
  ENCLOSURE 

Nuclear Regulatory Commission Staff Audit of the South Texas Project, Units 3 
and 4, Regulatory Guide 1.143, Revision 2, Radioactive Waste Building Calculated 

Dose Rates 
 

Audit Report 
 
 

1. INTRODUCTION 
 
The Nuclear Regulatory Commission (NRC) staff conducted a two part audit of the South Texas 
Project’s (STP), Units 3 and 4 radioactive waste (radwaste) building dose calculations.  The 
purpose of this audit was to verify that the applicant had properly implemented the guidance 
provided in Regulatory Guide 1.143, Revision 2 for calculating radwaste building unmitigated 
dose used for determining the proper classification of the STP Units 3 and 4 radwaste building.  
The audit was conducted in two sessions.  The first part of the audit, which was held at the NRC 
headquarters complex on November 9, 2011, was held to review the applicant’s calculations for 
the dose at the boundary of the unprotected area.  The second part of the audit, which was held 
at the Rockville Nuclear Licensing Center in Rockville, Maryland on February 8, 2012, was held 
primarily to review the applicant’s calculations for worker exposure (i.e., dose to site personnel 
inside the protected area).  The staff conducted the audit in accordance with NRC Office of New 
Reactors (NRO) Office Instruction NRO-REG-108[1].  The justification and schedule of this audit 
are contained in the staff’s audit plan (ML113070449). 
 
 

2. OBJECTIVES 
 
The objective of this audit was to review NINA’s calculations and their assumptions used in 
calculating the dose rates from an unmitigated radiological release at the protected area 
boundary and an unmitigated radiological exposure to site personnel inside the protected area, 
in accordance with the guidance in Regulatory Guide 1.143, Revision 2.  
 
 

3. PARTICIPANTS  
 
The following NRC staff members from the NRO, Division of Construction Inspection and 
Operational Programs (DCIP) and Division of New Reactor Licensing (DNRL) participated in the 
November 9, 2011 portion of the audit (note:  as a result of an office reorganization, the NRC 
staff members listed below in DCIP were transferred to the Division of Site Safety and 
Environmental Analysis (DSEA) prior to the second part of the audit): 
 

• Charles Hinson (Acting Chief for Health Physics Branch, DCIP) 
• Stephen Williams (Health Physicist, DCIP) 
• Michael Eudy (Project Manager, DNRL) 
• Tom Tai (Project Manager, DNRL) 

 
The following individuals from the applicant’s organization participated in the November 9, 2011 
portion of the audit: 
 

• John Price (NINA) 
• Milton Rejcek (NINA)
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• William Johnson (Sargent and Lundy) 
• James Fisicaro (Tane) 

 
The Following NRC staff members from the NRO, DSEA and DNRL participated in the February 
8, 2012 portion of the audit: 
 

• Charles Hinson (Health Physicist, DSEA) 
• Stephen Williams (Health Physicist, DSEA) 
• Ed Stutzcage (Health Physicist, DSEA) 
• Mike Eudy (Project Manager, DNRL) 

 
 

4. BACKGROUND 
 
The certified Advanced Boiling Water Reactor (ABWR) Design Control Document references 
Regulatory Guide 1.143, Revision 1.  This regulatory guide contains guidance and criteria that, if 
utilized by the applicant, provides reasonable assurance that the ABWR radwaste building will 
be designed and constructed, with the Radioactive Waste Management System (RWMS) 
installed and tested, on a level commensurate with the need to protect the health and safety of 
the public and plant operating personnel.  In adopting the ABWR design, STP made several 
changes to the radwaste building design and radwaste processing systems.  These systems 
include the Liquid Waste Management System (LWMS), Gaseous Waste Management System 
(GWMS), and Solid Waste Management System (SWMS).  In the ABWR design, the offgas 
system, as part of the GWMS, is located in the Turbine Building.  The major components of the 
offgas system located in the Turbine Building are the charcoal delay beds and H2/O2 
recombiner.  Some of these changes were identified in the following departures: STD DEP T1 
2.15-1, which reclassifies the radwaste building substructure from seismic to non-seismic; and 
STD DEP 3.8-1, which changes the size of the building, the layout of the building, and the 
arrangement, size, and number of tanks within the building.  A review of STP Final Safety 
Analysis Report (FSAR) Chapter 3, Section 3H.3, also revealed that NINA classified the STP 
Radwaste Building as RW-IIb, using Revision 2 of Regulatory Guide 1.143.  Revision 2 of 
Regulatory Guide 1.143 contains a classification system for classifying components and 
structures in the radioactive waste management systems, based on their radioactive inventory 
(note-this classification system did not appear in the previous revision of this regulatory guide).  
This new classification system permits RWMS components and structures to be built to different 
standards, based on their classification.   Regulatory Guide 1.143, Revision 2, lists applicable 
industry codes and standards that are acceptable to the NRC.  The codes and standards 
address specifications on design and construction, materials, welding, and inspection and 
testing.  The regulatory guide also identifies natural and man-induced hazards, design loads, 
design criteria and associated safety classifications.  The safety classifications are RW-IIa (high 
hazard), RW-IIb (hazardous), and RW-IIc (non-safety), with radiological criteria assigned to 
each one.   
 
