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2:00 p.m. 

2:05 p.m. 

2:10 p.m. 

2:30 p.m. 

3:00 p.m. 

Agenda 
February 26, 2008, 2:00 p.m. - 3:00 p.m. 

Department of the Air Force 

General Meeting Information and Introductions 

RTG Background Discussion 

Discussion of Current Shipment Plan 

Disposal Plan Development and Timeline 

Meeting Adjourned 



DEPARTMENT OF THE AIR FORCE 
AIR FORCE TECHNICAL APPLICATIONS CENTER 

13 December 2006 

MEMORANDUM FOR AFMOA/SGPR 

FROM: AFT AC/SE 
1030 South Highway A I A 
Palrick AFB Florida 32925-3002 

SUBJECT: Renewal of Certificate of Compliance No. 4888 for Sentinel - 25A, LCG-25A; 
Sentinel-258, LCG-25B; Sentinel 25-C, LCG-25C; Scntinel-25C3, 250, 25E, and 
25F Packages Radioisotope Thermoelectric Generators, USAF Pennit No. FL-
00409-01/00AFP, Docket No. 030-00409 

1. The Certificate of Compliance (CoC) for the subject Radioisotope Thermoelectric Generator 
(RTG) is due to expire 31 January 2007. Please use the attached documents to renew the CoC 
with the Nuclear Regulatory Commission. No changes are required. 

2. Please contact me at DSN 854-3870 or (321) 494-3870 if you desir~ additional information. 
Thank you for your assistance. 

Attached 
NRC CoC (8 pages) 

JOY M. POWELL. Civilian, OAF 
Command Radiation Safety Officer 



NRCFORM618 U.S. NUCLEAR REGULATORY COMMISSION 
(8-2000) CERTIFICATE OF COMPLIANCE 10CFR71 

FOR RADIOACTIVE MATERIAL PACKAGES 
I. a. CERTIFICATE NUW.81:ff I b. REVISION NUMSER I c. OOCKET NUMBER d. PACKAGE IDENTIFICATION NUMBER I PAG

1
e PAGES 
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2. PREAMBLE 

a. This certificate is issued to certify that the package (packaging and contents) described in Item 5 below meets the applicable safety standards set 
forth in Title 10, Code of Federal Regulations. Part 71, "Packaging and Transportation of Radioactive Material." 

b. This certificate does not relieve the consignor from compliance with any requirement of the regulations of the U.S. Department of Transportation or 
other applicable regulatory agencies. including the government of any country through or Into which the package will be transported. 

3. THIS CERTIFICATE IS ISSUED ON THE BASIS OF A SAFETY ANALYSIS REPORT OF THE PACKAGE DESIGN OR APPLICATION 

a. ISSUED TO (Name and Address) 

Department of the Air Force 
Air Force Technical Application Center/CC 
1030 S. HWY A1A 
Patrick AFB, FL 32925-3002 

b. TITLE AND IDENTIFICATION OF REPORT OR APPLICATION 

Teledyne Energy Systems applications dated 
April 26, 19e5 and August 19, 1986, as supplemented 

4. CONDITIONS 

This certificate is conditional upon fulfilling the requirements of 10 CFR Part 71, as applicable, and the conditions specified below. 

5. 

(a) Packaging 

(1) Model No.: Sentinel-25A, LCG-25A; Sentinel-258, LCG-25B 
Sentinel-25C, LCG-25C; Sentinel-25C3, -250, -25E, -25F 

(2) Description 

The packages are thermoelectric generators. The major components include the main 
housing, tungsten shield, housing flange, and electrical connectors. The approximate 
dimensions and weights for the various Model Nos. are as follows: 

Model No. DimensiQns (inches} Weight £lbs.} 

Sentinel-25A, LCG-25A 25 OD x25 3000 

Sentinel-258, LCG-25B 2500 x25 3300 

Sentinel-25C, LCG-25C 2400 x32 2000 

Sentinel-25C3 24 00 x 32 1300 

Sentinel-250 2500 x27 3300 

Sentinel-25E 2500 x34 4200 

Sentinel-25F 25 OD x32 1400 



NRC FORM618 
(8-2000) 
IOCFA 71 CERTIFICATE OF COMPLIANCE ,, 

FOR RADIOACTIVE MATERIAL PACKAGES 

U.S. NUCLEAR REGULATORY COMMISSION 

I. e. CE:RTlflCATE NUW.SER PAGES 

5. (a) 

4888 

Packaging (continued) 

(3) Drawings 

The packagings are constructed in accordance with the following Drawing Nos.: 

Model No. 

All Models 

Sentinel-25A, LCG-25A 

Sentinel-25B, LCG-25B 

Sentinel-25C, LCG-25C 

Drawing Nos. 

Isotopes. Inc. Drawing Nos.: 
001 -20000, Rev. E 
001-20001, Rev. F 
001-20002, Rev. F 
001-20003, Sht. 1, Rev. B 
001-80003 .. 

Martin Company Drawing Nos.: 
N0013100, Rev. A 
N0013108, Rev. D 
001-40000, Rev. A 

Isotopes, Inc. Drawing Nos.: 
001-10000, Rev. B 
001-70024, Rev •. C 
001-70025, Sht.1, Rev. D 
001-70033, Shts .. 1 & 2, Rev. A 
001-70036 . . 
001-80005 , .. . 

'· 

Martin Company Drawing Nos.: 
N0013200, Rev. C 
001-40012 

Isotopes, Inc. Drawing Nos.: 
001-70024, Rev. C 
001-70025, Sht. 1, Rev. D 
001-70033, Shts. 1 & 2, Rev. A 
001-70036 
001 -80005 

Martin Company Drawing Nos.: 
001-40004, Rev. A 
001-70010 
001-70012, l3ev. B 
001-80004 

Isotopes, Inc. Drawing Nos.: 
001C10000, Sht. 1 Rev. D, & Sht. 3 
001-70009, Rev. D 

OF 5 
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Model No. (continued) 

Sentinel-25C3 

Sentinel-250 

Sentinel-25E 

Sentinel-25F 

(b) Contents 

12 

(1) Type and form of material 

71-4888 

Drawing Nos. (continued) 

Isotopes, Inc. Drawing Nos.: 
001C10000 Shts. 1 & 2, Rev. D 
001 -70009, Rev. D 
001 -70057, Rev. D 
001-70060, Rev. C 
001-40019, Rev. B 

Martin Company Drawing No. 
001-80004 

Isotopes, Inc. Drawing Nos.: 
001010000 Shts. 1 & 2, Rev. C 
001-70036' 
001 -70033 Shts. 1 & 2, Rev. A 
001 -70025 Sht. 1, Rev. D 
001-70024, Rev. C 
001-40015, Rev. C 
001 -40006, Rev. B 

OF 

Isotopes, Inc. Drawing Nos.: 
001E10000, Shts. 1 & 2. Rev. E. & Sht. 3 
001-70039, Rev: C 
001-70025, Sht. 1, Rev. D & Sht. 2 
001 -70024, Rev. C 
001-40017, Shts. 1 & 2, Rev. D 
001-40006, Rev. B 

Isotopes, Inc. Drawing Nos.: 
001F10000, Shts. 1 & 2, Rev. H* 

· 001-70070, Rev. C 
001-70060, Rev. C 
001-70009, Rev. D 
001-40025, Rev. A 

* As modified by Figure 1 of 
the April 26, 1985, application. 

5 

(i) Strontium 90 titanate doubly encapsulated in a Hastelloy or Uniloy fuel capsule which 
meet the requirements of special form radioactive material; or 

(ii) Model No. Sentinel-25F may have, strontium fluoride doubly encapsulated in Hastelloy 
or Uniloy fuel capsule, with a Hastelloy C-276 liner which meets the requirements of 
special form radioactive material. 
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(2) The maximum quantity of material per package 

125,000 curies 

USA/4888/B{ ) 
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6. A barrier (permitting the free circulation of air) must be provided with sufficient separation distance to ensure 
that the requirement of 1 O CFR 71.43 (g) will be met 

7. Eye-bolts shall be removed or covered during transportation to prevent their use as tie-down devices of 
packages. 

8. In addition to the requirements of Subpart G of 10 CFR Part 71, each package shall be operated, prepared 
for shipment and maintained in accordance with the following o ·perating Procedures and Maintenance 
Programs: · · 

Model No. Operating Procedures Maintenance Program 

Sentinel-25A, LCG-25A Appendix E of TES-3206, Appendix.F of TES-3206, 
as revised· as revised 

Sentinel-259, LCG-259 Appendix E of TES-3209, Appendix F of TES-3209, 
as revised as revised 

Sentinel-25C, LCG-25C Appendix E of TES-3210, Appendix F of TES-3210, 
as revised as revised. 

Sentinel-25C3 Appendix E of TES-3211 , Appendix F of TES-3211, 
as revised as revi~ed 

Sentinel-250 Appendix E of TES-3212, Appendix F of TES-3212, 
as revised · as revised 

Sentinel-25E Appendix E of TES-3213, Appendix F of TES-3213, 
as revised as revised 

Sentinel-25F Chapter VIII of TES-3202, Chapter IX of TES-3202, 
as revised as revised 

9. The packages authorized by this certificate are hereby approved for use under the general license provisions 
of 10 CFR 71.12. . 

10. Expiration date: January 31, 2007 
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REFERENCES 

Teledyne Energy Systems applications dated Ap.ril 26, 1985; and August 19, 1986. 

Teledyne supplements dated: November 3, 1986; September 17 and December 2, 1991. 

,p~ 
OF 

Department of the Air Force supplement dated: November 12, 1993; December 11 , 1996; January 15, 2002. 

Date: January 29, 2002 

FOR THE U.S. NUCLEAR REGULA TORY COMMISSION 

~;/~j'~ 
E. William Brach, Director 
Spent Fuel Project Office 
Office of Nuclear Material Sat ety 

and Sat eguards 

PAGES 
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UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

WASHINGTON, D.C. 20555-0001 

Mr. David L. Pugh, Capt. , USAF, BSC 
Health Physicist 
Department of the Air Force 
110 Luke Avenue, Room 405 
Bolling Air Force Base 
Washington, DC 20032-7050 

SUBJECT: NOTICE OF EXPIRATION OF CERTIFICATE OF COMPLIANCE NO. 4888 

Dear Mr. Pugh: 

This refers to Certificate of Compliance No. 4888 which has an expiration date of January 31, 
2007. 

To ensure continued use of the packaging, you should submit an application for renewal of the 
certificate at least 30 days prior to the expiration date. The sections on operating procedures, 
acceptance tests, and maintenance programs should be reviewed to assure they are complete 
and current. If revisions are necessary, the revised sections should be submitted with the 
application for renewal. Note that the certificate of compliance may be conditioned to 
specifically cite the operating procedures, acceptance testing, and maintenance programs. 

This notice of expiration should not be construed that such notice will be provided in the future. 
Also, please let us know if you do not intend to request renewal of the certificate. 

Docket No. 71-4888 

Sincerely, 

~L----
R ob e rt A. Nelson, Chief 
Licensing Branch · 
Division of Spe.nt Fuel Storage and Transportation 
Office of Nuclear Material Safety 

and Safeguards 
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BACKGROUND 

ON 

BURNT MOUNTAIN RTG's 

The Air Force operates an unattended science observatory at Burnt Mountain, Alaska, a remote 
area about 60 miles north of the Arctic Circle, 50 miles from the closest village and 56 miles 
from the nearest airport. The data collection and communications equipment at the station were 
powered by 10 nuclear batteries, called radioisotope thermoelectric generators (RTGs). Each 
RTG is fueled with 1.2 - 3.9 pounds of strontium--90 ·(Sr-90). In the late summer of 1992, a 
tundra fire around the site damaged some data cables but left everything else intact. the fire 
raised 'public concern about the safety of using a radioactive m~terial as the station's power 
source. In 2000, a hybrid power system composed of batteries charged by solar panels and diesel 
fuel replaced the RTOs as·the observatory power source. The Air Force is currently planning a · 
course of action for removing the RTGs a!)d transporting them to a DOE facility for disposal. 

Location 
- 67°25'N 144°36'W, approximately 62 miles north of the Arctic Circle. 

'\ 

- 1100 ft. difference in elevation between highest and lowest sensor sight. 
- Discontinuous permafrost exists. 

Access/Transportation , 
- There are no roads to Burnt Mountain 
- Personnel and materials are flown in from Eielson AFB or Fort Wainright via helicopter. 
- Fort Yukon is nearest village, having a population of approximately 600 people. . 

-- Fort Yukon _has an unimproved airstrip capable of daily flights. 
-- Bulk supplies are delivered to Ft Yukon residents via barge on Yukon River'3 times a year. 

RTGs (Sentinel Model) 
t - 4 variants of Sentinel Model at site - 25A, 25E, 25F and lOOF 

- Installed in early 1970's and 1980's 
-· Encapsulated fuel cell, thermoelectric converter, biological shielding, and outer housing. 
-:- Contains between 1.2 and 3.9 pounds of Sr-90 fuel. 

-- Produces heat via radioactive decay, not through fission or fusion. 
-- Half-life of28 years. ; 
-- Sr-90 fuel in the form of hockey puck-sized disks of strontium titanate (SrTi03). 

7 - Solid material selected for strength, fire-resistance, and low water solubility. 
Attached to a non-removable steel pallet 

- Certified for shipment by vessel, rail, motor vehicle or cargo-only aircraft with no additional 
packaging required - certification expires I October 2008. 

- May be handled by forklift or 6verhead hoist crane. 

Page 1 of 2 
Feb 2008 
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Table 1 S ecifications for RTGs at Burnt Mountain 

Site RTGModel # Present Output Total Output Site Demand 
Replacement 

Date 

BMOl 
8 Sentinel 2SE 10.4 watts 

25.2 watts 9.0 watts June 2018 
17 Sentinel 25E 14.8 watts 

9 Sentinel 25E 9.8 watts ' BM02 
20 Sentinel 25E 14.4 watts 

24.2 watts 9.0 watts January 2018 

BM03 1 Sentinel lOOF 42.3 watts 52.7 watts 26.2 watts March 2009 
14 Sentinel 25F 10.4 watts ..; 

BM04 10 Sentinel 25E 9.5 watts 
24.6 watts 9.0 watts June 2019 

18 Sentinel 25E 15.1 watts 

BMOS 
4 · Sentinel 25A 6.7 watts 

21.3 watts 9.0 watts August2012 
19 Sentinel 25E 14.6 watts 

Source U.S. Congress, 1994 

Table 2 Characteristics of the RTGs at Burnt Mountain 
Physical Attributes Sentinel 25A ' Sentinel 25E Sentinel 25F Sentinel 1 OOF 

Initial Activity, Ci 94,000 105,000-109,000 108,000 329,900 

Date of Initial Activity 1968 1969-71 1970 1972 

Activity in April 1994, 
50,000 56, 000-61,000 60,000 189,000 

Ci* 
Activity as of February 

38,400 43.400-47,500 46,500 145,600 
1 2006 Ci 

Housing Material Cast Iron Steel Aluminum Aluminum 

Weight, lbs (kg) 3,000 (1364) 4,170 (1895) 1,400 (636) 2,720 (1236) 

Dimensions, height x 35x26 42 x26 36x20 46x28 
diameter, inc~es (m) (0.89 X 0.66) (1 .07 X 0.66) (0.91 X 0.51) (1 .17 x0.71) 

Volume, 113 (m3) 10.75 (0.304) 12.90 (0.366) 6.54 (0.186>' 16.39 (0.463) 

Weight with attached 
3285 {1493) 4455 (2025) 1685 (748) 3113 (1415) steel pallet, lbs (kg) 

Dimensions on the 
51 X ~4 X 43 51 X 44 X 50 51 X 43 X 47 56 X 44 X 57 pallet, length x width x 

height, inches {m) 
(1 .30 X 1.12 X 1.09) (1.30 X 1.12 X 1.27) (1.30x 1.09x 1.19) {1.42 X 1.12 X 1.45) 

Source Sandia National Laboratories/New Mexico February 2006 
* Draft Environmental Assessment February 1998 "--. 

Page 2 of 2 
Feb 2008 
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· RTG. Overview . 

• 10 RTG's Licensed to USAF . 
. . 

• Loc_ated above arctic circle at Burnt M·ountain,·Al~ska · 

• Ren:,ote location - 50 miles from nearest village (Ft Yukon) 
. . 

. • Installed .in 70's/80's to· power science observatory 
• Initial total activity of sr~9o _... 1 million curies 

• Current total ~ctivity (2006) _... 545,000. curies 
. ·. 

• . Limited Relief from incr:eased controls ~ 11 May 2006 

. . , 

2 . 
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RTG D/sposal 

• DoE has agreed to accept for disposal - March 2007 
• Greater than Class C radioactive waste 

• RTG's will be transferred to Nevada Test Site 
• Sandia National Labs mediating transfer of RTG's 

• AF responsible (or transport of RTG's to NTS 
• Transferring possession/ownership to Sandia 

• Does not occur until RTG's reach NTS property 
• NTS accepts RTG's from Sandia 

• Transport to o~cur no earlier than August 2009 
• Helo support currently deployed to Iraq 
• Environmental Assessment 
• Transportation Plan 
• Transferring possession/ownership 
• Security of RTG's during transport 
• Logistics at NTS 

3 
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RTG Transport 
-

• NEPA compliance - Environmental Assessment 
• All-Terrain Forklift used to load RTG's on to Chinook Helicopter 

~ Two RTG's per flight 
• Chinook Helicopter from BM to Ft Yukon 

• Secure at Ft Yukon 
• C-130/C-17 cargo aircraft from Ft Yukon to Eielson AFB 

• Secure at Eielsori AF·e 

• Option 1 Eielson AFB to NTS 
• .C-130/C~17 cargo aircraft from· Eielson_ AFB to NT~ 

• Transport from NTS flightline to NTS disposal site ·· 
• Sandi~ National Labs involvement 

• Option 2 Eielson AFB to NTS - via Creech AFB 
• C-130/C-1·7 cargo· aircraft from Eielson AFB to Creech AFB 

• Contract commercial carrier to NTS disposal site by public highway 
• Or tr~nsport through Creech AFB. in to NTS 

4 
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RTG Removal Timeline 

. ON-SITE EVALUATION OF . 

TRANSPORT RTG's RTG'S FOR TRANSPORT 
DOE AGREES TO ACCEPT JUL 08 (NET) AUG 09 RTG's AT NTS -- MAR 07 

.. 

