
on the

 

Effective Date:  April 27, 2009
Revision Date:  December 20, 2019 

    Book 3B of 3

IDAHO NATIONAL LABORATORY 
 

EPA ID NO. ID4890008952

COMPLEX 

IDAHO N
 
UCLEAR TECHNOLOGY and 

ENGINEERING CENTER and the 
RADIOACT

 

IVE WASTE MANAGEMENT 

IDAHO
DEPARTMENT OF ENVIRONMENTAL QUALITY

HWMA STORAGE and 
TREATMENT PERMIT for the



Volume 18 HWMA/RCRA Permit    
Book 3B – RWMC SDA  Appendix 1, Revision Date: December 17, 2019 
 
 

 
 

 

 

 

 

APPENDIX 1 

 

 

DRAWINGS AND EXHIBITS FOR WMF-1617, 

WMF-698 AND WMF-1619



Volume 18 HWMA/RCRA Permit    
Book 3B – RWMC SDA  Appendix 1, Revision Date: December 17, 2019 
 

ii 
 

APPENDIX 1.   

DRAWINGS AND EXHIBITS FOR WMF-1617 AND WMF-698 

DRAWING 

NUMBER 

REVISION 

NUMBER 

DRAWING DESCRIPTION 

761186 3 Phase V of the Accelerated Retrieval Project WMF-
1617 Retrieval Enclosure 5 and Airlock 5 Site Grading 
Plan 

761187 2 Phase V of the Accelerated Retrieval Project WMF-
1617 Retrieval Enclosure 5 and Airlock 5 Grading 
Sections and Details 

761193 4 Phase V of the Accelerated Retrieval Project WMF-
1617 RE5/AL5 Building Elevations 

761194 4 Phase V of the Accelerated Retrieval Project WMF-
1617 AL5 Airlock 5 Interior Wall Plan 

761195 4 Phase V of the Accelerated Retrieval Project WMF-
1617 AL5 Airlock 5 Interior Elevations 

761196 5 Phase V of the Accelerated Retrieval Project WMF-
1617 AL5 Airlock 5 Interior Elevations 

761207 2 Phase V of the Accelerated Retrieval Project WMF-
1617 Airlock 5 & Retrieval Enclosure 5 Foundation 
and Legend 

761210 2 Phase V of the Accelerated Retrieval Project WMF-
1617 Airlock 5 Foundation Slab Pan, Legend and 
Sections 

762023 3 Phase V of the Accelerated Retrieval Project RE5/AL5 
WMF-1617 Equipment Location Plan 

762024 4 Phase V of the Accelerated Retrieval Project WMF-
1617 AL5 Airlock 5 Equipment Location Plan  

762067 3 Phase V of the Accelerated Retrieval Project RE5/AL5 
WMF-1617 DPS Fire Protection System Dry Chemical 
Diagram 

762114 4 Phase V of the Accelerated Retrieval Project RE5/AL5 
WMF-1617 RE5 Lighting Plan 
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DRAWING 
NUMBER 

REVISION 
NUMBER 

DRAWING DESCRIPTION 

762115 3 PHASE V OF THE ACCELERATED RETRIEVAL 
PROJECT RE5/AL5 WMF-1617 AL5 LIGHTING 
PLAN 

762141 3 PHASE V OF THE ACCELERATED RETRIEVAL 
PROJECT RE5/AL5 WMF-1617 FIRE ALARM 
PLAN 

762142 5  PHASE V OF THE ACCELERATED RETRIEVAL 
PROJECT RE5/AL5 WMF-1617 AIRLOCK 5 FIRE 
ALARM PLAN 

762153 4 PHASE V OF THE ACCELERATED RETRIEVAL 
PROJECT WMF-1617 RETRIEVAL ENCLOSURE 5 
DATA/DATA CCTV FLOOR PLAN 

762154 6 PHASE V OF THE ACCELERATED RETRIEVAL 
PROJECT RE5/AL5 WMF-1617 DATA/DATA 
CCTV AND INTERCOM FLOOR PLAN 

177425 20 RWMC SDA FIREWATER PIPING PLOT PLAN 

631228 3 RWMC TARGETED WASTE REMOVAL AND 
DISPOSITION PROJECT STORAGE ENCLOSURE 
VENTILATION PLAN, SECTIONS AND DETAIL 

631225 4 RWMC TARGETED WASTE REMOVAL AND 
DISPOSITION PROJECT STORAGE ENCLOSURE 
PLAN 

631233 5 RWMC TARGETED WASTE REMOVAL & 
DISPOSITION PROJECT WMF-698 STORAGE 
ENCLOSURE NORMAL POWER AND LIGHTING 
PLAN 

631234 
 

2 RWMC TARGETED WASTE REMOVAL AND 
DISPOSITION PROJECT STORAGE ENCLOSURE 
STORAGE ENCLOSURE GROUNDING PLAN 

631237 2 RWMC TARGETED WASTE REMOVAL AND 
DISPOSITION PROJECT STORAGE ENCLOSURE 
FIRE ALARM PLAN 

631238 2 RWMC TARGETED WASTE REMOVAL AND 
DISPOSITION PROJECT STORAGE ENCLOSURE 
FIRE ALARM SECTION AND DETAILS 

631130 2 RWMC TARGETED WASTE REMOVAL AND 
DISPOSITION PROJECT STORAGE ENCLOSURE 
FOUNDATION PLAN 
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DRAWING 
NUMBER 

REVISION 
NUMBER 

DRAWING DESCRIPTION 

627752 2 RWMC TARGETED WASTE REMOVAL AND 
DISPOSITION PROJECT STORAGE ENCLOSURE 
STORAGE ENCLOSURE PLAN AND SECTIONS 

627917 2 RWMC TARGETED WASTE REMOVAL AND 
DISPOSITION PROJECT STORAGE ENCLOSURE 
PAD PLAN, SECTIONS, AND DETAILS 

783977 1 PHASE V OF THE ACCELERATED RETRIEVAL 
PROJECT RE5/AL5 WMF-1617 RE5 
VENTILATION 3D VIEW AND EAST VIEW 

Exhibit 1 N/A RWMC WMF-1617 RE5/AL5 AIRLOCK 5 DRUM 
OUT ENCLOSURE VIEWS  

Exhibit 2 N/A RWMC WMF-1617 RE5/AL5 AIRLOCK 5 SERVICE 
BAY EQUIPMENT LAYOUT 

Exhibit 3 N/A RWMC WMF-1617 RE5/AL5 AIRLOCK 5 DRUM-
OUT ACCESS PLATFORM AND COMPACTOR 
CONTAINMENT PAN DETAILS 

Exhibit 4 N/A RWMC WMF-1617 RE5/AL5 AIRLOCK 5 DRUM-
OUT HOPPER AND DETAILS 

Exhibit 5 N/A DRUM STORAGE SECONDARY CONTAINMENT 

Exhibit 6 N/A TYPICAL WASTE TRAY 

Exhibit 7 N/A WASTE TRAY SECONDARY CONTAINMENT  

Exhibit 8 4-12-17 WASTE TRAY SUPPORT TABLE ENGINEERING 
SKETCH #4  

WMF-1619  

765045 1 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 SITE 
GRADING PLAN 

765048 2 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 GRADING 
SECTIONS 

765049 2 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 GRADING 
SECTIONS AND DETAILS 
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DRAWING 
NUMBER 

REVISION 
NUMBER 

DRAWING DESCRIPTION 

766857 1 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 
FOUNDATION PLAN 

766858 1 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 
FOUNDATION SLAB PLAN 

766859 1 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 
FOUNDATION SECTIONS 

767855 2 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 
EQUIPMENT LOCATION PLAN 

767856 1 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 AIRLOCK 6 
(AL6) EQUIPMENT LOCATION PLAN 

767863 2 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 BUILDING 
ELEVATIONS 

767864 3 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 AIRLOCK 6 
FLOOR PLAN 

767867 2 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 AIRLOCK 
BUILDING SECTIONS 

767868 1 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 AIRLOCK 6 
BUILDING SECTION 

767869 2 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 AIRLOCK 6 
INTERIOR ELEVATIONS 

767870 1 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 AIRLOCK 6 
INTERIOR ELEVATIONS 
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DRAWING 
NUMBER 

REVISION 
NUMBER 

DRAWING DESCRIPTION 

767935 2 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 DRUM 
PACKAGING STATION DRY CHEMICAL P & ID 

767979 3 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 
RETRIEVAL ENCLOSURE 7 LIGHTING PLAN 

767980 3 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 AIRLOCK 6 
LIGHTING PLAN 

768004 3 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 RE7 FIRE 
ALARM PLAN 

768005 2 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 AIRLOCK 6 
FIRE ALARM PLAN 

768016 3 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 
RETRIEVAL ENCLOSURE 7 DATA/DATA CCTV 
PLAN 

768017 5 PHASE VII OF THE ACCELERATED RETRIEVAL 
PROJECT RWMC WMF-1619 RE7/AL6 AIRLOCK 6 
DATA/DATA CCTV PLAN AND INTERCOM 
WIRING DIAGRAM 

  



Paul D. Leonard
CWI
2013.09.18 09:16:04 -06'00'

Kris Keller
CWI
2013.09.10 14:52:13 -06'00'

Shawn Berthelson
CWI
2013.09.18 09:27:22
-06'00'



Paul D. Leonard
CWI
2013.09.18 08:58:27 -06'00'

Kris Keller
CWI
2013.09.10 14:52:27 -06'00'

Shawn Berthelson
CWI
2013.09.18 09:27:42
-06'00'



WMF-1617

WMF-1617

Barry L. Scott
Fluor Idaho
2019.05.02 09:10:12 -06'00'

Doug J. McGary
Fluor Idaho
2019.05.02 14:35:31 -06'00'

Shawn Berthelson
Fluor Idaho
2019.05.02 15:08:59
-06'00'

Paul D. Leonard
Fluor Idaho
2019.05.02 09:23:33 -06'00'



Barry L. Scott
Fluor Idaho
2019.05.02 09:09:55 -06'00'

Doug J. McGary
Fluor Idaho
2019.05.02 14:36:21 -06'00'

Shawn Berthelson
Fluor Idaho
2019.05.02 15:09:15
-06'00'

Paul D. Leonard
Fluor Idaho
2019.05.02 09:23:59 -06'00'



Barry L. Scott
Fluor Idaho
2017.05.11 11:50:34 -06'00'

Doug J. McGary
Fluor Idaho
2017.05.11 15:28:31 -06'00'

Shawn Berthelson
Fluor Idaho
2017.05.15 07:27:51
-06'00'

Paul D. Leonard
Fluor Idaho
2017.05.11 12:01:38 -06'00'



Barry L. Scott
Fluor Idaho
2017.05.11 11:50:22 -06'00'

Paul D. Leonard
Fluor Idaho
2017.05.11 12:11:16 -06'00'

Doug J. McGary
Fluor Idaho
2017.05.11 15:29:12 -06'00'

Shawn Berthelson
Fluor Idaho
2017.05.15 07:27:22
-06'00'



Shawn Berthelson
CWI
2013.09.18 08:32:41 -06'00'

Barry Scott
CWI
2013.09.18 09:39:45
-06'00'

Paul D. Leonard
CWI
2013.09.18 09:00:07
-06'00'



Shawn Berthelson
CWI
2013.09.18 08:32:28 -06'00'

Barry Scott
CWI
2013.09.18 09:40:40
-06'00'

Paul D. Leonard
CWI
2013.09.18 09:00:22
-06'00'



Barry L. Scott
CWI
2015.05.12 14:41:13 -06'00'

Dan F. Kennedy
CWI
2015.05.12 14:48:26 -06'00'

Shawn Berthelson
CWI
2015.05.12 14:51:46
-06'00'

Paul D. Leonard
CWI
2015.05.12 14:44:34
-06'00'



Barry L. Scott
Fluor Idaho
2019.05.02 09:09:31 -06'00'

Doug J. McGary
Fluor Idaho
2019.05.02 14:37:26 -06'00'

Shawn Berthelson
Fluor Idaho
2019.05.02 15:08:40
-06'00'

Paul D. Leonard
Fluor Idaho
2019.05.02 09:24:26 -06'00'



Shawn Berthelson
CWI
2013.09.18 08:24:48 -06'00'

Barry Scott
CWI
2013.09.18 09:42:29
-06'00'

Douglas Clark
CWI
2013.09.18 09:14:46
-06'00'



Shawn Berthelson
CWI
2013.09.18 08:33:13 -06'00'

Barry Scott
CWI
2013.09.18 09:43:09
-06'00'

Larry Fisher
CWI
2013.09.18 08:29:47
-06'00'



Larry Fisher
CWI
2013.07.24 15:09:34 -06'00'

Larry Fisher
CWI
2013.07.24 15:10:14
-06'00'

Barry Scott
CWI
2013.07.24 12:32:46 -06'00'

Shawn Berthelson
CWI
2013.07.25 07:29:31
-06'00'



Douglas Clark
CWI
2013.09.18 09:11:20 -06'00'

Barry Scott
CWI
2013.09.18 09:01:34 -06'00'

Shawn Berthelson
CWI
2013.09.18 09:25:15
-06'00'



Barry L. Scott
Fluor Idaho
2019.05.02 09:09:13 -06'00'

Doug J. McGary
Fluor Idaho
2019.05.02 14:38:09 -06'00'

Shawn Berthelson
Fluor Idaho
2019.05.02 15:08:23
-06'00'

Larry Fisher
Fluor Idaho
2019.05.02 14:57:35 -06'00'



Barry L. Scott
CWI
2016.04.11 15:54:18 -06'00'

Doug J. McGary
CWI
2016.04.11 16:02:35 -06'00'

Kris Keller
CWI
2016.04.11 16:30:41
-06'00'

Larry Fisher
CWI
2016.04.11 16:23:12 -06'00'



Barry L. Scott
Fluor Idaho
2019.05.02 09:08:57 -06'00'

Doug J. McGary
Fluor Idaho
2019.05.02 14:39:46 -06'00'

Shawn Berthelson
Fluor Idaho
2019.05.02 15:07:58
-06'00'

Larry Fisher
Fluor Idaho
2019.05.02 14:58:17 -06'00'



Paul D. Leonard
CWI
2016.03.30 10:05:44 -06'00'



Paul D. Leonard
CWI
2013.09.18 08:57:22
-06'00'



Paul D. Leonard
CWI
2013.09.18 08:57:05
-06'00'

Shawn Berthelson
CWI
2013.09.18 08:26:54 -06'00'

Barry Scott
CWI
2013.09.18 09:14:47
-06'00'



Larry Fisher
CWI
2013.09.18 08:39:37
-06'00'



Larry Fisher
CWI
2013.09.18 08:34:01
-06'00' Shawn Berthelson

CWI
2013.09.18 08:28:39 -06'00'

Barry Scott
CWI
2013.09.18 09:17:45
-06'00'



Shawn Berthelson
CWI
2013.09.18 08:24:10 -06'00'

Barry Scott
CWI
2013.09.18 09:18:35
-06'00'

Douglas Clark
CWI
2013.09.18 09:13:17
-06'00'



Shawn Berthelson
CWI
2013.09.18 08:24:26 -06'00'

Barry Scott
CWI
2013.09.18 09:33:18
-06'00'

Douglas Clark
CWI
2013.09.18 09:13:50
-06'00'



Shawn Berthelson
CWI
2013.09.18 08:26:24 -06'00'

Barry Scott
CWI
2013.09.18 09:13:38
-06'00'

Paul D. Leonard
CWI
2013.09.18 08:43:43
-06'00'



Shawn Berthelson
CWI
2013.09.18 08:25:52 -06'00'

Barry Scott
CWI
2013.09.18 09:11:02
-06'00'

Paul D. Leonard
CWI
2013.09.18 08:43:08
-06'00'



Shawn Berthelson
CWI
2013.09.18 08:26:39 -06'00'

Barry Scott
CWI
2013.09.18 09:12:20
-06'00'

Paul D. Leonard
CWI
2013.09.18 08:43:26 -06'00'



D

C

B

A A

B

C

D

8 7 6 5 4 3 2 1

8 7 6 5 4 3 2 1

Barry Scott
CWI
2014.07.22 16:27:32 -06'00'

Dan F. Kennedy
CWI
2014.07.24 10:59:41 -06'00'

Shawn Berthelson
CWI
2014.07.24 11:04:51
-06'00'



EXHIBIT 1.  RWMC WMF-1617 RE5/AL5 DRUM OUT ENCLOSURE VIEW



EXHIBIT 2.  RWMC WMF-1617 RE5/AL5 SERVICE BAY EQUIPMENT LAYOUT



EXHIBIT 3.  RWMC WMF-1617 RE5/AL5 DRUM OUT ACCESS PLATFORM AND COMPACTOR CONTAINMENT PAN DETAILS



EXHIBIT 4.  RWMC WMF-1617 RE5/AL5 DRUM OUT HOPPER AND DETAILS



EXHIBIT 5.  DRUM STORAGE SECONDARY CONTAINMENT 



EXHIBIT 6.  TYPICAL WASTE TRAY 



EXHIBIT 7.  TRAY SECONDARY CONTAINMENT



EXHIBIT 8. WASTE TRAY SUPPORT TABLE
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Barry L. Scott
CWI
2015.11.10 15:20:29 -07'00'

