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https://www.nrc.gov/docs/ML1625/ML16253A333.pdf
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RG 4.25 describes an approach that the NRC staff considers acceptable for 
use in assessing abnormal discharges of radionuclides in ground water 
from the subsurface to the unrestricted area at nuclear power plant sites.  

Simple illustration of a potential scenario described in RG 4.25.

RG 4.25 Purpose
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REGULATORY BASIS
10 CFR 50.36a Requirements

 Requires that licensees report the quantity of each of the 
principle radionuclides released to unrestricted areas from liquid 
and gaseous effluents during the previous 12 months including 
any other information as may be required by the Commission 
to estimate maximum potential annual radiation doses to 
the public resulting from effluent releases. 

 Unrestricted area – 10 CFR 20 defines it as “an area, access to 
which is neither limited nor controlled by the licensee.”

 Residual radioactivity – 10 CFR 20.1003 defines it as 
“radioactivity in structures, materials, soils, groundwater, 
and other media at a site resulting from activities under the 
licensee's control.” 
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REGULATORY BASIS

10 CFR 20.1406(c) and 10 CFR 20.1501 Requirements

 10 CRF 20.1406(c) requires that licensees, to the extent 
practical, conduct operations to minimize the 
introduction of residual radioactivity into the site, 
including the subsurface, …

 10 CFR 20.1501 requires that licensees perform surveys 
of areas, including the subsurface, that are reasonable 
to evaluate the magnitude and extent of concentrations 
or quantities of residual radioactivity and to determine
the potential radiological hazards of the radiation levels 
and residual radioactivity detected.
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Endorses ANSI/ANS 2.17-2010 (R2016) Evaluation of 
Subsurface Radionuclide Transport at Commercial NPPs.

 Licensee should develop a site-specific ground-water flow 
and transport model … based upon:

a. Complexity of geologic and hydrologic conditions

b. Types of radioactive materials and facility design

c. Types and effectiveness of engineered and natural barriers 

d. Proximity to surface-water and ground-water receptors

7

RG 4.25 Staff Regulatory Guidance



ANSI/ANS-2.17-2010 (R2016)
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 Incorporation of 
industry-consensus 
national standard 

 Endorsed by RG 4.25 

 Provides guidance for 
assessing complex 
sites

 Reaffirmed in 2016



First step is to develop a 3-dimensional 
Conceptual Site Model (CSM)

 Describes relevant flow and transport feature(s), 
event(s), and process(es) [FEP(s)] that affect 
subsurface radionuclide transport.  

 Best presented as a set of two-dimensional graphics 
(plan and profile) or

 a three-dimensional graphic (isometric) presenting 
interrelationships among the FEPs.
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Simple illustration of a Conceptual Site Model described in RG 4.25.
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First step is to develop a 3-dimensional 
Conceptual Site Model

Feature(s), event(s), and process(es)[FEP(s)]:

a) Features - identified physical characteristics of the 
total system and how they behave over time.

b) Events - occurrences of abnormal radionuclide 
releases.

c) Processes - physical, chemical, and biological 
processes that govern radionuclide transport.            
(from ANS 2.17 glossary)

11

RG 4.25 Staff Regulatory Guidance



For simple sites, “Flow Tube” Spreadsheet Model in 
RG 4.25 Appendix is acceptable to quantify tritium 
discharges to unrestricted area. 
https://www.nrc.gov/reading-rm/doc-
collections/nuregs/staff/sr1805/s1/activity-flux.xls

For complex sites, refer to ANSI/ANS 2.17 guidance to 
develop, simulate and quantify ground-water flow and 
transport of abnormal radionuclide releases as 
discharges to the unrestricted area. 
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Occurrence of ground water in rock and porous media (after USGS, 
2016; see: https://pubs.usgs.gov/gip/gw/index.html). 
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Illustration of Model Complexity versus Model Abstraction for 
Partially-Saturated Media (from NUREG/CR-7221). 

14



Perched-water system within the Unsaturated Zone due to an aquiclude 
acting as the restricting hydrogeologic unit. 15

Stream
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Diagram of unconfined and confined hydrogeologic units, from USGS 
Circular 1224.
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Darcy’s Law



Contaminant Plume
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Source Plume   Transects

 The source of the contaminant release needs to be identified
and ceased through corrective action.