I MEET WITH NRC - FEB 08 I I PRACTICE RUN - MAY 09 I 

\ 

2007 2008 2009 ' 

INITIATE REQUIRED 
NOTI.FICATIONS 

MEET WITH NTS 
ENVIRONMENTAL ASSESSMENT PERSONN~L 

COMPLETED 

5 



Seem ltJ Rclatcc:l lafu: :.:aHan 
't'iHltuhl Fn111 P•llli1 &isslssa:a INN 18 &FA ii:988 

V · 11~ . ____ c_e_rt_i_fi_c_a_te_s_o_f_C_o_m __ p_li_a_n_c_e ___ _ 

• Two Certificates of Compliance 
• CoC No. 4888 - 9 RTG's, Type B Package USA/4888/B( ) 

• Sentinel 25A, 25E, 25F 

• Coe No. 5862 - 1 RTG, Type B Package USA/5862/B( ) 

• Sentinel 1 OOF 

• Expiration 1 October 2008 

• Not Renewable 

6 
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U.S. NUCLEAR R&QULATORY COMMISSION \ 
CERTIFICATE OF COMPLIANCE 1 

tQ CFR 71 FOR RADIOACTIVE MATERJALS PACKAGES 

i. L CEAT'l~G'"!UMSER I b. AEVISION N!NfER 

2. pfqE,/lM81.E 
e. Tola certificate is issued to certify ltlat Ille packaging and contents de&eribed In Item S below. rnoel!J tlleappllcabte stf~ slandan:tu91 forth in Title 10. Code 

of F9<ferar Regulatlona. Part 71. "Packaging and Transl)Ortllllon of Radioactive Ma1erl1f." 

1:>. This certif icate doea nol rellew tne conaignor from compliance with any requlreme'!t 01 ttle Ntgutattons of the U.S. Ceoartmant of Transportation o~ other 

---·-p-pl-lc_ab_le_ra_g-ul_at_ory-ag-e-nc-las_._in-c-lud-lng-t-he-g-ov_e_m_m_•n_t_o,_a_ny_c_ou_"_"Y-th-ro-ug_l\_o_,•_;.nt_o _w-hf-ch_th_e_p_ae-l(-1g-• _•_lll_be- t-ra-na-po-rt-e-d. ________ , 

3. Tt-llS Cl!Al'IFICAT£ IS ISSUED ON Tl11! BASIS OF A $AFl;T1' A~I.T81S REPORT OF TI-Iii PACIO.G£J)ES1GN OR APPLICATION 11 
• • ISSUl!O TO '"""'*,,,,,, AddtsUI II. rm.£ ANO IDENTIFICATION OF= FlEPOAT' OR APPLICATION; 

Department of t he Air Force 
HQ ATAC/SEG 

Teledyne Energy Systems application dated 
June 26, 1985, as supplemented. 

1030 S. Highway AlA 
Patrick AFB, FL 32925-3002 

'71-5862 

•. CO#IIC)ITIQtllS 
Thia certlfleote I& co;icfillona1 upon._tul.lllllng cio Ce(•.,:rom::-.t: :,1 ,a ci:i:i Part 71. aa spi,llc:able. •"d nu, conl!Wons ,i,ecll!ed beltl111. 

5. 

(a) Packaging 

(1) Model No.! Sentinel-lOOf 

(2) 

(3} 

Descripti on 

The package, a thennoelect~ic," gett:etat or , is 45 .'5 . inches. ·;n hei'ght with ~, base 
diameter of. 24.5 inches (e~cluding:mounting pads), and weighs approximately 
2,600 pound_s.; The components .include·. a. .. Tupgsten bio.logica1 shield (10 . 705" X 
13.837" 00) .which is within the aluminum.. f6P61) outer protective housing. 
Four 6061- T6·:mounting pads at. the base '*~·the alurafnum housing provide the 
shipping palle-t,·attachment points .. :· · · ··· · 

' '-', .. . :· ; ...... 
~ ~~ Drawings ~ ' 

-~ ~ ... ~'!'\"" 

The packaging 1s const~ucte!i i~cc~a~c~' with the following Isotopes, Inc. 
Drawing Nos . : 

OIOFIOOO~ Sheets 1-3 (Re;,. C), Ganerator Assembly Sentinel lOOF 
010-20000 Sheets 1-2 (Rev. B), Fue1 Capsule Assembly 
010- 70003 (Rev. A) Sh ield Body 
010- 70004 Shield Pl ug 
001-90064 Sheets 1-2 (Rev. A), Shipping Crate Sentinel RTG 
001-90039 Sheets 1-2 (Rev. J), Sheet 3 (Rev. H), and Sheet 4, Pallet Assembly 
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CONDITIONS (cominuet1J . ; . . . .. 

Page 2 - Certificate No . 5862 - Revis ion No. 7 - Docket No. 71-5862 

5. (b) Contents 

(1) 

(2) 

Type and form of material 

Strontium-90 titanate doubly encapsulated in a stainless steel liner and 
Hastel1oy or Uniloy HC capsule which meets the requirements of special 
form radioactive material. 

Maximum quantity of material per package 

370,000 curies. 

6 . F abri cation of add it i o~: \_P_:e~ij.. f.l EG&,;c z;_d. 

7. In addition to the re.9~-~ments of Subpart G of 10 ~;P.art 71: - ' ~ ·•. . '.'\ ... , 
{a) The package s.~r'be prepared for shipment and opet.f!d in accordance 

with the Operait.1~.9 Procedures in the supplement .d~te~;;.lugust· 30, 1985 . 
• - - .:'-, ~, ............ ... .. If ... .,. • • -" ..... .: • .... ~~ • r.t,...~, 

(b} The package:must b~-rrutt,,t~ined in accordaoC't)-:irl..fh the MaJntenance Program 
in the su9p-Mment da"'t~~=~u'lust lO-,;: -l~SS ~-· ;.",f :.. · ·:·-:-

:>-··-> . :~ -:r,,._-: \ ~ ... ' l 1~ . . . .... 
8. The package au~ri zed by ~t~.fcert i fi~·at~ i ~ le'felfy approved.~,f'or use under the 

genera 1 1 icens.e·;,rovi s ~ons·~~-~o-. ~~ra:··nl.·l~.--·· .,ti .... ,.;: <, 
\-,.,...of i t.A - .J r 

11';,,""' ~·.;tj , ,')t.,.. : .. 

9. Expir~tion dat~f\ Sep~r 30'.;;~-if,. ·r· ~ ·1 ~,;~:-:.: '·· 
• '->J-< .,..,'\~,. ~....,:-"'- ;-!1' ~ # .. , . ,, . .. 

·"'·. ·::·-::r\ . ..x : . . ~... il ': . I' !! _: \. .:: , • -

! ....,a. ' · .-ap.~ f.~ ··,-1 .:; ' ..• -:-; .. ·. 
~ . \ -:.-48 ··~l'~..r.:_.. .... ~ . ~·\, .... Co~... . ,..: · .. 

Teledyne Energy Syste~appl ica4-th,n-_ ~at~·\1~$~, ~S. . ·-~ 

Teledyne supplements da'G-"'vAugust 'Jo.'-~~~ Julj' 26,,. ci'f 
· Department of the Air Force ~plements dated: November~ 1993; and August 15, 1995 . 

~ Jl\,o~~s1-ucLEAR REGULATORY COMMISSION 

OCT O 3 1995 
Date: 

I . "-- I .. 
l 1./ lU..~ '}h. \ I • \.. ('\.-·~ 

William D. Travers, Director 
Spent Fuel Project Office 
Office of Nuclear Material Safety 

and Safeguards 
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2. PREAMBLE 

a. This certificate is issued to certify that the package (packaging and contents) described in Item 5 below meets the applicable safety standards set 
forth in Title 10, Code of Federal Regulations. Part 71, "Packaging and Transportation of Radioactive Material." 

b. This certificate does not relieve the consignor from compliance with any requirement of the regulations of the U.S. Department of Transportation or 
other applicable regulatory agencies. including the government of any country through or Into which the package will be transported. 

3. THIS CERTIFICATE IS ISSUED ON THE BASIS OF A SAFETY ANALYSIS REPORT OF THE PACKAGE DESIGN OR APPLICATION 

a. ISSUED TO (Name and Address) 

Department of the Air Force 
Air Force Technical Application Center/CC 
1030 S. HWY A1A 
Patrick AFB, FL 32925-3002 

b. TITLE AND IDENTIFICATION OF REPORT OR APPLICATION 

Teledyne Energy Systems applications dated 
April 26, 19e5 and August 19, 1986, as supplemented 

4. CONDITIONS 

This certificate is conditional upon fulfilling the requirements of 10 CFR Part 71, as applicable, and the conditions specified below. 

5. 

(a) Packaging 

(1) Model No.: Sentinel-25A, LCG-25A; Sentinel-258, LCG-25B 
Sentinel-25C, LCG-25C; Sentinel-25C3, -250, -25E, -25F 

(2) Description 

The packages are thermoelectric generators. The major components include the main 
housing, tungsten shield, housing flange, and electrical connectors. The approximate 
dimensions and weights for the various Model Nos. are as follows: 

Model No. DimensiQns (inches} Weight £lbs.} 

Sentinel-25A, LCG-25A 25 OD x25 3000 

Sentinel-258, LCG-25B 2500 x25 3300 

Sentinel-25C, LCG-25C 2400 x32 2000 

Sentinel-25C3 24 00 x 32 1300 

Sentinel-250 2500 x27 3300 

Sentinel-25E 2500 x34 4200 

Sentinel-25F 25 OD x32 1400 
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5. (a) 

4888 

Packaging (continued) 

(3) Drawings 

The packagings are constructed in accordance with the following Drawing Nos.: 

Model No. 

All Models 

Sentinel-25A, LCG-25A 

Sentinel-25B, LCG-25B 

Sentinel-25C, LCG-25C 

Drawing Nos. 

Isotopes. Inc. Drawing Nos.: 
001 -20000, Rev. E 
001-20001, Rev. F 
001-20002, Rev. F 
001-20003, Sht. 1, Rev. B 
001-80003 .. 

Martin Company Drawing Nos.: 
N0013100, Rev. A 
N0013108, Rev. D 
001-40000, Rev. A 

Isotopes, Inc. Drawing Nos.: 
001-10000, Rev. B 
001-70024, Rev •. C 
001-70025, Sht.1, Rev. D 
001-70033, Shts .. 1 & 2, Rev. A 
001-70036 . . 
001-80005 , .. . 

'· 

Martin Company Drawing Nos.: 
N0013200, Rev. C 
001-40012 

Isotopes, Inc. Drawing Nos.: 
001-70024, Rev. C 
001-70025, Sht. 1, Rev. D 
001-70033, Shts. 1 & 2, Rev. A 
001-70036 
001 -80005 

Martin Company Drawing Nos.: 
001-40004, Rev. A 
001-70010 
001-70012, l3ev. B 
001-80004 

Isotopes, Inc. Drawing Nos.: 
001C10000, Sht. 1 Rev. D, & Sht. 3 
001-70009, Rev. D 

OF 5 
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Model No. (continued) 

Sentinel-25C3 

Sentinel-250 

Sentinel-25E 

Sentinel-25F 

(b) Contents 

12 

(1) Type and form of material 

71-4888 

Drawing Nos. (continued) 

Isotopes, Inc. Drawing Nos.: 
001C10000 Shts. 1 & 2, Rev. D 
001 -70009, Rev. D 
001 -70057, Rev. D 
001-70060, Rev. C 
001-40019, Rev. B 

Martin Company Drawing No. 
001-80004 

Isotopes, Inc. Drawing Nos.: 
001010000 Shts. 1 & 2, Rev. C 
001-70036' 
001 -70033 Shts. 1 & 2, Rev. A 
001 -70025 Sht. 1, Rev. D 
001-70024, Rev. C 
001-40015, Rev. C 
001 -40006, Rev. B 

OF 

Isotopes, Inc. Drawing Nos.: 
001E10000, Shts. 1 & 2. Rev. E. & Sht. 3 
001-70039, Rev: C 
001-70025, Sht. 1, Rev. D & Sht. 2 
001 -70024, Rev. C 
001-40017, Shts. 1 & 2, Rev. D 
001-40006, Rev. B 

Isotopes, Inc. Drawing Nos.: 
001F10000, Shts. 1 & 2, Rev. H* 

· 001-70070, Rev. C 
001-70060, Rev. C 
001-70009, Rev. D 
001-40025, Rev. A 

* As modified by Figure 1 of 
the April 26, 1985, application. 

5 

(i) Strontium 90 titanate doubly encapsulated in a Hastelloy or Uniloy fuel capsule which 
meet the requirements of special form radioactive material; or 

(ii) Model No. Sentinel-25F may have, strontium fluoride doubly encapsulated in Hastelloy 
or Uniloy fuel capsule, with a Hastelloy C-276 liner which meets the requirements of 
special form radioactive material. 
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(2) The maximum quantity of material per package 

125,000 curies 

USA/4888/B{ ) 
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6. A barrier (permitting the free circulation of air) must be provided with sufficient separation distance to ensure 
that the requirement of 1 O CFR 71.43 (g) will be met 

7. Eye-bolts shall be removed or covered during transportation to prevent their use as tie-down devices of 
packages. 

8. In addition to the requirements of Subpart G of 10 CFR Part 71, each package shall be operated, prepared 
for shipment and maintained in accordance with the following o ·perating Procedures and Maintenance 
Programs: · · 

Model No. Operating Procedures Maintenance Program 

Sentinel-25A, LCG-25A Appendix E of TES-3206, Appendix.F of TES-3206, 
as revised· as revised 

Sentinel-259, LCG-259 Appendix E of TES-3209, Appendix F of TES-3209, 
as revised as revised 

Sentinel-25C, LCG-25C Appendix E of TES-3210, Appendix F of TES-3210, 
as revised as revised. 

Sentinel-25C3 Appendix E of TES-3211 , Appendix F of TES-3211, 
as revised as revi~ed 

Sentinel-250 Appendix E of TES-3212, Appendix F of TES-3212, 
as revised · as revised 

Sentinel-25E Appendix E of TES-3213, Appendix F of TES-3213, 
as revised as revised 

Sentinel-25F Chapter VIII of TES-3202, Chapter IX of TES-3202, 
as revised as revised 

9. The packages authorized by this certificate are hereby approved for use under the general license provisions 
of 10 CFR 71.12. . 

10. Expiration date: January 31, 2007 
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REFERENCES 

Teledyne Energy Systems applications dated Ap.ril 26, 1985; and August 19, 1986. 

Teledyne supplements dated: November 3, 1986; September 17 and December 2, 1991. 

,p~ 
OF 

Department of the Air Force supplement dated: November 12, 1993; December 11 , 1996; January 15, 2002. 

Date: January 29, 2002 

FOR THE U.S. NUCLEAR REGULA TORY COMMISSION 

~;/~j'~ 
E. William Brach, Director 
Spent Fuel Project Office 
Office of Nuclear Material Sat ety 

and Sat eguards 
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DEPARTMENT OF THE AIR FORCE 
AIR FORCE TECHNICAL APPLICATIONS CENTER 

FINDING OF NO SIGNIFICANT IMPACT 

Environmental Assessment for the Non-routine Transportation of 
Radioisotope Thermoelectric Generators 

AGENCY: United States Air Force, Air Force Technical Applications Center (AFTAC) 

ACTION: Finding of No Significant Impact (FONS1) 

DESCRIPTION OF THE PROPOSED ACTION AND ALTERNATIVES: 

The U.S. Air Force proposes to transport ten (10) Radioisotope Thermoelectric Generators 
(RTGs) from Burnt Mountain. Alaska (AK) to the Nevada National Security Site (NNSS) in 
squthern Nevada for further disposition. Three alternative actions were selected for analysis. 
• Alternative I: The 10 RT Gs would be transported from Burnt Mountain to Fort Yukon, AK 

by CH-47 Chjnook Helicopters, from Fort Yukon to Eielson Air Force Base (AFB), AK by 
C-130 Hercules, from Eielson AFB to Creech AFB, Nevada (NV) by C-17 aircraft, and from 
Creech AFB to the NNSS by truck. 

• Alternative 2, the Preferred Alternative: The 10 RTGs would be transported from Burnt 
Mountain. AK to Eielson Air Force Base (AFB), AK by CH-47F Chinook Helicopters, from 
Eielson AFB to Creech AFB, Nevada (NV) by C-17 aircraft, and from Creech AFB to the 
NNSS by truck. 

• No-Action Alternative: The l O RTGs would remain in place at Burnt Mountain, AK. 

SUMMARY OF ENVIRONMENTAL CONSEQUENCES: 

The Environmental Assessment (EA) provides an analysis of the potential environmental 
consequences resulting from implementing the action alternatives. Nine categories were 
thoroughly analyzed to identify potential impacts. According to the analysis in this EA, no 
significant human health or environmental impacts are anticipated for any of the alternatives 
under routine incident-free operating conditions. There is the potential for radiological release 
and exposure to humans and the environment in the event of an aircraft accident. However, the 
probabilities of an aircraft accident resulting in a release of radiological material are extremely 
small: 1 in 385,000 for Alternative 1; and 1 in 192,000 for Alternative 2. Therefore, radiological 
impacts to specific resources are not described further. 

The following summarizes and highlights the results of the analysis by categories that initial 
evaluation indicated could be effected by the action alternatives under routine incident-free 
operating conditions. 

Climate and Air Quality. Minor, temporary impacts to air quality would result under routine 
incident-free operating conditions. 

Fu ~ffi ·a1 z 11 Ozal;: 
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Biological Resources. Under routine incident-free operating conditions, there would be minor, 
temporary impacts to wildlife and vegetation at Burnt Mountain, but no impacts at the other 
sites. 

Environmental Justice and Socioeconomics. There would be no impacts under routine 
incident-free operations. 

Geology and Soils. There would be minor, temporary impacts to soils at Burnt Mountain and no 
impacts to geology and soils at the other sites under routine incident-free operations. 

Health and Safety. Under routine incident-free operations. up to 58 or 48 personnel would be 
involved in the transport and temporary staging of the RTGs for Alternative 1 and 2, 
respectively. There would be no impact to the public. 

Water Resources. There would be no impacts to water resources under routine incident-free 
operations. 

Land Use. There would be no impacts to land use under routine incident-free operations. 

Noise. There would be temporary. minor increases in noise levels under routine incident-free 
operations. 

Radiological Consequences. Under routine incident-free operations there would be minimal 
radiological impacts to workers from ground or air operations. 

CONCLUSIONS: 

On the basis of the findings of the EA, no significant human health or environmental impacts are 
anticipated for any of the alternatives under routine incident-free operating conditions. There is 
the potential for radiological release and exposure to humans and the environment in the event of 
an aircraft accident. However, the probabilities of an aircraft accident resulting in a release of 
radiological material are extremely small, I in 385.000 for Alternative 1 and 1 in 192,000 for 
Alternative 2. Therefore. issuance of a Finding of No Significant Impact is warranted, and 
preparation of an Environmental Impact Statement pursuant to the National Environmental 
Policy Act of 1969 (Public Law 91-190) is not required for this action. 