Doug J. McGary
CWI
2015.11.11 16:39:41 -07'00'

Kris Keller
CWI
2015.11.12 15:26:09
-07'00'

Paul D. Leonard
CWI
2015.11.11 13:55:48 -07'00'



Barry L. Scott
CWI
2015.11.10 15:21:10 -07'00'

Doug J. McGary
CWI
2015.11.11 16:40:17 -07'00'

Kris Keller
CWI
2015.11.12 15:26:17
-07'00'

Paul D. Leonard
CWI
2015.11.11 13:56:18 -07'00'



Barry L. Scott
CWI
2015.11.10 15:21:28 -07'00'

Doug J. McGary
CWI
2015.11.11 16:41:00 -07'00'

Kris Keller
CWI
2015.11.12 15:26:31
-07'00'

Paul D. Leonard
CWI
2015.11.11 13:58:28 -07'00'



Barry L. Scott
CWI
2015.11.10 15:24:02 -07'00'

Doug J. McGary
CWI
2015.11.11 16:41:24 -07'00'

Kris Keller
CWI
2015.11.12 15:26:40
-07'00'

Paul D. Leonard
CWI
2015.11.11 13:58:50 -07'00'



Barry L. Scott
CWI
2015.11.10 15:24:30 -07'00'

Doug J. McGary
CWI
2015.11.11 16:41:43 -07'00'

Kris Keller
CWI
2015.11.12 15:28:15
-07'00'

Paul D. Leonard
CWI
2015.11.11 13:59:12 -07'00'



Barry L. Scott
CWI
2015.11.10 15:33:37 -07'00'

Doug J. McGary
CWI
2015.11.11 16:42:05 -07'00'

Kris Keller
CWI
2015.11.12 15:28:04
-07'00'

Paul D. Leonard
CWI
2015.11.11 13:59:47 -07'00'





Barry L. Scott
CWI
2015.11.10 15:27:42 -07'00'

Doug J. McGary
CWI
2015.11.11 16:42:25 -07'00'

Kris Keller
CWI
2015.11.12 15:27:45
-07'00'

Paul D. Leonard
CWI
2015.11.11 14:00:06 -07'00'



Barry L. Scott
CWI
2015.11.10 15:28:00 -07'00'

Doug J. McGary
CWI
2015.11.11 16:42:44 -07'00'

Kris Keller
CWI
2015.11.12 15:27:19
-07'00'

Paul D. Leonard
CWI
2015.11.11 14:00:24 -07'00'



WMF-1619

WMF-1619

Paul D. Leonard
Fluor Idaho
2016.06.16 11:13:37 -06'00'

Barry L. Scott
Fluor Idaho
2016.06.16 11:12:17 -06'00'

Doug J. McGary
Fluor Idaho
2016.06.16 12:52:56 -06'00'

Shawn Berthelson
Fluor Idaho
2016.06.16 13:03:30
-06'00'



Barry L. Scott
Fluor Idaho
2016.10.12 11:26:27 -06'00'

Doug J. McGary
Fluor Idaho
2016.10.12 14:03:28 -06'00'

Shawn Berthelson
Fluor Idaho
2016.10.12 14:16:25
-06'00'

Paul D. Leonard
Fluor Idaho
2016.10.12 11:39:15 -06'00'



Barry L. Scott
Fluor Idaho
2016.06.16 09:37:09 -06'00'

Paul D. Leonard
Fluor Idaho
2016.06.16 11:14:12 -06'00'

Doug J. McGary
Fluor Idaho
2016.06.16 12:51:57 -06'00'

Shawn Berthelson
Fluor Idaho
2016.06.16 13:01:23
-06'00'



Paul D. Leonard
CWI
2015.11.11 14:01:32 -07'00'

Barry L. Scott
CWI
2015.11.10 15:35:18 -07'00'

Doug J. McGary
CWI
2015.11.11 16:44:03 -07'00'

Kris Keller
CWI
2015.11.12 15:28:27
-07'00'



Barry L. Scott
Fluor Idaho
2016.06.16 09:37:50 -06'00'

Paul D. Leonard
Fluor Idaho
2016.06.16 11:14:30 -06'00'

Doug J. McGary
Fluor Idaho
2016.06.16 12:52:15 -06'00'

Shawn Berthelson
Fluor Idaho
2016.06.16 13:02:18
-06'00'



Barry L. Scott
CWI
2015.11.10 15:35:57 -07'00'

Paul D. Leonard
CWI
2015.11.11 14:02:13 -07'00'

Doug J. McGary
CWI
2015.11.11 16:44:45 -07'00'

Kris Keller
CWI
2015.11.12 15:29:42
-07'00'



Barry L. Scott
CWI
2015.11.10 15:36:25 -07'00'

Doug J. McGary
CWI
2015.11.11 16:45:08 -07'00'

Kris Keller
CWI
2015.11.12 15:30:20
-07'00'

Stephen Thorne
Hukari-Ascendent
2015.11.12 14:53:13 -07'00'



Barry L. Scott
CWI
2015.11.10 15:36:51 -07'00'

Doug J. McGary
CWI
2015.11.11 16:46:08 -07'00'

Kris Keller
CWI
2015.11.12 15:29:55
-07'00'

Larry Fisher
CWI
2015.11.11 09:10:12 -07'00'



Barry L. Scott
CWI
2015.11.10 15:37:15 -07'00'

Doug J. McGary
CWI
2015.11.11 16:46:43 -07'00'

Kris Keller
CWI
2015.11.12 15:30:05
-07'00'
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ABSTRACT 

This hydrologic study of the Radioactive Waste Management Complex (RWMC) at the Idaho 
National Engineering and Environmental Laboratory (INEEL) was conducted to identify the 100-year 
overland floodplain boundary for the major surface water channels at the site.  The RWMC comprises the 
Subsurface Disposal Area (SDA), the Transuranic Storage Area (TSA) and the Administrative facilities 
supporting the RWMC.  The Main Channel Flow System (MCFS) was constructed through the RWMC 
area to control storm water run-on to and runoff from the SDA, TSA and administrative areas.  The 
MCFS has undergone several modifications throughout the history of this facility in order to meet 
changes in the building layouts, subsurface drainage systems, and the overall hydrologic conditions of the 
RWMC area.  Previous studies identified areas where some buildings in the TSA perimeter may be within 
the limits of the 25- and 100- and year floodplains.  Construction of new buildings, topography 
modifications, and replacement of one bridge on Adams Boulevard over the past several years have 
prompted the need to revise the floodplain mapping for the RWMC. 

The study was conducted to evaluate the largest 25-year and 100-year flood flows through this 
facility.  Summer, winter rain on snow, and winter rain on snow with frozen ground conditions were 
evaluated as a part of this study to identify the maximum flows anticipated for storms with these return 
intervals.  Flood flows were generated using hydrologic models of the facility and incorporated into 
hydraulic models of the MCFS.  Peak water surface profiles were used to develop a map with 100-year 
floodplain boundaries to represent conditions at the RWMC as of August 2001. 

 



 

 
iv 



 

 
v 

CONTENTS

ABSTRACT................................................................................................................................................ iii 

1. INTRODUCTION ..............................................................................................................................1 

1.1 General .....................................................................................................................................1 

1.2 Objective ..................................................................................................................................2 

1.3 Previous Investigations.............................................................................................................2 

1.4 Acknowledgements ..................................................................................................................3 

2. REGIONAL HYDROLOGY..............................................................................................................6 

2.1 Climatology and Historic Flooding Data Sources....................................................................6 

2.2 Historical Flood Events ............................................................................................................7 

2.3 Summer and Winter Design Storm Conditions ........................................................................8 

2.3.1 Design Storm Precipitation..................................................................................8 
2.3.2 Snowmelt ...........................................................................................................10 
2.3.3 Frozen Ground and Concrete Impermeable Frost .............................................11 

2.4 Summer and Winter Design Storm Parameters......................................................................12 

3. HYDROLOGIC MODELING..........................................................................................................15 

3.1 Hydrologic Characteristics and Modeling Parameters ...........................................................16 

3.1.1 Watershed and Sub Area Delineation................................................................16 
3.1.2 Soil Type and Vegetation ..................................................................................16 
3.1.3 Impervious Surfaces ..........................................................................................19 
3.1.4 Natural Surface Channels ..................................................................................19 
3.1.5 Storm Water Retention Areas............................................................................19 
3.1.6 Main Channel Flow System ..............................................................................19 

3.2 Hydrologic Modeling and Analysis........................................................................................20 

3.2.1 SCS Curve Numbers and Precipitation Losses..................................................20 
3.2.2 Time of Concentration.......................................................................................21 
3.2.3 HEC-1 Model Input and Output ........................................................................24 

3.3 Hydrologic Modeling Results.................................................................................................25 

3.4 Comparison of Results to Historic  Rain/Snow/Frozen Ground Floods.................................28 

3.5 Discussion of Previous Hydrologic Studies and Reports .......................................................29 

4. Hydraulic Analysis ...........................................................................................................................33 



 

 
vi 

4.1 Main Channel Flow System ...................................................................................................33 

4.1.1 Channel Geometry.............................................................................................33 
4.1.2 Bridges and Culverts .........................................................................................33 
4.1.3 Roughness Coefficients .....................................................................................33 
4.1.4 Hydraulic Modeling Process and Equations......................................................34 
4.1.5 HEC-RAS Model Simulations...........................................................................36 

4.2 TSA Surface/Subsurface Drainage Network Modeling .........................................................36 

4.2.1 SWMM Program Input Parameters ...................................................................36 
4.2.2 Storm Water Runoff Hydrographs ....................................................................37 
4.2.3 SWMM Analysis ...............................................................................................37 
4.2.4 SWMM Modeling Results.................................................................................38 

4.3 25- and 100-year Floodplain Mapping...................................................................................38 

5. CONCLUSIONS ..............................................................................................................................40 

6. REFERENCES .................................................................................................................................41 

 
Sheet 1—Main channel flow system 100-Year Flood Plain 
 
Appendix A—RWMC Watershed Boundary 
 

TABLES 

2-1. Precipitation depths for summer design storms. ...................................................................... 9 

2-2. Precipitation depths for winter design storms.......................................................................... 9 

2-3. Precipitation depths for winter rain on frozen ground design storms. ..................................... 10 

3-1. SCS Curve Numbers for sage-grass complexes....................................................................... 18 

3-2. SCS Curve numbers used in hydrologic modeling. ................................................................. 20 

3-3. Time of concentration (tc) for sub basins. ................................................................................ 22 

3-4. Peak flow for individual sub basins. ........................................................................................ 26 

3-5. Peak flows input into HEC-RAS Models for each return period............................................. 28 

4-1. Basin 22 TSA Perimeter Storm Water Management Modeling, 25-Year Summer Cloudburst. 39 

 



 

 
vii 

Figures 

1. RWMC area map. .................................................................................................................... 4 

2. RWMC plan view. ................................................................................................................... 5 

3. 25-year, 24-hour summer storm hydrographs.......................................................................... 31 

4. 100-year, 24-hour summer storm hydrographs........................................................................ 31 

5. 25-year, 24-hour winter storm hydrographs. ........................................................................... 32 

6. 100-year, 24-hour winter storm hydrographs. ......................................................................... 32 

7. Main channel flow system modeled cross-section numbers. ................................................... 35 

 



 

 
viii 

ACRONYMS 

AMC  antecedent moisture condition 

amsl  above mean sea level 

CFS  cubic feet per second 

DDF  depth duration frequency 

HEC-HMS   Hydrologic Engineering Center Hydrologic Management System 

HEC-RAS  Hydrologic Engineering Center River Analysis System 

INEEL  Idaho National Engineering and Environmental Laboratory 

MCFS  Main Channel Flow Systems 

NOAA  National Oceanographic and Atmospheric Administration 

NRCS  National Resource Conservation Service 

NWS  National Weather Service 

RCRA  Resource Conservation and Recovery Act 

RWMC  Radioactive Waste Management Complex 

SCS  Soil Conservation Service 

SDA  Subsurface Disposal Area 

SWMM  Storm Water Management Model 

TRU  transuranic 

TSA  Temporary Storage Area 

USCOE  United States Corps of Engineers 

USGS  United States Geological Survey 

 

 



 

 
1 

100-Year Floodplain and 25-Year Runoff Analyses  
for the Radioactive Waste Management Complex Area 
at the Idaho National Engineering and Environmental 

Laboratory 
1. INTRODUCTION 

1.1 General 

The Radioactive Waste Management Complex (RWMC), located in the southwestern quadrant of 
the Idaho National Engineering and Environmental Laboratory (INEEL), encompasses a total of 174 acres 
and is divided into three separate areas by function:  the Subsurface Disposal Area (SDA), the 
Transuranic Storage Area (TSA), and the Administrative Area (see Figure 1 RWMC area map and Figure 
2 RWMC plan view).  The original facility covered 13 acres and was used for shallow burial of solid 
radioactive waste.  In 1958, the burial ground was expanded to 88 acres.  Relocation of the security fence 
in 1988 to the outside of the dike surrounding the burial ground established the current 95.9-acre size of 
the SDA.  The TSA was added to the RWMC in 1970.  Located adjacent to the east side of the SDA, TSA 
encompasses 56.1 acres and is used for retrievable storage of transuranic (TRU) waste pending 
characterization, certification, and shipment out of the state to a permanent disposal repository.  The 22-
acre Administrative area maintains administrative offices, maintenance buildings, equipment storage, and 
miscellaneous support facilities. 

Though the RWMC is located within a natural topographic depression, no permanent surface water 
features are located near the site.  However, the local depression tends to hold precipitation and to collect 
additional runoff from the surrounding slopes.  Surface water within the surrounding area eventually 
infiltrates the soils or evaporates before reaching the Big Lost River (Keck 1998). 

Historically, the SDA has been flooded by local runoff at least three times because of a 
combination of snowmelt, rain and warm winds.  The Main Channel Flow System (MCFS), consisting of 
dikes and drainage channels, was constructed around the perimeter of the SDA in response to the first 
flooding event, which occurred in 1962.  Following a second flood in 1969, the height of the dike was 
increased and the drainage channel around the perimeter was enlarged.  The dike was breached by 
accumulated snowmelt in 1982, resulting in a third inundation of open pits within the SDA.  Significant 
flood-control improvements included increasing the height and breadth of the dike, deepening and 
widening the drainage channel, and contouring to eliminate the formation of surface ponds and route 
runoff to the drainage channel.  Localized runoff from surrounding slopes is now prevented from entering 
the SDA by the perimeter drainage channel and dike surrounding the facility.  Runoff from within the 
SDA is directed to the perimeter drainage channel, thus exiting the disposal area.  

The Big Lost River, 2-mi north of the RWMC, is at an elevation 30-ft to 40-ft higher than the SDA 
(DOE-ID, 1998).  However, the Big Lost River poses no flood threat to the RWMC (DOE-ID, 1998).  
The Big Lost River flows northeast, away from the RWMC, to its termination in the playas.  A detailed 
flood-routing analysis of a hypothetical failure of Mackay Dam resulting from hydrologic and seismic 
failure shows that the RWMC would not be inundated by the severe flooding caused by the failure of the 
dam (Koslow and Van Haaften 1986).  Big Lost River flows have not entered the RWMC since 
operations began in 1952.  However, evidence indicates alluvial deposits in the RWMC area were 
possibly deposited during the Pleistocene period.  A mineralogical correlation of surficial sediment from 
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area drainages with sedimentary interbeds at the RWMC suggests that the present day drainage patterns 
of the streams may be similar to historical patterns (Bartholomay 1990). 

1.2 Objective 

The primary objective of this project is to determine the magnitude and extent of the hypothetical 
100-year flood event within the RWMC drainage area and develop a floodplain map from the 
hypothetical storm event as required by state and federal regulations to determine whether RWMC 
facilities are constructed in the 100-year floodplain.  The secondary objective is to ensure that the 
facilities storm drain system will pass, at a minimum, the 25-year 24-hour peak storm flow for the TSA. 

1.3 Previous Investigations 

The potential for flooding in the Big Lost River and in the RWMC watershed has been evaluated 
through several studies performed at the INEEL.  Specific aspects of these studies that are relevant to the 
current study are discussed below and in subsequent sections of this report. 

Tullis and Koslow (1983) characterized Big Lost River floods with recurrence intervals greater 
than 25 years by a statistical analysis of short-term historical records and through the study of slack-water 
deposits.  The United States Geological Survey (USGS) (Berenbrock and Kjelstrom, 1998) evaluated 
flood potential on the Big Lost River by applying a one-dimensional hydraulic model to calculate water-
surface elevations and estimating the areas of inundation for the 100-year peak flow.  Ostenaa, et al. 
(1999) performed a paleoflood study of the Big Lost River that included estimates of paleohydrologic 
bounds, hydraulic modeling, and development of Bayesian flood-frequency statistics.  