Section C.5.2 of Regulatory Guide 1.143, Revision 2, states that in order for a structure housing 
radioactive waste processing systems or components to be classified as RW-IIb “the total 
design basis unmitigated radiological release (considering the maximum inventory) at the 
boundary of the unprotected area is less than 500 millirem per year and the maximum 
unmitigated exposure to site personnel within the protected area is less than 5 rem per year.”  If 
the unmitigated radiological release in the unprotected area or the maximum unmitigated 
exposure within the protected area exceed these values, then the structure should be classified
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 as RW-IIa.  In addition, after the building classification is determined each building SSC should 
be classified in accordance with Regulatory Guide 1.143, Revision 2, Section 5 and Appendix A, 
Figure 2.  The evaluation process described in Section C.5 of Regulatory Guide 1.143, Revision 
2 focuses on radiological criteria, while Section C.6 places the emphasis on natural phenomena 
and man-induced events and combination of design loads and their applicability by safety 
classifications. 
 
In order to evaluate the applicant’s basis for classifying the STP radwaste building as a RW-IIb 
structure, the staff held a two part audit to review the applicant’s source term calculations and 
assumptions.  This audit was held on November 9, 2011 and on February 8, 2012.  This report 
summarizes the NRC staff’s audit.  The NRC staff assembled an interdisciplinary audit team to 
facilitate and expedite the work.  Representatives from NINA provided supporting documents to 
the reviewers.  The results are documented in this audit report. 
 
 

5. AUDIT ACTIVITIES 
 
During the audit, the staff focused their review on the applicant’s calculations and assumptions 
for meeting the criteria of Section C.5.2 of Regulatory Guide 1.143, Revision 2.  Specifically, the 
staff reviewed the applicant’s calculations and assumptions for classifying the radwaste building 
as RW-IIb by not exceeding the 5 rem per year exposure criteria for an unmitigated exposure of 
a worker within the protected area due to radwaste building sources and the 500 mrem per year 
dose rate criteria for doses at the unprotected area boundary from an unmitigated radiological 
release.   
 
A summary of the applicant’s audit calculations and assumptions is provided below. 
 
5.1  Total Design Basis Unmitigated Radiological Release Calculation 
 
The applicant’s calculations for meeting the total design basis unmitigated radiological release 
criteria of Regulatory Guide 1.143, Revision 2 were provided in STP calculations U7-LRW-M-
CALC-DESN-6011 and U7-LRW-M-CALC-DESN-6010.  NINA performed the calculations using 
the computer code MCNP.  The calculations assumed that the roof of the radwaste building was 
removed, while all other building walls remained intact.  NINA calculated the dose (using both 
the direct dose component through the radwaste building roll up door and scattered dose 
component through the radwaste building roof) at a point 500 meters from the radwaste 
building.  NINA then used the inverse square law to calculate the dose at a distance of 106 
meters from the radwaste building, which is the distance from the radwaste building to the 
nearest protected area boundary (this calculation was not provided for NRC staff to review).  
NINA then increased this number by 10% to account for the scattered dose from the source 
material contained in the radwaste building pipes.  The resulting estimated dose rate at the 
protected area boundary from direct and scattered radiation from the radwaste building was 145 
mrem per year. 
 