CRISTOPHER A. WORLEY, Colo~SAF 
Commander 
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APPENDIX A 
STRONTIUM-90 RADIOISOTOPE THERMOELECTRIC GENERA TORS 

This appendix provides a basic description of radioisotope thermoelectric generators 
(RTGs) as well as more specific information on strontium-90 (Sr-90) RTGs; their 
operation, energy production, application, and use in the U.S. ; and relevant 
regulatory requirements. 

A.1 Description of RTGs 

RTGs use heat generated by decay of radioactive isotopes to produce electrical power. 
They are used as a power supply where frequent maintenance, refueling, or battery 
recharging or replacement is expensive or impossible. RTGs have va1ious designs, but all 
contain a "sealed source," which means the radioactive mateiials are sealed in a capsule 
although the radiation is not. RTGs also contain thermocouples that convert the heat into 
electricity; a radiation shield made of tungsten or depleted uranium; a stainless-steel 
cooling radiator assembly surrounding the sealed source and thermocouple array; and a 
vessel to contain the device. Other components such as an insulation system or a power 
conditioner may also be present. Figure A.1-1 shows typical components in an RTG unit. 

Figure A.1-1: Components of RTGs 
L.1'111111£!1 
0001 11.G HFAO 

1,.RADICISOTOPE 
HeATSOURCE 

Components of RTGs 

4 •.• TREliMOEI.EC'TRIC 
CONVE.<l'IER MODULE 

3 ... Rl,ClATIO>l SHIELO 
1e10.s~o.o; 

S •.• TiiERMAL 
ltl5Ul.ATIClt 

r , .... unc " · ;,cnum,mi. v 1a9ram of a Typical 
R,.C Used for Terrestrial Applicalion&. The diagram 
111ustro1es tne ma1or 1aa1ures of an ATG. 

Source: USAF, 1999 

RTGs use radioactive elements (i.e. radioisotopes) as fuels. These fuels generate heat 
from radioactive decay to produce electiicity. Radioisotopes used in RTGs include Sr-90, 
plutonium-238, polonium-210, cesium-144, and curium-242. 

A.2 Sr-90 RTGs 

The radioactive heat source used to power the RTGs addressed in this Environmental 
Assessment is Sr-90, which is a beta emitter. The RTGs contain radiation shields, which 
absorb beta radiation emitted by Sr-90 to reduce personnel radiation exposure to levels 

Em Official 1 ke Pair 1 
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that are as low as reasonably achievable. Sr-90 has a half-life of 28 years, which means 
RTG radioactivity from Sr-90 is reduced by roughly 50 percent every 28 years. Thus, 
onl y 0.1 percent of the original radioactivity of the RTGs would remain in 290 years. 
Sr-90, often in the form of strontium titanate (SrTi03), is one of the most common 
radioisotopes used in RTGs. Strontium titanate was selected because of its fire and shock 
resistance properties and low solubility in water. This low solubility is an important 
feature in keeping strontium out of biological systems. 

The radioactive decay product of Sr-90 is yttrium-90, which has a half-life of 
approximately 64 hours. Because the half-life of Sr-90 is much greater than yttrium-90, 
the two radionuclides are said to be in secular equilibrium and are considered to be 
inseparable for health protection purposes. Both Sr-90 and yttrium-90 emit beta radiation. 
Because the maximum beta radiation energy from yttrium-90 (2.28 million electron volts) 
is higher than the beta radiation from Sr-90 (0.546 million electron volts), the yttrium-90 
radiation is more penetrating. Energy from yttrium-90 beta particles travels 
approx imately 10 meters (m) (400 inches [in.]) in air (Schleien, 1992). Sr-90 beta 
radiation travels approximately 2 m (80 in.) in air. 

Sr-90 RTGs have been manufactured by several different companies and have several 
different designs since the late l 940s/early 1950s. For their size, RTGs do not generate 
much energy. Typically, only about 5 percent of the heat from the Sr-90 is converted to 
electric power by the thermocouples. When the composite alloy metal in the 
thermocouple is heated, it creates a small current generating about 500 watts of electricity 
(enough to light about five 100-watt light bulbs) in the average RTG. However, as a 
power source, they are reliable, virtually maintenance free, 
and capable of withstanding harsh environmental conditions. 

The Sr-90 RTGs owned by the U.S. Air Force (USAF) at 
Burnt Mountain are approximately 61 centimeters (cm) 
(2 feet [ft]) in diameter by 91 cm (3 ft) in height (about the 
size of a garbage can). Because of their housing and extensive 
shielding, these units weigh from 1 to 2 tons each. They range 
in weight from 635 to 1,905 kilograms (kg) (1,400 to 
4,200 pounds [lb]) and in size from 63.5 to 71 cm (25 to 
28 in.) in diameter and from 63.5 to 117 cm (25 to 46 in.) in 
height (U.S. Congress, June 1994). See Figure A.2- 1 for a 
picture of a Burnt Mountain RTG. 

"51 @ffizi I I ks On))~ 

Figure A.2-1: Burnt 
Mountain RTG 
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A.2.1 Radiation Exposure 

According to the U.S. Congress ' Office of Technology Assessment, the main source of 
environmental risk associated with the Burnt Mountain RTGs is the Sr-90 radioactive 
sources. The Sr-90 RTGs at Burnt Mountain contain between 0.5 to 1.8 kg (1.2 to 3.9 lb) 
of the radioactive material Sr-90 as the heat source. Nine of the units originally contained 
53,500 curies of radioactive material each, and the tenth unit contains 164,000 curies 
(U.S. Congress, 1994). Table A.2-1 presents regulatory limits, average exposure rates, 
and range of exposure rates associated with radiation from the Burnt Mountain RTGs. 

Table A.2-1: Summary of Radiation Survey Data for Burnt Mountain RTGs, 2013 

Location Regulatory Limit 
Average 

Exnosure Rate1 Range of Exposure Rates 

Outside entrance gate 
2 mrem/hri 
100 mrem/yr 

Work area 
5,000 mrem/yr3 

(outside inner cage) 
l m from RTG end 10 mrem/hr4 

RTG contact dose NA 

Source: CFR &AFfAC, 2013 

mrem/hr = Millirem per hour 
mrem/yr = Millirem per year 
NA = Not applicable 

0.034 mrem/hr 0.016-0.045 mrem/hr 
297 mrem/yr 140-394 mrem/yr 
0.431 mrem/hr 

0.303-0.700 mrem/hr 
3776 mrem/yr 
1.56 mrem/hr 0.704-4.1 mrem/hr 
21.2 mrem/hr 17.0-39.5 mrem/hr 

1 These are the uncorrected exposure rates measured with an ADM 300 Survey Instrument. 
2 Dose limits for members of the public are given in 10 Code of Federal Regulations (CFR) Part 20.130 l. 
These regulations limit the total effective dose equivalent to individual members of the public to less than 
100 millirem in a year. In addition, these regulations limit the dose rate in unrestricted areas to less than 2 
millirem in any one hour. It is not anticipated a member of the public would continuously occupy the 
outside entrance gate to the RTGs at Burnt Mountain for more than 5 days (24 hours a day) in any given 
year. Therefore, currently, a member of the public is not expected to receive a dose equivalent greater than 
100 millirem in a year (5 days x 24 hr/day x 0.034 millirem/hr = 4.08 millirem). 

3 The U.S. Nuclear Regulatory Commission (NRC) sets annual dose limits for occupationally exposed 
workers in 10 CFR Part 20.1201. However, NRC does not establish hourly exposure limits for 
occupationally exposed workers. Based on the average exposure for workers outside the inner cage 
(assuming 24 hours per day, 365 days per year), no worker would exceed the regulatory limit of 
5,000 mrem/yr. If a worker outside the inner cage worked in the location of the highest activity, that 
person would receive 6,132 mrem/yr, thus exceeding the regulatory limit. No workers are remotely close to 
spending this amount of time in proximity to the RTGs. Generally, workers are in close proximity to the 
RTGs only during limited maintenance activities. Personnel performing maintenance and survey activities 
on the Burnt Mountain RTGs are monitored for exposure to radiation. None of these personnel has 
received a measurable exposure during these activities (Talbert, 20 14). 

4 The RTGs in use at Burnt Mountain are designed to have a dose rate of less than 10 rnrem/hr at 1 m to 
meet transportation requirements. 
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NRC regulations define three sets of radiation dose limits. For normal conditions, 
10 CFR Part 20 Subpart D provides a radiation dose limit of 100 mrem/yr above 
background for individual members of the public (10 CFR Part 20.1301). Normal 
background radiation doses per year are about 620 millirem (NCRP, 2009) Figure A.2-2 
shows sources of radiation exposures in the U.S. For routine operations for any worker, 
NRC regulations set a dose limit of 5,000 mrem/yr (10 CFR Part 20.1201). 

Figure A.2-2 

Sources of Radiation Exposure In the United States 

Terrestrial (Soil) • 3% 

Internal - 5% 

D Natural Sources · 50% 
-310 millirem (0.31 rem) 

Source NCRP Rel)')rt No.160(2000) 

Industrial and 
Occupational· .1% 

Consumer Products - 2% 

Nuclear Medicine- 12% 

Manrnade Sources· 50% 
-310 millirem {0.31 rem) 

full rel)(:ft JS a\181lable on •.ha NCAP Web s11a at www NCRi>PUbl1cai1ais.ag 

For accident conditions, NRC requires immediate notification for accidents that may 
cause a dose of 25 rem (25,000 millirem) or more to the whole body of any individual 
(10 CPR Part 2202). The U.S. Department of Energy (DOE) sets forth a guideline for the 
maximum calculated dose to off-site individuals in DOE Order 6430.lA, General Design 
Criteria. This Order requires doses do not exceed 25 rem (25,000 millirem) to the whole 
body per accident. The calculated dose includes exposure to internally deposited and 
external sources of radioactive mate1i.als. The USAF radiation protection requirements 
are detailed in AFI-48-148. 

The radiation dose rate at contact for 9 of 10 Air Force RTGs is approximately 
20 mrem/hr. The remaining RTG at Burnt Mountain has a contact dose rate of about 
40 mrem/hr. If a person were in contact with the smaller RTGs at Burnt Mountain for 
10 minutes, his/her dose would be less than 4 millirem to the whole body. By 
comparison, a chest x-ray gives about 10 millirem per examination (DOE, 2012). 
Table A.2-2 sets forth other common sources of radiation for dose comparisons with 
the RTGs. 
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Table A.2-2: Common Sources of Radiation 

Source of Radiation 
Dose 

(mrem/yr) 
Cosmic Radiation (high-energy gamma radiation originating in outer space and 

26 
filtered through the earth's atmosphere) - At sea level 
Average Natural Background in the U.S. 310 
Food and water, average 30 
Medical Treatment 

• Chest x-ray 10 
• Dental x-ray 1.5 

• Mammogram 30 
Consumer Goods 

• Cigarettes (1 pack a day) 15 - 20 
• Gas lantern mantle <1 
• Natural gas heating and cooking 9 

• Air travel (every 2006 miles): 1 millirem 1 

• Road construction material 4 

• Porcelain dentures <1 

• Watching TV 1 

• Smoke detector <l 

Source: DOE, 2012; NRC, 2012 

A.2.2 Container Durability 

NRC has certified the 10 RTGs as Type B containers. To qualify as Type B containers, 
the RTGs must be able to survive severe accidents in addition to normal transportation 
handling and minor accidents. They must meet all the performance requirements of Type 
A packages as defined in 49 CPR Parts 173.24, 173.411 , and 173.412, and also survive 
the hypothetical accident conditions defined by the NRC in 10 CPR Part 71. 73: 

• A free drop of 9 m (30 ft) onto a flat, unyielding horizontal surface, striking the 
surface in a position that would be expected to produce maximum damage. 

• Impact by l-by-1-m (40-by-40-in.), 500-kg (1,100-lb) steel plate dropped from 
9 m (30 ft) in a horizontal position onto the Type B package positioned on a flat, 
unyielding horizontal surface such that maximum damage would be expected 
to occur. 

• A free drop of 1 m (40 in.) in a position expected to produce maximum damage 
onto a vertical steel spike 15 cm (6 in.) in diameter and at least 20 cm (8 in.) long. 

• A fully engulfi ng fire of at least 800 degrees Celsius (°C) (1475 degrees 
Fahrenheit [°F]) for 30 minutes. 

• Immersion in 15 m (50 ft) of water, or, under a water pressure of 150 kilopascal 
(21.7 pounds per square inch). 
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These 10 RTGs from Burnt Mountain all had NRC Certificates of Compliance (CoCs). 
The NRC issued two CoCs for the Sr-90 RTGs located at Burnt Mountain (No. 4888 and 
No. 5862) certifying the packaging and contents meet the applicable safety standards in 
10 CFR Part 7 1. These NRC CoCs expired in 2011. Subsequently, DOE issued CoCs to 
the USAF certifying the units as Type B packages in August 2014 (DOE, 2014), and an 
Exemption to the transport restriction in August 2014 (DOE, 2014). 

A.2.3 History and Application of Sr-90 RTGs 

Based on the best information available, the current inventory shows approximately 100 
Sr-90 RTGs have been manufactured in the U.S. Of these, DOE has information on 45 
RTGs are within the U.S. These Sr-90 RTGs were located in 7 states: Alaska, California, 
New Mexico, Tennessee, Texas, Virginia, and Washington. Table A.2-3 shows the 
current known storage locations. 

Table A.2-3: Current Sr-90 RTG Locations 

Site RTG Custodian Number of RTGs 

Albuquerque, NM U.S. Department of Energy: 1 - disposed at NNSS 
Sandia National Laboratories 

Burnt Mountain, 
U.S. Air Force 10 

AK 
Houston, TX Nuclear Sources & Services, Inc. 4 - disposed at NNSS 
La Jolla, CA General Atomics 2 - disposed at NNSS 

Oak Ridge, TN 
U.S. Department of Energy: 6 (5- disposed at NNSS) 
Oak Ridge National Laboratory 1 still at ORNL 

Richland, WA 
U.S. Department of Energy: 

2 - disposed at Hanford 
Richland 

Yorktown, VA U.S. Navy 
20 ( 18 - disposed at NNSS) 
2 - still in service 

Total 45 

Source: (INL, 2014) 

From 1961 to present, these RTGs have been used for underwater, terrestrial, and space 
power applications. In their 40 years of existence, no RTG has ever leaked or been 
breached deliberately or accidentally despite the very harsh environments in which the 
RTGs have been deployed. Many of these RTGs have exceeded their useful lifespan and 
are being stored in buildings or, less frequently, on outside platforms. 

The 10 Sr-90 RTGs at Burnt Mountain Seismic Array Observatory were used as remote 
power sources for seismic monitoring and data communications equipment under the 
U.S. Atomic Energy Detection System, which is a worldwide system of sensors to detect 
nuclear explosions underground, underwater, and in the atmosphere and space. This 
system is in place to verify international compliance with nuclear weapons testing 
treaties. The Observatory is critical to the verification of nuclear test ban treaties and has 
been in operation since 1973. Because of its remote siting and national security mission, 
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USAF initially determined the RTGs would provide the optimum power generation 
technology to meet its needs. However, due to the decline in power output the USAF has 
now replaced the RTGs with an alternative power supply. 
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APPENDIXB 

PACKAGING AND TRANSPORA TION REQUIREMENTS 
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B.1 Transportation Regulations 

Transportation actions are regulated by DOT. These actions are covered under DOT regulations 
as follows: 

• 49 CFR 171.l(e) (Code o.f Federal Regulations, 2013) says: 
o (e) Requirements of other Federal agencies. Each facility at which pre­

transportation or transportation functions are performed in accordance with the 
HMR may be subject to applicable standards and regulations of other Federal 
agencies. 

• 49 CFR 171.l(d)(S), says: 
o (d) Functions not subject to the requirements of the HMR. The following are 

examples of activities to which the HMR do not apply: 
• (5) Transportation of a hazardous material in a motor vehicle, aircraft, or 

vessel operated by a Federal, state, or local government employee solely 
for noncommercial Federal, state, or local government purposes. 

• AFMAN 24-204 (USAF, 2012) says: 
o AFMAN 24-204 governs the transport of hazardous material when entered into 

the Defense Transportation System (DTS) as cargo on military controlled fixed 
and rotary wing aircraft according to Defense Transportation Regulation (DTR) 
4500.9R. 

• The IAEA Safety Standards No. TS-R-1 (IAEA, 2009) says: 
o These Regulations apply to the transport of radioactive material by all modes on 

land, water or in the air, including transport which is incidental to the use of the 
radioactive material. Transport comprises all operations and conditions associated 
with and involved in the movement of radioactive material; these include the 
design , manufacture, maintenance and repair of packaging, and the preparation, 
consigning, loading, carriage including in-transit storage, unloading and receipt at 
the final destination of loads of radioactive material and packages. 

o A graded approach is applied to the performance standards in these Regulations 
characterized by three general severity levels: 

• (a) routine conditions of transport (incident free); 
• (b) normal conditions of transport (minor mishaps); 
• ( c) accident conditions of transport. 

B.2 Packaging Regulations 

Packaging actions are regulated by NRC. These actions are covered under NRC regulations 
as follows: 

• 10 CFR Part 71 
o NRC must approve any package used for shipping nuclear material before 

shipment. If the package meets NRC requirements, the NRC issues a Radioactive 
Material Package Certificate of Compliance (CoC) to the organization requesting 
approval of a package. Organizations are authorized to ship radioactive material 

1IJI Oiildat :W C Jg; 



0ccmit9 Itetatcd I11"911nadoa. \ifitlthold Wndcr 10 @Pft £.330. 

in a package approved for use under the general licensing provisions of 10 CFR 
Part 71. 

o Before any shipment can occur, the shipper is required to review the package 
certificate of compliance (CoC) to determine if any testing or maintenance is 
required. The shipper must also meet the DOT's requirements for shipment of the 
nuclear material including route selection, vehicle condition and placarding, 
driver training, package marking, labeling, and other shipping documentation. 

• 49 CFR Part 173.413, Requirements for Type B packages 
o Except as provided in § 173.416, each Type B(U) or Type B(M) package must be 

designed and constructed to meet the applicable requirements specified in 10 CPR 
Part 71. 

• 49 CFR Part 173.416, Authorized Type B packages 
o Each of the following packages is authorized for shipment of quantities exceeding 

A1 or A2, as appropriate: 
• (a) Any Type B(U) or Type B(M) packaging that meets the applicable 

requirements of 10 CPR part 71 and has been approved by the U.S. 
Nuclear Regulatory Commission may be shipped pursuant to 10 CPR Part 
173.471. 

• (b) Any Type B(U) or B(M) packaging that meets the applicable 
requirements in "IAEA Regulations for the Safe Transport of Radioactive 
Material, No. TS-R-1" and for which the foreign Competent Authority 
Certificate has been revalidated by DOT pursuant to 10 CFR Part 173.473. 
These packagings are authorized only for export and import shipments. 

