
Grants Reclamation Project 

September 13, 2017 

CERTIFIED MAIL - RETURN RECEIPT REQUESTED 

U.S. Nuclear Regulatory Commission 
ATTN: Document Control Desk 
Washington, DC 20555-0001 

Homestake Mining Company of California 

Thomas W ohlford 
Closure Manager 

Re: Reply to Notice of Violation, Docket No. 040-08903/2016-001, License No. SUA-1471 

Dear Sirs: 

During a Nuclear Regulatory Commission (NRC) inspection conducted August 24-25 , 2016, at the 
Homestake Mining Company of California (HMC) facility in Grants, New Mexico, the NRC identified a 
single violation of NRC requirements with three components, viz., that in August 2015, HMC failed to 
verify through appropriate testin~ and analysis that radon releases did not exceed 20 picoCuries per 
meter squared per second (pCi/m s); failed to ensure that a single set of radon flux measurements were 
made; and failed to have the required 100 measurements from each mill tailings pile. The NRC 
determined that this constituted a Severity Level IV violation. 

In response to the violation, HMC tasked Environmental Restoration Group (ERG) with estimating the 
radon flux from both the Large Tailings Pile (LTP) and Small Tailings Pile (STP) using the Radon 
Attenuation Effectiveness and Cover Optimization with Moisture Effect (RAECOM) code. The 
modeling results indicate that the radon flux from the L TP will exceed 20 pCi/m2s regardless of whether 
100 measurements are performed solely from the top of the LTP, or include samples collected from the 
sides. Simulated results for the STP indicate that an arithmetic average of 100 radon flux measurements 
across areas other than Evaporation Pond 1 (EPl) will also exceed 20 pCi/m2s. However, HMC believes 
that Method 115 allows area-weighted averaging for an operational impoundment such as the STP, and 
when the average flux is calculated in this manner, the STP is currently believed to be in compliance 
with the flux standard. 

Based on the RAECOM modeling results, it appears that the only solution to obtain compliance with the 
flux standard on top of the L TP is to place significant additional soil cover on top of the L TP. To place 
this additional soil cover would require abandonment of all existing wells on top of the L TP which are 
currently being used to remediate the alluvial aquifer underlying the LTP. 

The attached Technical Memorandum from ERG documents HMC's proposed procedure for monitoring 
compliance with the radon flux standard. Due to the technical constraints on placement of the final 
radon barrier on top of the L TP at this time, HMC respectfully requests a variance from the NRC with 
respect to obtaining compliance with the radon flux standard for this impoundment until such time as 
groundwater restoration at the Grants Reclamation Project is complete. 

The attached Technical Memorandum from ERG summarizes proposed procedures form monitoring rr {;0 7 
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radon flux, methods for calculation of average flux from each pile, and provides MILDOS modeling 
results that indicate that the requested interim variance from the radon flux standard on top of the LTP 
will not result in radiological doses to site workers or members of the public that exceed applicable NRC 
dose limits. 

Should you have any questions or comments regarding the attached technical memorandum from ERG, 
please contact me at twohlford@homestakeminingcoca.com or (505) 290-2187. 

Sincerely, 

Thomas P. W oh I ford 
Closure Manager 
Homestake Mining Company, Grants, New Mexico 

cc: Dr. R. Evans, NRC, Dallas, Texas (electronic copy) 
M. Meyer, NRC, Rockville, Maryland (electronic copy) 
Regional Administrator, NRC, Region IV (hard copy) 
M. McCarthy, Barrick, Toronto, Ontario (electronic copy) 
C. Burton, Barrick, San Francisco, California (electronic copy) 
H. Burns, Barrick, Toronto, Ontario (electronic copy) 
G. George, Davis Wright Tremain, San Francisco, California (electronic copy) 
R. Whicker, ERG, Albuquerque, New Mexico (electronic copy) 
G. Hoffman, Hydro-Engineering, Casper, Wyoming (electronic copy) 
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cr.tC) 
To: Tom Wohlford (HMC) 

From: Randy Whicker (ERG) 

Direct: 970-556-1174 

Cc: Clark Burton (HMC) 

TECHNICAL MEMORANDUM 

Environmental Restoration Group, Inc. 
8809 Washington St NE, Suite 150 

Albuquerque, NM 87 11 3 
ph (505) 298-4224 

www.ERGoffice.com 

Date: September 5, 2017 

Project: Grants Reclamation Project 

Task(s): 2016 Radon Flux NOV for LTP 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Subject: Proposal to address radon flux NOV for the LTP (NRC Docket No. 040-08903/2016-001, 

License No. SUA-1471) . 