For the airborne release portion of the calculation NINA assumed a partition factor of 10% for all 
the iodines contained in the radwaste building.  The resulting estimated inhalation and 
submersion dose from the release of these iodines was 80 mrem per year.  When this estimated 
dose was added to the estimated dose from direct and scattered radiation, the resulting total 
estimated dose per year at the site area boundary increased to 225 mrem.  NINA also noted 
that the site exclusion area boundary would be located 900 meters away, so no member of the 
public would actually be exposed to these dose rates over the period of a year.
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5.2 Maximum Unmitigated Exposure to Site Personnel Calculation 
 
During the first portion of the audit, on November 9, 2011 at NRC Headquarters, the applicant 
stated that the exposure to site personnel within the protected area would not exceed 5 rem per 
year, simply because the applicant’s administrative procedures would not allow this exposure 
limit to be exceeded.  Staff informed the applicant that the exposure should be calculated based 
on an unmitigated exposure, and that the applicant’s response that administrative controls alone 
would be used to mitigate the exposure was not acceptable.   
 
Therefore, at the second portion of the audit, on February 8, 2012, the applicant provided their 
calculations (calculation package U7-RWB-M-CALC-DESN-6002) which included their estimate 
of the maximum unmitigated exposure to a worker within the protected area.  The applicant 
performed these calculations using the computer program Microshield.  The applicant used the 
source terms provided in the STP 3 and 4 Chapter 12 FSAR Tables, and assumed that all of the 
tanks in the basement of the radwaste building ruptured but the contents of the tanks were 
contained within the tank cubicles.  In the applicant’s calculations, passive features of the 
building, including building walls, were kept in place to provide shielding.  The applicant 
determined that a failure of the liquid radwaste tanks would not result in a significant release of 
airborne radionuclides because the tanks would be at atmospheric pressure and would be 
vented.  The applicant calculated the estimated dose rates at ten different points in the 
walkways throughout the basement of the radwaste building and added ten percent to each 
value to account for the dose from radioactivity contained in the pipes and other miscellaneous 
components.  The largest of these calculated dose rates in the basement of the radwaste 
building was 0.6 mrem per hour or approximately 1.4 rem per year, based on a worker being 
exposed to these dose rates for 2000 working hours a year.   
 
Since the operating floor of the radwaste building contains only solid waste, the applicant 
assumed that there would be no reconfiguration of the wastes located on this floor as a result of 
any of the building loadings described in Table 2 of Regulatory Guide 1.143, Revision 2.  
Therefore, the applicant estimated that the dose rate on this floor would remain unchanged from 
the normal operation expected dose rate.  The applicant calculated the maximum dose rate on 
the operating floor of the radwaste building to be 4.2 rem per year.  Since the calculated 
maximum annual exposure of 4.2 rem per year on the operating floor of the radwaste building 
exceeded the calculated maximum annual dose of 1.4 rem per year in the basement of the 
radwaste building, the applicant used the operating floor of the radwaste building as the area 
with the highest occupational dose. 
 

6. OBSERVATIONS 
 
Based on the results of this audit, the staff has determined that the applicant has misinterpreted 
the guidance and has used inconsistent assumptions in meeting the criteria of Section C.5.2 of 
Regulatory Guide 1.143, Revision 2.   
 