• (c) Continued use of an existing Type B packaging constructed to DOT 
Specification 6M, 20WC, or 21 WC is authorized until October 1, 2008, if 
it conforms in all aspects to the requirements of this subchapter in effect 
on October 1, 2003. 

B.3 Packaging and Transportation Compliance 

The U.S. Department of Energy, Oak Ridge Office (DOE/ORO) training material for advanced 
radioactive materials packaging and transportation compliance (DOE, Office of Science, 2013) 
says the following: 

• The A1 and A2 values are used in the regulations as a normalized measurement of the 
radiological risk for all radionuclides. Their uses go beyond the activity limits for Type A 
packages in determining when Type B packages must be used. Other uses involving large 
multiples of A1 or A2 or different fractions of A1 or A2 include: 

o Ensuring special routing of packages with large quantities. 
o Determining the total activity in packages and conveyances. 
o Designating the limits for packages excepted from most requirements. 
o Designating the specific activity of a contaminated material and 

associated packaging. 
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• The derivation of the A1 and A2 values in the IAEA regulations is based on a series of 
dosimetric models (i.e., the Q System). 

• The limiting value for A1 results from the worst-case assumptions of external direct y 

radiation levels from an unshielded source at a certain distance. Generally, the A1 value 
for a radionuclide is the quantity of that radionuclide which will result in a dose rate of 
0.1 Sv/hr (10 rem/hr) at a distance of 1 meter. 

• The A2 value, however, is based on the applicability of the most conservative worst-case 
value for five different scenarios, which include the A1 scenario plus external~ radiation 
to skin, inhalation, ingestion, and external y radiation from immersion in a gaseous cloud 
of material released from a breached package. 

• As a result of an arbitrary limitation established by the IAEA, no radionuclides have been 
assigned A1 or A2 values greater than 40 TBq (1080 Ci). However, based on their LSA 
and low toxicity, some radionuclides were assigned unlimited A1 and A2 values. 

• The Ai/ A2 values have a direct relationship to radiation protection principles. The values 
are established based on potential exposures. The values in the 1985 IAEA regulations 
were derived using a dosimetric model intended to limit an individual's exposure due to a 
damaged package to the allowed annual dose limit for a radiation worker (5 rem). This 
was considered acceptable as a once-in-a-lifetime exposure for members of the public 
inadvertently exposed near an accident scene involving a Type A package. This 
dosimetric model, called the Q System, was an improvement over an earlier system that 

divided nuclides into transport groups based on toxicity. The revised Q System that is the 
basis for the A 1/A2 values in the current domestic regulations no longer links to the 
annual dose limit for radiation workers; however, the 5 rem reference dose has 

been retained. 

B.4 Packaging Certifications 

The 10 RTGs from Burnt Mountain originally had NRC CoCs. The NRC issued two COCs for 
the RTGs (No. 4888 and No. 5862) certifying the packaging and contents meet the applicable 

safety standards in 10 CFR Part 71. The RTGs were certified for shipment (via vessels, cargo­
only aircraft, motor vehicles, and rail cars) as a Type B package. The RTGs have been inspected 
and deemed to be in original condition. However, they must remain attached to the steel pallets 
(or equivalent) originally provided with the generators. RTGs must have unrestricted airflow 

around the generators. The original CoCs expired and extensions were requested and granted by 
the NRC two separate times. The last extensions of the CoCs expired in 2011. 

The Atomic Energy Act of 1954, as amended, gives DOE broad authorities to regulate all aspects 
of activities involving radioactive materials undertaken by DOE or on its behalf, including 
transportation. DOE manages a program for certification of fissile and Type B packagings that 
conforms with DOT and NRC requirements. This is administered through the DOE Office of 
Packaging and Transportation (P&T). DOE P&T issued two CoCs for storage only of the 10 
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RTGs in 2013. DOE P&T has issued an exemption for the transportation of the 10 RTGs from 
Alaska to Nevada. 
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1. Introduction 

This assessment constitutes a semi-quantitative risk analysis in support of the 
Environmental Assessment (EA) for the Air Transportation of USAF Radioisotope 
Thermoelectric Generators (RTG) from Burnt Mountain, Alaska to the Nevada 
National Security Site Mercury (NNSS), Nevada. The assessment does not 
include the ground transport from the landing location in NNSS). As discussed in 
the associated EA, the ground transport from Creech AFB to NNSS is covered 
under a separate DOE Environmental Assessment. 

This hazard assessment evaluates the additional risk during transport from the 
radioactive materials. It does not evaluate the other risks associated with the 
transport as these risks are considered mundane when considered with all of the 
other transport, shipping and aircraft flights happening on a daily basis. Except 
as discussed, this assessment only assesses the health, safety and 
environmental risks as a result of the transport. Except where mentioned in the 
text the economic impacts and associated risks are not evaluated in this 
document. 

1 .1 . Radioisotope Thermoelectric Generator Description 

Ten RTG units are currently stored by the U.S. Air Force RTGs at Burnt 
Mountain (BM), Alaska. The USAF operates an unattended seismic observatory 
at BM, a remote area approximately 60 miles north of the Arctic Circle; 50 miles 
from the closest village and the nearest airport. Access to the site is limited to 
helicopters only as no roads exist in the area. The data collection and 
communications equipment at the station was previously powered by the 1 0 
RTG's until a hybrid power station was installed in 2000. 

Data tor the RTG units, which are model Sentinel-1 OOF, 25A, 25E, and 25F 
RTGs, is provided in Table 1. 
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Table 1: Summary Data for U.S. Air Force RTG 

Model Serial Vear Current Estimated Current Weight 
Number Activity1 Exposure Rate (on (lbs) 

(Ci) contact - mR/h) 

Sentinel - 1972 122,922 39.5 2720 
100F RTG1 
Sentinel - 25A RTG4 1966 32,021 19 3000 
Sentinel - 25E RTG10 1968 36,809 17 4170 
Sentinel - 25E RTG17 1968 40,018 21 4170 
Sentinel - 25E RTG18 1968 38,993 17 4170 
Sentinel - 25E RTG19 1971 38,700 18 4170 
Sentinel - 25E RTG20 1971 38,663 17 4170 
Sentinel - 25E RTG8 1971 36,566 20 4170 
Sentinel - 25E RTG9 1971 37,643 19 4170 
Sentinel - 25F RTG14 1970 39,155 24 1400 

1 .1 .1 . Source Material 

Strontium-90 is a radioactive isotope of strontium produced by nuclear fission. It 
decays by beta decay and has a half-life of 28.8 years. In the RTG units the 
strontium-90 is coupled to thermocouples which are then connected to a heat 
sink. The heat released from the decay of the radioactive material is transferred 
through the thermocouple and generates an electric current. The power from the 
RTG was used to power seismic monitors and ancillary equipment at the site. 

The strontium is in the form of SrTi03, which is an insoluble form of Sr-90. The 
fuel is packaged as a compressed, sintered solid inside the RTG unit. The 
radioactive components of the fuel, Sr-90 and its daughter product, Yttrium-90 
(Y-90), pose an internal and external radiation hazard (beta particles and gamma 
photons) when uncontained or improperly shielded. However, internal 
confinement and shielding provided by the source packaging significantly 
reduces exposures to beta radiation and photons. The source material only 
poses a radiation hazard to the public when it is released from its packaging and 

1 As of 1 January 2013 
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dispersed. Due to the robust packaging requirements, this type of release should 
only occur under extreme accident conditions. 

The strontium fuel was pelletized and encased in stainless steel by WEST in 
Richland, Washington (Teledyne 2011 ). The purpose of this stainless steel 
encasement was not so much containment but rather to minimize the possibility 
of contamination of the fuel capsule and ancillary equipment. The fuel pellets 
were loaded into a double encapsulation of Hasteiioy C-276 or Uniloy UC and 
then electron beam welded. The strontium-90 fuel was in the form of a titanate 
(SrTi03). This fuel form was chosen due to its chemical compatibility with 
nickel-based super alloys (Hasteiioy C-276), ease of manufacturing, and it's very 
low water solubility. All ten Sentinel RTGs at the Burnt Mountain array are loaded 
with the same type of fuel. The SrF2 form discussed in the RTG design 
documents was not an allowable form under Teledyne's radioactive materials 
license until after 1978 and thus was not used in the units located at Burnt 
Mountain. 

1 .1 .2. RTG Design and Packaging 

The 1 O RTGs are comprised of four models, Sentinel models 25A, 25E, 25F and 
1 OOF. The first RTG unit was installed at the site in 1973. An additional nine were 
installed in 1985 to support upgraded power requirements. The Sentinel model 
25 RTGs were designed in the mid-1960s. Several variants were developed 
culminating in 1969/1970 with the F-series model 25F. The entire Sentinel 
product line was developed by Teledyne. 

Most of the Sentinel 25 RTGs built were initially delivered to Naval Facilities 
Engineering Command (NAVFAC). NAVFAC returned the units to Teledyne and 
these units were then transferred to AFT AC in early 1984 and then transported to 
Burnt Mountain to power the seismic array. The only exception to this is the 
Sentinel 25A, which was initially delivered to GeoTech in Galveston, Texas 
before being transferred to Burnt Mountain (Teledyne 2011 ). 

The Sentinel 25A specifications are detailed in Attachment 8, TES-3206, "Safety 
Evaluation for a Twenty-Five Watt Strontium 90 Low Cost Generator Model LCG-
25A" dated April 15, 1965. From the center out, the generator consists of the 
heat source contained in a cylindrical Hasteiioy-C capsule which is surrounded 
by a tungsten alloy shield. The shield is encased in thermal insulation. The unit is 
then encased in a cast iron shell. The thermoelectric module is attached to an 
aluminum lid positioned directly over the Sr-90 fuel block. Fins are located on the 
lid and are used to dissipate any waste heat. The total weight of the unit is 3000 
pounds with the bulk of the weight (2550 pounds) consisting of the cast iron shell. 
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Figure 1: Sentinel model 25A RTG 
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Figure 2: Cross section of model Sentinel 25A RTG 

The design and testing criteria of the 25A RTG unit is found on page IV-1 of TES-
3206. It complies with the requirements of the Interstate Commerce Commission 
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(ICC) and the Atomic Energy Commission (AEC) which both existed at the time 
of its original manufacture. TES-3206 details the design criteria for the unit. As 
mentioned above, the unit was certified as a type B package by the NRG until 
February, 2011. 

The Sentinel 25E specifications are detailed in Attachment 9, TES-3213, 
"Resubmittal of Prior Applications and Supplements for Approval to Transport the 
Sentinel 25E Radioisotope Thermoelectric Generator as a Type B Package" 
dated December 1991 . The Sentinel 25E is a modification of the model 250 
which was a design modification of the original model 25A. TES-3213 specifies 
the sentinel RTG packages were designed to meet the requirements of 1 O CFR 
71 . 
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Figure 3: Model 25E RTG 

The design of the 25E units is very similar to the 25A unit with some 
modifications. The 25E was designed for undersea use and thus had significant 
upgrades in the packaging to withstand pressures at depth. The housing of the 
25E unit is made from carbon steel as opposed to cast iron. The thickness of the 
lid was increased and the size of the housing bolts was increased. The outside 
shape of the package was changed slightly as well. The model 25E RTG were 
designed to comply with the Type B package requirements and testing as 
outlined in 1 O CFR 71. The model 25E was certified as a type B package by the 
NRG until February 2011. 

The Sentinel model 25F RTG unit specifications are detailed in Attachment 10, 
TES- 3202 "Resubmittal of Prior Applications and Supplements for Approval to 
Transport the Sentinel-25F Radisotope Thermoelectric Generator and New 
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information to Support the Type B ( ) Designation" dated December 1991. The 
model 25F is a modification of the model 25C3 design. 

The biggest difference between the model 25A and E models and the 25F model 
is the 25F model uses an aluminum housing as opposed to steel or cast iron. 
This significantly reduces the weight of the unit and reduces the size of the unit 
so it can be used in smaller spaces. Modifications were made to the 25C3 unit 
design to improve the mounting brackets and to reduce the external radiation 
levels around the unit. The mounting brackets were simplified so no shims are 
required when the unit is attached to the pallet. The housing of the unit was 
modified. The housing was made from a single forge piece of aluminum rather 
than two welded half sections. The fuel of the 25F unit is in titanate form and is 
encapsulated in Hastelloy C, Hastelloy C-276 or Uniioy HC. The fuel is 
completely surrounded by a tungsten biological shield. The space between the 
housing and shield is filled with thermal insulation. The housing of the unit is 
made with 6061 aluminum and is filled with argon gas to increase the thermal 
efficiency. The complete weight of the generator is 1397 pounds. 
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Auxiliary Heat Exchanger 

Lid 

Thermoelectric Module 

Isotopic Heat Source 

Hastelloy Liner 

Housing 

Tungsten Bioshield 

Getter 

Min-K Insulation 

Fusil Foam/Glassrock 

Figure 4: Cross section of model Sentinel 25F RTG unit 

The Sentinel 1 OOF is for practical purposes a larger version of the Sentinel 25F. 
Similar to the 25F, the 1 OOF has an aluminum housing. The sentinel 1 OOF is 
larger than the 25F and has two additional internal components, a load plate 
designed to distribute the load of the tungsten biological shield and lnconel 
retaining ring placed on the upper side of the tungsten shield. The two 
components help distribute the load and assist in keeping the biological shield 
assembly in place. Details of the design and structural evaluation of the 1 OOF 
model is included as Attachment 11 , "Structural and Thermal Evaluation of 
Sentinel 1 OOF", INSD-3080 published in August 1985. 
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Figure 5: Sentinel Model 1 OOF RTG 

The unit was originally loaded with 328,400 Curies of strontium orthotitanate. The 
fueling was performed by Union Carbide, Nuclear Division at ORNL. After initial 
testing the 1 OOF generator was delivered to NAVFAC. 

The RTG units were previously certified by the NRC as type B packages. Under 
DOT requirements, the RTG's must be shipped in a type B container because of 
the quantity of the radioactive material. The NRC certification of the container 
has expired. For reasons beyond the scope of this document, the NRC will no 

131 Page 

Fc: Qffiaial Wea Qnly 



ee!!'.e~P'\IT I filEb\FfiE" lfJf8filh1/(fil8PJ \2/lll II 18L8 ~PJ81i.liil 18 ifliil ii elQQ 

longer certify the containers. DOE personnel have reviewed the design 
specifications of the units and have performed an on a site assessment of the 
physical condition of the units and have come to the determination the units can 
be certified as a Type B package by the DOE. For the proposed shipment, the 
RTG's have been issued a Certificate of Compliance (CoC) by the DOE certifying 
the units as Type B packages for non-transport. Initially the certificate will not 
allow for transport of the units. DOE has issued an exemption to the transport 
restriction. 

2. Purpose and Need 

The purpose of this study is an assessment of the radiological risks associated 
with the transport of the 10 RTG's from Burnt Mountain Alaska to the NNSS in 
Mercury, Nevada. The RTG units no longer provide enough power to adequately 
power the site and have been replaced by alternative power source. The power 
from the RTG units is currently only used to power the RTG remote monitoring 
system. The intent is to transfer all ten RTG units to the DOE for ultimate 
disposition. Multiple exposure scenarios were evaluated including incident free 
transport and accident/incident scenarios resulting in public exposures. 

The RTG units are located at a remote site in Alaska only accessible by rotary 
wing aircraft. The proposed action is removal of the RTG units from Burnt 
Mountain using helicopter airlift to an airstrip in Alaska. The units will then be 
transported by fixed winged aircraft to an airstrip in Nevada near the DOE facility. 
Lastly, the units will be transported by truck to their final destination in NNSS. 

The alternative action is to leave the RTG units in place. The risks from this 
course of action are no impact. The units are located in a very remote location of 
Alaska and only require minimal maintenance by personnel. The primary reason 
to transfer the RTG units from Burnt Mountain is concerns about their security 
and the potential of forest fires in the area damaging the units. 

3. Hazard Analysis Methodology 

Risk is defined as the combination of two factors: the probability of occurrence 
and the severity of effect. The probability of incident is further subdivided into the 
probability of an incident occurring and the probability a particular incident 
occurs. The product of the two factors is thus probability of a particular incident 
occurring. For example, the probability of a truck accident that releases 
radioactive material would be the product of a truck accident multiplied with the 
probability of the accident being severe enough to release radioactive material. 
Because of the overall low incidence of accidents involving radioactive materials 
involving sources of this type, some of the probability factors are not well known. 
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in some cases these probabilities were estimated using professional judgment 
but in ail cases a reasonable conservative estimate is assumed. Thus this risk 
estimate should be considered an upper bound estimate of the risks involved in 
the transport. 

Quantitative risk assessments were made when feasible. When quantitative 
estimate were not possible qualitative assessments were made based upon peer 
reviewed reports, assessments and professional judgment. Unless otherwise 
noted, reasonable conservative approximations were employed. The result of this 
study is a semi-quantitative risk assessment for transport of the U.S. Air Force 
RTG units. 

This document only assesses the risks of the radiological material in the RTG 
units. The other risks from the transport are not assessed. Fatalities as a direct 
result of vehicle accidents, health and environmental risks from the exhaust of 
vehicles, fuel spills and other such impacts are not assessed as they are 
considered routine to cargo transport occurring on a routine basis across the 
country. When only evaluated as a transport of cargo, such risks are negligible 
when considered with the multitude of similar transports occurring across the 
country daily. Such risks are very well defined and regulated by federal , state and 
local transportation requirements. For these reasons, these risks are considered 
routine and are not evaluated in this document. 

3.1. Probability of Occurrence 

Risk is assessed for both routine incident free transportation and potential 
accidents. For incident free transport, the fractional probability of occurrence is 
assumed to be 1.0. For non-incident free transport the probability of occurrence 
is based upon historical accident statistics when available. The probability of the 
occurrence of a particular accident occurring is difficult to assess. Two accident 
worst case accident scenarios are considered. 

The accident assessment consists of two components: (1) an accident risk 
assessment to determine the likelihood of an accident occurring during transport; 
and (2) an accident consequence assessment that considers the radiological 
consequences to a population group from severe transportation related accidents 
postulated to result in the largest releases of radioactive material. 

3.2. Impact Assessment 

Two types of radiation impacts are considered, the acute effects from high dose 
short duration exposures resulting in immediate health effects and long term 
chronic effects from long term radiation exposures. Acute impacts are measured 
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in the number of fatalities from radiation exposure. Long term effects are 
expressed as the excess number of fatal cancers in the exposed populations. 
These effects combined with the probability of occurrence are a measure of the 
risk associated with the transport. impacts are calculated considering the upper 
bound dose for the maximally exposed individual (MEI). Impacts are calculated 
for both workers and crew involved in the transport and for any members of the 
general public that may be exposed as a result of the transport. 