Dear Mr. Wohlford, 

Per the NRC notice of violation .(NOV) included in the 2016 NRC Inspection Report (dated April 20, 2017) 

for the Homestake Mining Company of California (HMC) Grants Reclamation Project, this Technical 

Memorandum (TM) has been prepared on behalf of HMC to address NRC requirements to develop a 

procedure to address average radon flux from the Large Tailings Pile (LTP) . That radon flux currently 

exceeds the 20 pCi/m 2-sec radon flux standard . More specifically, this TM addresses HMC's request for 

a 90-day extension to develop a procedure for demonstrating compliance with the flux standard, as well 

as subsequent discussions with NRC concerning a potential interim variance from compliance with the 

flux standard in order to avoid interruption of groundwater restoration operations under the Corrective 

Action Plan (CAP). This TM includes the following: 

1. Proposed procedures for continued annual radon flux measurements on each pile . 

2. Proposed procedures for calculation of annual average radon flux from the LTP and the Small 

Tailings Pile (STP) as permitted by 10 CFR 40 Appendix A, Criterion 6 (2) . 

3. A request for a variance (exemption) from additional interim radon flux reduction measures for 

the LTP, to avoid interruption of groundwater restoration operations on top of the LTP under 

the CAP until groundwater restoration is complete and the final radon barrier is constructed . 

4. Results of MILDOS modeling in support of the requested variance from additional interim radon 

reduction measures in terms of compliance with occupational and public dose limits . 

Please let me know if you have questions or if more information is needed. 

Regards, 

Randy Whicker, CHP 
R SO, HMC Grants Reclamation Project 

ERG 
Environmental Restoration Group, Inc. 
8809 Washington St. NE, Suite 150 
Albuquerque, NM 871 13 
Email : RandyWhicker@erqoffice.com 
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Interim Measures to Address Radon Flux from the L TP and STP HMC Grants Reclamation Project 

Proposal for Interim Measures to Address Radon Flux from the L TP and STP 

1. BACKGROUND 

Per the NRC notice of violation (NOV) included in the 2016 NRC Inspection Report (dated April 20, 2017) 

for the Homestake Mining Company of California (HMC) Grants Reclamation Project (Site), HMC 

submitted to NRC a follow-up letter (dated June 13, 2017) and attached Technical Memorandum (TM) 

from Environmental Restoration Group, Inc. (ERG) which concluded: 

1. There is no scenario under which inclusion of new radon flux measurements on the side slopes 

of the large tailings pile (LTP) would result in compliance with the 20 pCi/m2-sec radon flux 

standard without placement of large quantities of additional interim soil cover on the top of the 

LTP. 

2. Adding additional interim soil cover on top of the LTP is problematic as it would interfere with 

hundreds of wells located on top of the LTP, many of which are necessary for continued efforts 

to remediate impacted groundwater under the Corrective Action Plan (CAP) . 

The June 13, 2017 letter requested a 90-day extension to develop a procedure for demonstrating 

compliance with the flux standard (see HMC's May 16, 2017 Reply to a Notice of Violation, Docket No. 

040-08903/2016-001, License No. SUA-1471). In a follow-up conference call with NRC on July 27, 2017, 

the possibility of an interim variance (exemption) from additional radon flux reduction measures on tcip 

of the LTP was discussed as a measure that would avoid interruption of groundwater restoration 

operations on top of the LTP (groundwater wells and Zeolite water treatment facilities). Placement of 

additional interim soil cover to meet the radon flux standard would require (1) interference with or 

removal of hundreds of existing pumps, or (2) a major change in the groundwater restoration program 

and replacement with an alternative approach (e.g., horizontal drilling), which would involve 

considerable study, engineering and permitting requirements, and associated delays in groundwater 

restoration using methods that may not be as effective as current strategies . 

