024™ eruption).

To verify the deposition at the receptor, the values at the receptor location (549000, 4058000)
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could be compared. For the 1% and 1024™ eruption, the lookup table contains no HLW or ash
deposition at the receptor location. This agrees with the values at the receptor location which
are far less than 0.12 kg/m2 amount of ash deposited for these two eruptions. The 8.8465 kg/
m? of ash and 5.6158e-07 kg/m? of HLW at the receptor location for the 621% eruption match the
values given in the lookup table (Table 2).
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Entry 2: Nathan Franklin
Date: March 08, 2005

Objective:  To create a lookup table using resuits from Tephra on a 500-meter grid. The
objective is to (1) determine the ash and high-level waste distribution for 1024
eruptions on 500-meter grid using TEPHRA, (2) create a look up table by using
lutFromTephra code on the results from TEPHRA , (3) and verify the look up
table calculations using ArcMap for a subset of eruptions.

Section 1: Determination of Ash and High-Level Waste Distribution for 1024 Eruptions on
a 500-meter grid

The TEPHRA software calculates the distribution of ash and high-level waste over a set of
points for different volcanic eruptions. We calculated the dispersion of ash and waste for 1024
different eruptions on a 500-meter grid. The file 1024erupts.in contains the parameters for each
of 1024 eruptions (Table 5).

The following commands were used to calculate the distribution of ash and waste:
Jusr/bin/mpirun -np 4 /opt/ TEPHRA/tephra thsnd_nobeta.conf 1024erupts.in grid500m.in
random_uad.in 1024_all_500m.out > 1024_cum_500m.out

The following command reformats the output file:
awk -f parse.awk 1024_all_500m.out > 1024_all_500m.pars

Table 5: Eruption parameters for four different eruptions (#252, #407, #705, #999) in file
1024erupts.in.

; : (m (k@) e hi)i it ot
- #2 4079000 | 548000 11221692526‘T -3.33 3.33 0.01 1 0.5 610
: 4079000 548000 | 25817594724 -3.33 3.33 0.01 1 0.5 610
4079000 548000 | 52392115858 -3.33 3.33 0.01 1 0.5 610
51 4079000 548000 | 98255802641 -3.33 3.33 0.01 1 0.5 610
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4141.6787 10 1000 -2 -4 -3 0.1 100
2029.4362 10 1000 -4 -3 0.1 100
3799.2383 10 1000 -2 -4 -3 0.1 100
| 3793.6538 10 1000 -2 -4 -3 0.1 100

Section 2: Creation of the Lookup Table by using lutFromTephra

The results from TEPHRA are used to create a lookup table for TPA calculations. The lookup
table contains the amount of mass of ash and waste in the eolian and fluvial regions as well as
the amount of area in these where ash and hiw-waste was deposited. Code (lutFromTephra.h,
lutFromTephra.cpp, main.cpp, createLUTfromTephra.pro) was developed in C++ to create the
lookup table. In constructing the lookup table, no ash or waste was considered to be deposited
at locations where TEPHRA had calculated ash deposition less than 0.12 kg/m?Z.

The following command was used to create the lookup table (Table 2) from the TEPHRA
results:

JcreateLUTfromTephra500m 1024 _all_pars grid500.in grid500.in grid500.in 549000 4058000

Table 6: Lookup table entries for four different eruptions (#252, #407, #705, #999) in file
Tremob lut_500m_4sig.dat.

)

gim?) (M) (@ (m3)
0.000E+00 | 0.000E+00 | 1.741E+04 | 1.880E+11 | 9.250E+06 | 9.944E+05 | 1.073E+13 | 3.240E+08
0.000E+00 | 0.000E+00 | 1.039E+06 | 2.580E+13 | 1.175E+08 | 0.000E+00 | 0.000E+00 | 0.000E+00
» 1.889E-03 | 9.515E+04 | 5.111E+05 | 2.576E+13 | 6.325E+07 | 5.250E+05 | 2.645E+13 | 7.613E+08
. #999" | 9.668E-04 | 9.133E+04 | 3.667E+05 | 3.465E+13 | 7.250E+07 | 6.670E+05 | 6.302E+13 | 1.001E+09

Section 3: Verification of Lookup Table Using Calculations Performed with ArcMap

We evaluated the creation of the Lookup Table by comparing it to calculations performed with
ArcMap for the 252", 407", 705", and 999" eruption. In ArcMap, two point feature classes
(eolian.shp and fluvial.shp) were created that contain the grid points located in the eolian and
fluvial regions (Figure 1).