Koslow and Van Haaften (1986) utilized the National Weather Service (NWS) DAMBRK model to 
simulate four different hypothetical Mackay Dam failure scenarios.  One of these scenarios consisted of a 
hydraulic (piping) failure of the dam combined with Big Lost River runoff from the 100-year recurrence 
interval flood and subsequent hypothetical failure of Mackay Dam.  In this modeled flood scenario, the 
INEEL Diversion Dam was overtopped by one foot of water at an elevation of 5066 ft msl.  The 
magnitude of the combined probability of the 100-year recurrence interval flood with Mackay Dam 
failure was not specified in this report, but by definition is less than the probability of the 100-year runoff 
event alone.  Likewise, the probability of the hydrologic events discussed in the current report with the 
simultaneous occurrence of a hypothetical Mackay Dam failure is much less than 0.01.  Analyses of 
hydrologic events with probabilities less than 0.01 (recurrence intervals greater than 100-years) were 
considered beyond the scope of this report.  Appendix A of the Koslow and Van Haaften (1986) report 
included a local basin snowmelt study that indicated a low potential for flooding from heavy rains and 
snowmelt at the facilities. 

Dames and Moore (1993 and 1996) performed hydrologic studies of the RWMC watershed area 
utilizing the available topographic mapping data that represented current surface conditions at the time.  
The hydrologic analyses performed for the 1993 report included development of 100-, 500- 1000-year, 
½ PMF, and PMF hydrographs for sub-basins contributing surface runoff to the main channel flow 
system (MCFS) of the RWMC.  The scope of the 1996 study was specific to evaluating runoff produced 
by the rain-only 500-year precipitation event.  

Zukauskas, et al. (1992) evaluated the adequacy of the storm water drainage control systems at the 
RWMC in preventing flooding of the TSA resulting from 25- and 100-yr return interval, 24-hr duration, 
storm events.  Taylor, et al. (1994) performed hydrologic analyses as part of their siting activities for new 
waste handling facilities at the INEEL. 
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Large-scale aquifer pumping and infiltration tests in the RWMC area by Wood and Norrell (1996) 
were performed in a constructed basin in which the top 4 ft of topsoil was removed for construction.  This 
study resulted in infiltration flux values that ranged from 1.42 × 10-3 gpm/ft2 to 2.35 × 10-3 gpm/ft2 
(0.14 in/hr to 0.23 in/hr, respectively).  The time weighted average infiltration flux for this experiment 
was 1.99 × 10-3 gpm/ft2 (0.19 in/hr).  

The current study was performed to include recent precipitation and temperature data, and to 
address changes that have occurred in topography and facility structures since the previous studies were 
performed.  Topographic data were collected in an aerial photogrammetry flight by Aero-Graphics of Salt 
Lake City, Utah on October 17, 2000.  These data were used to develop the topographic maps that were 
used in this hydrologic analysis.  This hydrologic study was performed pursuant to the surface water 
requirements relative to the RCRA Part B permit application requirements of 40 Code of Federal 
Regulations (CFR) Parts 260-281.   

1.4 Acknowledgements 

Appreciation is extended to Ken Beard, BBWI at the INEEL who provided horizontal and vertical 
control for this project by use of a Global Positioning System (GPS).  Mr. Beard developed survey control 
targets in support of the aerial photogrammetric flight, surveyed channel cross-sections and provided 
survey data for hydrologic control structures.   
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Figure 1.  RWMC area map. 
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Figure 2.  RWMC plan view. 
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2. REGIONAL HYDROLOGY 

A detailed hydrologic analysis was developed specifically for the watershed area contributing to 
the MCFS to identify the peak 25- and 100-year flood flows and associated floodplains for the RWMC 
area.  An investigation and review of available regional hydrology documentation was conducted in order 
to determine the appropriate design storm conditions and watershed parameters for use in hydrologic and 
hydraulic modeling of the site.  Several sources of information were utilized to determine existing 
conditions during previous flooding events throughout southeastern Idaho and the surrounding area, 
which provides a measure of flood and regional hydrologic conditions for the RWMC facility at INEEL.  
This section of the report discusses the sources of information reviewed as a part of the evaluation of 
regional hydrologic conditions, which in turn was used to develop design storm parameters and 
precipitation statistics for the hydrologic modeling. 

2.1 Climatology and Historic Flooding Data Sources 

Several sources of information relating to climatology and historic flooding were utilized in 
determining regional hydrologic conditions for the INEEL and the RWMC facility.  Regional hydrologic 
information is available for southeastern and central Idaho.  A report prepared by Taylor (1994), 
references seven gauge sites and design storms.  This report, however, is limited to information relating 
specifically to stream flows and storm water runoff for the INEEL and the RWMC.  Data sources used in 
this hydrologic study were obtained from the National Weather Service for the area within and 
surrounding the INEEL.  Data utilized for areas outside of the INEEL property were selected for 
hydrologic regimes with similar characteristics including southern Idaho, northern Utah, northern Nevada 
and southwestern Montana.  Data sources utilized in this hydrologic investigation include the following: 

• United States Geological Survey, Methods for Estimating Magnitude and Frequency of Floods 
in the Southwestern United States, Open File Report 93-419, 1994. 

• National Weather Service, INEEL Winter Flood Events, Idaho Falls 46W Data (1952 – 2000). 

• National Weather Service, Idaho Falls FAA, Idaho Falls Airport Gage data (1948 – 1952). 

• National Weather Service, Idaho Falls 2ESE Gage Data (1952 – 1960) 

• National Weather Service, Idaho Falls 16SE Gage Data (1960 – 1997)  

• National Weather Service, Dubois Gage Data (1948 – 1997)  

• National Weather Service, Twin Falls Gage Data (1978 – 1997) 

• Eugene L. Peck and E. Arlo Richardson, An Analysis of the Causative Factors of the February 
1962 Floods in Utah and Eastern Nevada, National Weather Service, Salt Lake City, Utah, 
1962. 

• United States Army Corps of Engineers, Humbolt River and Tributaries, Nevada, Design 
Memorandum No. 1, Sacramento District, 1975. 

• Soil Conservation Service, National Engineering Handbook, 1972 
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• Dr. John H. Humphrey, Meteorological Analysis, Flood Control Master Plan, Washoe County, 
Nevada, 1994. 

• CH2MHill, Inc., Silver Bow Creek Flood Modeling Study, 1989. 

• United States Army Corps of Engineers (USCOE), Northwest Division, Snow Hydrology, 
1972. 

In addition to the data sources identified above, several reports and technical memoranda regarding 
the RWMC facility were reviewed to evaluate previous flooding events and hydrologic studies including: 

• Dames and Moore, Flood Evaluation Study, Radioactive Waste Management Complex, Idaho 
National Engineering Laboratory, Idaho Falls, Idaho, 1993. 

• K.N. Keck, 25-Year, 24-hour Storm Evaluation for the Transuranic Storage Area, Document 
No. INEEL/EXT-98-00472, 1998. 

• Clinton O. Kingsford, PE and Karen N Keck, As-Built Condition of the Surface Water 
Drainage System at the SDA, Document No. INEL/EXT-97-00603, June 1997. 

• J. Sagendorf, Meteorological Information for RWMC Flood Potential Studies, National 
Oceanic Atmospheric Administration, Environmental Research Laboratories, Air Resources 
Laboratory Field Research Division, Idaho Falls, Idaho, 1991. 

• J. Sagendorf, Precipitation Frequency and Intensity at the Idaho National Engineering 
Laboratory, National Oceanic and Atmospheric Administration, Technical Memorandum ERL 
ARL-215, Air Resources Laboratory, Silver Spring, Maryland, 1996. 

2.2 Historical Flood Events 

There have been several significant flood events within southern Idaho, northern Utah and northern 
Nevada with documented information dating from the early 1900’s through the present.  Four events in 
particular have enough recorded information to estimate conditions experienced during winter rain and 
snowmelt storms with return periods ranging from 25 to 100 years.  The four events occurred in February 
1962, January 1969, February 1980 and February 1982.  Of these events, the 1962 rain-on–snow 
conditions were estimated to represent a storm with a return period of 50 to 100 years (DOE-ID 1998).  
Climatological and general flooding information was obtained for all of these events and used to evaluate 
conditions anticipated during a 100-year return period storm.  The data provides an approximate measure 
of the peak flow anticipated for the RWMC complex. 

All of the observed flood events required an unusual set of climatological conditions including a 
wet fall season, very cold temperatures through December, January, and February with little or no snow 
cover, no thawing of the ground, and some accumulation of snow just prior to the flooding period.  This 
set of conditions would result in a shallow snow cover underlain by concrete impermeable frost. 

Based on the historic flooding information and according to limited United States Geological 
Survey (USGS) stream gage data in the area surrounding INEEL, regional hydrologic conditions indicate 
that peak flows of 30 to 60 cubic feet per second per square mile (cfs/mi2) can be expected during a 
100-year rain-on-snow event in watersheds similar in size to that of the RWMC watershed.  Seven gauge 
sites identified at the INEEL indicated peak flows of 10 cfs per square mile to 76 cfs per square mile 
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(Taylor et. al, 1994).  The regional flood flow information was used as an approximation of the 100-year 
flood model developed for the RWMC. 

In addition to the peak flow estimations provided by the USGS documentation, limited information 
relating to runoff volumes was obtained from previous hydrologic studies.  Sagendorf (1991) indicates 
that the 1962 flood event produced approximately 30 acre-ft of runoff in the SDA boundary.  It should be 
noted that there was no perimeter ditch constructed around the SDA at the time, and the 30 acre-ft of 
runoff was generated in the watershed area contributing to the SDA (3.435 mi2).  Previous reports also 
indicate that 20 acre-ft of runoff flooded the SDA boundary in 1969, however, it is not known which 
portions of the watershed contributed to the flooding (a drainage ditch and dike had been constructed 
around the SDA subsequent to the 1962 event).  

2.3 Summer and Winter Design Storm Conditions 

In order to evaluate the largest 100-year flood event for the RWMC facility, three separate 
conditions were considered.  Design storms were developed separately for summer cloudburst storms and 
for winter rain-on-snow and frozen ground events.  Separating the different conditions provides more 
accurate determination of precipitation depths for various return period storms and better representation 
of hydrologic conditions during the summer and winter seasons.  Design storm parameters for the 
summer and winter conditions are discussed in the following paragraphs. 

2.3.1 Design Storm Precipitation 

Precipitation depths for summer and winter storms were determined primarily from gage data 
collected from the City of Idaho Falls and INEEL.  Specific gage sites included the following: 

• Idaho Falls 46W, National Weather Service (NWS) data (located at the CFA, INEEL). 

• Idaho Falls, FAA, National Weather Service data (located at the airport in Idaho Falls). 

Gage data from these sources is available for approximately 50 years, providing sufficient data to 
conduct a statistical analysis for precipitation depths.  Depth-duration-frequency (DDF) curves were 
developed for this study from the gage data obtained from the NWS using standard procedures of ranking 
maximum observed precipitation depths and plotting data on a log normal probability distribution.  Power 
curve functions were developed for evaluating precipitation depth-duration-frequency statistics for the 
RWMC facility.  The power curve function equation is shown below. 

btaDepth *=  

where: 

Depth = design storm precipitation depth (in.) 

a = statistical parameter based on ranked gage data 

b = statistical parameter based on ranked gage data 

t = time (minutes). 

Using the above equation, precipitation depths were determined for 5-, 15-minute and 1-, 2-, 3-, 6-, 
12- and 24-hour storm events with return periods ranging from 2 to 100 years.  It should be noted that the 
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precipitation depths developed for design storms used in this hydrologic analysis were prepared 
independently from previous studies and analyses, including those prepared by J. Sagendorf (1991 and 
1996), Keck (1998) and Dames and Moore (1993).  Most significantly, the DDF statistics developed for 
this hydrologic analysis compare closely with those prepared by J. Sagendorf in 1996.  Slight differences 
can be identified in precipitation depths for each design storm and return frequency from specific data 
periods used in developing the statistics, differences in interpretation of best-fit curves and lines, and 
engineering judgment. 

Summer DDF curves were developed from gage data between the months of May through 
September.  Summer precipitation depths (in.) are shown in Table 2-1. 

Table 2-1.  Precipitation depths (in.) for summer design storms. 

Winter DDF curves were developed using precipitation gage data over the period of record during 
the months from November through March, when wet soil conditions will occur.  Winter precipitation 
depths (in.) are shown in Table 2-2. 

Table 2-2.  Precipitation depths (in.) for winter design storms. 

Winter Rainfall Depth Duration Frequency 
D=a*t^b 

Recurrence a b 5-min 15-min 1-hr 2-hr 3-hr 6-hr 12-hr 24-hr 

2-year 0.015 0.506 0.034 0.059 0.119 0.169 0.208 0.295 0.419 0.595 

5-year 0.026 0.469 0.055 0.093 0.177 0.246 0.297 0.411 0.569 0.787 

10-year 0.035 0.447 0.072 0.117 0.218 0.297 0.357 0.486 0.663 0.903 

25-year 0.047 0.427 0.093 0.149 0.270 0.363 0.432 0.580 0.780 1.049 

50-year 0.058 0.413 0.113 0.177 0.315 0.419 0.495 0.659 0.878 1.169 

100-year 0.071 0.397 0.135 0.208 0.361 0.475 0.558 0.735 0.967 1.274 
 

Summer Cloudburst Depth Duration Frequency 
D=a*t^b 

Recurrence a b 5-min 15-min 1-hr 2-hr 3-hr 6-hr 12-hr 24-hr 

2-year 0.095 0.305 0.155 0.217 0.331 0.409 0.463 0.572 0.707 0.873 

5-year 0.154 0.282 0.242 0.331 0.489 0.594 0.666 0.810 0.985 1.197 

10-year 0.199 0.269 0.307 0.412 0.599 0.721 0.804 0.969 1.168 1.408 

25-year 0.262 0.257 0.396 0.525 0.750 0.897 0.995 1.189 1.421 1.698 

50-year 0.302 0.253 0.454 0.599 0.851 1.014 1.124 1.339 1.596 1.901 

100-year 0.359 0.243 0.531 0.693 0.971 1.149 1.268 1.501 1.776 2.102 
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Winter rain on frozen ground DDF curves were developed using precipitation gage data over the 
period of record during the months of January and February, when frozen ground conditions will occur.  
Winter rain on frozen ground precipitation depths (in.) are shown in Table 2-3. 

Table 2-3.  Precipitation depths (in.) for winter rain on frozen ground design storms. 

Winter Rain on Frozen Ground Depth Duration Frequency 
D=a*t^b 

Recurrence a b 5-min 15-min 1-hr 2-hr 3-hr 6-hr 12-hr 24-hr 

2-year 0.011 0.506 0.024 0.042 0.084 0.119 0.147 0.208 0.296 0.420 

5-year 0.018 0.469 0.039 0.065 0.125 0.172 0.209 0.289 0.400 0.553 

10-year 0.025 0.447 0.051 0.083 0.154 0.210 0.252 0.343 0.467 0.637 

25-year 0.031 0.433 0.066 0.106 0.191 0.257 0.305 0.411 0.552 0.742 

50-year 0.033 0.427 0.079 0.124 0.221 0.294 0.347 0.462 0.615 0.819 

100-year 0.041 0.413 0.094 0.145 0.252 0.332 0.390 0.513 0.675 0.889 
 

It should be noted that the data and procedures used in developing the DDF curves for the various 
seasonal events are standard meteorological methods used by the NWS and National Oceanographic and 
Atmospheric Administration (NOAA).  Differences in the DDF statistics prepared for this study can be 
identified in precipitation depths associated with the various storm durations and return periods when 
compared to other DDF curves prepared for INEEL.  The differences are the result of the specific 
seasonal periods used to develop the curves and judgment in best-fit curves for statistical representation 
of precipitation data. 

In preparing the three different sets of DDF curves for this study, data were separated according to 
seasonal variations when summer, winter and winter frozen ground conditions exist.  This separation of 
the data often results in lower precipitation depths and intensities used for modeling during the winter 
season as compared to summer and to the year as a whole.  Winter storms typically have lower depths and 
rainfall intensity than other times of the year and separation of this data from the entire period of record 
provides a more accurate determination of DDF statistics when evaluating specific seasonal storm events. 

2.3.2 Snowmelt 

Snowmelt was incorporated into hydrologic models for the RWMC flood study in order to evaluate 
winter storm events.  Data for snow depths and water content was developed from the winter precipitation 
statistics, and previous rain-on-snow events observed throughout the region surrounding INEEL.  Several 
assumptions were made regarding contributing factors to the snowmelt including the following: 

• Maximum daily temperature is 46° F and average daily temperature is 42° F. 

• Wind speed of 20 miles per hour 

• Constant snowmelt during the 24-hour storm period 

• Little delay for snowmelt contribution to runoff. 
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Using equations presented in the USCOE snow hydrology manual, with a mean temperature of 42° 
F and wind speed of 20 mph, snowmelt was calculated as 0.06 in/hr.  This constant snowmelt was added 
to the design storm precipitation for use in hydrologic modeling of the winter rain-on-snow and frozen 
ground event.  This constant snowmelt adds 1.44 in. of water to the rainfall event throughout the duration 
of the 25- and 100-year, 24-hour winter storms. 

2.3.3 Frozen Ground and Concrete Impermeable Frost 

Frozen ground and concrete impermeable frost increase the runoff volume and associated peak 
flows during winter storms by limiting the infiltration capacity of the soil, and in the case of concrete 
impermeable frost, effectively increasing the amount of impervious surface within a watershed.  Several 
climatological factors contribute to developing frozen ground and concrete impermeable frost including, 
but not limited to, the following: 

• Wet fall and early winter season, sufficient to allow accumulation of water in the surface soil 
layers 

• Continuous cold weather 

• Little or no snow accumulation to insulate the ground. 