NRC has suggested that a variance is a reasonable regulatory mechanism to address this problem, but its 

approval would require demonstration that the annual average radon flux from the top of the LTP will 

not result in radiation doses to workers or members of the public in excess of the regulatory dose limits 

given in 10 CFR 20.1201. and 10 CFR 20.1301. 

In accordance with the above considerations, this TM has been developed by ERG on behalf of HMC to 

provide the following: 

1. Proposed procedures for continued annual radon flux measurements on each pile (including 

specification for 100 flux measurements to be performed annually on each pile until the final 

radon barrier has been constructed) . 

2. Proposed procedures for calculation of annual average radon flux from the LTP and the Small 

Tailings Pile (STP) as permitted by 10 CFR 40 Appendix A, Criterion 6 (2) . 
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Interim Measures to Address Radon Flux from the L TP and STP HMC Grants Reclamation Project 

3. A request for a variance from placement of additional interim cover on the LTP as needed to 

meet the flux standard in order to avoid interruption of groundwater restoration operations on 

top of the LTP under the CAP until groundwater restoration is complete and the final radon 

barrier is constructed on top ofthe L TP. 

4. Results of MILDOS radon modeling in support of the requested variance from additional interim 

radon reduction measures in terms of compliance with occupational and public dose limits 

given in 10 CFR 20.1201and10 CFR 20.1301. 

This TM is intended to fulfill HMC commitments to address the above-referenced NOV concerning radon 

flux from the LTP, and includes consideration of the status ofthe STP moving forward . 

2. RADON FLUX MONITORING 

2.1 Large Tailings Pile 

On April 20, 2017, the NRC issued a formal NOV for the manner in . which average radon flux was 

measured and calculated for 2015. The potential violation was verbally communicated to HMC at the 

2016 annual inspection (September 2016), and was formalized with the April 20, 2017 Inspection Report 

fo r 2016. Flux measurements in 2016 had been increased to 100 measurements for each pile, but the 

average flux was calculated using the previously existing protocol for area-weighted averaging, with 

results documented in the annual radon flu·x report, dated January 2017. 

On April 24-26, 2017, the NRC conducted a Site inspection, and in associated discussions, indicated that 

side slopes of the L TP, upon which final cover was completed in 1995 (including flux measurements 

fo llowed by placement of final erosion control material), cannot be used for annual flux estimates unless 

new flux measurements on the side slopes are conducted . NRC, after lengthy internal review, 

determined that the method used in 2015 was not consistent with EPA Method 115 (40 CFR 61, 

Appendix B) . Specifically, the 1995 flux measurements could not be used, because the LTP is closed to 

disposal of additional 11.e(2) byproduct material, and the side slopes were closed decades ago in 

compliance with the radon flux standard and associated requirements for final cover design . Thus, only 

the flux measurements on top of the LTP are relevant to consider as a source of radon emissions from 

the LTP moving forward . NRC indicated that 100 annual measurements across the top of the LTP, and 

calculation of the arithmetic mean of the 100 measurements, would be an acceptable approach to meet 

the requirements of License Condition 36(E) with respect to the L TP. 

Given the above information, it is proposed that until the time that the final radon barrier is 

constructed, 100 radon flux measurements will be collected on an annual basis across the top of the LTP 

(approximately 106 acres) for determination of annual average flux as detailed in Section 3.1, and the 

results will be reported in the second half Semiannual Environmental and Effluent Monitoring Report 

(10 CFR 40.65 report), including respective estimation of total gaseous radionucl ide effluent released 

from the LTP. The 100 locations will be selected on a random-start triangular grid using Visual Sample 

Plan (VSP, 2016), and the annual flux measurements will follow EPA Method 115 protocols. 
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2.2 Small Tailings Pile 