Radiological impacts are calculated in terms of dose and associated health 
effects in the exposed populations. The radiation dose calculated is the total 
effective dose equivalent (TEDE), as specified in 10 CFR Part 20 ("Standards for 
Protection against Radiation"), which is the sum of the effective dose equivalent 
(EDE) from exposure to external radiation and the SO-year committed effective 
dose equivalent (CEDE) (International Commission on Radiological Protection 
[ICRP], 1977) from exposure to internal radiation. Doses of radiation are typically 
calculated in units of rem (roentgen-equivalent man) or miiiirem (mrem, 1 rem = 
1,000 mrem) for individuals and in units of person-rem for collective populations. 
Federal regulations require individual members of the public not be exposed to 
more than 100 mrem/yr from licensed operations (10 CFR 20.1201 ). 
Transportation workers involved in the shipment of radioactive materials, as well 
as other individuals, such as shipment inspectors, will be monitored by a 
dosimetry program if it is expected they may be exposed to radiation in excess of 
100 mrem/yr. In all cases, doses will be maintained ALARA and at a level well 
below the 5 rem annual limit for radiation workers (10 CFR 20.1201 ). 

The goal of this assessment is to provide estimates of the radiation dose to 
workers and members of the public, which are then converted to estimates of 
health effects for each identified risk. The health effect end point used is 
radiation-induced latent cancer fatalities (LCFs), which are estimated by 
multiplying the dose (person-rem) by health risk conversion factors. These 
factors relate the radiation dose to the potential number of expected LCFs based 
on comprehensive studies of people historically exposed to radiation, such as the 
Japanese atomic bomb survivors. The factors most commonly used in recent 
assessments are 0.0004 LCF/person-rem of exposure for workers and 0.0005 
LCF/person-rem of exposure for members of the general public (ICRP, 1991 ). 
The latter factor is slightly higher because some individuals in the public, such as 
infants, are more sensitive to radiation than the average worker. These factors 
imply if a population of workers receive a total dose of 2,500 person-rem, on 
average, one additional LCF will occur among the workers. Similarly, if the 
general public receives a total dose of 2,000 person-rem, on average, one 
additional LCF will occur. 

3.3. Description of Methodology 
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The methodology for this assessment is based upon several sources. Large 
radiation sources are primarily transported by the Department of Energy and thus 
they provide the most comprehensive methodologies, documentation and 
technical evaluations. The NRG has some additional guidance for the transport of 
spent fuel casks. This additional guidance was incorporated as well. Some of the 
primary documents referenced include: 

• "Recommendation for Analyzing Accidents Under National Environmental 
Policy Act", US Department of Energy, 2002 

• "A Resource Handbook on DOE Transportation Risk Assessment", US 
Department of Energy, July 2002 

• "Recommendations for the Supplement Analysis Process", US 
Department of Energy, July 2005 

• "NUREG 2125, Spent Fuel Cask Transport Risk Assessment", NRC, May 
2012 

Additional details of the methodology and references are included in each 
relevant section. 

The largest risk for the transport is assumed to be a severe aircraft accident in 
route. To assess this risk, multiple modes and routes of transport were 
evaluated. These risks will be used as one factor in selecting the route and the 
mode of transport of the units. Using recent road and aircraft accident data, the 
accident probability for each was calculated for either road or air transport. In all , 
a total of 1095 possible routes were evaluated. 

Although the most severe consequences would occur from an accident, the 
highest probability of occurrence is from an incident free transport. Members of 
the public and federal employees and military members may be exposed to 
radiation as a result of the transport. This assessment makes quantitative 
estimates of these exposures. Based upon the estimated exposures additional 
risk is calculated using the most recent risk factors for radiation exposures. 
Temporary storage in route may be required in the event of delays due to 
weather or other factors such as aircraft maintenance issues. Any risks 
associated with the storage of the RTG during transport were evaluated. These 
risks are calculated for two population groups. The first is occupationally exposed 
individuals who are directly involved in the transport of the units. These 
individuals are the pilots, cargo handling crew, drivers, security and health and 
safety personnel who will participate. The second group is members of the public 
who are incidentally exposed as a result of the transport. 
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Both incident-free and accident scenarios are evaluated. For the incident free 
routine transport, an upper bound collective dose estimate is determined for the 
personnel transporting the units by air. Radiation dose rates are determined 
using recent survey measurements of the RTG units. Conservative transport 
routes and dose rates for crew members are assumed. These dose rates are 
used to determine a collective person dose which is then used to estimate the 
additional LCF probability for the air transport. 

For the accident scenarios, recent aircraft accident data is used to estimate the 
probability of an incident during transport. In the event of a catastrophic aircraft 
accident it is possible the containment of the RTG packaging would be breached 
and radioactive material would be released. The analysis of the airborne release 
from aircraft accidents was evaluated using Hazard Prediction and Assessment 
Capability (HPAC) Version 5.0. Total Effective Dose Equivalent (TEDE) was 
calculated due to inhalation of airborne material and external exposure to the 
material. These represent the major portion of the dose an individual would 
receive as a result of an aircraft accident. HPAC parameters were all set to 
maximize the calculated dose and produce a conservative and bounding 
radiological consequence to the public. 

The following assumptions were applied to the analysis: 

• Although the RTG are not currently certified as Type B packages, they 
meet all the design criteria of a Type B package and thus can be expected 
to meet the Type B package criteria in terms puncture, fire and accident 
resistance. 

• The RTG may be temporarily stored during transport but any such storage 
will be short in duration (less than 2 weeks). 

• No additional shielding is provided by other items within the vicinity of the 
RTGs during storage and transport. 

• The RTG will be transported by ground with each transport vehicle 
transporting 5 RTG at a time. By air, the RTG will be transported as 
follows: CH-4 7 2 per aircraft, C-130 5 per aircraft, C-17 1 O per aircraft. 

4. Air Transport Risk Assessment 

As a baseline for this assessment it is assumed the RTG units will be transported 
using one of the two following routes: 
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ROUTE #1 

• From Burnt Mountain by US Army CH-47F Chinook helicopters to Fort 
Yukon, AK. Each helicopter will carry two RTG units. 

• From Fort Yukon the units will be transported using C-130 Hercules 
aircraft to Eielson AFB, AK. Each C-130 aircraft can transport five RTG 
units. 

• From Eielson the units will be transported using C-17 Globemaster Ill to 
Creech AFB, NV. The C-17 can accommodate ten RTG units. 

• After Creech AFB the units will be transported by ground. 

ROUTE#2 

• From Burnt Mountain by US Army CH-47F Chinook helicopters to Eielson 
AFB, AK. Each helicopter will carry two RTG units. 

• From Eielson the units will be transported using C-17 Globemaster Ill to 
Creech AFB, NV. The C-17 can accommodate ten RTG units. 

• After Creech AFB the units will be transported by ground. 

The above transport scenarios are used as a baseline. These two routes of 
transport are the most viable routes of transport at this time based on cost, 
available facilities, permission of local authorities, fuel and other factors. 
Additional transport scenarios were evaluated but not to the same detail as the 
two routes presented here. For two scenarios, specific probabilities and risk 
values were calculated. For details on the risks associated with each route see 
the included Appendices. 

4.1. Impacts to the Global Commons 

4.1 .1 . Incident-Free Transport 

Transporting the sealed sources from Alaska would result in only minor 
incremental non-radiological impacts. The only anticipated impacts would be the 
emission of exhaust from the combustion of aircraft fuel. The flight would be one 
of more than 30,000 daily air flights by commercial and air cargo airlines that 
occur over the United States (NATCA 2010). Because there would be no release 
of radioactivity under incident-free transport, there would be no radiological 
impacts on the global commons. 
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4.1.2. Transportation Accident 

The analysis of the potential environmental impacts of an accident over the 
global commons assumes the loss of the RTG packages to an aircraft accident 
over water. The analysis further assumes that through either acute or long-term 
processes, the entire contents of the packages would be released into the ocean. 
Impacts to marine life from such an accident would be similar to those discussed 
in the other analyses involving transport over the global commons (DOE 1994a, 
2005). These analyses concluded there could be some loss of marine life 
directly exposed to radioactive material. Yet because of the large volumes of 
water involved, mixing mechanisms, existing background radiation 
concentrations, and radiation-resistance of aquatic biota, the radiological impact 
of an accident would be localized (DOE 1994a, 2005). An accident involving an 
aircraft carrying the sealed sources from Alaska resulting in a crash in the ocean 
was assumed to result in a release of all of the radioactive materials. The 
release could be immediate, but the packaging and containerization of the 
radioactive material would make a gradual failure and release more likely (IAEA 
1993). Whether immediate or gradual, this assessment assumes the release 
would result in the loss of marine organisms near the released material. 

In the event of an accident over land the RTG units would be recoverable. The 
only impact would be if the RTG were breached as a result of the impact. There 
could be impacts to local wild life in the immediate vicinity but long term effects 
would be minimal as any release would be mitigated. 

4.2. Incident-Free Air Transportation 

4.2.1. Incident-Free Air Transport - Probability 

Incident free transport assumes the RTG units are transported according to the 
transport plan with only minimal deviations. This is the most likely scenario. For 
this reason the assumed probability for incident free transport is assumed to be 
unity. 

4.2.2. Incident-Free Air Transport - Ground Operations Impacts 

The air phase of the transport will require ground operations resulting in 
radiological exposures to personnel involved in the transport and potentially to 
members of the general public. Ground operations include: 

• Removal of the RTGs from their storage location at Burnt Mountain 

• Loading and unloading of the RTG units onto and off of aircraft 
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• Temporary staging of the RTG units during transport. 

For route #1, the RTG units will be handled on four separate occasions. At Burnt 
Mountain the units will be removed from their current storage locations and 
loaded onto C-47 Helicopters. Upon arrival at Fort Yukon the units will be placed 
in a secured staging area awaiting transport to Eielson AFB. The units will then 
be loaded onto C-130 aircraft for transport to Eielson AFB. At Eielson AFB the 
RTG units will be placed in a secure remote area for staging. The units will then 
be loaded onto an aircraft and transported to Creech AFB. At Creech AFB the 
units will be removed from the aircraft and staged for a short period of time. They 
will then be loaded on trucks for transport to their final destination at the DOE 
facility. Temporary storage at each location may result due to delays of the 
transport aircraft or as a result inclement weather. 

For route #2, the RTG units will be handled on three separate occasions. At 
Burnt Mountain the units will be removed from their current location and loaded 
onto C-47 Helicopters. Upon arrival at Eielson AFB, the RTG units will be placed 
in a secure remote area for staging. The units will then be loaded onto an aircraft 
and transported to Creech AFB. At Creech AFB the units will be removed from 
the aircraft and staged for a short period of time. They will then be loaded on 
trucks for transport to their final destination at the DOE facility. 

The risk for the ground transport from Creech AFB to the DOE facility is not 
addressed in this assessment. The risk for that phase of the transport is 
considered routine transport and is covered in a separate NNSA EA. See the 
associated EA for additional details. The debarking, staging and loading of the 
RTG on the ground vehicles for transport to the site is evaluated in this 
document. 

For safety and security reasons, members of the public will not be permitted 
access to the any temporary storage area or be allowed near the units during 
transport operations. Under incident-free transport conditions the dose to 
members of the public would be negligible from loading and staging operations 
during the air phase of the transport. Thus, the risk from the air phase ground 
operations, incident free transport of the RTG units to members of the public is 
deemed as no impact. 

The doses from ground operations are summarized in Table 2 and Table 3. 
Details are included as Attachment 6. 
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Table 2: Radiation Doses from Route #1 Ground Operations during the Air 
Phase of Transport 

Location Operation Number of Dose Rate Exposure Time Total 
Personnel (mrem/h) Exposure 

(person-rem) 
Burnt Mountain , Removal and Dose at 1 
AK loading of RTG 4 meter for 1 hours per unit 5.4 X 10.2 

units each unit 
Fort Yukon, AK Unloading and 4 hours 
Eielson AFB, AK Loading of RTG 4 1.5 (2 hours at each 2.4x10·2 

units location) 
Fort Yukon, AK Staging of RTG 360 hours (5 
Eielson AFB, AK Units (Security) 2 0.04 days at each 2.9 X 10.2 

Creech AFB, NV site) 
Creech AFB, NV Unloading and 

Loading on 
4 1.5 4 2.4 X 10 ·2 

Ground 
Vehicles 

TOTAL 1.3 X 10·1 

For route #1 the total dose to personnel from the non-incident air transport 
ground operations is 1.3 x 10·1 person-rem. The total LCF probabi lity from this 
portion of the transport is estimated to be 5.3 x 10·5 or 1 in 19,000 excess cancer 
fatalities for the personnel conducting the transport. 
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Table 3: Radiation Doses from Route #2 Ground Operations during the Air 
Phase of Transport 

Location Operation Number of Dose Rate Exposure Time Total 
Personnel (mrem/h) Exposure 

lnerson-rem) 
Burnt Mountain, Removal and Dose at 1 

5.4 X 10"2 AK loading of RTG 4 meter for 1 hours per unit 
units each unit 

Eielson AFB, Unloading and 
AK Loading of RTG 4 1.5 2 hours 1.2 X 10"2 

units 
Eielson AFB, Staging of RTG 

240 hours (5 
AK Units (Security) 

2 0.04 days at each 1.9 X 10·2 

Creech AFB, 
site) 

NV 
Creech AFB, Unloading and 
NV Loading on 4 1.5 4 2.4x10 ·2 

Ground Vehicles 
TOTAL 1.1 x10·1 

For route #2 the total dose to personnel from the non-incident air transport 
ground operations is 1.1 x 10-1 person-rem. The total LCF probability from this 
portion of the transport is estimated to be 4.4 x 10-5 or 1 in 23,000 excess cancer 
fatalities for the personnel conducting the transport. 

4.2.2.1. Removal and Loading of the RTG units at Burnt Mountain 

It is assumed it will take 4 personnel up to 1 hour to remove each RTG unit and 
load them on the helicopter. Additional time may be required to remove the RTG 
units but it is assumed the personnel will only be required to operate in the 
immediate vicinity of the units for 1 hour. The extended time is due to the 
remoteness of the location and ruggedness of the terrain . It accounts for 
equipment problems or other unexpected delays. The dose rate from each unit 
was measured using an ion chamber during the annual radiation protection 
survey of the units. The dose rate at 1 meter for 4 personnel for 1 hour at each 
unit results in a total estimated dose of 5.4 x 10·2 person-rem. 

4.2.2.2. Loading/Unloading and Staging of RTG Units at Fort 
Yukon 

It is estimated it will take 4 personnel 2 hours to remove the units from the 
aircraft, place the units in the staging location and then reload them on the 
aircraft and secure them for transport. It is assumed it will take 0.5 hours to 
remove and stage the units and 1 .5 hours to inspect, load the units on the aircraft 
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and secure them in place for transport. The average external dose rate from the 
units at 1 meter was used to determine the dose during the transfer operations. 
From these operations the total worker dose would be approximately 2.4 x 10-2 

person-rem. 

During staging security will may be provided 24 hours a day by 2 personnel. 
Assuming they will be approximately 10 meters (33 feet) from the units, the dose 
rate was estimated to be 0.04 mrem/h. Assuming staging lasts 5 days, the total 
collective dose to personnel during staging would be 1.9 x 10-2 person-rem. 

4.2.2.3. Loading/Unloading and Staging of RTG Units at Eielson 
AFB 

It is estimated it will take 4 personnel 2 hours to remove the units from the 
aircraft, place the units in the staging location and then reload them on the 
aircraft and secure them for transport. It is assumed it will take 0.5 hours to 
remove and stage the units and 1.5 hours to inspect, load the units on the aircraft 
and secure them in place for transport. The average external dose rate from the 
units at 1 meter was used to determine the dose during the transfer operations. 
From these operations the total worker dose would be approximately 2.4 x 10-2 

person-rem. 

During staging security may be provided 24 hours a day by 2 personnel. 
Assuming they will be approximately 10 meters (33 feet) from the units, the dose 
rate was estimated to be 0.04 mrem/h. Assuming staging lasts 5 days, the total 
collective dose to personnel during staging would be 1.0 x 10-2 person-rem. 

4.2.2.4. Loading/Unloading and Staging of RTG Units at Creech 
AFB 

Once the RTG units arrive at Creech AFB they will be unloaded from the aircraft 
and placed into the staging location for at least 24 hours. They will then be 
loaded onto trucks for transport to the DOE site. The risk assessment of the 
ground transport of the units is addressed in a separate section of this document. 
The risk from the loading and unloading is addressed here. It is assumed it will 
take 4 personnel 1 hours to unload the units and place them in the staging 
location. It is assumed the units will be stage up to 5 days at the location. It is 
estimated it will take 4 personnel 3 hours to load them onto trucks for transport. 
An average dose rate at 1 meter of 1 .5 mrem/h was used as a conservative 
estimate for the dose rate. The total dose from this operation would be 2.4 x 1 O -2 

person rem. 
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During staging security may be provided 24 hours a day by 2 personnel. 
Assuming they will be approximately 10 meters (33 feet) from the units, the dose 
rate was estimated to be 0.04 mrem/h. Assuming staging lasts 5 days, the total 
collective dose to personnel during staging would be 1.0 x 10-2 person-rem. 

4.2.3. Incident Free Air Transport - Air Operations Impacts 

The phase when the units have been loaded onto the aircraft for transport until 
the process of unloading the units is termed air operations. During this phase 
occupational workers (flight crew) have the potential to be exposed to radiation 
from the units. Members of the public will be far enough away exposures will be 
negligible. Thus there is no impact to members of the public from air operations. 

For this assessment the baseline transport routes were assumed as the nominal 
risk. The following assumptions were made: 

• The flight time of each aircraft was determined by dividing the flight 
distance by the block aircraft speed. An additional 60 minutes was added 
to account for taxing, flight routing or other delays. 

• The RTG were loaded in the configurations that resulted in the highest 
overall dose to the crew. 

• Each aircraft will have 5 crew members, a pilot, copilot, 2 flight crew and 1 
radiation protection monitor/observer. 