For the purposes of this study, it is necessary to distinguish between frozen ground and concrete 
impermeable frost in order to estimate the impervious surface area in the watershed.  Frozen ground 
occurs annually during the winter season as cold temperatures freeze moisture in surface and vadose zone 
soils.  However, this condition does not preclude infiltration as cracks develop, porosity in the soil-ice 
structure still exists, and root structures provide additional pathways for water to enter the soil profile.  To 
become a completely impervious frost layer, sufficient moisture must be present to saturate the soil and 
sustained freezing temperatures must develop sufficient frost and ice to eliminate all infiltration capability 
in the soil profile. This condition is described as concrete impermeable frost. 

Previous investigations have been conducted to evaluate the presence and severity of concrete 
impermeable frost during winter rain-on-snow and frozen ground events (Humphrey 1994).  During this 
study, known gage data were used to calibrate hydrologic models of the watershed contributing to Silver 
Bow Creek during winter storm events.  It was determined through this study that although concrete 
impermeable frost existed in the watershed, it did not cover the entire surface area, was found to exist 
only in very narrow elevation ranges throughout the watershed, and that water infiltration occurs in areas 
where frozen ground (not impermeable frost) exists. 

Results of the Silver Bow Creek investigation were used to develop a rating index to assign 
probability to the recurrence of concrete impermeable frost.  This index is used to evaluate rainfall, 
temperatures, snow and other climatological factors that allow concrete impermeable frost to develop.  
Climatological data from the INEEL area were used evaluate the probability of concrete impermeable 
frost development as a part of this study.  It was determined that concrete impermeable frost has the 
potential to develop in the INEEL area approximately every 5 to 10 years. 

Additionally, an estimate of the percentage of the ground surface representing concrete 
impermeable frost was developed from site-specific conditions at INEEL and results of the Silver Bow 
Creek investigation.  Vegetation, exposed surface soils, soil porosity and other factors contribute to the 
development of concrete impermeable frost.  For the watershed surrounding the RWMC, vegetative cover 
was estimated to be 50% and exposed soils have fairly good water transmission properties (B group). 
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Concrete impermeable frost was estimated to represent 33% of the watershed area during this study, 
based on the following assumptions: 

1. Exposed surface soils represent 50% of the natural watershed area.  67% of exposed surface 
soils are subject to developing concrete impermeable frost.  Total concrete impermeable 
frost in the natural watershed is then 33%. 

2. Concrete impermeable frost will not develop in the remaining 50% of the watershed area due 
to the presence of vegetative cover and root structures; shallow sedimentary soils over basalt 
and exposed basalt areas allowing infiltration and lack of saturated soil. 

Review of previous studies conducted at INEEL further indicate that although concrete 
impermeable frost will exist in portions of the watershed, it is overly conservative to assume that the 
presence of frozen ground eliminates all infiltration.  A report prepared in 1994 (Taylor et. al, 1994) states 
“..the assumption of frozen ground presumes zero infiltration of the surface...zero infiltration appears 
overly conservative...assumption of zero infiltration was used in order to obtain demonstrably 
conservative results.”  This previous study further supports the assumption that impermeable concrete 
frost does not exist over the entire watershed area.  Natural watershed areas can have concrete 
impermeable frost, which occupies less than 100% of the natural watershed during winter. 

There are no universally accepted methods for establishing recurrence interval or areal extent of 
concrete impermeable frost during winter seasons.  Generally accepted methods include estimations of 
impervious surfaces using hydrologic models of watersheds with available stream gage data.  In the 
absence of site-specific data, it is necessary to estimate concrete impermeable frost and resulting 
impervious surface area from climatological data, known watershed properties, experience with similar 
sites, and comparison to other studies.  Representing 33% of the natural watershed area as concrete 
impermeable frost provides a reasonable estimate of expected impervious ground conditions during 
winter storm events for INEEL based on the hydrologic conditions of the watershed, available surface 
area for impermeable frost to develop, and experience with similar studies. 

2.4 Summer and Winter Design Storm Parameters 

Summer and winter design storm parameters were developed for subsequent hydrologic modeling 
of the contributing watershed to the RWMC and MCFS.  The storm parameters were developed from the 
statistical analyses of the data collected primarily from the INEEL gage with additional supporting 
information as described in the previous sections.  The following design storm parameters were used in 
hydrologic modeling of the various return period and seasonal conditions. 

• 25- and 100-year Summer Thunderstorms (Cloudburst) 

- 25-and 100-year, 24-hour storm events 

- 1.70 and 2.10 in. of precipitation, respectively, from statistical analyses and data 
presented in Table 2-1. 

- Embedded peak 5- and 15-minute, 1-, 2-, 3-, 6-, 12- and 24-hour rainfall depths and 
intensities. 

• 25-year, 24-hour Winter Precipitation (Rain or Rain-on-Snow) with frozen ground 

- 5-year, 24-hour storm event 
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- 5-year frozen ground conditions 

- 0.553 in. of precipitation 

- 0.06 in./hour constant snowmelt (1.44 in. total depth for 24 hours) 

- Embedded peak 5- and 15- minute, 1-, 2-, 3-, 6-, 12- and 24-hour rainfall depths and 
intensities. 

• 100-year Winter Precipitation (Rain on Snow) with Frozen Ground 

- 20-year, 24-hour storm event 

- 5-year frozen ground conditions 

- 0.72 in. of precipitation 

- 0.06 in./hour constant snowmelt (1.44 in. total depth for 24 hours) 

- Embedded peak 5- and 15-minute, 1-, 2-, 3-, 6-, 12- and 24-hour rainfall depths and 
intensities. 

The design storm parameters for the various storms used in this hydrologic study are statistically 
equivalent or greater than the return frequencies for the 25- and 100-year events.  The return interval for a 
particular storm event has a probability equal to the inverse of the return interval as shown in the 
following equation: 

periodreturn
P 1=  

Therefore, the probability of the 25- and 100-year events are 0.04 and 0.01, respectively.  
Additionally, the probability of different events can be multiplied to determine combined probabilities 
representing statistically equivalent, greater return period events.  As described above, the 100-year rain 
on snow with frozen ground event has a combination of the 20-year precipitation and 5-year frozen 
ground conditions, therefore this combined probability of events is statistically equivalent to the 100-year 
event: 

01.0
100

1
5
1*

20
1* 520100 ==== PPP  

Review of available literature suggests that concrete impermeable ground conditions happen every 5 to 10 
years.  Therefore, the 20-year rainfall was combined with the 5-year frozen ground condition to determine 
the 100-year event. 

The probabilities for the 20-year rainfall and 5-year frozen ground conditions are sufficiently 
independent to allow their combination in a joint probability distribution because the design storm 
precipitation is developed from rainfall gage data for the period of record for several different gages 
around the INEEL region, including the CFA and Idaho Falls gages.  In some cases, the period of record 
is more than 50 years and provides sufficient data for separation of winter and summer thunderstorm 
precipitation depths and a thorough statistical analysis of the precipitation depths associated with various 
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storm durations, intensities and return periods for seasonal events.  This statistical analysis is based on 
precipitation depths alone, and does not consider other environmental factors that may contribute to 
precipitation including temperature and other regional climatological conditions. 

The frozen ground probability is developed from a variety of climatological factors including 
temperatures, wind speeds, freezing temperature duration, precipitation during winter months, and is 
based on an index developed by Dr. John H. Humphrey, PhD, PE  (personal communication, 2001).  The 
index was developed for frozen ground during the months of November through March, and is based on 
climatological data from the CFA and Idaho Falls gages. 

The combined probability of the 20-year rainfall and 5-year frozen ground represents a 100-year 
return period probability.  For the purposes of this hydrologic study, snowmelt has been added to the 
winter design storm events in order to provide additional runoff.  Adding the snowmelt to the design 
storms increases the return period of the storms, as the presence of snow during the event has additional 
statistical probability which should be multiplied in the combined probabilities.  However, the probability 
of snow during the design storms has been neglected to account for possible variations in truly frozen 
ground, design storm precipitation depths and other hydrologic parameters used to represent the 
watershed and sub areas.  Neglecting the probability of snowmelt in the combined probabilities of the 
design storm events provides a conservative approach to estimating the peak flood flow by adding 
additional water without considering the probability of the presence of snow anticipated for the RWMC 
facility and the MCFS. 
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3. HYDROLOGIC MODELING 

The HEC-1 computer program was selected for this hydrologic analysis because it provides the 
most flexibility in modeling methods and allows detailed input of watershed parameters, stage-storage-
routing information, design storm precipitation, snowmelt and other hydrologic modeling parameters 
impacting storm water runoff.  A comparison of commonly available computer modeling programs was 
conducted as a part of this study and included HEC-1, SCS TR-20 and SCS TR-55, resulting in the 
following conclusions: 

1. The SCS TR-20 and TR-55 models have several limitations in defining watershed 
characteristics and storm water runoff flow paths, which may affect peak flow estimations 
for the contributing watershed area at INEEL.  HEC-1/HMS allows input of several different 
parameters regarding land use, soil types, vegetative conditions, hydrologic connectivity and 
others affecting storm water runoff, which provides more reasonable runoff modeling 
results. 

2. The SCS TR-55 model relies on standard design storm parameters (i.e., Types I, II, III etc.,) 
to develop rainfall hydrographs based on a given rainfall depth.  Design storms were 
developed from site-specific data and produce more accurate results in flood modeling 
programs by eliminating geographic effects on rainfall (i.e., mountains, rain-shadow effects, 
etc.).  Using the HEC-1/HMS modeling program allows entry of site-specific design storm 
data developed for the RWMC. 

3. The TR-55 model was developed for Urban Hydrology.  The RWMC is more representative 
of natural conditions, with a relatively limited developed area within the regional watershed 
boundary. 

4. The HEC-1/HMS computer program provides flexibility in runoff evaluation methods used 
in sub areas within the watershed boundary.  HEC-1/HMS provides the ability to use 
different runoff evaluation methods within the same model, which may be more applicable 
to varying conditions within the regional boundary (i.e., Kinematic wave, Muskingum, 
Muskingum-Cunge, SCS methods).  

The hydrologic modeling for this study was conducted using ProHEC1 Plus, an enhanced version 
of the Hydrologic Engineering Center’s HEC-1 program (Dodson and Associates, ProHEC1 Plus, 1995).  
This program generates rainfall/runoff hydrographs for watershed and sub basins based on several 
hydrologic parameters including, but not limited to, the following: 

• Watershed and sub basin area 

• Soil type and vegetative cover 

• Impervious surfaces 

• Surface features such as exposed bedrock and fractures 

• Stream channel flow patterns 

• Natural and constructed reservoirs or storm water retention areas 

• Storm water runoff controls 
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• Unique hydrologic features. 

Details of the hydrologic modeling parameters and processes are included in the following 
sections. 

3.1 Hydrologic Characteristics and Modeling Parameters 

Hydrologic characteristics of the watershed are discussed in the following sections and, where 
applicable, modeling parameters are discussed. 

3.1.1 Watershed and Sub Area Delineation 

Topographic mapping and field inspection of hydrologic and hydraulic features were used to 
delineate the contributing watershed and sub basins of the RWMC.  Topographic mapping provided by 
INEEL and portions of a USGS quadrangle map were used to identify the outer boundary of the 
watershed.  Sub basins were delineated within the outer watershed boundary based on several factors 
including the following: 

• Major and minor surface water runoff drainage patterns and flow lengths 

• Location of culverts, storm water runoff controls, local reservoir areas (storage) 

• Key features and junctions in the MCFS 

• General hydrologic regime and field conditions 

The total contributing area to the RWMC facility and the MCFS up to the Adams Boulevard 
Bridge is 4.33 mi2 (2771 acres).  The total contributing area of the watershed investigated as a part of this 
study is 6.39 mi2 (4090 acres).  The total watershed area considered in this study includes the total area 
contributing to the RWMC and one additional sub-basin that contributes to the MCFS downstream of the 
Adams Boulevard Bridge.  This larger area was evaluated in order to identify the presence or absence of 
backwater effects with the potential to influence the floodplain near the SDA and TSA boundaries.  The 
major watershed boundary was divided into 40 sub basins for subsequent hydrologic modeling.  The sub 
basins are identified on the RWMC watershed boundary map (see Appendix A). 

3.1.2 Soil Type and Vegetation 

Native soils in the area of the RWMC facility are primarily sandy silt loam, with sand fractions 
ranging in size from very fine to coarse.  Soil depths range from very shallow to very deep and are 
intermixed with basalt flows.  Soil cover placed over disposal area pits and within the SDA boundary 
were constructed using borrow materials from areas around the complex and have similar textures to 
those found within the contributing watershed area.  Regional soils data indicate that soils are primarily 
loess, designated as a B hydrologic soil group.  This soil group allows moderate infiltration and consist of 
silts, sands and to a lesser extent, clays. 

The vegetation in the RWMC facility watershed is a sage-grass community consisting of sagebrush 
and primarily wheat grasses.  Cover was estimated at approximately 50 percent during the field 
investigation conducted at the site. 

The Soil Conservation Service (SCS) National Engineering Handbook provides estimates for curve 
numbers for forest-range complexes in the Western United States (SCS, 1972).  The curve number is used 
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in hydrologic modeling to represent the soil and vegetation conditions within a watershed and accounts 
for precipitation losses and excesses.  According to the SCS reference, curve numbers may range from 28 
to 96 for sage-grass complexes, depending on soil group and vegetative cover.  Low numbers indicate 
Group B soils with high percentage of vegetative cover and high numbers indicate Group D soils with 
little or no vegetative cover. 

Curve numbers are adjusted from standard conditions to represent the conditions in a watershed 
prior to the rainfall-runoff event being modeled.  Antecedent Moisture Condition I (AMC I) represents 
dry soil conditions typical of soil conditions preceding summer thunderstorms, with no precipitation prior 
to the model storm.  AMC III represents wet soil conditions during winter and spring seasons, where it is 
likely that some moisture has been retained in the soils from previous storms and snowmelt.  Curve 
numbers taken from the SCS handbook are shown in Table 3-1. 

The curve numbers were selected from tables shown in the SCS National Engineering Handbook, 
Section 4, Hydrology, 1972, page 9.11.  Curve numbers were selected to represent natural conditions 
identified in the field, with further support from SCS documentation, the infiltration test report, and 
experience with similar sites.  Curve numbers were also selected accordingly to represent antecedent 
moisture conditions (AMC) anticipated in each storm.  Saturated soils during winter storms used 
AMC-III.  Normal soils during summer events used AMC-II, although dry conditions are more likely in 
the summer. 

Soils in the RWMC area are generally a silty loam with a small fraction of clay, based on soil 
texturing during the field investigation.  The SCS Engineering Handbook and other supporting 
documentation designate these soils in the Hydrologic Soil Group B (moderate infiltration rates).  
Additionally, infiltration rates presented in the Integrated Large-Scale Aquifer Test Report (Wood and 
Norrell, 1996) range from 0.14 to 0.23 in/hr.  The results of the infiltration rate testing further support the 
use of Hydrologic Soil Group B curve numbers. 

Other information used in selecting the curve numbers included vegetative cover and condition.  
During the field investigation, vegetative cover was estimated to be 50%, consisting of sagebrush and a 
bunchgrass understory. 

Curve numbers for sage-grass complexes, B Group; Soil under normal AMC (II) range from 28 to 
74 for 100 to 0% cover, respectively.  These values are presented in Table 3-1 of the report. 

Based on the vegetative conditions with a Hydrologic Soil Group B, a curve number of 52 was 
selected to represent the natural watershed conditions and areas where soils from the watershed have been 
used for constructing portions of the RWMC facility.  This CN was used for the summer thunderstorm 
events, although it should more likely be adjusted accordingly for AMC I conditions (which would result 
in a lower CN). 

The CN of 52 was adjusted to AMC II conditions (saturated soil condition) for the winter storm 
events.  A CN of 71 was selected to represent the unfrozen portion of soils in the natural watershed during 
the winter rain-on-snow and frozen ground events. 

A curve number of 99 was used for all impervious surfaces including building rooftops, parking 
lots, roads, and other paved and impervious surfaces in all design storm events.  This curve number was 
also used to represent concrete impermeable ground portions of the watershed during winter storm events. 
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Table 3-1.  SCS Curve Numbers1 for sage-grass complexes. 

Antecedent Moisture Condition II (Standard) 

Vegetative Cover 
(%) 

Hydrologic Soil Group 
B 

Hydrologic Soil Group 
C 

Hydrologic Soil Group 
D 

0 74 87 96 

20 65 78 88 

40 56 68 79 

60 47 59 70 

80 37 49 61 

100 28 40 52 

Antecedent Moisture Condition I (Summer Condition) 

0 55 73 89 

20 45 60 75 

40 36 48 62 

60 28 39 51 

80 20 30 41 

100 14 22 32 

Antecedent Moisture Condition III (Winter Condition) 

0 88 95 99 

20 82 90 95 

40 75 84 91 

60 67 77 85 

80 57 69 78 

100 48 60 71 

Frozen Ground 99 99 99 
1Section 4, Hydrology, SCS National Engineering Handbook, 1972. 