With respect to the STP, the evaporation pond (EPl) is an operational facility as management and 

disposal of ll.e(2) byproduct materials in the STP is expected to continue until groundwater restoration 

is complete and the STP is closed with placement of the final radon barrier. In accordance with EPA 

Method 115 for radon flux measurements, the STP is an operational impoundment that may be broken 

into regions for annual flux monitoring. It is proposed that there will be two operational regions for the 

STP: 1) the EPl pond region (27.6 acres) which cannot be monitored for radon flux, and 2) all other 

earthen surfaces that can be monitored for radon flux (29 acres total). It is proposed that until the time 

that the final radon barrier is constructed on the STP, 100 radon flux measurements will be collected on 

an annual basis across the earthen region of the STP for determination of annual average flux as detailed 

in Section 3.2. The results will be reported in the second half Semiannual Environmental and Effluent 

Monitoring Report (10 CFR 40.65 report), including respective estimation of total gaseous radionuclide 

effluent released from the STP. The 100 locations will be selected on a random-start triangular grid 

using Visual Sample Plan (VSP, 2016), and the annual flux measurements will follow EPA Method 115 

protocols. 

3. RADON FLUX CALCULATION 

3.1 Large Tailings Pile 

The average annual radon flux from the L TP will be calculated as the arithmetic mean of the 100 annual 

radon flux measurements collected on top of the L TP in accordance with Section 2.1. The results will be 

reported annually in a "Radon Report" provided as an attachment to the second half Semiannual 

Environmental and Effluent Monitoring Report (10 CFR 40.65 Report), includ ing respective estimation of 

total gaseous radionuclide effluent released from the l TP for the reporting year. 

3.2 Small Tailings Pile 

With respect to the STP, the evaporation pond (EPl) is an operational facility as EPl operation and 

disposal of additional 11.e(2) byproduct materials in the STP is expected to continue until groundwater 

restoration is complete and the STP can be closed with placement of t he final radon barrier. In 

accordance with EPA Method 115, the STP is an operationa.I impoundment that may be broken into 

regions, with the pond representing one region (27.6 acres) of zero radon flux, and the remaining areas 

(earthen surfaces) representing a second region (29 acres) . Section 2.1.7 of EPA Method 115 provides 

an explicit mathematical formula for area-weighted averaging of various regions of an operational pile 

to determine the overall weighted-average flux for the entire pile (Figure 1). This method of calculation 

will be used for calculation of the average annual flux from the STP, including both the first region 

(pond) and second region (earthen surfaces). The results will be reported annually in a "Radon Report" 

provided as an attachment to the second half Semiannual Environmental and Effluent Monitoring 

Report (10 CFR 40.65 report), including respective estimation of total gaseous radionuclide effluent 

released from the STP for the reporting year. 
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whe re : 

JiA1 +J A2 + · · · +JiAi 
J = -----------s 

Mean flux for the total p ile (pCi/m2- s) 
Mean flux measured in reg i on i (pC i /rn2- s) 
Area o f region i (m2 ) 

To tal a rea o f the pile (m2
) 

Figure 1 - EPA Method 115 formula for area-weighted averaging of radon flux 
measurements from various regions of an operational uranium tailings pile. 

4. REQUEST FOR VARIANCE 

On behalf of HMC, this TM includes a formal request for an interim variance (exemption) from NRC with 

respect to compliance with the regulatory standard for radon flux on top of the L TP until such time as 

groundwater restoration at the Grants Reclamation Project is complete, the final radon barrier has been 

constructed over the top of the LTP, and the final barrier has been demonstrated to meet the 20 

pCi/m2-s flux standard identified in 10 CFR 40, Appendix A, Criterion 6 (1) . Anticipated advantages and 

disadvantages of an interim variance on additional radon reduction measures on top of the LTP are 

summarized as follows: 

Advantages 

1. Avoidance of the need to plug and abandon hundreds of operational wells that are currently 

used to capture impacted groundwater for water treatment and to monitor phreatic surfaces as 

part of the groundwater restoration program under the CAP. 

2. Avoidance of potentially significant delays in achieving groundwater remediation objectives and 

completion of Site decommissioning and closure efforts due to disruption of the current 

remediation systems. 