Using the 1024_all_500m.pars file, four text files (e_252.csv, e_407.csv, e_705.csv and
e_999.csv) were created. They contain data for the 252™, 407", 705", and 999" eruptions.
These text files were converted into shapefiles (eruption_252.shp, eruption_407.shp,
eruption_705 and eruption_999.shp).
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Figure 2: Point locations were deposition of hiw-waste and ash are calculated. Points in
blue and tan regions are locations where redistribution occurs by fluvial processes and
by eolian processes, respectively. The points are spaced 500 meters apart.
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Using the selection tool, eolian and fluvial point feature classes (eruption_252_eolian.shp,
eruption_252_fluvial.shp eruption_407_eolian.shp, eruptin_407_fluvial.shp,
eruption_705_eolian.shp, eruption_705_fluvial.shp, eruption_999_eolian.shp and
eruption_999_fluvial.shp) were created by selecting grid points for each eruption that
intersected points in the eolian and fluvial regions.

By browsing the attribute file for each of the eolian and fluvial feature classes in Excel, we could
determine the statistics of the ash and hiw-waste deposited as well as how many points had a
deposition amount greater than 0.12 kg/m? (Table 7, 8).

Table 7: Sum of the HLW and ash in the fluvial and eolian regions for four different

tions (#2562, #407, #705, #399 |

2

agion:(kg/m?)
6.96E-05 752.02 a7 0.003978 42919.58 1296
0.004156 103186.1 470 0 0 0
0.002044 103019.4 253 0.002099891 105771.52 3046
0.0014667 138618.55 290 0.0026681 252079.3 4002

Table 8: Sum of the HLW and ash in the fluvial and eolian regions for four different
eruptions (#252, #407, #705, #999) using ArcMap and Excel with units comparable to
Table 6.

1.741E+04 1.880E+11 9.250E+06 9.845E+05 1.073E+13 3.240E+08
1.039E+06 2.580E+13 1.175E+08 0.000E+00 0.000E+00 0.000E+00
5.110E+05 2.575E+13 6.325E+07 5.250E+05 2.644E+13 7.615E+08
3.667E+05 3.465E+13 7.250E+07 6.8670E+05 6.302E+13 1.001E+09

To verify the deposition, we compared the calculations using ArcMap (Table 8) and those
contained in the lookup table (Table 6) for the 252™, 407", 705", and 999" eruption. The fluvial
region and eolian region calculations do not significantly differ from the values calculated using
the createLUTfromTephra program.

To verify the deposition at the receptor, the values at the receptor location (549000, 4058000)
could be compared. For the 252™ and 407" eruptions, the lookup table contains no HLW or
ash deposition at the receptor location. This agrees with the values at the receptor location

10
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which are far less than 0.12 kg/m2 amount of ash deposited for these two eruptions. The
amount of deposition at the receptor location for the 705" eruption (95.154 kg/ m? of ash and
.000002 kg/m? of HLW) and the 999" eruption (91.334 kg/ m? of ash and .000001 kg/m? of
HLW) match the values given in the lookup table (Table 6).
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Figure 3: High-level waste distribution for eruption #252 occurs primarily in the eolian
region,
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Figure 4: Eruption #705 deposits waste at the receptor location.
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Figure 5: High-level waste distribution for eruption #407 occurs primarily in the eolian
region.
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Figure 6: High-level waste distribution for eruption #999.
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Entry 3: Nathan Franklin
Date: March 20, 2005

Objective:  To record the lockup table.

The following is the lookup table (remob_lut_500m_4sig.dat):