 

A curve number of 52 was used for modeling summer thunderstorms for natural conditions within 
the watershed and sub areas.  A curve number of 71 was used to model unfrozen ground for natural 
conditions within the watershed and sub areas during winter storm events.  A curve number of 82 was 
used to model unfrozen portions of sub areas with buildings and constructed roads where compaction may 
increase runoff potential during winter storm events.  A curve number of 99 was used to represent frozen 
portions of the watershed during winter rain-on-snow and frozen ground events. 
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3.1.3 Impervious Surfaces 

There are limited areas of impervious surfaces within the natural watershed around the RWMC 
facility.  Existing natural impervious surfaces include exposed bedrock outcrops.  Bedrock outcrops, 
where present, were estimated to cover 5 percent of the surface in sub basins.  Man-made impervious 
surfaces include buildings and parking lots in the immediate vicinity of the TSA and SDA areas.  The 
impervious surface area created by man-made features was estimated from topographic mapping and 
aerial photography of the site.  A curve number of 99 was used for all impervious surface portions of the 
watershed during all storm events. 

3.1.4 Natural Surface Channels 

The topography of the watershed at the RWMC is generally low rolling hills and flat open areas.  
There are very few natural channels in the sub basins within the regional watershed, with very limited 
areas of scour and erosion damage resulting from storm water runoff.  In general, incised channels do not 
form until the lower portions of the watershed, near the MCFS, where sufficient storm water runoff has 
been concentrated and directed through culverts and storm water control structures.  Representative 
channel sections in the lower portions of the watershed were evaluated in the field to provide information 
to be used in the subsequent hydrologic modeling. 

3.1.5 Storm Water Retention Areas 

Several storm water retention areas exist within the watershed contributing to the RWMC and 
MCFS.  Culverts exist in the railroad grade south of the facility which will limit storm water runoff peak 
flows coming from the area south of the railroad grade.  A total of 7 culverts were identified within the 
RWMC watershed along the railroad grade, ranging in size from 1 × 1 ft to 2 × 2.5 ft and constructed of 
natural rock materials (basalt) near the base of the railroad embankment.  The culverts were surveyed as a 
part of the field investigation to evaluate stage-storage-discharge for the areas to the south of the railroad 
grade.  Additional storm water retention areas were identified on topographic mapping of the site and 
incorporated into the hydrologic models for this study. 

The storm water retention areas used for stage-storage-routing in this hydrologic study will be 
subject to flooding during the 25 and 100-year storm events.  These stage-storage areas were not 
incorporated into the 25-and 100-year floodplain boundary mapping for the RWMC facility for several 
reasons.  The floodplain in the stage-storage-routing areas located south of the railroad embankment are 
not located in the vicinity of any buildings or construction areas and have no impact on the RWMC 
facility area.  For modeling purposes, it was assumed that all storage areas were empty prior to the model 
storm events.  This is representative of actual conditions. 

3.1.6 Main Channel Flow System 

The MCFS is a constructed channel that begins at the north side of the SDA, flows west, south, 
then east along the SDA boundary, north between the SDA and TSA, east along the northern border of the 
TSA, under Adams Boulevard and ultimately to the Big Lost River.  The channel has undergone several 
modifications to prevent storm water runon from entering the SDA and TSA areas and to convey storm 
water runoff from the contributing watershed around the RWMC to the Big Lost River, away from 
facility buildings.  The MCFS was surveyed during this investigation and is further discussed in 
Section 4.1. 
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3.2 Hydrologic Modeling and Analysis 
The rainfall-runoff modeling was conducted using HEC-1, with input parameters based on the 

design storm statistics and hydrologic conditions of the watershed area.  The SCS method for storm water 
loss and excess was used within the hydrologic models to generate storm water runoff hydrographs for 
selected locations in the watershed area.  Specific parameters incorporated into the models created as a 
part of this study are discussed in the following sections. 

3.2.1 SCS Curve Numbers and Precipitation Losses 

The SCS curve numbers were selected to represent the watershed condition based on soils 
information, vegetative cover, impervious surfaces and frozen ground considerations (see Table 3-2).  In 
order to represent frozen ground conditions during the winter storm events, the sub areas were separated 
into two portions, designated as A and B in the model.  Two-thirds (67%) of the basin was considered as 
unfrozen ground with AMC III soil conditions.  One-third (33%) of the basin was represented as concrete 
impermeable ground with a curve number of 99 for impervious surface as discussed in Section 2.3.3.  
Hydrographs for the two separate portions of each sub area were combined to determine peak flow from 
the whole sub area, prior to combining flows with other sub areas. 

The SCS method accounts for precipitation losses from infiltration and evaporation and 
precipitation excess contributing to runoff within the curve number.  Other methods including Kinematic 
wave, Muskingum, Muskingum-Cunge account for the losses using initial and constant loss parameters 
and were tested with variations of the HEC-1 models generated for this study.  These other methods also 
allow evaluation of snowmelt separate from rainfall using climatological data to determine snowmelt 
rates.  After evaluation of different methods for determining peak runoff, the SCS method was determined 
to be the most reasonable for the watershed, rainfall, snowmelt and frozen ground conditions.  The 
Kinematic Wave, Muskingum, and Muskingum-Cunge methods utilize overland flow parameters, shallow 
concentrated flow conditions and channel flow parameters to determine time of concentration and peak 
flow within a sub area of the watershed.  Input of the sub area parameters into the HEC-1 program 
generated widely varied results within the different sub areas due to long overland flow lengths 
anticipated at this site, variations in frozen ground and natural soil conditions, and a variety of other 
factors affecting the model results.  Due to the variances in results and long overland flow paths, 
kinematic wave, Muskingum and Muskingum-Cunge methods were used only for estimating time of 
concentration and channel routing in the HEC-1 models.   

Table 3-2.  SCS Curve numbers used in hydrologic modeling. 

 
Winter Rain on  

Snow/Frozen Ground Summer Cloudburst 

 
Sub Area 
Portion A1 

Sub Area 
Portion B2 

Sub Area 
Portion A 

Sub Area 
Portion B 

Sub Area(s) CN % CN % CN % CN % 

1-19, 21, 24-35, 36-39 71 67 99 33 52 99 99 1 

20, 22 82 40 99 60 52 40 99 60 
1.  Each Sub area was separated into two portions, A and B.  Portion A represents that portion of the subarea that is not 
frozen during the winter events, and natural soil conditions during summer events. 

2.  Portion B represents that portion of the sub area considered concrete impermeable ground and impervious surface area 
in winter events, and impervious surface area during summer events. 
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3.2.2 Time of Concentration 

The time of concentration is used to assist in the definition of runoff characteristics within the 
individual watershed.  The time of concentration for a watershed is defined as the travel time of water 
from the hydraulically most distant point of the watershed to the point of interest (generally the most 
downstream point).  The time of concentration for each watershed was estimated by measuring three 
components of storm water runoff flow paths including overland flow, shallow concentrated flow, and 
channel flow, and determining appropriate roughness coefficients and other parameters that influence 
water flow.  A summary of the travel time associated with the three flow conditions (i.e., overland, 
shallow, and channel flow) and time of concentration for each basin is presented in Table 3-3.  The 
equations used in evaluating total time of concentration are standard equations for the three different flow 
components as shown below. 
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Where: 

η= manning’s roughness coefficient 

L = length of flow (ft) 

P2 = 2-year, 24-hour precipitation depth (in.) 

S = slope (ft/ft) 

R = hydraulic radius (ft) 

V = velocity (ft/s) 

C = 1.49 (constant) 

Existing topographic maps were used to determine flow distances and slopes, and roughness 
coefficients were estimated using the aerial photography and observed field conditions.  A summary of 
the travel time associated with the three flow conditions (i.e., overland, shallow, and channel flow) and 
time of concentration for each basin is presented in Table 3-3.  
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Table 3-3.  Time of concentration (tc) for sub basins. 

Hydrologic Modeling, Sub Area Time of Concentration (tc) 

Sub Area Overland Flow 
Shallow Conc. 

Flow Channel Flow tc (minutes) 

1 0.47 2.58 54.14 57.19 

2 0.51 7.30 57.30 65.11 

3 0.49 18.14 38.40 57.02 

4 0.70 9.19 16.14 26.03 

5 0.84 30.92 72.70 104.46 

6 0.89 7.75 34.17 42.80 

7 1.10 4.71 92.23 98.05 

8 0.80 6.13 27.50 34.43 

9 0.72 12.40 55.66 68.77 

10 0.85 50.03 42.17 93.05 

11 0.67 13.07 48.62 62.36 

12 0.57 14.16 25.99 40.71 

13 0.73 4.68 19.67 25.08 

14 0.73 24.08 34.75 59.56 

15 1.04 3.13 22.57 26.07 

16 0.97 8.49 16.67 26.20 

17 0.56 34.32 6.73 42.02 

18 0.75 34.43 10.25 45.24 

19 0.75 3.89 17.60 22.24 

20 Channel reach only, no tc evaluated. 

21 0.67 3.58 27.83 32.08 

22 0.51 6.20 15.53 22.24 

24 Closed sub area - non contributing 

25 0.89 5.84 8.79 15.51 

26 0.63 2.98 15.05 18.66 

27 Closed sub area - non contributing 

28 0.67 18.46 62.35 81.49 



Table 3-3.  (continued). 
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Hydrologic Modeling, Sub Area Time of Concentration (tc) 

Sub Area Overland Flow 
Shallow Conc. 

Flow Channel Flow tc (minutes) 

29 0.56 3.58 23.51 27.65 

30 0.75 8.91 53.25 62.91 

31 0.60 23.76 84.92 109.28 

32 0.55 6.20 33.50 40.25 

33 0.49 4.53 23.45 28.46 

34 0.56 9.84 7.42 17.82 

35 0.28 1.66 19.03 20.97 

36 0.39 14.61 26.36 41.35 

37 0.67 5.41 103.95 110.03 

38 0.57 1.85 26.92 29.34 

39 0.85 8.94 22.92 32.70 

40 Closed sub area - non contributing 
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The time of concentration for sub area 1 is shown in the following equations.    

Sub Area 1: Overland Flow: L= 300 ft, (η)= 0.13, P2=0.873 in. (summer), S = 0.05 ft/ft 

min47.0
05.0*873.0

)300*13.0(*007.0
4.0

8.0

==overlandt  

Sub Area 1: Shallow Concentrated Flow:  L=500, S=0.04 

min58.2sec9.154
04.01345.16

500 ===shallowt  

Sub Area 1: Channel Flow: L=5150 ft, C=1.49, R=0.339, S=0.0097, η=0.045 

min14.54sec4.249,3

045.0
0097.0*339.0*49.1

5150
5.0667.0 ===channelt  

The total time of concentration is the sum of the three component times for each basin (for some 
basins, with more defined channels contributing to the main channel, two channel flow sections may be 
used).  For Sub Area 1 the total time of concentration is shown below. 

min19.57min14.54min58.2min47.0 =++=++= channelshallowoverlandc tttt  

3.2.3 HEC-1 Model Input and Output 

The hydrologic modeling was completed using the HEC-1 computer program with watershed and 
sub area properties incorporated into the models based on the parameters discussed in the previous 
sections.  The models were used to generate peak flows at key locations contributing to the MCFS in 
order to evaluate the 25-and 100-year flood profiles. 

HEC-1 input is completed using “cards” to represent different sub area parameters, rainfall 
statistics, reservoir and channel routing parameters, sub area connectivity and hydrograph combinations, 
as well as a wide variety of model controls and output parameters.  The card identifier is the first two 
characters on the lines contained in the input file, which the HEC-1 program uses to perform the 
hydrologic modeling process.  Limited information is included in text in the HEC-1 input files, 
identifying sub basins, routing reaches, hydrograph combinations and other significant steps within the 
models and can, to some degree, be used to follow the general modeling process.  Complete descriptions 
of the “cards” used in the HEC-1 input files can be reviewed in HEC-1 User’s Manuals available from the 
USCOE website or other HEC-1 resources on the internet.    

The peak flow associated with each sub area within the contributing watershed was evaluated in the 
HEC-1 modeling program.  These included the following: 

• 25-year, 24-hour summer thunderstorm 

• 25-year, 24-hour winter rain-on-snow with frozen ground 

• 100-year, 24-hour summer thunderstorm 
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• 100-year, 24-hour winter rain-on-snow with frozen ground. 

Combined hydrographs defining flow conditions throughout the MCFS were also evaluated in the 
HEC-1 models. 

3.3 Hydrologic Modeling Results 

The HEC-1 analysis of the different return period storm events indicate that the 25- and 100-year 
rain-on-snow and frozen ground events contribute the largest peak flow to the MCFS when considering 
the watershed as a whole.  The HEC-1 analysis also identifies that the 25-year and 100-year summer 
storm event will generate the highest peak flow from the TSA sub area (sub area 22).  These results are 
indicative of the low permeability of the frozen ground in the watershed and the imperviousness of the 
TSA. 

A summary of the peak flow within each subbasin area for the various model storm events is 
provided in Table 3-4.  A summary of peak flows for several key combinations of sub area hydrographs 
contributing to the MCFS is shown in Table 3-5.  Representative hydrographs for peak flows are shown 
in Figures 3 (25-year, 24-hour summer storm hydrographs) through Figure 6 (100-year, 24-hour winter 
storm hydrographs).  Discussion of specific results of the hydrologic modeling for each individual storm 
event is provided in the following. 

1. The 25-year, 24-hour winter rain-on-snow with frozen ground event generates the highest 
peak flow in the contributing watershed as a whole for the RWMC facility, for storms with 
this return period.  The 25-year, 24-hour winter rain-on snow and frozen ground event was 
used to identify the 25-year floodplain for the MCFS and surrounding areas.  This event 
generates 104 cubic feet per second (cfs) at the Adams Boulevard Bridge and 177 cfs at the 
junction downstream of Adams Boulevard. 

2. The 100-year, 24-hour winter rain-on-snow with frozen ground event generates the highest 
peak flow in the contributing watershed as a whole for the RWMC facility, for storms with 
this return period.  This storm event was used to identify the 100-year floodplain for the 
MCFS and surrounding areas.  This event generates 133 cfs at the Adams Boulevard Bridge 
and 232 cfs at the junction downstream of Adams Boulevard. 

3. The 25-year and 100-year summer events generate the highest peak flow for the TSA sub 
area due to the amount of impervious surface in this basin.  Rainfall intensity drives the peak 
flow conditions and during summer storm events rainfall intensity is significantly greater 
than winter events.  The amount of impervious surface within the TSA boundary was 
estimated to be 60 %, and when combined with the short time of concentration for this basin, 
generates approximately 47 cfs during the 25-year summer event, and 61 cfs during the 
100-year summer event.  The 25-year summer event was used to evaluate the capacity of all 
storm drain system and culverts located near the buildings in the TSA.  The 100-year 
summer event was used to evaluate the 100-year flood profile conditions within the TSA 
boundary. 
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Table 3-4.  Peak flow for individual sub basins. 

HEC-1 Model Analysis,  Peak Flow (cfs) 

Sub Area 25-year Summer 25-year Winter 
100-year 
Summer 100-year Winter 

1 1 10 1 14 

2 <1 3 <1 4 

3 1 7 1 10 

4 1 5 1 7 

5 1 11 1 15 

6 2 13 2 18 

7 1 11 1 14 

8 <1 2 <1 3 

9 2 17 2 23 

10 2 20 2 27 

11 1 10 1 14 

12 1 9 1 12 

13 1 9 2 13 

14 1 7 1 10 

15 1 4 1 6 

16 1 7 1 10 

17 1 7 1 10 

18 1 10 2 14 

19 1 4 1 6 

20 1 1 1 2 

21 1 6 1 9 

22 47 10 61 14 

24 Closed sub area – non contributing 

25 <1 3 1 4 

26 1 5 1 8 

27 Closed sub area – non contributing 

28 3 33 4 45 



Table 3-4.  (continued). 
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HEC-1 Model Analysis,  Peak Flow (cfs) 

Sub Area 25-year Summer 25-year Winter 
100-year 
Summer 100-year Winter 

29 2 11 2 17 

30 1 6 1 9 

31 2 20 2 27 

32 1 5 1 8 

33 1 8 2 12 

34 <1 1 <1 2 

35 <1 1 1 2 

36 <1 1 <1 2 

37 1 17 2 23 

38 1 8 1 11 

39 2 19 3 27 

40 Closed sub area – non contributing 
 

Hydrographs from individual sub areas were combined in the HEC-1 models according to storm 
water runoff flowpaths as water from one sub area flows into the upper reach of the next downstream sub 
area or as several sub areas combine at their most downstream point.  Combining the sub areas provides a 
representative model analysis of the entire watershed, allowing evaluation of peak storm water runoff 
flows at any location within the watershed.  Eleven locations where hydrographs were combined in the 
HEC-1 model were selected for subsequent hydraulic (HEC-RAS) modeling of the MCFS to evaluate 
peak flows where significant flow changes occur.  Significant flow changes were identified at channel 
junctions where combined sub area flows enter the MCFS.  Combined hydrographs and significant 
changes in peak flow incorporated into subsequent hydraulic models of the MCFS are shown in 
Table 3-5. 