Disadvantages 

1. The radon flux standard for final closure of the LTP is likely to be exceeded until groundwater 

restoration is complete and the final radon barrier can be constructed . 

2. A possibility that flux levels will gradually increase over time as the moisture content of tailings 

and interim cover decreases. 

In essence, a decision to grant a variance from the radon flux standard on the top of the LTP requires 

consideration of competing priorities for achieving Site decommissioning and final closure requirements 

and schedules . Although this variance would mean that radon emissions from the top of the LTP will 

li kely continue to exceed the flux standard until the final barrier is constructed, MILDOS modeling 

results show that at current flux rates (as measured in 2016), radiological doses to workers and 
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members of the public due to radon emissions from the top of the LTP are well below the dose limits 

given in 10 CFR 20.1201and10 CFR 20.1301 (see Section 5). 

The flux standard was originally derived as a health-based standard (S. Cohen & Associates, 2008; EPA, 

1986), meaning that the intent was to limit radiological doses and associated health risks to humans. 

However, a fixed numeric flux standard offers varying levels of dose limitation depending on site

specific circumstances (e .g. source-to-receptor distances, meteorological conditions, etc.). Because 

MILDOS modeling results indicate that doses resulting from this variance would be well below 

applicable dose limits, HMC believes that the above disadvantages do not outweigh the advantages of 

facilitating completion of groundwater restoration in the shortest time frame possible. 

Although radon flux from the LTP may gradually increase during the interim variance period, conditions 

for the variance w ill include a requirement for continued radon flux monitoring on top of the L TP (and 

across the STP) an annual basis (as proposed in this TM) to routinely verify that radiological doses from 

effluent radon emissions from each pile, both collectively and separately, remain below applicable dose 

limits. This information will be included each year in the second half Semiannual Environmental and 

Effluent Monitoring Report (10 CFR 40.65 report) . 

5. MILDOS MODELING 

The radiological doses from to the most 

recently measured radon emissions from 

the LTP and STP (2016 data) were modeled 

using Version 4 of the MILDOS-AREA 

(MILDOS) computer code (ANL, 2016) . The 

receptor locations included all 

environmental radon monitoring stations, 

along with assumed maximum exposure 

locations for a hypothetical Site worker in 

relation to the LTP and STP (Figure 2) .1 The 

following Sections of this TM provide a 

summary of modeling input parameters 

and related assumptions, followed by 

MILDOS modeling results. 

Figure 2 - Site layout for MILDOS modeling of annual 
radon dose by receptor exposure location relative to 
the LTP and STP. 

1 Note that MILDOS Version 4 does not permit modeling of dose to a receptor situated within the source term 
area. As a result, occupational dose to a hypothetical receptor was modeled at a prevail ing downwind location 
relative to the LTP and STP respectively. 
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5.1 Model Parameters 

5.1.1 Source Term 

The assumed average radon flux fo r the LTP and STP in 2016, based on 100 measurements each, was 56 

pCi/m 2-s for the top of the LTP, and 14 pCi/m 2-s for the STP as reported in the first half Semiannual 

Environmental and Effluent Monitoring Report for 2017 .2 Based on these average flux values, along with 

the approximate areal extent of the appl icable surfaces including the top of the LTP (:::: 106 acres) and 

the entire STP (:::: 56 .6 acres), the annual radon emissions from these tailings piles was approximately 

758 Ci and 100 Ci, respectively. The MILDOS modeling was based on these radon emission values for the 

top of the LTP and across the entire footprint of the STP as depicted in Figure 2. 

5.1.2 Occupancy Factors 

Occupancy for an existing or hypothetical member of the public at each radon monitoring station was 

assumed to be 50% indoors and 25% outdoors per guidance found in the RESRAD User' s Manual 

(ANL, 2001). For the hypothetical worker, occupancy at the locations shown in Figure 2 was 

conservatively assumed to be 25% outdoors (i .e. essentially standing outdoors at these locations during 

all normal working hours over the entire year) . 