• Regulatory Position 5 of Regulatory Guide 1.143, Revision 2 describes the three safety 
classifications for radwaste management facilities and includes criteria (in sections C.5.1 
through C.5.4 of this regulatory guide) on how to assign the proper safety classification 
to these radwaste management facilities.  As discussed in sections C.5.2 and C.5.3 of 
this regulatory guide, the initial assignment of whether the overall facility should receive 
a safety classification of RW IIa or RW IIb is based entirely on the resulting dose rates 
from an unmitigated radiological release at the unprotected area boundary and a 
maximum unmitigated exposure to site personnel within the protected area boundary
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under the applicant’s control.  In the context of Regulatory Guide 1.143, Revision 2, it is 
the staff’s position that “unmitigated radiological release” and “unmitigated exposure” 
mean that no credit can be taken for building or system design features in reducing the 
source term or exposure since the objective is to define a bounding condition.  In the 
applicant’s analysis to determine the dose from an unmitigated radiological release at 
the unprotected area boundary, the applicant assumed that the roof of the radwaste 
building was removed but that the walls of the radwaste building remained intact and 
provided shielding to mitigate the dose at the unprotected area boundary from the 
radiological release.  In the applicant’s analysis to determine the maximum unmitigated 
exposure to site personnel within the protected area boundary under the applicant’s 
control, the applicant assumed that, even though all tanks failed throughout the radwaste 
building basement, the shielding walls of the cubicles surrounding these tanks remained 
intact to contain the tank spills and provide shielding to the personnel from the 
radioactive spills in the radwaste building. 

 
The staff does not agree with the applicant’s assumptions that the interior and exterior 
building ceilings and walls of the STP radwaste building remain intact to mitigate the 
amount of radioactivity released and to shield workers from the resulting radiation 
exposures and doses.  If the applicant had not taken credit for the shielding provided by 
these walls and ceilings, the resulting calculated doses from an unmitigated radiological 
release at the unprotected area boundary and the maximum unmitigated exposure to 
site personnel within the protected area boundary under the applicant’s control would 
likely have been much greater than the doses calculated by the applicant. 

 
• Regulatory Position 6.1 of Regulatory Guide 1.143, Revision 2 states that solid, liquid, 

and gaseous radwaste SSCs described in Regulatory Positions 1, 2, and 3 for natural 
phenomena and internal and external man-induced hazards should be evaluated as put 
forth in this position.  Table 2 of this regulatory guide defines the natural phenomena and 
internal and external man-induced hazards that should be evaluated for determining the 
safety classification of these SSCs.  The design load combinations and the capacity 
criteria for these natural phenomena and internal and external man-induced hazards are 
provided in Tables 3 and 4, respectively, of this regulatory guide.   

 
As stated in the staff’s first observation listed above, it is the staff’s position that the 
applicant’s dose calculations performed to determine the dose from an unmitigated 
radiological release at the unprotected area boundary and the maximum unmitigated 
exposure to site personnel within the protected area boundary under the applicant’s 
control do not truly assume that the estimated radiological release and the source term 
used to determine personnel exposure are unmitigated.  By assuming an unmitigated 
radiological release/source term exposure, it is most likely that the dose criteria listed in 
the first decision box in Figure 2 of this regulatory guide would be exceeded and, 
consequently, the radwaste building safety classification would be RW IIa.  If this is the 
case, the applicant would have to verify that the foundations and walls of structures that 
house the various radwaste SSCs in the STP radwaste building have been evaluated to 
meet the applicable natural phenomena and internal and external man-induced hazards 
criteria described in Regulatory Position 6 of this regulatory guide 
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• Regulatory Position 5 of Regulatory Guide 1.143, Revision 2 describes the three safety 
classifications for radwaste management facilities.  Regulatory Position 2.3 of this 
regulatory guide states that the portions of the gaseous radwaste treatment system that 
are intended to store or delay the release of gaseous radioactive waste, including 
portions of structures housing these systems, should be classified as described in 
Regulatory Position 5 and designed in accordance with Regulatory Position 6.  For the 
ABWR design, as modified by NINA in STP FSAR Sections 11.2 to 11.4, facility 
structures include the Radwaste Building and portions of the Turbine Building housing 
the major components of the offgas system. 

   
Although the applicant has assigned a RW-IIb safety classification for the STP Radwaste 
Building, the staff noted that the applicant has not assigned a classification for the 
portions of the Turbine Building which house the major components of the offgas 
system, as specified by Regulatory Position 2.3 of Regulatory Guide 1.143, Revision 2. 

 
 

7. CONCLUSION 
 

After reviewing the applicant’s calculations, the staff has concluded that the applicant has not 
sufficiently addressed RAI 03.08.04. - 37.  Additionally, the staff will issue an additional RAI to 
the applicant to address the structural integrity of the turbine building as it applies to the offgas 
system contained within its structural envelop and the application of RG 1.143, Revision 2 
criterion. 
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