Combined hydrographs for 5 of the cross-section locations used in hydraulic modeling are shown 
in Figures 3 through 6.  The hydrographs are presented to provide a representation of the channel flows 
associated with cross section 300, 900, 2000, 2900 and 4200 (See Table 3-5 for sub area hydrograph 
combinations used to generate the graphs) throughout the duration of the 24-hour storms.  Only 5 
locations are shown in the following figures in order to better view the hydrographs for each location.  
The hydrographs for summer storms show a significant spike in the channel flow near hour 12 due to the 
rainfall distribution associated with summer storms.  Rainfall intensity increases during a summer storm 
near hour 12 causing the peak runoff to occur shortly thereafter.  The hydrographs for winter storms show 
a smaller spike near hour 12, with a more drawn-out flow condition.  Rainfall intensity during a winter 
storm is more consistent throughout the duration of the storm, with a smaller peak intensity near hour 12.  
The winter storm rainfall distribution generates the longer storm water runoff hydrograph, with the peak 
occurring near hour 12 and sustained flows for the remainder of the storm.   
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Table 3-5.  Peak flows input into HEC-RAS Models for each return period. 

Subarea 
Hydrograph 
Combination 

Cross-
section 
location 

25-year 
summer peak 

flow  
(cfs) 

25-year winter 
peak flow  

(cfs)  

100-year 
summer peak 

flow  
(cfs) 

100-year 
winter peak 

flow 
(cfs) 

17 4300 1 7 1 10 

16,17 4200 2 14 2 19 

16, 17, 38 3500 2 19 2 27 

14, 15, 16, 17, 38 3400 2 25 3 36 

5-7, 9-12, 14-17, 
31, 38 

2900 2 59 2 71 

5-7, 9-12, 14-17, 
21, 31, 38 

2800 2 63 2 76 

5-7, 9-17, 21, 31, 
38 

2200 7 63 10 76 

5-7, 9-17, 20, 21, 
31, 38 

2100 7 69 10 85 

5-7, 9-18, 20-22, 
25, 31, 38 

2000 47 83 62 104 

1, 3-18, 20-22, 
25, 26, 31, 33, 35, 
36, 38 

900 (Adams) 51 104 70 133 

All 300 56 177 77 232 
 

3.4 Comparison of Results to Historic  
Rain/Snow/Frozen Ground Floods 

A detailed model calibration was not performed for this hydrologic analysis due to limited 
availability of documented flood flow conditions throughout the Snake River Plain.  There are no 
identified stream gage records throughout the region surrounding INEEL, which are representative of the 
hydrologic and hydraulic conditions at the RWMC facility.  Typically, with known watershed area, 
hydrologic parameters, stream channel parameters and climatological, precipitation and stream flow gage 
data, a model calibration can be conducted, comparing model results to measured data in order to verify 
modeling results.  However, there are no data sources that would allow a calibration of the hydrologic 
models prepared for the RWMC facility.  As an alternative, regional hydrology was used to compare 
results of this study to historic data, including documented estimations of peak flow expected in upper 
watershed areas for rain on snow and frozen ground events. 

The 100-year peak flow associated with the watershed area contributing to the Adams Boulevard 
Bridge (Cross-section 900) is estimated at 133 cfs, according to the HEC-1 analysis for this study.  The 
contributing area to the Adams Boulevard Bridge is 4.33 square miles, resulting in an average peak flow 
of 31 cfs/mi2.  The peak flow associated with the entire watershed modeled in this study is 232 cfs, with a 
total contributing area of 6.39 square miles, resulting in an average peak flow of 36 cfs/mi2.  These 
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average peak flows are consistent with those flows identified in the historic rain-on-snow and frozen 
ground events (~ 30-60 cfs/mi2) documented throughout the region surrounding INEEL and the RWMC 
facility. 

The consistency of the modeling results with documented flood events provides a measure of the 
reasonableness of watershed parameters, snowmelt and frozen ground parameters, and the overall model 
setup for the RWMC facility. 

3.5 Discussion of Previous Hydrologic Studies and Reports 

Several hydrologic and hydraulic studies have been performed at INEEL, including the RWMC 
facility, to evaluate various return period storms.  Watershed characteristics, historic flood events, and 
precipitation statistics have been used in hydrologic modeling to identify floodplains and flood conditions 
during storms with return periods of 25 to 10,000 years and probable maximum events.  A brief 
discussion of similarities and differences between previous reports and this investigation is provided in 
the following paragraphs.  This discussion is provided for informative purposes only and is not intended 
to validate or discount the methods, procedures, analyses and results of other studies. 

A site investigation report prepared by Taylor, et al., in 1994 discusses precipitation and snowmelt 
depths associated with various return period storms, frozen ground (impermeable concrete frost), 
hydrologic modeling parameters and previous flooding events for the INEEL area.  The information 
contained in the Taylor report generally agrees with and affirms the analyses and results of this study.  
Specifically, the Taylor report indicates that the winter rain-on-snow with frozen ground is the most 
extreme 100-year event for INEEL, with comparable precipitation and snowmelt.  The report references 
concrete permeable frost and states that “the assumption of frozen ground presumes zero 
infiltration…everywhere”, however, that “zero infiltration appears overly conservative”, providing 
support for representing only a reasonable portion of the watershed as concrete impermeable frost during 
winter storms.  Additionally, the Taylor report references seven sources of gage data around INEEL 
during the 1962 flood event, measuring peak flows in the range of 10 to 76 cfs/mi2, which indicates that 
the peak numbers identified in this report are consistent with the findings of the previous site 
investigation and historic gage data.  

Another investigation of the RWMC was conducted by Dames and Moore (Dames and Moore, 
1993) to prepare floodplain maps and to evaluate storms with various return periods up to a probable 
maximum event.  Changes in topography and additional site developments since the time of the 1993 
study prompted the need for updating the 100-year floodplain.  The methods, procedures, and results of 
the Dames and Moore study are very similar to those of this study, with slight differences in specific 
hydrologic parameters and resulting peak flows for the watershed and RWMC facility.  Results of the 
Dames and Moore study indicate that the peak flow for the subject watershed are approximately 
40 cfs/mi2, similar to the 31 to 36 cfs/mi2 identified in this study.  The results of the Dames and Moore 
analysis as well as this study are well within the range of the gage data identified for the 1962 event at 
INEEL and documentation of historic flooding on the Humboldt River, validating these results as well as 
previous studies. 

It should be noted that flow gage data referenced in this study serves as a general calibration of the 
results of the hydrologic modeling conducted to delineate the 100-year floodplain.  A wide range of flows 
are presented in this study for regional hydrologic conditions, including the 10 to 76 cfs/mi2 experienced 
in watersheds throughout INEEL during the 1962 flood event (Taylor et. al, 1994) and the 30-60 cfs/mi2 
referred to from a historical flooding literature search (USCOE, 1975).  However, these ranges provide 
only a limited measure of expected flows for comparison purposes.  Calibration to a known gage site (as 
those identified around INEEL) requires analysis of the watershed condition where the gage is located, 
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including natural and man-made features which may impact storm water runoff, and knowledge of the 
gage construction and flow rating methods. 

Results of this and other studies present similar conditions and peak flows associated with a 
100-year return period storm and are well within the limits presented in historic flood documentation, 
indicating that these studies provide a reasonable measure of the magnitude of the floods anticipated at 
the RWMC.   
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Figure 3.  25-year, 24-hour summer storm hydrographs. 

 

Figure 4.  100-year, 24-hour summer storm hydrographs. 
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25-year, 24-hour Winter Storm
Combined Hydrographs by Cross Section Location
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Figure 5.  25-year, 24-hour winter storm hydrographs. 

 

Figure 6.  100-year, 24-hour winter storm hydrographs. 

100-year, 24-hour Winter Storm
Combined Hydrographs by Cross Section Location

0

20

40

60

80

100

120

140

160

180

200

220

240

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0

Time, hours

Q
, c

fs

HEC-RAS Cross Section 300

HEC-RAS Cross Section 900

HEC-RAS Cross Section 2000

HEC-RAS Cross-Section 2900

HEC-RAS Cross Section 4200



 

 
33 

4. HYDRAULIC ANALYSIS 
The water surface profiles for the 25- and 100-year peak flood flow were developed using 

hydraulic models of the MCFS with all structures including bridges and culverts.  The 100-year, 24-hour 
winter rain-on-snow event was used to identify the 100-year floodplain in this study.  The methodology, 
assumptions and results of the hydraulic modeling of the MCFS are discussed in section 4.1.  Water 
surface profiles and the storm water drainage system capacity in the TSA boundary were developed using 
hydraulic models of the inlets, pipes, culverts, and surface drainage channels for the 25-year event.  The 
methodology, assumptions and results of the hydraulic modeling of the storm drain systems in the TSA 
are discussed in section 4.2 

4.1 Main Channel Flow System 
The MCFS was analyzed using the Hydrologic Engineering Center’s River Analysis System (HEC-

RAS, v. 3.0.1.).  Field data collected during the course of this investigation was incorporated into a model 
of the channel and storm water runoff hydrographs resulting from HEC-1 simulations were input to 
determine the peak water surface profile during the storm event.  Model parameters and assumptions used 
in generating the peak water surface profiles are described in the following paragraphs.  Modeled cross 
section locations are identified in Figure 7 (Main channel flow system Modeled Cross Section Locations).   

4.1.1 Channel Geometry 

The MCFS was surveyed in the field during the course of this investigation using GPS and 
traditional instrumentation.  Forty-two cross-sections were surveyed in the channel for the purposes of 
conducting the hydraulic analysis, beginning at the uppermost end of the channel and continuing west 
around the SDA.  The MCFS has a subtle divide along the northern side of the SDA.  One short portion of 
the channel flows east along the northern boundary and then south to its intersection with the main 
channel.  To the west of the divide, the main channel begins and proceeds westward around the SDA, 
between the SDA and TSA, along the northern end of the TSA, under Adams Boulevard, and ultimately 
to the Big Lost River. 

4.1.2 Bridges and Culverts 

All hydraulic structures including bridges and culverts crossing the main channel were measured, 
surveyed and incorporated into hydraulic models of the channel.  Additionally, all culverts and storm 
sewer system piping entering the main channel were measured to identify locations where significant flow 
changes in the main channel may occur.  Measurements taken at each structure include opening widths, 
heights and/or diameters as applicable, channel geometry at the faces of the structure, number of culverts, 
entrance and exit geometry and other parameters that may influence hydraulic capacity.  Several culverts 
entering the MCFS are equipped with valves.  For the purpose of this study, all culverts were modeled 
with valves open in order to represent the maximum potential peak flow. 

4.1.3 Roughness Coefficients 

Roughness coefficients, or Manning’s η, were estimated from field observations of conditions in 
the channel and overbank areas.  The roughness coefficients vary greatly within the main channel ranging 
from 0.058 for rough, rocky segments, 0.042 for vegetated segments and 0.025 for constructed concrete 
segments.  Areas outside of the channel, in the overbank segments were modeled using roughness 
coefficients ranging from 0.05 to 0.075, depending on surface and vegetation conditions observed in the 
field.  These values were taken from the range of values identified in various engineering resource 
handbooks including the HEC-RAS User’s Manual, with specific roughness values selected based on 
professional engineering judgment and experience with similar channel conditions.  Values for the 
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channel and overbank reaches were varied accordingly to the conditions observed in the channel bottom, 
on side-slopes and areas outside of the constructed channel. 

4.1.4 Hydraulic Modeling Process and Equations 

The HEC-RAS computer program is used to model water surface profiles in a channel and 
incorporates channel and overbank geometry, channel length and slope (profile), roughness coefficients, 
and hydraulic structure data.  Channel and flow properties modeled in HEC-RAS are used to evaluate a 
wide variety of flow conditions including flow depth, velocity, critical depths, and backwater effects from 
hydraulic structures.  The program provides flow property solutions based on three equations; the energy 
equation, Manning’s equation, and where necessary the momentum equation.  The primary equation used 
to relate channel geometry, profile and roughness is Manning’s equation: 

5.0
667.049.1 S

WP
AAQ ⎟

⎠

⎞
⎜
⎝

⎛=
η

   

Where: Q = discharge, cfs 

η = Manning’s roughness coefficient 

  A = flow area, ft2 

  WP = wetted perimeter,ft 

  S = channel slope, ft/ft 

This equation relates the discharge and channel geometry to evaluate the flow area and wetted 
perimeter, which, in turn, determines the flow depth and water surface elevation at each cross-section 
within the model.  Using an iterative process of solving the energy equation, Manning’s equation and 
where necessary, the momentum equation, HEC-RAS provides a detailed analysis of the flow conditions 
in the modeled stream channel. 
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Figure 7.  Main channel flow system modeled cross-section numbers. 
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4.1.5 HEC-RAS Model Simulations 

Peak flows from the 25- and 100-year hydrographs were taken from the HEC-1 hydrologic 
simulations and input into the HEC-RAS model of the main channel to identify the water surface profile 
during the simulated storm events.  A total of 11 hydrographs, as identified in Table 3-5, were 
incorporated into the HEC-RAS model to accurately model channel junctions with major contributing sub 
area combinations.   

The HEC-RAS model simulations indicate two general locations where the channel has insufficient 
capacity to convey both the 25-year and 100-year peak flows.  Cross-sections in the uppermost reach of 
the MCFS on the north side of the SDA in sub basins 16, 17 and 18 identify water surface elevations 
above the channel banks.  Additionally, water outside of the defined channel is shown in areas above and 
below the Adams Boulevard Bridge where the channel becomes shallow with a flat slope.  The areas 
where 100-year peak flows exceed the capacity of the MCFS are shown on Sheet 1 (Main channel flow 
system 100-year floodplain).  The remainder of the MCFS has sufficient capacity to convey the peak 
flood flow anticipated during the 25- and 100-year events. 

The portions of the main channel with insufficient capacity during the peak 100-year flow have the 
potential to cause flooding in the area north of the SDA (an equipment laydown area) and in the area 
down gradient of the Adams Boulevard Bridge.  Although this flooding potential exists, it is not expected 
to impact any buildings in the administrative area, buildings in the TSA perimeter, or buildings in the 
SDA boundary because the ground surface elevation is greater than the 100-year flood elevation predicted 
by the model.  Further discussion of the areas subject to flooding during the 25- and 100-year events is 
presented in the following section.  

4.2 TSA Surface/Subsurface Drainage Network Modeling 

The surface drainage channels and subsurface drainage piping system in the Transuranic Storage 
Area were modeled using the Environmental Protection Agency’s Storm Water Management Model 
(SWMM; USEPA 1994).  This model provides a detailed analysis of storm drain system piping networks 
including pipe and inlet flow conditions, water surface elevations, flow velocities, and design capacities 
of pipe system components.  The program generates detailed flow hydrographs resulting from storm 
water runoff input into the model, and simultaneously solves for flow conditions in all pipes and 
components using the energy equation, Manning’s equation and the momentum equation to evaluate the 
storm drain system as a whole.  The program can be used in conjunction with water surface profile data 
from HEC-RAS to evaluate backwater effects at storm drain system outfall locations, and to input 
additional storm water flow from storm drain systems into channels modeled in HEC-RAS. 

It should be noted that the SWMM modeling for the TSA storm drain piping networks was 
conducted for the 25-year peak storm event in order to identify any flooding that may occur and to 
delineate the associated floodplain for the storm drain systems.  The 25-year peak storm event is required 
to meet RCRA guidelines and requirements.  RCRA guidelines do not require analysis of a 100-year peak 
flow for storm drain facilities such as the one serving the TSA area of the RWMC.  Discussion of the 
SWMM program and modeling parameters used in this analysis are discussed in the following sections.  

4.2.1 SWMM Program Input Parameters 

The SWMM program combines storm water drainage system parameters including piping and inlet 
characteristics and configurations and storm water runoff hydrographs to generate a flow model of the 
drainage network during a design storm event.  All connected components of the storm drainage system 
can be modeled together in order to identify backwater influences and pipes with insufficient capacity. 
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Input parameters for the SWMM program include the following: 

• Pipe diameter, shape, length depths in the inlets or basins and roughness 

• Surface channel shapes, lengths and roughness (where combinations of surface and subsurface 
drainage exist) 

• Inlet type, surface and invert elevations 

• Pipe and inlet connectivity data 

• Storm water runoff hydrographs for the duration of the runoff event 

• Outfall type and water surface elevation at the outfall during the runoff event (to identify 
backwater effects on the drainage system where outlet elevations are located near the bottom 
of surface channels). 

The storm water drainage network inlets and culvert locations were surveyed during the field 
investigation at the RWMC.  All necessary data to complete a storm water management model of this 
system was collected for the basins and culverts in the TSA area.  Field data were incorporated into the 
SWMM input files and used to determine pipe capacities and peak flow during the runoff event. 

4.2.2 Storm Water Runoff Hydrographs 

A detailed storm water runoff hydrograph was developed from the HEC-1 model of the 25-year 
summer storm analysis and used to evaluate the drainage system.  The runoff hydrograph for the TSA 
(sub area 22) was proportioned to various inlets throughout the drainage system according to their 
respective contributing areas and surface runoff flow paths.  In each major segment of the drainage 
network, runoff is input into end of line inlets in order to evaluate all pipes and channels in the segment.  
A summary of the pipe capacities with the ratio of anticipated peak flow during the 25-year summer event 
is shown in Table 4-1.   