5.1.3 MET Data 

The meteorological cond itions assumed for the MILDOS modeling were based on a STAR file created 

from 2016 MET data for the Site (Figure 3) . 

N 

s 
Percent of Time Wind Blowing From OiPa:tian 

r r 

~l:;:;;;:=~s=======, ====,. ::;:i:~ 
D 30.0 
c 9.2 
e = s.o 
A 15.9 

10 20 30 ~ w ~ ~ ~ 30 ~ w; .. ___ ('l'.) 
-~--(7.) 

N 

s 
Percent of Time Wi nd Blowing From Diection 

10 

I 

w;..iSpood(bs) 

_ ,,21 
- 17·21 _ ,,.,, 
- 7-10 

-~ - 1-3 

E 

Figure 3 - 2016 meteorological monitoring data used for Ml LOOS modeling of annual radon dose. 

2 These values were calculated in the same manner proposed in this TM moving forward . 
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5.1.4 Equilibrium Fractions 

Equilibrium fractions are not included in the modeling output from MILDOS Version 4. Users can set 

fixed equilibrium ratios, or select to have MILDOS calculate these ratios wit h distance from the source 

term for calculation of dose. The latter option was selected for calculation of doses at the receptor 

locations shown in Figure 2. 

5.2 Modeling Results 

MILDOS modeling results by pathway and receptor location are shown in Table 1. The maximum dose 

from both piles {LTP a~d STP) is 47 mrem/yr at receptor location 5 (radon monitorinp station 5) . This is 

consistent with previous MILDOS modeling results for the Site. The maximum dose from the L TP alone 

was 40 mrem/yr at receptor location 6, considered the upwind "background" location for environmental 

air particulates monitoring. The annual dose to the nearest actual member of the public was 24.7 mrem 

from the LTP and 8.6 mrem from the STP, for a total of 33.3 mrem. The maximum dose due to the most 

recently measured average radon flux rates on top of the LTP and across the STP (alone or combined) is 

well below the annual public dose limit for an operationally licensed site {100 mrem/yr) {10 CFR 

20.1301), and the maximum doses to a Site worker from either pile {22.l mrem/yr for the LTP) or from 

both piles combined (22.6 mrem/yr) are far below the occupational dose limit {5,000 mrem/yr) 

{10 CFR 20.1201) . 

These results confirm that granting a variance on additional radon reduction measures on top of the LTP 

would not result in doses to workers or members of the public that exceed applicable dose limits. These 

results also suggest that annual calculation of dose to the nearest member of the public based on 

long-term average radon monitoring results as routinely reported in the second half Semiannual 

Environmental and Effluent Monitoring Report may be biased high by nearly a factor of two. This 

provides evidence that the upgradient "background" radon monitoring station (Station 16), is unlikely to 

be representative of true background radon concentrations in air upgradient of the Site and along the 

bottom of the San Mateo Creek Valley (rather than on a ridge adjacent to the valley) . In any case, based 

on these results, HMC believes that there is sufficient technical and regulatory justification for granting 

an interim variance on further radon flux reduction measures on top of t he LTP until groundwater 

restoration is complete and the final radon barrier has been constructed on both the LTP and the STP. 
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Table 1 - MILDOS radon modeling results by source term, receptor location, and dose pathway (all 
doses reported in mrem/yr) . 