• The dose to all crew members was assumed to be equal to the maximum 
dose to any crew member 

Table 4: Baseline Route #1 Routing and Shipping Data Used for Crew 
Nominal Dose Estimate 

Minimum 
Aircraft RTG's per Aircraft Distance of Travel Time of Travel Distance from 

Crew to RTG's 
61 miles 

CH-47 2 Burnt Mountain to 1.9 hours 1 o feet 
Fort Yukon 
142 miles 

C-130 5 Fort Yukon to 1.4 hours 15 feet 
Eielson AFB 
2332 miles 

C-17 10 Eielson AFB to 5.6 hours 15 feet 
Creech AFB 
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Table 5: Baseline Route #2 Routing and Shipping Data Used for Crew 
Nominal Dose Estimate 

Minimum 
Aircraft RTG's per Aircraft Distance of Travel Time of Travel Distance from 

Crew to RTG's 
203 miles 

CH-47 2 Burnt Mountain to 3.1 hours 1 O feet 
Eielson AFB 
2332 miles 

C-17 10 Fort Yukon to 5.6 hours 15 feet 
Creech AFB 

The dose rate and total dose for each route #1 aircraft leg is listed in Table 6. 
The upper bound total person dose was estimated to be 3.0 x 10-2 person-rem. 
The upper bound latent cancer fatality risk was estimated at 1 .2 x 10-5 or the 
probability of 1 in approximately 82,700 of an LCF among the crew as a result of 
the transport for route #1 . 

Table 6: Baseline Route #1 Upper Bound Radiation Doses and Probability 
of Latent Cancer Fatalities for Air Transport of RTG's 

Aircraft Maximum Dose Rate to Total Dose to Crew LCF Crew (rem/hr) (person-rem) 
CH-47 5.0 X 10.4 1.3 X 1 o·.: 5.4x1ff,; 
C-130 2.9 X 10." 3.4 X 10-J 1.4 X 10·0 

C-17 4.7 X 10·4 1.3 X 10·< 5.3x1ff0 

Total 3.0 X 10-~ 1.2 X 1ff~ 

The dose rate and total dose for each route #2 aircraft leg is listed in Table 7. 
The upper bound total person dose was estimated to be 3.5 x 10·2 person-rem. 
The upper bound latent cancer fatality risk was estimated at 1.4 x 10-5 or the 
probability of 1 in approximately 70,500 of an LCF among the crew as a result of 
the transport for route #2. 

Table 7: Route #2 Upper Bound Radiation Doses and Probability of Latent 
Cancer Fatalities for Air Transport of RTG's 

Aircraft Maximum Dose Rate to 
Crew (rem/hr) 

CH-47 5.0 X 10.4 

C-17 4.7x1ff" 
Total 

Details are included as Attachment 7. 

4.3. Air Transport Accidents 

Total Dose to Crew 
(Derson-rem) 

2.2 X 10·< 
1.3 X 1 ff< 
3.5 X 1ff" 

Fer Official I Isa Pei)( 

LCF 

8.9 X 10.0 

5.3 X 10·0 

1.4 X 1 o·" 
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4.3.1. Probability of Air Transportation Accidents 

On an annual basis the Air Force Safety Center produces mishap statistics for all 
aircraft in the Air Force inventory. The Army produces similar numbers for Army 
Aircraft including the CH-47. These statistics are included as Attachment 4. An 
assessment was conducted and multiple potential routes for transferring the 1 O 
RTG from Burnt Mountain to the DOE site in Nevada were identified. Additionally, 
multiple airframes have been identified for transport during various legs of the 
transport. These aircraft include the CH-47F Chinook helicopter, C-130 Hercules, 
C-5 Galaxy and the C-17 Globe Master. 

There are multiple alternative routes possible from Burnt Mountain, AK to NNSS. 
Many of the routes involve consideration beyond the scope of this document. 
Factors include state and local approval, cargo handling facilities, aircraft 
maintenance availability and security. Because of these other factors, the goal of 
this document is not to identify a shipping route but only to assess the risk 
associated with the transport. A multitude of routes were considered even if not 
practical for other reasons. Combining all of the possible route combinations with 
the capable aircraft results in 876 possible route and aircraft combinations. 

The probability of a mishap occurring is based upon the likelihood of an aircraft 
accident occurring factored with the probability the accident will be severe 
enough to result in the release of radioactive material. Not all mishaps would 
result in a breach of one or more RTG units. The AF categorizes aircraft 
accidents as Class A when there is more than $1 million in damages or a fatality 
occurs. It is likely any mishap would damage the RTG to such an extent that 
radioactive material is released would result in significant damage to the aircraft. 
Thus, the statistics for Class A mishaps are used to determine the risk of an 
aircraft accident is severe enough to have the potential to result in the breach of 
the source containment. Using the 2013 Air Force Safety Center aircraft mishap 
data for Class A aircraft accidents and data provided by the Army, the probability 
of an accident ranges from 1 .2 x 1 0·3 to 4.4 x 10-4 for all of the possible routes 
considered. Attachments 1, 2, and 3 include details of the risks for each 
individual route and the exact parameters used to calculate the risk values. Many 
of these routes are not feasible for reasons beyond the scope of this document. 
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Table 8: Probability of Class A Flight Accident for Route #1 

Route Aircraft Flight Miles / Probability of Adjusted Probability of 
Sorties Accident Accident with Release2 

Burnt Mountain, AK -+ Fort CH-47 305 miles / 5 1.2 X 10·4 1.2 X 10·6 
Yukon , AK sorties 
Fort Yukon, AK -+ Eielson C-130 284 miles / 2 2.2 X 10'6 1.2 X 10·7 
AFB sorties 
Eielson AFB -+ Creech AFB C-17 2332 miles / 1 2.7 X 10·5 1.3 X 10"6 

sorties 
Total 1.4 X 10"" 2.6 X 10.0 

Table 9: Probability of Class A Flight Accident for Route #2 

Route Aircraft Flight Miles / Probability of Adjusted Probability of 
Sorties Accident Accident with Release3 

Burnt Mountain, AK -+ Fort 
CH-47 

1015 miles / 5 3.8 X 10·4 3.8 X 10"6 
Yukon, AK sorties 
Eielson AFB -+ Creech AFB 

C-17 
2332 miles / 1 

2.7x10"5 1.3 X 10·6 

sorties 
Total 4.1 X 10"" 5.2 X 10"0 

The risk from the helicopter portion of the transport dominates the probabilistic 
risk of an accident. This is a result of the increased accident probability for rotary 
wing aircraft. 

Numerous accident scenarios are possible including an aircraft accident over a 
non-populated area, an aircraft accident over a high density population area, an 
aircraft accident over the ocean. For this assessment only a representative few 
were evaluated to assess the magnitude of the impacts. Worst case upper bound 
accidents were selected. 

4.3.2. Impact from Air Transportation Accidents 

The RTG packaging is very robust. An accident would have to place extreme 
stress on the package to result in a rupture that would release a significant 

2 The risk of a release of radioactive material from an RTG breech is assumed to be 0.05 during a class A 
fixed wing aircraft accident and 0.01 for a class A rotary wing aircraft accident. 

3 The risk of a release of radioactive material from an RTG breech is assumed to be 0.05 during a class A 
fixed wing aircraft accident and 0.01 for a class A rotary wing aircraft accident. 
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amount of material. It is difficult to estimate the probability of this occurrence. 
Type B packages are designed to withstand potential accidents during transport. 
They are designed to withstand 2 drops from a height of 9 meters (50 km/h) onto 
an unyielding surface and to withstand an 800QC fire for 30 minutes. Based upon 
other reports examined, the robustness of the RTG packaging, professional 
judgment and examination of the Type B package design requirements, it was 
estimated the probability of an RTG being breeched during a class A fixed wing 
aircraft accident was 0.05. For rotary wing aircraft speeds and altitudes are 
typically much lower likely resulting in a lower probability of severe RTG damage. 
Additionally, only 2 RTG units will be carried on each aircraft further reducing the 
probability. For rotary wing aircraft, a probability of 0.01 for release of material 
from an RTG was assumed. 

As an upper bound risk assessment two accident scenarios were considered, the 
crash of a CH-47 at in an urban area and the crash of a C-17 in a dense urban 
area. 

Accident Scenario #1: While on approach a CH-47 suffers a catastrophic failure 
and crashes in an urban area. The helicopter is assumed to be carrying 2 RTG 
units. With a probability of 0.01 that one of the two RTG units is severely 
damaged releasing radioactive material resulting in exposure of the surrounding 
population. The force of the crash and the subsequent fire results in airborne 
transport of the source material. For this accident scenario an additional factor of 
0.4 is applied as well. This is due to the fact a majority of the transport route by 
helicopter is primarily over undeveloped wilderness. Based upon a Boeing study, 
approximately 36% of all aircraft accidents occur during final approach and 
landing (Boeing 2013) . 

Accident Scenario #2: While on approach a C-17 crashes into a nearby urban 
area. With a probability of 0.05 the crash is severe enough to breech 3 of the 10 
RTG units the aircraft is carrying. Much of the route from Eielson is over 
unpopulated areas. However, both the landing and takeoff points are over urban 
centers, so no additional modifier is applied in this case. 

The following assumptions were made regarding the accidents: 

• The radiological impacts are independent of the type of aircraft except for 
the quantity of material transported and the speed of the aircraft on 
impact. The radiological impacts are a function of the plume heat energy, 
plume height, plume duration, the fraction of the radiological materials 
released to the environment as respirable particles, the population 
distribution surrounding the accident, the number of RTG units involved 
and meteorological conditions. 
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• Only acute hazards are assessed as they are deemed as the most 
impactful. Long term risks to the food supply, local wildlife, and long term 
exposure of the local populace is not considered. The risks are either 
considered small in relation to the short term exposure or would be 
mitigated by control measures and remediation of the material released. 

Radiological impacts were calculated as follows: 

• Population doses and risks were calculated for the population estimated to 
be within 80 kilometers (50 miles) of the accident site. 

• Individual doses and risks were calculated for a maximally exposed 
individual (MEI), a hypothetical individual member of the public who would 
likely receive the maximum dose from an accident. Members of the public 
(including airport workers) could be near the crash location, hence a 
distance of 100 meters (330 feet) from the accident site was assumed. 

• The impacts of an accident on the aircrew are not evaluated quantitatively. 
No adequate method exists for calculating meaningful consequences at or 
near the location where the accident might occur. 

The analysis of the impact from these accidents were conducted using the 
Defense Threat Reduction Agency (DTRA) Hazard Prediction and Assessment 
Capability (HPAC) Version 5.0. Doses were calculated due to inhalation of 
airborne material and external exposure to the passing plume. These represent 
the major portion of the dose an individual would receive as a result of an aircraft 
accident. HPAC input parameters were all set to maximize the calculated dose 
and produce a conservative and bounding radiological consequence to the 
public. 

The Sr-90 is in the form of strontium titanate. An aircraft fuel fire would not be 
expected to melt the strontium titanate. JP-8 burns at a temperature of 260-315 
QC (500 - 599 QF) far below the melting point of strontium titanate which has a 
melting point of 2080 QC (3776 QF). Thus it is not expected an aircraft fuel fire 
would disperse respirable particles of strontium-90 because of its high melting 
point (American Elements 2010). The only viable release fraction would be as a 
result as impaction stress release or fracturing of the source during impact. 
HPAC uses experimental data from Department of Energy (DOE) on the 
dispersion of radiological sources dispersed using explosives. Although the 
HPAC data is not based on aircraft accidents, the energy released in a large 
aircraft accident is similar to that released during an explosive detonation. The 
DOE included data included experimental data on sealed sources. The RTGs are 
extremely robust sealed sources. They also meet the design requirements of a 
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Type B() package. The model used to estimate the release of material is for only 
a sealed source and does not account for the Type B() designation. Thus, to 
account for this, the amount of material potentially released in each RTG was 
reduced by a factor of 10. This is likely a very conservative estimate. 

Exposure to radioactive materials typically has two exposure routes both internal 
and external. Sr-90 and Y-90 are both pure beta emitters. Betas may produce 
bremsstrahlung radiation when interacting with dense materials which can result 
in an external dose. In fact, this is the primary source of radiation exposure from 
an intact RTG unit. However in the event of an aircraft accident the external dose 
from bremsstrahlung will be trivial in comparison to the dose from internal 
inhalation of airborne respirable particles. The HPAC code models all of these 
exposures. 

4.3.2.1. Potential Impacts of Accident #1 

For accident scenario #1 a CH-4 7 crashes on approach in a nearby densely 
populated area. The CH-47 is carrying 2 RTG units. The force of the impact is 
sufficient to breach the RTG units and release radioactive materials. The HPAC 
code provided the following exposure groups based on population density and 
the quantity of material released. Total Effective Dose Equivalent (TEDE) was 
calculated for a 30 day period for the exposed population. It is assumed that any 
area where the populace would receive greater than 1 rem of dose over the next 
30 days would be evacuated until the area was remediated. 

Table 10: Collective Dose from Accident Scenario #1 

Dose Range (rem) Number Exposed Total Dose 
(oerson-rem) 

>100 15 NA 
50 · 100 22 NA 
10 · 50 47 NA 
5 · 10 67 NA 
1 · 5 182 182 
0.5 - 1 318 159 
0.1 - 0.5 1283 128.3 
0.05 · 0.1 2342 117.1 
0.01 - 0.05 12371 123.71 
Total 710 

Table 1 O shows the collective dose for the potentially exposed population. The 
total population dose is then 71 Orem. This results in an LCF of 0.35 or 1 in 2.8 
chance of an excess cancer. 
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Population in the immediate area of the crash may receive a high radiation dose. 
However, it is likely anyone in the immediate vicinity would not survive the effects 
of the crash. Fatalities as a result of the crash including crew and population are 
not considered in this assessment as this assessment only includes additional 
risk as a result of potential exposure to radiological materials. 

4.3.2.2. Potential Impacts of Accident Scenario #2 

For accident scenario #1 a C-17 crashes on approach in a nearby densely 
populated area. The C-17 is carrying 1 O RTG units. The force of the impact is 
sufficient to breach the RTG units and release radioactive materials. The HPAC 
code was used to calculate the dose for exposure groups based on population 
density and the quantity of material released. Total Effective Dose Equivalent 
(TEDE) was calculated for a 30 day period for the exposed population. It is 
assumed that any area were the populace would receive greater than 1 rem of 
dose over the next 30 days would be evacuated until the area was remediated. 

Table 11: Collective Dose from Accident Scenario #2 

Dose Range (rem) Number Exposed Total Dose 
(oerson-rem) 

>100 128 NA 
50 - 100 187 NA 
10 - 50 482 NA 
5 - 10 781 NA 
1 - 5 2575 2575 
0.5 - 1 4086 2043 
0.1 - 0.5 18355 1835 
0.05 - 0.1 33761 1688 
0.01 - 0.05 105683 1056 
Total 9198 

Table 11 shows the collective dose for the potentially exposed population. The 
total population dose is 9198 rem. This results in an LCF of 4.6 or approximately 
5 excess cancers in the exposed population. 

Population in the immediate area of the crash may receive a high radiation dose. 
However, it is likely anyone in the immediate vicinity would not survive the effects 
of the crash. Fatalities as a result of the crash including crew and population are 
not considered in this assessment as this assessment only includes additional 
risk as a result of potential exposure to radiological materials. 

4.3.3. Uncertainty 

The assessment of RTG impacts has significant uncertainties. The probability of 
the RTG units being breached and the subsequent quantity of material released 
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being the most significant. It is difficult to assess these quantities. In this 
assessment professional judgment and values from other sources are used. It 
should be noted the other sources are only based upon professional judgment as 
well and not empirical data. There is likely significant uncertainty in these values. 

The RTG units were designed as NRG Type B packages and can withstand 
significant stress before they would be breached. Additionally, they are designed 
to fail gracefully. If they were to breach they would only release a small fraction of 
material. The forces in an aircraft crash can be significant. The amount of energy 
released in an air crash is estimated to be on the order of 5 x 1011 J. This is the 
equivalent of 100 tons of TNT. Thus, the possibility of breach cannot be 
discounted. 

There are many unknowns in this assessment and several best guess 
professional judgments were made. As stated, this assessment is a worst case 
estimate of the impacts of a severe aircraft crash. Judgments were always made 
on the side of caution. 

4.3.4. Discussion of Impacts 

The form of the material used in the RTG units significantly reduces the potential 
impacts from a release of material. The extremely high melting point of the 
ceramic Sr-90 significantly reduces the potential impacts. A fire from aircraft fuel 
would not be nearly hot enough to vaporize the Sr-90 and thus particles are only 
transported as a powder after fracturing as a result of the initial impact. Thus, the 
range of transport is limited in comparison to other materials with lower melting 
points. When evaluated in conjunction with the probability of an aircraft accident, 
the risk to the population is minimal. 

In the event of a release a significant area would be contaminated with Sr-90. In 
the case of the C-17 accident this could include tens of square miles. Most of this 
area would need to be mitigated before it could be reoccupied. The cost of such 
mitigation and the economic impact would be significant. The evaluation of such 
impacts is beyond the scope of this document. The initial health consequences of 
such an accident would be dominated by the injuries and fatalities as a result of 
the crash. The release of the radioactive material would have relatively 
insignificant health consequences. 

5. Analysis Summary 

Table 12 summarizes the results of the risk analysis performed. For details of the 
methodology and results refer to the corresponding sections. 
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Table 12: Summary or RTG Transportation Risk 

Risk to the Global Commons 

Event Probability of Impact of Occurrence Notes 
Occurrence 

Incident-Free Air No additional impact 
Transport of the RTG 1.0 except that normally 
impact and risk to the associated with air 
qlobal commons transport 
Aircraft accident risk to 

Fatalities among local 
the global commons (at 

2.6 X 10'6 - 5.2 X 10"6 marine life 
sea, populated areas No measureable long 
refer to aircraft 
accidents below) 

term effects 
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Route #1 Burnt Mountain -> Fort Yukon ·> Eielson AFB -> Creech AFB 

Incident-free air 
5.3 x 10·0 LCF Ground 

transport risk to 6.5 X 10.5 6.5 X 10·5 Loading/Unloading 
1.0 

occupational LCF LCF 1.2 x 10·5 LCF Storage 
workers 

Aircraft Transport 

Incident-free air The assumption is made 

transport risk to 
that members of the 

members of the 1.0 No Impact No Impact general public will not be 

general public 
exposed during air 
transport 

Severe aircraft 
accident scenario 

Fatal to all aircraft 
It is assumed that any 

#1 CH-47 accident 
crew and 

accident significant 
during transport - 1.2 X 10.6 

passengers 
No lmpact4 enough to result in a 

Risk to radiological release would 
occupational be fatal to the aircrew 
workers 
Severe aircraft 
accident scenario 
#1 CH-47 accident 1.2 X 10·6 0.35 4.2 X 10·7 

during transport - LCF LCF 
Risk to members of 
the qeneral public 
Severe aircraft 
accident scenario 

Fatal to all aircraft 
It is assumed that any 

#2 C-17 accident crew and accident significant 
during transport - 1.3 X 10"6 No lmpact4 enough to result in a 
Risk to passengers radiological release would 
occupational be fatal to the aircrew 
workers 
Severe aircraft 
accident scenario 
#1 C-17 accident 1.3 X 10"6 4.6 6.1 x10·5 

during transport - LCF LCF 
Risk to members of 
the qeneral oublic 
TOTAL 7.1 x 10·~ LCF 

4 
Although an aircraft accident severe enough to breach the RTG units would be fatal to the aircrew and 

passengers, the fatalities would be a result of the accident itself and not a result of the radiological material 
being transported. For this reason the risk to the aircrew is considered routine and is not an additional risk 
as a result of transporting the RTG units and is not considered in this assessment. 
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Fixed Wing 

Fixed Wing 
Accident - Public, 

6.lOE-06 Accident­
Occupational,-- - ---::. 