4.2.3 SWMM Analysis 

The SWMM program analysis provides detailed information regarding peak flows, pipe capacity, 
and pipe surcharge depths in and above the catch basins (inlets).  During the modeling process, the 
SWMM program computes the flow and velocity in each pipe throughout the duration of the storm based 
on pipe size, roughness, slope, length and catch basin connections.  The program also computes water 
surface elevations in the catch basins, including surcharge (water surface above pipe) due to insufficient 
pipe capacity.  The surcharge elevation at the inlets indicates where insufficient pipe capacity may cause 
surface flooding.  A detailed description of the information input to and output from the SWMM program 
and used in evaluating any surface flooding resulting from insufficient capacity is provided in the 
following: 

Input information: 

• Pipe segment describes upstream and downstream catch basin locations for each pipe segment 
modeled in the program.  Inlet information in the model includes ground elevation and basin 
invert elevation. 

• Pipe diameter and roughness (based on pipe material). 
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• Pipe slope, based on upstream and downstream basin invert elevations and pipe length. 

Output information: 

• Pipe capacity (design capacity) and peak flow. 

• Ratio of design capacity to peak flow.  This parameter, shown in the following table may 
indicate pipes where insufficient capacity can cause surface flooding.  A ratio less than 1 
shows sufficient capacity in the pipe segment for the storm water runoff input into the model.  
A ratio greater than 1 indicates pipe segments where the upstream junction is surcharged, 
providing additional head to drive storm water runoff through the pipe. 

• Junction surcharge elevation above ground elevation indicates inlets where surcharge water in 
the basin has reached the surface and can cause flooding.  Values of zero for this output 
parameter indicate that, although surcharge water may be present in the basin, the water 
surface elevation does not rise above the ground elevation and cause flooding. 

A summary of the pipe capacities, ratio of design to peak flow, and junction surcharge above 
ground elevation for the anticipated peak flow during the 25-year summer event is shown in Table 4-1. 

4.2.4 SWMM Modeling Results 

In general, all pipes and surface channels within the TSA storm water drainage systems have 
sufficient capacity to convey the 25-year peak runoff event.  The TSA storm drain system will safely pass 
the 25-year 24-hour peak flow.  No surface flooding was identified in the SWMM program, however, 
some basins become surcharged during the peak flow, causing the ratio of design to peak flow to exceed a 
value of 1.  Although some basins do have surcharge water providing additional head on the downstream 
pipe segments, this surcharge is not expected to cause any surface flooding beyond the ground elevation 
at the inlets. 

4.3 25- and 100-year Floodplain Mapping 

The 25- and 100-year floodplains were identified on topographic mapping of the RWMC facility 
using results of the HEC-RAS model simulations.  The water surface elevations resulting from the 25-and 
100-year flow were plotted at each cross-section used in the HEC-RAS model and a map of the associated 
floodplain area drawn in between the points and sections.  In locations where the channel capacity was 
exceeded, the water surface was extended away from the channel to all points where the water surface 
elevation was contained.  Surface water flow paths away from the main channel were also considered 
within the areas subject to flooding in order to identify all areas associated with the 25- and 100-year 
floodplains (i.e., culverts, surface channels, storm drains, etc.).  The overall 100-year floodplain 
boundaries are identified in Sheet 1 (Main Channel Flow System 100-year floodplain) located at the end 
of this section. 
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Table 4-1.  Basin 22 TSA Perimeter Storm Water Management Modeling, 25-Year Summer Cloudburst. 

 

 

Pipe Segment 
(upstream and 
downstream 
junction) 

Pipe Size 
(in.) 

Pipe 
Type n Slope 

Pipe 
Length 

(ft) 

Design 
Capacity 

(DC) 
CFS 

Ratio of 
DC to 

Computed 
Peak Flow 

Junction 
Surcharge 
Elevation 

Above 
Ground 

Elevation 
cb010 cb011 12 CMP 0.022 0.0230 161 3.19 1.17 0.0 
cb011 cb007 12 CMP 0.022 0.0283 166 3.54 0.97 0.0 
cb007 cb008 12 CMP 0.022 0.0102 166 2.13 1.49 0.0 
cb008 cb009 15 CMP 0.022 0.0088 159 3.58 0.89 0.0 
cb009 cb010 15 CMP 0.022 0.0090 166 3.63 0.94 0.0 
cb010 cb011 18 CMP 0.022 0.0096 166 6.09 1.23 0.0 
cb011 cb012 18 CMP 0.022 0.0102 166 6.28 1.18 0.0 
cb012 out12 24 CMP 0.022 0.0068 163 11.0 0.67 0.0 
cb016 cb16x 12 CMP 0.022 0.0180 39 2.82 1.25 0.0 
cb16x cb005 12 CMP 0.022 0.0180 100 2.82 1.25 0.0 

in005 cb005 
dual 12×18 

elliptical CMP 0.022 0.0094 85 12.1 0.39 0.0 
cb005 cb004 dual 12×12 CPVC 0.015 0.0239 117 11.9 0.69 0.0 

cb004 out04 
dual 12×18 

elliptical CMP 0.022 0.0106 85 12.9 0.63 0.0 
in013 cb013 24 CMP 0.022 0.0104 48 13.6 0.53 0.0 
cb013 cb014 24 CMP 0.022 0.0226 71 20.1 0.36 0.0 
in006 cb006 18 CMP 0.022 0.0046 43 4.23 1.11 0.0 
cb006 cb014 18 CMP 0.022 0.0231 91 9.43 0.48 0.0 

cb014 out14 
dual 13×16 

elliptical CMP 0.022 0.0091 88 11.4 1.06 0.0 
*cb110 included in model although not currently connected to system 
**There is no threshold value that would indicate whether the DC to Computed Flow ratio is a concern.  A DC to Computed Flow 
ratio greater than one is not a concern as long as the junction’s ground elevation is not exceeded.  For the conditions utilized in the 
analysis of the TSA storm drain system (25-year storm) no supplemental pumping should be needed in the TSA area. 
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5. CONCLUSIONS 

The conclusions of this hydrologic and hydraulic study at the RWMC facility are presented below: 

1. The extent of the 100-year floodplain, as determined in this study, is shown in Sheet 1. 
Based on this analysis, there are no RCRA treatment, storage, or disposal facilities located 
within the 100-year floodplain at the RWMC.  The floodplain is primarily contained within 
the MCFS in the SDA and TSA areas.  As a result of this study, these facilities are outside of 
the 100-year floodplain and there will be no “washout” of hazardous waste as a result of the 
100-year event. 

2. The hydrologic and hydraulic modeling indicates that there are areas around the SDA and 
TSA perimeters subject to some degree of flooding during the 100-year flood.  In general, 
the areas immediately around the SDA and TSA perimeters within 100-year floodplain are 
low-lying areas acting as small storage reservoirs that will fill prior to discharging water to 
the main channel.  This flooding around the SDA and TSA perimeters does not impact any 
administrative buildings, buildings inside the SDA perimeter dike, or structures within the 
TSA complex. 

3. The 100-year floodplain encompasses the fenced construction lay-down area north of the 
SDA perimeter.  This flooding is the result of excess storm water runoff in sub-areas 16, 17 
and 18 which will combine in shallow surface storage and cross over the sub area 
boundaries, ultimately discharging west through basins 17 and 16, and east through basin 18, 
where the lay-down area is located.  The area surrounding the lay-down area has been 
encompassed in the 100-year floodplain because of limited topographic relief in this vicinity. 

4. The 100-year floodplain encompasses the area around the Adams Boulevard Bridge. A 
downstream junction provides additional storm water runoff to the main channel in a channel 
reach with little or no slope combined with shallow channel geometry.  This combination of 
additional flow and limited channel capacity causes a significant amount of flooding around 
the Adams Boulevard Bridge, however, does not impact any buildings at the RWMC 
facility. 

5. Backwater effects from hydraulic structures on the main channel were analyzed in the 
hydraulic models in order to identify any flooding potential created by bridges or culverts.  
The analysis of peak flows anticipated during the 100-year flood event indicates that all 
hydraulic structures on the main channel have sufficient capacity to convey the flood flow 
with little or no backwater effects. 

6. Backwater effects on the storm drains located in the TSA perimeter and near the 
administrative buildings from the water surface elevation in the main channel resulting from 
the 100-year flood event were evaluated to determine any flooding potential resulting from 
the storm drain piping and inlets.  Flood water from the MCFS will have minor effects on 
the storm drain function.  The TSA storm drain system will safely pass the 25-year 24-hour 
peak flow. 

7. The only facility area that would be inundated as a result of the 100-year flood is a 
construction/lay-down area north of Pit 9. 
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ABSTRACT 

The presence of free liquid in some drums of targeted sludge from the 
AR Project was initially discovered in December 2006. Since that time, free 
liquid has been found in about 40% of the sludge drums. Free liquid must be less 
than 1% by volume for waste sent to the Waste Isolation Pilot Plant (WIPP). 
Although the moisture content in the sludge is not known, visual examination 
ensures that no free liquid exists in the waste when it is placed in drums. The 
most likely mechanism for release of free liquid is capillary flow by gravity 
through the unsaturated sludge. This process may be enhanced by the effect of 
freeze-thaw cycles due to temporary storage in unheated buildings. A comparison 
was made of several potential absorbents, using a nominal one gal of liquid as a 
basis. It is recommended that two gal of Oil-Dri® be added to each drum of 
sludge to absorb free liquid that may form. 
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Managing Free Liquid in Newly Generated  
Waste Drums 

1. POTENTIAL FREE LIQUID RELEASE FROM SLUDGE WASTE  

About a gallon of free liquid was observed during routine examination of a sample drum at the 
Advanced Mixed Waste Treatment Plant (AMWTP) in December, 2006. The drum consisted of sludge 
waste exhumed and repackaged at the Accelerated Retrieval (AR) Project. Since that time about 40% of 
AR Project sludge waste drums have been found to contain free liquid. 

Free liquid has been observed in drums of both inorganic sludge and organic sludge generated at 
the Rocky Flats Plant (RFP). During the 3,100 m3 Project, approximately 1,150 drums (6% of the total) 
had absorbent added to them prior to shipment. Liquid was observed above the sludge. 

A study of the organic sludge from RFP indicated that free liquid organic compounds can be 
separated from the sludge matrix.1 This observation was made during coring of organic sludge drums for 
sampling. Additional evidence comes from surrogate testing. The release of free liquid from the calcium 
silicate matrix is possible because the pore size of the matrix decreases when shear force is applied. 

Based on observation of drums of sludge waste from RFP, there is evidence for the formation of 
free liquids. 

1.1 Mechanisms for Liquid Release 

Inorganic sludge from RFP consists primarily of metal precipitates (oxides and hydroxides) that 
were filtered before being packaged and shipped to Idaho. The rotary drum filter used at RFP produced a 
moist filter cake, at or near saturation. This may explain why free liquid was found on top of inorganic 
sludge drums during the 3,100 m3 Project.2 That waste had not been opened or repackaged since shipment 
to Idaho, and its moisture content was probably quite high. The exhumed waste that was recently sampled 
had a somewhat different history. It was buried for decades, not stored in a building. The original drum 
may have corroded enough to form small holes that would allow free liquid to drain out. Even if holes did 
not develop while the waste was interred, the original drum was split open during exhumation, and this 
would have released any free liquid. Even if the waste was not moist to the touch, but had dried 
somewhat, it would still be expected to retain at least as much moisture as the surrounding soil. This can 
be as much as 30% by weight. So the drum with a net weight of 204 lb could contain about 60 lb of 
water, even if the waste appeared dry when it was packaged. 

There are several possible mechanisms for the formation and movement of free liquid in the drum. 
The first is evaporation and condensation. The first sludge drum with free liquid was initially packaged in 
May 2006 and stored in buildings without heat or air conditioning. During the summer months, cycles of 
evaporation and condensation could have occurred. However, any accumulation of liquid water from this 
process would be slow. Because of the limited void volume in the drum (probably no more than half of 
the drum volume), only about 3 grams of condensate could form in a single daily evaporation-
condensation cycle. Even if all of the condensate drained to the bottom of the drum and was not subject to 
further evaporation, this process would require several years to generate a gallon of free liquid. Although 
evaporation and condensation probably occurred in the drum, that process could be only a minor 
contributor to the free liquid. 
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Water can also collect in the pores of the waste and settle by gravity. The inorganic sludge has the 
general appearance of soil, so a vadose zone flow model can probably be applied to the waste. In this 
model water flows through small pores. The process can be described by a variation of Darcy’s equation3: 

q = K(θ) grad(H) 

where 

K(θ) = unsaturated hydraulic conductivity, cm/sec 

grad H = gradient of head loss (cm/cm) 

q = fluid flux, cm3/(sec-cm2) or cm/sec. 

For flow in unsaturated media, the hydraulic conductivity is a function of water content. Hubbell 
and his co-workers have estimated that vadose zone fluxes at the INL can range from 0.2 to 10,000 cm/yr 
(roughly 10-9 to 10-4 cm/sec).4 For comparison, a flux of 10-7 cm/sec over one-fourth of the cross-sectional 
area of a drum would result in the collection of almost a third of a gallon of liquid in 7 months. Because 
hydraulic conductivities can vary by many orders of magnitude, it is very difficult to precisely estimate 
the flow rate of fluid in unsaturated media, particularly without performing experimental work. However, 
this downward flow of water through the pores of unsaturated sludge has at least the potential to generate 
the volume of water observed in the drums currently under investigation. 

Before being transported to the AMWTP for characterization, drums are stored in the unheated 
WMF-698 building. While there the drums are subject to freeze-thaw cycles as well as periods of 
evaporation and condensation. Studies have been conducted on the impact of freezing and thawing on 
fluid movement in soils. These studies have relevance because the RFP sludge waste materials have 
properties similar to those of silty soil (inorganic sludge) or clay-like soil (organic sludge). It has been 
shown that one or two freeze-thaw cycles increase the hydraulic conductivity by one or even two orders 
of magnitude.5 It is easy to see from the equation above that such a change in hydraulic conductivity can 
have a major effect on the rate at which liquid flows through the waste. 

1.2 Fluid Flow in Waste 

From recent observations using real-time radiography (RTR), more than one third of the sludge 
drums checked have been found to contain free liquid in the bottoms of the drums, always inside the rigid 
liners. As long as the liquid can flow by gravity towards a layer of absorbent, the absorbent will be 
effective in removing free liquid from the drum. Appendix A provides a discussion of the rationale for 
putting absorbent inside the rigid liners of drums. 

1.3 Comparison of Absorbents 

It is suggested that inorganic absorbents be used to eliminate the potential for additional gas 
generation in the waste drums and to alleviate any concerns regarding criticality safety. The commercial 
product, Oil-Dri® is composed of montmorillonite or attapulgite clay and crushed quartz. These clays are 
also known as Fuller’s Earth. The basic ingredients are very similar to those of the Aquaset and Petroset 
products frequently used for solidification of radioactive waste. Those two products are also based on 
montmorillonite clay.  
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The Oil-Dri® vendor literature indicates that this product is effective for water or organic liquids.6 
The Material Safety Data Sheet (see Appendix B) indicates that heat can be generated if Oil-Dri® is used 
to absorb unsaturated hydrocarbon liquids. Both tetrachloroethylene and trichloroethylene contain double 
bonds as do other unsaturated hydrocarbons. Other possible organics in the Subsurface Disposal Area 
(SDA) are saturated and do not have the potential for heating. Testing of Aquaset and Petroset at MSE 
Technology Applications in Butte, MT during 2006 showed that these materials did not react at all with 
these chlorinated solvents.7 Since Oil-Dri® is composed of the same or a similar type of clay as the 
Aquaset and Petroset materials tested at MSE, it is highly unlikely that Oil-Dri® will react with the 
saturated organics. Even if an exothermic reaction were to occur, the contacting of fluid in a waste drum 
with the absorbent would take place over several days or weeks. This long duration would allow any heat 
to dissipate. 

Oil-Dri® is a relatively inexpensive, multi-purpose product. Its absorptive capacity is not as high as 
specially engineered absorbents, such as Aquaset and Petroset. The table below shows the expected 
performance of Oil-Dri® for absorbing free liquid in drums. 

As noted above, testing was performed with a mixture of Aquaset and Petroset products on a 
variety of chemical compounds, including organic chemicals expected to be in the SDA. These products 
effectively absorbed with the simulated rinse waters or organic liquids tested, but did not otherwise react 
with them. Unlike the Oil-Dri® product, one material is not suited for both aqueous and organic liquids. 
As the name implies, Aquaset absorbs aqueous liquids such as rinse water and K-W decontamination 
solution. Petroset II-G would be used in drums containing oils and chlorinated solvents. The table below 
shows characteristics and performance of the Aquaset and Petroset products, based on vendor literature.8 
It should be noted that a blend of Aquaset and Petroset II-G could be used as a single-product additive to 
drums. Table 1 shows the quantities needed for a blended absorbent to deal with either aqueous or organic 
liquid. 