Receptor 
Groundshine Cloudshine 

Plant Meat Milk 
Source Inhalation Total 

Location Ingestion Ingestion Ingestion 

LTP 2.6E-03 3.7E-02 4.7E+OO 4.3E-04 8.2E-05 2.3E-05 4 .7 

1 STP 2.5E-04 4.4E-03 4 .5E-01 7.7E-05 l.5E-05 4.lE-06 0.5 

Total 2.9E-03 4 .2E-02 5.2E+OO 5.lE-04 9. 7E-05 2.7E-05 5.2 

LTP l.5E-03 3.3E-02 2.8E+OO 6.5E-04 l.2E-04 3.5E-05 2.8 

lA STP l.5E-04 3.9E-03 2.9E-01 l.OE-04 2.0E-05 5.6E-06 0.3 

Total l.6E-03 3.7E-02 3.lE+OO 7.5E-04 1.4E-04 4 .0E-05 3.1 

LTP 1.4E-03 3.0E-02 2.7E+OO 5.6E-04 l.lE-04 3.0E-05 2.7 

2 STP 2.0E-04 4 .6E-03 3.9E-01 8.9E-05 l.7E-05 4.8E-06 0.4 

Total l.6E-03 3.4E-02 3.lE+OO 6.5E-04 l.2E-04 3.5E-05 3.1 

LTP 2.lE-03 4.6E-02 4 .0E+OO 8.4E-04 l.6E-04 4 .5E-05 4.1 

3 STP 2.8E-04 4.3E-03 5.lE-01 5.7E-05 l.lE-05 3.lE-06 0.5 

Total 2.4E-03 5.0E-02 4.5E+OO 9.0E-04 l.7E-04 4.8E-05 4.6 

LTP 4.4E-03 6.4E-02 7.8E+OO 7.3E-04 1.4E-04 3.9E-05 7.9 

4 STP 3.4E-03 3.3E-02 5.7E+OO 2.2E-04 4 .lE-05 l.2E-05 5.7 

Total 7.8E-03 9.7E-02 1.4E+Ol 9.5E-04 l.8E-04 5.lE-05 13.6 

LTP 2.4E-02 l.3E-01 4.0E+Ol 4.7E-04 9.0E-05 2.5E-05 39.8 

5 STP 4.9E-03 3.0E-02 7.9E+OO l.3E-04 2.4E-05 6.7E-06 8.0 

Total 2.9E-02 l.6E-01 4.8E+Ol 6.0E-04 l.lE-04 3.2E-05 47.7 

LTP 2.4E-02 2.2E-01 4 .0E+Ol l.4E-03 2.6E-04 7.3E-05 40.0 

6 STP 6.3E-04 l.3E-02 l.2E+OO l.9E-04 3.6E-05 l.OE-05 1.2 

Total 2.5E-02 2.3E-01 4 .lE+Ol l.6E-03 3.0E-04 8.3E-05 41.2 

LTP 3.4E-03 5.6E-02 6.2E+OO 7.3E-04 1.4E-04 3.9E-05 6.3 

7 STP 2.8E-03 9 .lE-03 4.9E+OO 2.5E-05 4.8E-06 l .3E-06 4 .9 

Total 6.2E-03 6.6E-02 l.lE+Ol 7.5E-04 l.4E-04 4.0E-05 11.2 

LTP 5.8E-04 2.2E-02 l.2E+OO l.2E-03 2.3E-04 6.4E-05 1.2 

16 STP 6.0E-05 2.5E-03 l.3E-01 l.7E-04 3.3E-05 9.2E-06 0.1 

Total 6.5E-04 2.5E-02 l.3E+OO 1.4E-03 2.6E-04 7.3E-05 1.4 

LTP l.5E-02 l.2E-01 2.5E+Ol 7.2E-04 1.4E-04 3.9E-05 24.7 
Nearest 

Neighbor 
STP 5.3E-03 3.7E-02 8.6E+OO l.8E-04 3.5E-05 9.7E-06 8.6 

Total 2.0E-02 l .6E-01 3.3E+Ol 9.0E-04 l.7E-04 4.8E-05 33.3 

LTP 4.0E-03 3.9E-02 4.4E+OO 7.6E-04 l.5E-04 4.lE-05 4.4 

STP Worker STP 5.5E-03 l.3E-02 3.4E+OO 7.4E-05 1.4E-05 4.0E-06 3.5 

Total 9.5E-03 5.2E-02 7.8E+OO 8.4E-04 l.6E-04 4.SE-05 7.9 

LTP 3.5E-02 8.2E-02 2.2E+Ol 6.8E-04 l.3E-04 3.7E-05 22.1 

LTP Worker STP 5.5E-04 4 .lE-03 5.4E-01 6.2E-05 l.2E-05 3.3E-06 0.5 

Total 3.6E-02 8.6E-02 2.3E+Ol 7.5E-04 1.4E-04 4.0E-05 22.6 
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