 The plume needs to be mapped and characterized using borehole data.
 Transects are then developed to understand the behavior of the plume.
 Monitored Natural Attenuation relies on the monitoring of the plume’s 

behavior to determine if it is dissipating or growing with time. 

(from Natural Attenuation for Ground Remediation, NAS, 2000)
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Contaminant Transport



Appendix Model Background:
Key Assumptions

• The appendix model provides a simple ground-water 
tritium transport model that is acceptable for use with 
simple hydrogeologic conditions.

• Complex conditions preclude the use of this model.

Does the site exhibit simple 
hydrogeologic conditions?

Use RG 4.25 Appendix Model

Use site-specific model using guidance 
in ANSI/ANS 2.17-2010 (R2016)

yes

no
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Appendix Model Background:
Overview

Flow Tube Ground 
Water Model

Total Annual Activity 
Discharge to 

Unrestricted Area

Conceptual Site Model 
(w/ hydraulic properties)

Monitoring Wells Data 
(Tritium Concentrations)

Model Inputs

Model Output
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Water Table

Well #1 

Well #2

Well #4
Well #1 Well #2 Well #4

2-D Transect3-D Site Illustration
3-D  Illustration 
to 2-D Transect

Flow

Appendix Model Background:
Application to an Ideal Site
The red line represents monitoring well 

locations near the site boundary

22

Well #3 
Well #3

Screened 
interval



Water Table

What is the TOTAL 
tritium flux at site 
boundary?

Appendix Model Background:
Total Tritium Flux Calculations
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Near-surface contaminant release with migration to a perched-water 
system and subsequent migration to water-table aquifer. 24
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CSM Complexities
Feature Event Process

Simple Layered hydrogeologic 
unit with uniform flow 
properties
(e.g., sandy aquifer)

Single point-source 
release (e.g., pipe 
break)

Steady vertical flow to 
Water Table with no 
geochemical sorption 
(e.g., H-3)

Complex Fractured rock with 
variable flow properties 
(e.g., metamorphic 
rocks)

Episodic releases with 
variable GW flow and 
contaminant fluxes 
(e.g., spent fuel pool 
leaks)

Geochemical sorption 
of radionuclide by  
minerals in fractures 
(e.g. Sr-90)

Complex Non-uniform and 
variable thickness of 
hydrogeologic units 
(e.g., fluvio-glacial 
deposits over bedrock)

Comingled VOCs and 
radionuclide releases 
(e.g., simultaneous 
leaks from radiological 
and non-radiological 
sources)

Hydro-biogeochemical 
processes affecting
transport (e.g., TCEs 
and C-14)



Ground-Water Monitoring Parameters
• Ground-Water Potentiometric Elevations measured in screened 

intervals for the various hydrogeologic units (to determine flow 
gradients and flow directions).

• Ground-Water Quality Indicators:
 Temperature
 pH
 Specific Conductance (Total Dissolved Solids – TDS)
 Dissolved Oxygen – DO
 Alkalinity
 Downhole Gamma Detection
Water and Sediment Sampling in the screened intervals of 

the hydrogeologic units for radionuclide identification and 
concentrations.
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Location of Screened Interval 
of Monitoring Well

from https://acwi.gov/gwfocus.pdf



Ground-Water Monitoring Well
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Water-Level Measurement
Using Submersible 
Transducer (from:

Groundwater Technical
Procedures of the
U.S. Geological Survey
Techniques & Methods 
1–A1 )
https://pubs.usgs.gov/tm/1a1/
pdf/tm1-a1.pdf
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Device used to sample settled
sediment in a well (from:

Radiochemical Sampling and
Analysis of Shallow Ground Water
and Sediment at the BOMARC
Missile Facility, East-Central NJ,
1999–2000, USGS Scientific
Investigations Report 2005-5062 )

https://pubs.usgs.gov/sir/2005/5062/ 



Conceptual
Site

Model

Sampling

Site
Character-

ization

Radionuclide 
Transport

Test the
CSM

Modify
RN Transport

Properties

New
Samples

More Characterization

Modify CSM

CSM appears adequate
to predict

discharges
and find

leaks

Samples
appear 

adequate to predict 
discharges and find leaks

Site 
characterization
appears adequate
to predict discharges and find leaks

Radionuclide
transport appears 
adequate to 
predict 
discharges
and find 
leaks

A
ll 

O
K

Relationship among Conceptual Site Model, Site Characterization, Sampling and 
Radionuclide Transport.
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RG 4.25 footnote exclusion on 
authorized discharges to onsite ponds 
and lakes:

• Discharges to onsite lakes and 
ponds may be reported as a normal 
effluent discharge.