Table 1. Comparison of absorbents. 

Comparison of Absorbents 
Basis: absorption of 1 gal of free liquid 

Parameter 
Aquaset 

(aqueous only) 
Petroset II-G 

(organic only) Aquaset + Petroset II-G 
Oil Dri® 

(all liquids) 

Composition Montmorillonite clay Montmorillonite clay Montmorillonite clay 
Montmorillonite/attapulgite 

clay + quartz 

Bulk Density of 
Absorbent, lb per gal 
(see Note 2) 9.6 6.4 7.8 4.8 

Application Rate, gal 
of absorbent per gal 
of free liquid 0.33 0.43 0.76 2.1 

Volume of Absorbent 
Required, gal 0.33 0.43 0.76 2.1 

Typical Unit Cost, 
$/lb $4.00 $4.00 $4.00 $0.10-$0.20 

Cost per Drum $12.67 $11.01 $23.68 $1.01-$2.02 

Notes: 
1. Densities and application rates based on vendor literature. 
2. Density differences in similar clays due largely to differences in particle size. 
3. Unit costs do not include shipping or tax. 
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Based on RTR observation the volume of liquid is typically about one gallon. Using as a basis one 

gal of liquid, Table 1 shows the amounts of absorbents needed per drum of waste and the associated cost. 
Information in the table is based on published vendor literature. Physical testing will be conducted in the 
future to determine the specific amount of absorbent to be applied when dealing with variable amounts of 
free liquid.  

1.4 Discussion and Recommendations 

Clay-based absorbents are expected to be effective in eliminating free liquid formed after waste 
exhumed from the SDA is repackaged. The engineered absorbents, Aquaset and Petroset, are very 
efficient. Less than half a gal of either absorbent can absorb one gal of liquid. Even if Aquaset and 
Petroset were blended together in drums to address both aqueous and organic liquids, the required volume 
would be less than half that of Oil-Dri®. However, the high unit cost of the materials makes them 
expensive to use when compared with Oil-Dri®. A disadvantage of Oil-Dri® is that it would increase 
waste volume by about 4% (2.1 gal in a 55-gal drum), compared to a less than 1.4% increase for the 
Aquaset and Petroset products (0.4 gal or 0.76 gal in a 55-gal drum).  

Because the free liquid is expected to collect between the tray liner and the rigid liner, absorbent 
can be added to drums at some point before they are attached to the DPS. This can be done in the area 
where drums are staged before use. Using Aquaset and Petroset would require that care be taken to ensure 
that drums containing Aquaset were used for inorganic sludge and drums with Petroset were used with 
organic sludge. If this is not practical, the Aquaset or Petroset may be added from the DPS before the 
waste is placed in a drum. These operational issues are a disadvantage for Aquaset and Petroset. This 
disadvantage could be overcome by pre-blending Aquaset and Petroset II-G, then adding the mixture to 
drums as a single product in the same manner as Oil-Dri®. 

It is recommended that Oil-Dri® floor absorbent be used to absorb any free liquids that form in 
drums of sludge packaged in the SDA. The application rate should be 2 gal per drum, based on an 
assumed maximum of one gal of free liquid formed. Because Oil-Dri® absorbs both aqueous and organic 
liquid, it can be added inside the rigid liners of every drum used for targeted waste. The addition can be 
done at any convenient location before the drums are used.  
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Appendix A 
 

Free Liquid Flow and Absorption 
Free liquid has been discovered in the rigid liners of a number of drums of ARP sludge waste. The 

liquid occupies the space between the tray liner and the rigid liner inside some drums; in other drums the 
liquid is in this space plus inside the tray liner, in void spaces in the waste. To date, virtually all free 
liquid has been found in the bottoms of drums, and all pockets of liquid inside the waste matrix have been 
hydraulically interconnected, with the liquid in the bottom of the drum. The exceptions to this have been 
very small amounts of liquid, typically less than half a cup, on the tops of drums, in the folds of the 
transfer bags. In other words, all liquid found inside tray liners has been adjacent to liquid between the 
tray liners and the rigid liners. No isolated pockets of free liquid have been found inside the waste matrix. 
This is an important observation. It indicates that all pockets of liquid can be absorbed by putting 
absorbent inside the rigid liners before placing waste in drums. The following discussion demonstrates 
why this conclusion is valid. 

Figure A-1 represents a hypothetical situation in a sludge drum containing free liquid. Liquid is 
present on both sides of the tray liner. Actual observation consistently shows that the two fluid levels are 
the same. However, the figure represents the condition in which some liquid released by the waste has not 
yet flowed through the tray liner.  

 
Figure A-1. Free Liquid in Sludge Drums. 
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Tray liners have been shown to be liquid-permeable. This was confirmed recently by putting about 
two gallons of water in a tray liner. Initially the fabric was water tight, but water started leaking from the 
seams in about one minute. Within twenty-four hours the fabric became saturated with water and was 
leaking. 

Flow from the inside to the outside of the tray liner can be described using the Bernoulli equation1: 

∆V2/2gc + (g/gc)*(z2-z1) + ∆P/ρ + fl = 0 

Where: 

∆V = difference in velocity between points 1 and 2 = V2 – V1 

gc = gravitational constant, 32.2 ft/sec2 

g = acceleration of gravity, 32.2 ft/sec2 

z1, z2 = heights above an arbitrary datum, ft 

∆P = pressure difference between points 1 and 2, lbs/ft2 

ρ = density of fluid, lbs/ft3 

fl = friction loss, ft of fluid flowing 

The points 1 and 2 in Figure A-1 were chosen to facilitate analysis. At the tops of the two fluid 
columns the pressure should be the same, essentially atmospheric pressure. So ∆P = 0. Flow will occur if 
∆V2 is greater than zero. Rearranging Bernoulli’s equation and solving for ∆V2 gives: 

∆V2 = -2*g*(z2 – z1) – 2*gc *fl 

Now z2 < z1, so the first term is positive. The difference in height, called head, between points 
1 and 2 provides the motive force for fluid flow. The second term on the right hand side of the equation is 
subtracted from the first term because the resistance to flow imposed by the tray liner reduces the net 
motive force. This has the effect of slowing the velocity of liquid flowing out of the tray liner. Liquid will 
flow out of the tray liner as long as z2 < z1. Loss of head due to friction is proportional to the flow rate. If 
there is no flow, friction is zero. As flow increases, friction losses become significant and effectively 
impose an upper limit on flow rate. 

Putting absorbent between the tray liner and the rigid liner will promote the flow of liquid out of 
the tray liner. As liquid collects in the space between the two liner it will be absorbed. Unless the 
absorbent becomes totally saturated, there will not be a column of free liquid between the tray liner and 
the rigid liner. So z2 will be low relative to z1. This will have the impact of maximizing the motive force 
defined by (z2 – z1) as free liquid collects in pockets inside the tray liner. 

It should be emphasized that this technical argument is only valid if liquid collects adjacent to the 
tray liner. If free liquid becomes trapped in pockets inside the bulk matrix, there is no connection between 
the fluid and the absorbent. In such situations absorbent located between the tray liner and the rigid liner 
would be useless. Real time radiography of drums to date has shown that, when free liquid is present, it is 
always adjacent to the tray liner in the bottom of the drum and/or at the bottom of the drum in the space 
between the tray liner and the rigid line. No isolated pockets of free liquid have been found inside the 
sludge matrix. 
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Appendix B 
 

Material Safety Data Sheet for Oil-Dri® Floor Absorbent 
Product Name: Floor Absorbent  
Manufacturer MSDS: 1003000 
Manufacturer Name: Oil-Dri Corporation of America 
Address:  410 North Michigan Avenue 

Chicago, IL 60611 
 
Emergency: (800) 424-9300  

    
Business Phone: (312) 321-1515  
Revision Date: January 3, 2005 
 Chemical Name: Fullers Earth  

Product Codes:    

 

NFPA  
0  

1           0  
 

HMIS  

HEALTH 1   

FIRE 0  

REACTIVITY 0  

PPE   
  

SECTION 2: COMPOSITION, INFORMATION ON INGREDIENTS 1003000

Ingredient Name CAS# Ingredient Percent  

Quartz (crystalline silica)  14808-60-7 10-20% Bulk    
OSHA PEL TWA: 10 mg/m3/% SiO2 + 2  
ACGIH TLV TWA: 0.05 mg/m3 
 0.000085% in the respirable range   

Fullers Earth 8031-18-3 80-90%    
OSHA PEL TWA: 5 mg/m3 (respirable fraction) 
Other Exposure Guidelines: TLV: 3 mg/m3 TWA (respirable fraction); 10 mg/m3 TWA (inhalable dust)   

 

NOTE:  PEL: OSHA Permissible Exposure Limit. 
TLV: American Conference of Governmental Industrial Hygienists (ACGIH) 
Threshold Limit Value. 
TWA: 8 hour Weighted Average. 
STEL: Short Term Exposure Limit.   
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SECTION 3: HAZARDS IDENTIFICATION 1003000

Emergency Overview: This product is a non-combustible, chemically inert mineral. This mineral sample 
contains a small amount of naturally occurring crystalline silica as quartz. 
Prolonged overexposure to respirable crystalline silica may cause lung disease 
(silicosis). IARC, in Monograph 68, has concluded that crystalline silica inhaled in 
the form of quartzfrom occupational sources is carcinogenic to humans (Group 1); 
however, carcinogenicity was not detected in all industrial circumstances studied. 
Because applications and exposure data indicate that exposure to respirable 
quartz in this product with normal use is well below the OSHA Permissible 
Exposure Limit (PEL) and ACGIH ThresholdLimit Value (TLV); and because the 
company is not aware of any scientific or medical data available indicating that 
exposure to dust from this product under conditions of normal use will cause 
silicosis or cancer; adverse affects would not be expected from normal use of this 
product. 

 
Applies to All Ingredients: 
Potential Health Effects: 
  Eye Contact: Contact may cause mechanical irritation and possible injury. 
  Skin Contact: No adverse effects expected. 
  Inhalation: Inhalation of excessive concentrations of dust may cause irritation of mucous 

membranes and upper respiratory tract. 
  Ingestion: No adverse effects expected with unused material. 
Chronic Health Effects: Inhalation of excessive concentrations of any dust, including this material, may 

lead to lung injury. This product contains crystalline silica. Excessive inhalation of 
respirable crystalline silica may cause silicosis, a progressive, disabling and fatal 
disease of the lung. Symptoms may include cough, shortness of breath, wheezing 
and reduced pulmonary function.  

Carcinogenicity: The international Agency for Research on Cancer (IARC), in Monograph 68 has 
concluded that crystalline silica inhaled in the form of quartz or cristobalite, from 
occupational sources is carcinogenic to humans (Group 1). However, in making 
the overall evaluation, the Working Group noted that carcinogenicity was not 
detected in all industrial circumstances studied. Carcinogenicity may be 
dependent on inherent characteristics of the crystalline silica or on external 
factors affecting its biological activity or distribution of its polymorphs. The 
National Toxicology Program (NTP) classifies crystalline silica as reasonably 
anticipated to be a carcinogen. Because applications and exposure data indicate 
that exposure to respirable quartz in this product, with normal use, is well below 
the OSHA Permissible Exposure Limit (PEL) and ACGIH Threshold Limit Value 
(TLV); and because the company is not aware of any scientific or medical data 
available indicating that exposure to dust from this product under conditions of 
normal use will cause silicosis or cancer; adverse effects would not be expected 
from normal use of this product. 

Sensitizer Information: No adverse effects expected. 
Aggravation of Pre-Existing 
Conditions: 

None currently known. 

SECTION 4: FIRST AID MEASURES 1003000

Eye Contact: Immediately flush eyes with cool running water, lifting upper and lower lids. If 
irritation persists or foreign body in the eye, get immediate medical attention. 

Skin Contact: None needed for normal use. 
Inhalation: Remove to fresh air. 
Ingestion: If used material is ingested, get medical attention due to possibility of chemical 

contamination. If large amount of unused material is swallowed, get immediate 
medical attention.  

SECTION 5: FIRE FIGHTING MEASURES 1003000
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Fire: FLAMMABLE LIMITS: Not applicable 
Flash Point: This product is not combustible. 
Extinguishing Media: Use media that is appropriate for surrounding fire. 
Hazardous Combustion 
Byproducts: 

None 

Fire Fighting Instructions: None required. 
Unusual Fire Hazards: This product does not normally present a fire or explosion hazard, however, at 

concentration exceeding 0.1 oz/ft3 dusts can be ignited by sparks or other 
ignition sources. Minimize hazard by avoiding the generation of airborne dusts, 
electrically grounding equipment to prevent static sparks and by eliminating 
ignition sources in the work area. Combustion products may be hazardous.  

SECTION 6: ACCIDENTAL RELEASE MEASURES 1003000

Spill Cleanup Measures: Sweep up and collect for re-use or disposal  

SECTION 7: HANDLING and STORAGE 1003000

Handling: Avoid breathing dust. If clothing becomes dusty, launder before re-use. 
Storage: Store in a dry area.  

SECTION 8: EXPOSURE CONTROLS, PERSONAL PROTECTION 1003000

Engineering Controls: For operations where the exposure limit may be exceeded, local exhaust 
ventilation is recommended. 

Skin Protection Description: None required for normal use. 
Eye/Face Protection: Safety glasses or goggles recommended. 
Respiratory Protection: For operations where the exposure limit may be exceeded, a NIOSH/MSHA 

approvedhigh efficiency particulate respirator is recommended. 
Other Protective: None required for normal use. 
Exposure Limits: Refer to Section 2.  

SECTION 9: PHYSICAL and CHEMICAL PROPERTIES 1003000

Physical State/Appearance:  Granules 
Color:  Gray to tan 
Odor:  No odor 
Physical State:  Solid 
pH:  Not applicable 
Vapor Pressure:  Not applicable 
Vapor Density:  Not applicable 
Boiling Point:  Not applicable 
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Melting Point:  Not applicable 
Solubility:  IN WATER: Insoluble 
Specific Gravity:  2.2 
Coefficient of Water/Oil 
Distribution:  

Not available. 
 

SECTION 10: STABILITY and REACTIVITY 1003000

Chemical Stability: Stable 
Incompatibilities with Other 
Materials: 

Contact of dry clay with turpentine, vegetable oil or other unsaturated organic 
compounds, or with hydrofluoric acid may generate heat and/or fire. Do not use 
with these compounds. 

Hazardous Polymerization: Will not occur. 
Hazardous Decomposition 
Products: 

None 
 

SECTION 11: TOXICOLOGICAL INFORMATION 1003000

Toxicological Paragraph: No data available.  

SECTION 12: ECOLOGICAL INFORMATION 1003000

Ecological Paragraph: No data available.  

SECTION 13: DISPOSAL CONSIDERATIONS 1003000

Waste Disposal: Dispose in accordance with local, state and federal environmental regulations. 
Unused material is suitable fordisposal in sanitary landfill. Used material may be 
subject to regulation, depending on the nature of the materialabsorbed. Check 
with appropriate regulatory authority for used material containing hazardous 
waste.  

SECTION 14: TRANSPORT INFORMATION 1003000

 
DOT Shipping Name: Not regulated 

DOT UN Number: Not applicable 
DOT Hazard Class: Not applicable 
DOT Packing Group: Not applicable 
DOT Subpart E Labeling 
Requirement: 

None 
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SECTION 15: REGULATORY INFORMATION 1003000

 
Applies to all ingredients: 
TSCA 8(b): Inventory Status: All of the components of this product are listed on the EPA TSCA Inventory or 

exempt from notification requirements.  

Section 304: None  

Section 312 Hazard Category:  
  Chronic: Yes 
Section 313 Toxic Release Form: None  

State: CA PROPOSITION 65: 
This product contains respirable crystalline silica which is known to the State of 
California to cause cancer.  

Canada WHMIS: DSL: All of the components of this product are listed on the Canadian Domestic 
Substance List or exempt from notification requirements.  

European Community Chemical 
Inventory Status: 

All of the components of this product are listed on the EINECS Inventory or 
exempt from notification requirements  

Japan MITI: All of the components of this product are existing chemical substances as defined 
in the Chemical Substances Control Law.  

Australia Chemical Inventory 
Status: 

All of the components of this product are listed on the AICS Inventory or exempt 
from notification requirements.  

Risk Phrases: EEC: Not Classified as Dangerous under EEC Labeling Regulations  

Safety Phrase: EEC: Not Classified as Dangerous under EEC Labeling Regulations   

SECTION 16: ADDITIONAL INFORMATION 1003000

HMIS:  
     Health Hazard: 1* 
     Fire Hazard: 0 
     Reactivity: 0 
NFPA:  
     Health: 1 
     Fire Hazard: 0 
     Reactivity: 0 
MSDS Revision Date: January 3, 2005  

Disclaimer: 
The information in this data sheet is believed to be accurate. However, each purchaser should make its own test to 
determine the suitability of the product for its purposes. OIL-DRI CORPORATION OF AMERICA MAKES NO WARRANTY, 
EXPRESSED OR IMPLIED, WITH RESPECT TO THE PRODUCT and assumes no responsibility for any risk or liability 
arising from the use of the information or the product. Statements about the product should not be construed as 
recommendations to use the product in infringement of any patent.    
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