7.90E-06 

Helicopter Accident 
- Public, 4.20E-07 

Helicopter Accident 
- Occupational, 

7.20E-06 

Incident Free 
Transport -

Occupational, 
6.47E-05 

Figure 6: Relative Risks of Route #1 
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Route #2 Burnt Mountain -> Eielson AFB -> Creech AFB 

Incident-free air 
4.4 x 10·0 LCF Ground 

transport risk to 5.8 X 10.5 5.8 X 10·5 Loading/Unloading 
1.0 occupational LCF LCF 

1.4 x 10·5 LCF Storage 
workers Aircraft Transport 

Incident-free air 
The assumption is made 

transport risk to that members of the 

members of the 
1.0 No Impact No Impact general public will not be 

general public 
exposed during air 

transoort 
Severe aircraft 
accident scenario It is assumed that any 
#1 CH-47 accident Fatal to all aircraft accident significant 
during transport - 3.8 X 10-6 crew and No lmpact5 enough to result in a 
Risk to passengers radiological release would 
occupational be fatal to the aircrew 
workers 
Severe aircraft 
accident scenario 
#1 CH-47 accident 3.8 X 10·5 0.35 1.3 X 10·6 

during transport - LCF LCF 
Risk to members of 
the general public 
Severe aircraft 
accident scenario It is assumed that any 
#2 C-17 accident Fatal to all aircraft accident significant 
during transport · 1.3 X 10.6 crew and No lmpact5 enough to result in a 
Risk to passengers radiological release would 
occupational be fatal to the aircrew 
workers 
Severe aircraft 
accident scenario 
#1 C-17 accident 1.3 X 1 o·G 

4.6 6.0 X 10-6 

during transport · LCF LCF 
Risk to members of 
the Qeneral public 
Total 6.5 x 10·0 LCF 

5 Although an aircraft accident severe enough to breach the RTG units would be fatal to the aircrew and 
passengers, the fatalities would be a result of the accident itself and not a result of the radiological material 
being transported. For this reason the risk to the aircrew is considered routine and is not an additional risk 
as a result of transporting the RTG units and is not considered in this assessment. 
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Figure 7: Relative Risks of Route #2 

6. Results and Conclusions 

Incident Free 
Transport -

Occupationa l, 5.82E­
os 

The total risk of a fatali ty from transport of the RTG units for the two routes of 
transport considered was 7.1 x 10-5 for route one and 6.5 x 10-5 for route 2. This 
equates to a risk of about 1 in 10,000. The risk is a result of latent cancer 
fatalities. Considering the uncertainty associated with this assessment, the 
difference in risk between the two routes is negligible. 

The most significant risk from radiological exposures as a result of RTG transport 
is the exposure of the occupational workers during incident free transport. 
Although, the impacts from an accident in route would be significant, the 
probability of such an accident occurring is very small resulting in a total risk 
smaller than the incident free transport. The potential economic impacts from 
such an accident could be severe and the transport plan for this operation should 
take this into consideration. Flight routes should avoid populated areas as much 
as practical. 

Based on this assessment, the additional risks from radiological materials as a 
result of transport of the RTG units from Burnt Mountain, AK to the NNSA site are 
minimal. 
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further disposition. Three alternative actions were selected for analysis: 
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Yukon, AK, by CH-47 Chinook helicopters; from Fort Yukon to Eielson Air Force Base 

(AFB), AK, by C-130 Hercules; from Eielson AFB to Creech AFB, Nevada (NV), by C-17 
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• No-Action Alternative: The 10 RTGs would remain in place at Burnt Mountain, AK. 
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under routine incident-free operating conditions. Although the probabilities of an aircraft 
accident are extremely small, should an accident occur, there is the potential for radiological 
release and exposure to humans and the environment. 
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1.0 PURPOSE AND NEED 

1.1 PURPOSE AND NEED 

The purpose of the action alternatives described in this document is for the U.S. Air Force 
(USAF) to transport ten (10) strontium-90 (Sr-90) radioisotope thermoelectric generators (RTGs) 
from their current location at Burnt Mountain, Alaska (AK), to the Nevada National Security Site 
(NNSS) in southern Nevada (NV) for disposition (Figure 1-1). A study in 2011 by Teledyne 
Energy Systems, Inc. (Teledyne) determined the current output of the RTGs is insufficient to 
satisfy the USAF mission requirements (Teledyne, 2011). The RTGs are now considered excess 
materials, requiring transfer for temporary storage and disposition. The U.S. Department of 
Energy (DOE) has agreed to accept the RTGs at NNSS. The USAF is proposing the RTGs be 

removed from Alaska in the summer of 2015 because they are no longer used other than to 
provide power to monitor their own security. 

DOE's acceptance of the RTGs is based on a 1987 Report to Congress (DOE, 1987) that states 
DOE would select a long-term storage location to accommodate up to 50 Sr-90 RTGs, as 
required under the Low-Level Radioactive Waste Policy Amendments Act of 1985 (Public Law 
99-240). The source material used to power the RTGs was initially derived from DOE 
radioactive material. The NNSS, formerly the Nevada Test Site, received the first shipment of 
RTGs on May 19, 2004. The NNSS has received an additional 5 shipments for a total of 30 
RTGs (Geisinger, 201 1). 

IAW U.S. Nuclear Regulatory Commission's (NRC) security regulations, 10 Code of Federal 

Regulations (CFR) Part 37, requires much of the info1mation regarding the RTGs to be 
categorized as sensitive unclassified non-safeguards information (SUNS!). SUNS! is generally 
not publicly available and encompasses a wide variety of categories, including detailed 
infom1ation surrounding certain categories of radioactive material. This document contains 
SUNS! and should be handled IA W NRC guidance. 

This Environmental Assessment (EA) evaluated all alternatives and examined three reasonable 

alternatives in detail: two action alternatives and the No Action Alternative. The action 
alternatives, Alternatives 1 and 2, would meet the USAF's need to remove the RTGs from Burnt 

Mountain and return responsibility for the RTGs to DOE as specified under Public Law 99-240. 
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Figure 1-1 
Alternative Routes from Burnt Mountain to NNSS 
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1.2 BACKGROUND 

This section provides background info1mation regarding the USAF's alternatives for the 
transport of 10 Sr-90 RTGs to the NNSS. The Air Force Technical Applications Center 
(AFT AC) is developing this EA in consideration of the National Environmental Policy Act 

(NEPA) o/1969 (Public Law 91 -190, 42 United States Code [U.S.C.], 4321-4347), the Council 
on Environmental Quality (CEQ) NEPA Regulations (40 CFR Parts 1500- 1508) as amended, 
and USAF procedures set forth in 32 CFR Part 989. The purpose of this EA is to provide 
sufficient evidence and analysis to issue a Finding of No Significant Impact (FONSI) or to 
determine if an Environmental Impact Statement (EIS) is needed. 

The USAF operates an unattended seismic observatory at Burnt Mountain, AK, in the Yukon 
River Valley. It is a remote area approximately 62 miles (mi) (100 kilometers [km]) north of the 
Arctic Circle; 50 mi (80 km) from the closest village and nearest airport. Access to the site is by 
helicopter only, as no roads exist in the area. The data collection and communications equipment 
at the observatory were powered by 10 RTGs until an alternate power station was installed in 
2000. The USAF is the current custodian of the 10 RTGs, which were developed under the 
Atomic Energy Commission's (AEC) "Beneficial Uses of Radioactive Material" program. The 
RTGs use the heat from the decay of Sr-90 to generate electricity and are often used in remote 

locations. The RTGs at Burnt Mountain were used by AFTAC to generate the electricity to 
operate and maintain the Burnt Mountain Seismic Array, which was implemented to verify 

international compliance with nuclear weapons testing treaties. The 10 RTGs are located at the 
array system's five remote seismic sensor sites, identified as sites BMOl , BM02, BM03, BM04, 

and BM05 (Figure 1-2). Each site contains a shed with two RTGs mounted on a 
forklift-compatible steel pallet (Figures 1-3 and 1-4). 

A 35,000-acre (142-square-kilometer [km2
]) tundra fire caused damage to data cables at one of 

the five RTG storage sites at Burnt Mountain in 1992 (U.S. Congress, 1994). Although the fire 
burned to within 100 yards (91 meters [m]) of the RTG site, no damage occurred to the RTGs, 
and no release of radioactive materials resulted. However, local residents were alarmed to learn 
of the RTGs and speculated about the potential for nuclear contamination should the RTGs be 
damaged by fire or other mishap. The report states Alaska Senator Frank Murkowski requested 
the USAF conduct a site visit, public meetings at Fort Yukon, Arctic Village and Venetie, and an 
assessment of alternative power sources. In response to the request for an assessment, the USAF 
prepared a report titled Power Assessment for the Burnt Mountain Seismic Array Observatory 

(Lamp, 1994). Senator Murkowski and Senator Ted Stevens also requested the U.S. Congress 

Office of Technology Assessment conduct an independent review of power supply alternatives, 
which resulted in the report titled Background Paper: Power Sources for Remote Arctic 

Applications (U.S. Congress, 1994). These reports concluded that continued use of the RTGs 
entails low risk for the safety of maintenance workers, local populations, and the environment. 
The Congressional report stated "continued use of the RTGs is clearly the safest, most reliable, 
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economical approach to supplying electrical power to the Burnt Mountain Seismic Array 
Observatory." USAF officials subsequently recommended the RTGs continue to be used at Burnt 

Mountain to the end of their useful lives. The RTGs were used to supply electrical power to the 
seismic airay until 2000, when an alternate power source was installed. The RTGs do not 
contribute to the operational mission of the array. 

Figure 1-2 

Burnt 
Mountain 

• BM01/ 
/ 1 BM04 

J BM05 

e BM02 

Location of Five RTG s in Alaska (Burnt Mountain Sites) 

The RTGs are approximately 2 feet (ft) in diameter and 3 ft tall. These units weigh from 1 to 
2 tons each, including their housing and extensive shielding. These units generated about 
500 watts of electricity. As a power source, they are reliable, virtually maintenance free, and 
capable of withstanding the harsh environmental conditions of Alaska. A more detailed 

description of the RTGs is provided in Appendix A of this EA. 
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Figure 1-3 
RTG Storage Shed and Fenced Area 

The USAF, current holder of the 10 RTGs at Burnt Mountain, maintains the license issued by the 
NRC for possession and use. AFT AC possesses a USAF permit issued by the USAF 
Radioisotope Committee (RIC) to operate the RTG under the Air Force License. AFT AC is 
responsible for complying with both NRC and RIC requirements. The source material used to 
power the RTGs originated from the AEC, predecessor to the DOE. As such, DOE is the entity 
responsible for the ultimate disposition of the RTGs at the NNSS. The NNSS has agreed to 
accept the RTGs for further disposition. 
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Figure 1-4 
Two RTGs on Metal Pallets 
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1.3 SCOPE OF THE EA 

The scope of the EA includes the transpo11 of 10 Sr-90 RTGs using rotary-winged aircraft and 
fixed-wing aircraft from Burnt Mountain, AK, to Creech Air Force Base (AFB), NV. At Creech 

AFB, the RTGs would be transferred to a flatbed truck for transport to the NNSS. Creech AFB is 
located in close proximity (approximately 20 mi) to the NNSS, minimizing transport via public 
highway. Sandia National Laboratories (SNL) would take ownership of the RTGs on behalf of 
DOE at Gate 100 of the NNSS. The transportation and disposition of radioactive material at the 
NNSS is evaluated in the Final Site-Wide Environmental Impact Statement.for the Continued 

Operation. of the Department of Energy/National Nuclear Security Administration Nevada 

National Security Site and Off-Site Locations in the State of Nevada, which will be refen-ed to as 
the NNSS Site-Wide Environmental Impact Statement (NNSS SWEIS) for the remainder of this 
document (DOE, 2013b). 

This document provides a detailed assessment of the following reasonable alternatives: 

• Alternative 1: The 10 RTGs would be transported from Burnt Mountain, AK, to the 
NNSS RWMC in southern Nevada for further disposition. The RTGs would be 
transported from Burnt Mountain to Fort Yukon, AK, by CH-47F Chinook helicopters; 
from Fort Yukon to Eielson AFB, AK, by C-130 Hercules; from Eielson AFB to Creech 
AFB, NV, by C-17 aircraft; and from Creech AFB to the NNSS by truck. 

• Alternative 2: The 10 RTGs would be transported from Burnt Mountain, AK, to the 
NNSS RWMC in southern Nevada for further disposition. The RTGs would be 
transported from Burnt Mountain to Eielson AFB, AK, by CH-47F Chinook helicopters; 
from Eielson AFB to Creech AFB, NV, by C-17 aircraft; and from Creech AFB to the 
NNSS by truck. 

• No Action: Sr-90 RTGs Remain in Place. Under the No Action Alternative, the 
10 RTGs at Burnt Mountain would be left in place at Burnt Mountain. 

1.4 PUBLIC INVOLVEMENT 

This EA was not issued for public comment pursuant to federal regulations. This EA contains 
non-releasable 10 CPR § 2.390 information and Sensitive Unclassified Security-Related 
Information, which is not releasable to members of the public and encompasses a wide variety of 
categories, including detailed information concerning radioactive material. 
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2.0 DESCRIPTION OF ALTERNATIVES 

The section describes two reasonable alternatives and the No Action Alternative evaluated in this 
EA. Alternatives considered but not carried forward for further analysis, and the relationship to 
other USAF/DOE actions and programs are also described in this section. 

Application of the following evaluation criteria narrowed the transportation routes to be included 
in the action alternatives: 

• Minimizing risk to personnel and the environment due to a remote and rugged location. 

• Minimizing risk factors to the safe transport of the RTGs. 

• Using U.S. Department of Defense (DoD) - or DOE-operated airfields to the maximum 
extent possible. 

• Minimizing the length of transport over public highways. 

The RTGs are currently stored at Burnt Mountain in storage sheds. During transport to the 
NNSS, the RTGs would be temporarily staged at various locations. Before removal and 
transport, the RTGs would be prepared for shipment in accordance with DoD and Federal 
guidelines. This means the RTGs would be packaged, marked, and labeled as required by law. 
The RTGs were previously certified by the NRC as Type B packages IA W 10 CFR Part 71. 

Under DoD and Federal guidelines, the RTGs must be shipped in a Type B container because of 
the quantity of the radioactive material. A Type B container is able to withstand tests simulating 
normal shipping conditions, is able to withstand severe accident conditions without releasing its 
contents, and provides shielding against radiation. The NRC certification of the container has 
expired. For reasons beyond the scope of this document, the NRC will no longer extend the 
certification of the containers. In 2011 Teledyne Energy Systems performed an engineering 
evaluation of the RTGs and determined the units are " in original transport condition". 
Additionally, in 2014 DOE perfo1med a safety evaluation and concluded, "the packages meet the 
structural requirements of 10 CFR Part 71." The USAF will transport the RTGs in accordance 
with DoD and Federal transportation regulations. Included in this effort are temporary staging 
locations during transport. 

2.1 ALTERNATIVE 1 

The USAF's Alternative 1 would transport 10 RTGs from Burnt Mountain, AK, to the NNSS in 
southern Nevada for further disposition using the following transportation route and vehicles: 

• From Burnt Mountain to the Fort Yukon Airfield, AK, using CH-47F 

Chinook helicopters. 

• From the Fort Yukon Airfield, AK, to Eielson AFB, AK, using C-130 aircraft. 
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• From Eielson AFB, AK, to Creech AFB, NV, using a C-17 aircraft. 

• From Creech AFB, NV, the NNSS using ground transportation. 

Burnt Mountain to the Fort Yukon Airfield via CH-47F Chinook Helicopter 

The USAF plans to use CH-47F Chinook helicopters and an all-terrain forklift to accomplish the 
move from Burnt Mountain to the state-owned public-use airfield in Fort Yukon, AK. The 
CH-47F is a twin-engine, tandem-rotor, heavy-lift helicopter (Figure 2-1). Helicopters 
are needed because of uneven terrain, lack of aircraft runways, and no access road to 

Burnt Mountain. 

Figure 2-1 
CH-47F Chinook Helicoptor 

A CH-47F would transport a forklift to each RTG storage location at Burnt Mountain. Matting 
and plywood would be laid down as necessary depending on ground conditions at each site 
(Figure 2-2). Sites BMOl and BM04 are located in low-lying areas with very soft ground. 
Therefore, the matting and plywood are expected to be used at these sites. Radiation surveys 
would be conducted, and a portion of the fence would be removed to allow the forklift access to 
the storage shed. The forklift would be used to remove the RTGs from the shed, load them onto 

standard military transport ( 463L) pallets, and transport them to the helicopter. Once loaded on 
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the CH-47F, the RTGs would be secured for transport to the Fort Yukon Airfield. The matting 
and plywood would be removed from the site. 

Figure 2-2 
Matting Used To Protect Ground and Provide a Stable Forklift Surface 
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Sheds and fencing would remain at each site. They would be used for onsite storage. The area 

surrounding the Burnt Mountain storage sites would continue to be used for the mission. 

While one CH-47F is transporting two RTGs to Fort Yukon, a second CH-47F would take the 

forklift to the next RTG storage location at Burnt Mountain to repeat the loading process the 
following day. The CH-47F can only accommodate two RTGs at a time (weight restrictions). 

The distance to Fort Yukon is 61 mi (98 km) south, and the flying time is 30 minutes. The 

CH-47Fs must repeat this flight pattern to Fort Yukon four more times, amounting to a total of 

about 610 mi (982 km) over a 5-day period, depending on weather; the RTGs would be on board 

the helicopter for a total of 305 mi (491 km). 

Transport of the RTGs from Burnt Mountain to Fort Yukon will be dependent upon external 

factors such as weather or aircraft availability due to world events. Required personnel (security 

personnel, flight crew, forklift and all-te1Tain vehicle [ATV] drivers, and radiation protection 

monitor) would conduct the activities at Burnt Mountain. 

Upon aITival at Fort Yukon, the RTGs would be unloaded from the CH-47F and transported to 

an existing, already disturbed, fenced area near the Fort Yukon Airfield for temporary staging 

(Figure 2-3). It is expected the RTGs would be staged for up to 7 days until they can be loaded 

onto the C-130 for transpmt to Eielson AFB. However, depending on weather conditions, they 

may remain secured by USAF Security Forces on site until weather conditions permit their 

removal. The USAF Security Forces would provide 2-man, 24-hour security for the 

staging location. 