• Leakage from bottom of lake or 
pond to ground water does not 
need to be reported again.

• However, dose from ground water 
must be assessed if > 10% of all 
pathways combined.
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Onsite Ponds and Lakes 
Exclusion 

• Normal radionuclide effluent releases discharged to onsite 
lakes or ponds are reported as a normal effluent 
discharge. 

• Leakage from the onsite ponds or lakes into a ground-
water discharge pathway does not need to be reported 
again. 

• Discharge has already been monitored, accounted for, 
and reported as a normal effluent discharge. 
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Exposure Pathways for 
Onsite Ponds and Lakes 
 New exposure pathway if the ground-water pathway 

contributes 10% or more to the total dose1.

 Residual radionuclides retained onsite must be 
dispositioned in accordance with guidance in NUREG-
1757, Volume 2, Revision 1, “Consolidated 
Decommissioning Guidance.”

_____________________________________________
1described in Regulatory Guide 1.109 Rev. 1 “Calculation of 
Annual Doses to Man from Routine Releases of Reactor Effluents 
for the Purpose of Evaluation Compliance with 10 CFR Part 50, 
Appendix I.” 
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ANSI/ANS-2.17-2010 (R2016)

Evaluation of Subsurface Radionuclide Transport 
at Commercial Nuclear Power Plants

Scope -

• Standard applies to abnormal radionuclide releases that affect:

− Ground water

− Water supplies derived from ground water

− Surface waters affected by subsurface transport

• Includes exposure pathways across the ground-water–surface-
water transition zone.

• Standard does not provide dose calculation guidance.

34



• Coverage and Logic of ANS 2.17

• Performance Assessment Methodology

• Site Characterization

• Mathematical Modeling

• Performance-Confirmation Monitoring 

• Information Management

Guidance for Complex CSMs
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ANSI/ANS-2.17-2010 (R2016)

Ranked list of radionuclides at commercial nuclear power plants based on 
their relative abundance, activity, and transport characteristics [Table 1 of 
ANSI/ANS 2.17].
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EPA Drinking Water Limits 3)

Sr-90     8 pCi/l
Cs-137  200
Co-60    100
H-3        20,000
Cs-134   80
I-129      1
Ni-63 50
C-14        2,000
Pu-238 15
Am-241 15
3) Reference in NRC ADAMS at:  
https://www.nrc.gov/docs/ML0231/ML0231202
28.pdf



ANSI/ANS-2.17-2010 (R2016)

Flowchart describing 
performance activities and the 
relationships among these 
activities. 
[Figure 1 of ANSI/ANS 2.17]
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ANSI/ANS-2.17-2010 (R2016)
Standard provides guidance to hydrogeologists and 
modelers on:
• Site Characterization.

– Development & Testing of Conceptual Site 
Model

– Hydrogeologic Characterization
• Mathematical Modeling.

– Calibration, Prediction and Updating
– Uncertainty Assessment

• Performance Confirmation Monitoring.
• Information Management.
• References.
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ANSI/ANS-2.17-2010 (R2016)

Appendix B - Summary Tables of Information and 
Parameters Cited in the Guidance

• Information for Defining, Updating and Visualizing the 
Conceptual Site Model

• Information and Parameters for:
– Characterizing Site Facility
– Hydrogeologic Characterization
– Hydrogeologic Modeling
– Performance-Confirmation Monitoring

• Summary of Information Management 
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ANSI/ANS 2.17 Summary Table 
Example
Table B.5 – Summary of information and parameters for 
performance-confirmation monitoring
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ANSI/ANS 2.17 Summary Table 
Example
Table B.5 – (Continued)