c_HLW_I.C_ash_i,m_HLW_f.m_ash_farea_fm_HLW_ e m_ash_e,area_e,,,,,
g/m2,g/m2,9.g.m2,9,.9,m2 (HLW masses ar2 based on 1MTU of HLW erupted).,,,.,
0.000E+00,0.000E+00,1.024E+06,1.224E+12,1.170E+08,7.807E+03,9.325E+09,3.125E+07,,,,,
5.275E-05,3.413E+03,1.648E+05,1.067E+"3,3.850E+07,8.024E+05,5.195E+13,9.208E+08,,,,,
0.000E+00,0.000E+00,1.017E+06,8.888E+13,1.198E+08,2.297E+04,2.007E+12,1.403E+08,,,,,
0.000E+00,0.000E+00,1.031E+06,2.774E+13,1.088E+08,8.377E+03,2.253E+11,9.025E+07,,,,,
0.000E+00,0.000E+00,1.019E+06,5.133E+13,1.843E+08,2.044E+04,1.029E+12,3.770E+08,,,,,
0.000E+00,0.000E+00,8.823E+05,3.118E+13,2.250E+07,1.566E+05,5.534E+12,1.108E+08,,,,,
0.000E+00,0.000E+00,1.040E+06,2.583E+13,6.350E+07,2.188E+02,5.432E+09,8.750E+06,, ,,
0.000E+00,0.000E+00,2.475E+04,8.330E+11,6.750E+06,1.000E+06,3.769E+13,1.703E+08,,,,,
0.000E+00,0.000E+00,1.037E+06,1.821E+12,3.800E+07,9.310E+02,1.634E+09,4.000E+08,, .,
2.496E-04,7 510E+03,1.471E+05,4.431E+12,6.025E+07,8.053E+05,2.425E+13,9.358E+08,,,,,
0.000E+00,0.000E+00,9.167E+05,2.480E+13,8.000E+07,1.210E+05,3.274E+12,2.273E+08,,,,,
0.000E+00,0.000E+00,1.005E+06,3.023E+12,4.550E+07,3.305E+04,9.942E+10,7.425E+07,,.,,
0.000E+00,0.000E+00,1.024E+06,1.011E+13,1.788E+08,1.456E+04,1 438E+11,1.263E+08,,.,
0.000E+00,0.000E+00,3.154E+05,7.156E+12,8.275E+07,6.987E+05,1.585E+13,5.640E+08,,.,,,
1.139E-05,9.452E+02,3.308E+05,2.746E+13,7.250E+07 6.987E+05,5.799E+13,6.003E+08, ,,,
0.000E+00,0.000E+00,9.597E+05,1.402E+13,2.228E+08,6,834E+04,9.981E+11,9.650E+07,,,,,
0.000E+00,0.000E+00,5.936E+05,5.875E+12,8.625E+07,3.751E+05,3.711E+12,3.178E+08,,.,,
0.000E+00,0.000E+00,8.712E+05,4.134E+13,2.008E+08,1.033E+05,4.901E+12,2.858E+08,,,,,
0.000£+00,0.000E+00,9.852E+05,3.039E€+12,5.675E+07,5,126E+04,1 580E+11,1.248E+08,,,,,
0.000E+00,0.000E+00,9.796E+05,2.240E+13,2.983E+08,5.208E+04,1.190E+12,4 538E+08,,,,,
0.000E+00,0.000E+00,8.302E+05,1.308E+13,1.560E+08,1.355E+05,2.134E+12,5.350E+07,,,,,
7.598E-06,1.240E+02,5.790E+05,9.457E+12,1.490E+08,4 568E+05,7 459E+12,3.280E+08,,,,,
0.000E+00,0.000E+00,9.393E+05,8.367E+13,2.030E+08,4.392E+03,3.914E+11,2,.275E+07,,,,,
1.070E-05,1.970E+02,8.003E+05,1.474E+13,9.825E+07,2.361E+05,4. 349E+12,6.815E+08,,,,,
0.000E+00,0.000E+00,1.037E+06,1.355E+13,8.500E+07,2.445E+03,3.193E+10,5.500E+07,,,,,
0.000E+00,0.000E+00,4.324E+05,4. 800E+12,5.000E+07,5.599E+05,6.212E+12,4.530E+08,,.,,
0.000E+00,0.000E+00,9.738E+05,1.501E+12,6.675E+07,6.108E+04,9.412E+10,4.900E+07,,,,,
0.000E+00,0.000E+00,1.029E+06,7.217E+13,1.895E+08,8.192E+03,5.745E+11,6.150E+07,,.,,
8.686E-06,8.434E+02,6.639E+04,6.452E+12,2.500E+07,8.830E+05,8.577E+13,7.938E+08,,,,,
0.000E+00,0.000E+00,7.619E+05,9.374E+12,6.200E+07,2.764E+05,3.400E+12,2.573E+08,,,,,
0.000E+00,0.000E+00,8.165E+05,3.086E+12,1.785E+08,1.603E+05,6.056E+11,1.755E+08
0.000E+00,0.000E+00,1.005E+06,4.053E+13,1.878£+08,2.660E+04,1.072E+12,1.838E+08
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