Fort Yukon to Eielson AFB via C-130 Hercules Aircraft 

The USAF plans to use a C-130 aircraft to move the RTGs from Fort Yukon to Eielson AFB, 

AK. The C-130 Hercules is a 4-engine turboprop military transport aircraft originally designed to 

operate from austere locations (Figure 2-4). It is a highly versatile aircraft, operated by the USAF 

in transport; tanker; gunship; special operations; and command, control, and communication 
interface variants . The C-130 can accommodate only five RTGs at a time during flight; thus, this 

would require two trips. The C-130 would fly 142 mi (228 km) in a 60-minute time frame. The 

C-130 must repeat this flight pattern a second time for the remaining five RTGs, for a total flight 

distance of 568 mi (912 km). The RTGs would be on board for a total distance of 284 mi 
(456 km). 
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Figure 2-3 
Fort Yukon Airfield Staging Area 
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Figure 2-4 
C-130 Hercules 

Upon arrival at Eielson AFB, the RTGs would be unloaded from the C-130 and transported to 

the Combat Alert Center (CAC) for temporary staging (Figure 2-5). It is expected the RTGs 

would be staged for up to four days until they can be loaded onto the C-17 for transport to 

Creech AFB. However, depending on weather conditions, they may remain at the CAC for up to 

10 days. The USAF Security Forces would provide 2-man, 24-hour security for the staging 

location. Approximately 20 personnel at Eielson AFB would be involved with the transport and 

staging of the RTGs. 

Eielson AFB to Creech AFB via C-17 Aircraft 

The USAF plans to transport the RT Gs on a C-17 aircraft from Eielson AFB to Creech AFB on a 

flight path avoiding transport over Canada. The high-wing, 4-engine, T-tailed, multiservice C-17 

can carry large equipment, supplies, and troops directly to small airfields in harsh terrain 

anywhere in the world, day or night (Figure 2-6). The massive, sturdy, long-haul aircraft tackles 

distance and heavy, oversized payloads in unpredictable conditions. The C-17 has delivered 

cargo in every worldwide operation since the 1990s and is the backbone of the USAF's airlifter 

fleet. The C-17 can accommodate all 10 RTGs, so only one trip would be required. The distance 

to Creech AFB is approximately 2,332 mi (3,753 km). 
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Figure 2-5 
Eielson AFB Staging Area 
Note: Red circle is the CAC. 
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Figure 2-6 
C-17 

Upon arrival at Creech AFB, the RTGs would be unloaded from the C-17 and transported to a 
hangar north of the runway for temporary staging, indicated by the red circle. (Figure 2-7). The 

RTGs would be staged in the hangar for 24 to 48 hours until they can be loaded onto a truck for 
transport to the NNSS. The USAF Security Forces would provide 2-man, 24-hour security for 
the staging site. Up to 20 personnel at Creech AFB would be involved with the transport and 
staging of the RTGs. 

Creech AFB to NNSS via Truck 

The RTGs would be loaded onto a flatbed truck to be transported to the NNSS. The truck would 
be operated by USAF drivers. Creech AFB was selected as the site to transfer the RTGs from 
aircraft to truck because of its close proximity to the NNSS, which minimizes transport via 
public highway. The truck would exit Creech AFB and travel on U.S . Highway 95 (US-95) for 
approximately 20 mi (32 km), exiting US-95 onto Mercury Highway, a paved federal road, and 
entering the NNSS through Gate 100 (Figure 2-8). 

15 
Fez ~ffitial Wsc ~nls 



} . 
~ 

I 

Seem itJ lblstul lnkt mstion: l;f;Iitltltold :Wndii 10 @Fil i:!1§10 

Figure 2-7 
Creech AFB Staging Area 

Note: Red circle is the temporary staging location. 

AS stated in paragraph 1.3 above, SNL would take ownership of the RTGs on behalf of DOE at 
Gate 100 of the NNSS. The transportation and disposition of radioactive material at the NNSS is 
evaluated in the NNSS SWEIS. 
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Figure 2-8 
NNSS Gate 100 
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2.2 ALTERNATIVE 2 

Alternative 2, which is the Preferred Alternative, would be the same as Alternative 1 except the 
RTGs would be u·ansported directly from Burnt Mountain to Eielson AFB using CH-47F 
helicopters (Figure 1-1). Alternative 2 is the Preferred Alternative because this route would 

(1) bypass Fort Yukon, which is not federal property; (2) decrease the number of take-offs and 
landings; (3) decrease the number of times the RTGs are transferred between aircraft and staging 
sites; (4) decrease the number of personnel handling the RTGs; and (5) eliminate the use of the 
C-130 and its flight crew. The CH-47F Chinook helicopter has a greater range than the previous 
version of the helicopter (CH-47D), so no refueling would be required between Burnt Mountain 
and Eielson AFB, given the weight of the RTGs and travel distance. Additionally, the CH-47F 
has increased capability and is fully instrument-flight-rules capable. 

The CH-47F can accommodate only two RTGs at a time (weight restrictions), so this would 
require five CH-47 roundtrip flights. The distance between Burnt Mountain and Eielson AFB is 
approximately 200 mi (322 km) with an approximate flying time of 1.5 hours. The CH-47F 
would repeat this flight pattern four more times, amounting to a total of about 2,000 mi 
(3,2 19 km) over a 5-day period, depending on weather. The RTGs would be on board the 
CH-47F helicopter for a total of 1,000 mi (1,609 km). 

2.3 NO ACTION ALTERNATIVE 

Under the No Action Alternative, the RTGs would remain in place at Burnt Mountain, providing 
power for their own security. They would not be providing power for the seismic monitoring and 
data communications equipment, which was the original mission of the RTGs at Burnt 
Mountain. The alternate power source, Centralized Diesel Hybrid Power, now provides power 
for the seismic monitoring and communications equipment. The Centralized Diesel Hybrid 
Power uses lead/acid storage batteries charged by either a photo-voltaic system or a diesel 
generator to power for the array. The power is generated at a central location and distributed to 
the individual sensor sites. The Environmental Assessment for the Burnt Mountain Seismic Array 

Power Supply (USAF, 1999) evaluated the potential impacts of the Centralized Diesel Hybrid 
Power. RTG maintenance would be accomplished during routine maintenance trips (one per 
year) to Burnt Mountain. Unscheduled maintenance trips specifically required for the RTGs 
would be conducted when needed and have typically occurred approximately one time per year. 
(Holdsworth, 2014). Maintenance crews would be transported to the RTG storage sites in a CH-
47F helicopter. ATVs would continue to be used for traveling between remote terminal 

locations. 

Under the No Action Alternative, multiple monitoring systems would continue to be used to 
monitor the RTGs for integrity and intruders. The monitoring equipment meeting NRC 
requirements is already in place; thus, there would be no additional costs, other than those for 
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routine maintenance and inspection of the RTGs. Typically, two workers would conduct the 
routine maintenance and inspection activities. As part of the routine annual maintenance, a 225-ft 

(69-m) radius around the RTG storage units would be cleared, if necessary. 

2.4 ALTERNATIVES CONSIDERED BUT ELIMINATED 
FROM FURTHER ANALYSIS 

A NEPA review specifies the purpose and need for an action, describes the action the federal 
agency proposes to meet that purpose and need, and identifies reasonable alternatives. A 
potential alternative might be eliminated from detailed consideration for many reasons including, 
but not limited to, if the alternative (1) does not meet the purpose and need for the project, 
(2) would take too long to implement, (3) would be prohibitively expensive, or (4) would be 
highly speculative in nature and thus is considered unreasonable. This section identifies the 
alternatives that were eliminated from further consideration and provides a brief explanation of 
the reasons for elimination. The alternatives considered but eliminated are as follows: 

• Reuse or Recycling of the RTGs 

• Upgrade of the RTGs for Continued Use 

• Alternate Routes for Transport of RTGs 

2.4.1 REUSE OR RECYCLING OF THE RTGS 

Possible options for reuse or recycling of Sr-90 RTGs identified and subsequently dismissed are 
return to the manufacturer, deployment in current or new applications, and disassembly of the 
RTGs and reuse of the Sr-90 in other applications. 

Return to the Manufacturer. When Sr-90 RTGs were first developed in the 1960s, five or six 
companies were actively producing RTGs (e.g., Teledyne, 3M, and General Electric). 
However, Sr-90 RTGs are no longer manufactured. Therefore, the manufacturers have no use for 

the RTGs. 

Deployment in Current or New Applications. Private corporations and government agencies 
have tried through the years to find reuse or recycling applications for Sr-90 RTGs that have 
been placed in storage after their initial application. 

• Nuclear Sources & Services, Inc. , in Houston, Texas took possession of Sr-90 RTGs in 
1977 with the intention of either transferring them to another party or disposing of them 
as waste. Neither option has become available. 

• The Hanford Site in southeastern Washington currently has Sr-90 RTGs stored as waste. 
Hanford has had no success with efforts to find a party interested in reapplication of the 
RTGs and has not received any inquiries about reuse or recycling of the RTGs. 
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• The Oak Ridge National Laboratory (ORNL) has made several attempts in the past to 
transfer the RTGs offsite for final disposition but has been unsuccessful. Recently, 
efforts have been renewed to ship these RTGs to NNSS for disposition. 

• SNL has received no inquiries about reuse or recycling of the Sr-90 RTG under their 
supervision since December 1978. SNL has expended considerable effort to identify 
potential reuse, recycling, or disposal opportunities, with no success. 

Although Sr-90 RTGs are extremely reliable and virtually maintenance-free, they are also the 
most expensive of RTGs manufactured in terms of initial investment. ln addition, they are bulky 
and heavy compared to RTGs powered by other nuclear sources currently in use, making Sr-90 
RTGs undesirable for applications such as space exploration. 

Disassembly of the RTGs and Reuse of Sr-90. The 225-B Waste Encapsulation and Storage 
Facility at the Hanford Site currently provides storage and monitoring of cesium and Sr-90 
capsules. The facility operated from 1974 to 1985 to encapsulate cesium-137 and strontium 
separated from high-level radioactive waste to reduce heat generation in the nearby tanks where 
these wastes were stored. The activity also provided an opportunity to explore beneficial uses of 
the separated radionuclides. Few other uses have been identified for the Sr-90 capsules 

remaining in storage. 

2.4.2 UPGRADE OF THE RTGS FOR CONTINUED USE 

In July 2011 Teledyne inspected all IO RTGs at Burnt Mountain to determine their current 
condition and determine if they were suitable for an onsite upgrade. All 10 RTGs were found to 
be in good condition and still producing power. However, because the radioisotope heat source is 
now generating only about 35 percent of the original heat, the current output power of the RTGs 
is insufficient to satisfy mission requirements. Upgrading the RTGs with improved 
thermoelectric couples would result in a 200 to 300 percent increase in the output power. 
Upgrading alone would not meet the current power requirements with the increased power 
demand due to the security monitoring. The addition of a battery pack would be required for the 
peak power needed when the security devices are operating. Current projections indicate that 
upgrading the RTGs and including a battery pack would extend the useful lifespan and 
produce sufficient power to meet the mission requirements for an additional 17 to 20 years 
(Teledyne, 2011). However, the upgrade including the addition of a battery pack would cost 
about $3 million and require ongoing secmity monitoring efforts (AFTAC, 2012). In 
comparison, maintaining the RTGs in their current configuration over the 20 year span would 

cost approximately $100,000 and require ongoing security monitoring efforts, and transporting 
the RTGs to the NNSS for disposition would cost approximately $1.0 million (AFT AC, 2012). 
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2.4.3 ALTERNATE ROUTES FOR TRANSPORT OF THE RTGS 

The following alternate transport routes were considered. Figure 2-9 shows the locations of 

staging sites along transpo1t routes: 

Joint Base Elmendorf-Richardson (JBER) via Fort Yukon. The 10 RTGs would be removed 

from Burnt Mountain by CH-47Fs and taken to Fort Yukon. At Fort Yukon, the 10 RTGs would 

be loaded onto two C-130 aircraft and transported to JBER. This route is similar to Alternative 1; 
however, the transport distance from Fort Yukon to JBER is well over twice the distance from 

Fort Yukon to Eielson AFB. Also, Detachment 460, who is responsible for operation and upkeep 

of the Burnt Mountain RTGs, is based out of Eielson AFB. Therefore, routing the RTGs through 

JBER would require additional personnel involvement and coordination compared to routing 

them through Eielson AFB. 

Fort Wainwright direct from Burnt Mountain. The 10 RTGs would be removed from Burnt 

Mountain by CH-47s and taken to Fort Wainwright. This route bypasses Fort Yukon and is 

similar to Alternative 2; however, Detachment 460, who is responsible for operation and upkeep 

of the Burnt Mountain RTGs, is based out of Eielson AFB. Therefore, routing the RTGs through 

Fort Wainwright would require additional personnel involvement and coordination compared to 

routing them through Eielson AFB. 

The following transportation routes were considered even less desirable than those 
described above: 

• With respect to the transport of the RTGs from Burnt Mountain to Eielson AFB, the 

USAF considered the Circle-Hot Springs Airfield located in Central, AK, as a transfer 

point instead of Pott Yukon, AK. Circle is not equipped to provide logistical support or 

staging fac ilities. Factors such as weather delays, support equipment requirements, 

personnel lodging and security would require additional logics preparations and 

resources, as well as extend the length of time required to complete the RTG removal 

and transportation effort. Furthermore, transport from Circle-Hot Springs to Eielson 

AFB fai led to minimize transport by public highway and would include traveling 

approximately 3 hours over 120 mi (193 km) on unimproved dirt roads susceptible to 

sudden environmental changes and mudslides due to rain softened surfaces often leading 

to road closures (Daigle, 2011). 
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• Fort Yukon 

Figure 2-9 
Alternate Staging Sites Considered but Eliminated 

• Transfer RTGs via Water. The Yukon River is navigable from the Canadian border to 
the Bering Sea and is a major transportation corridor in the Alaskan interior. However, 
the river cannot be entered by ocean-going vessels because of limited depths. 
Additionally, few communities have improved barge or boat landings. Traditional docks 
and loading equipment are almost non-existent. Fort Yukon has a barge off-loading area 

but no dock. Barges off-load using equipment carried on the barge. Operations are 
weather- and tide-dependent, making this unpredictable and risky. River operations are 
water-level dependent, requiring tremendous experience and skill to read the river, 
evaluate risks, and negotiate a constantly moving current. Varying water levels and 
occasional groundings that lead to lost days add to the challenges of river operations 
(ADOT & PF, 2004). 
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Airfields considered in Nevada. A number of airfields are located in relatively close proximity 

to the NNSS. Nellis AFB, is located in northeast Las Vegas approximately 90 mi (145 km) from 

the NNSS. Nellis AFB was eliminated from consideration because it would increase the 

truck-transport distance by approximately 70 mi (113 km). The Tonopah Test Range Airfield, 

owned and operated by the USAF, was eliminated because it would increase the truck-transpo11 

distance to 166 mi (267 km). The Beatty Airport, Lida Junction Airport in Goldfield, and 

Tonopah Airport were eliminated because they are public airports and because of their distances 

from the NNSS, which are 59 mi (95 km), 125 mi (201 km), and 159 mi (256 km), respectively. 

The fo11owing airfields and helipads on the NNSS were considered but el iminated: 

• Pahute Airstrip, which was eliminated because it is not suitable for fixed-wing aircraft 

• Yucca Airstrip, which was eliminated because it is not suitable for fixed-wing aircraft 

and facility management would not approve its use 

• Desert Rock Airfield, which was eliminated because facility management would not 

approve its use 

• Area 6 Control Faci lity Airstrip, was deemed unsafe by Aviation Safety 

• Area 6 Art Hangar, was deemed unsafe by Aviation Safety 

• Area 25 Reactor Control Point Airstrip, was deemed unsafe by Aviation Safety 

• Area 23 Mercury Airstrip, was deemed unsafe by Aviation Safety 

2.5 RELATIONSHIP TO OTHER USAF ACTIONS AND PROGRAMS 

There are no USAF actions or programs duplicating the action alternatives considered in this EA. 

The 10 Sr-90 RTGs at Burnt Mountain are the only RTGs under the USAF care (SNL, 2000), 

and there are no efforts under way that would conflict with or duplicate the two action 

alternatives. Actions that may be related are described in the following paragraphs. 

Public Law 99-240 states DOE would select a long-tenn storage location to accommodate up to 

50 Sr-90 RTGs, as required under the Low-Level Radioactive Waste Policy Amendments Act of 

1985. 

• The Energy Policy Act of 2005 contains requirements related to the safe disposal 

ofLLW. 

• On May 19, 2004, DOE accepted the first shipment of RTGs at the NNSS for disposal. 

Since this date, NNSS has received a total of six shipments of RTGs for disposal, five 

from Lawrence Livermore National Laboratory (LLNL), and one from SNL. All were 

Sr-90 type RTGs (Geisinger, 2011). 
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• Efforts are currently under way to ship one Sr-90 RTG located at the DO E's ORNL. 
Unlike the Burnt Mountain RTGs, the ORNL RTG was never certified as a Type B 
package and requires additional actions to be shipped as a compliant package 
(Fuhrman, 2005). 

2.6 COMPARISON OF IMPACTS 

Table 2-1 provides a summary of potential impacts from the alternatives analyzed. 
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ProbabiLily of Aircraft 
Accident 

Probabili1y of Radiologic~! 
Relea~ from 

Aircraft Accidem 

Air Quality 

Biological Resources 

Environmental Justice and 
Sociocconomks 

Geology and Soils 

Hc:,llh and Safety 

Table 2-1 

Summary of Potential Impacts from the Alternatives Analyzed 

Alternati\'e I 
Routine 

Incident-free Operating Conditions 

No, applicable. 

Not applicable. 

Temporary. minor imptu.1s, 

Temporal'y. minor impacts to wildlife 
and ve.geta1ion at Bunn Mountain. 
No impacts to wildlife and vegetation 
at the staging sites. 
No impacts 10 Special Status Species 
at Burnt Moumain. For1 Yukon. 
Eielson AFB, or Creech AFB. 
Minimal impact~ 10 the threatened 
de.<ien tonoise may oc,c-ur at the NNSS. 

No impacts. 

Temporary, minor impact to soils (lt 
Bumt /\•lountain. 
No impacts at other sites. 

Up to 58 personnel* would be 
involved in 1be transport and 
temporary staging of the RTGs. 
No impact to workers. 
No impact 10 public. 

Accidents 

1.4 x IO"'(abou1 I in 7 ,1 50). 

2.6 x 10•\abou1 I in 385.000). 

An airborne release and respirabJe release of 
Sr-90 material may occur i ll 1he unli.kely even1 
of an aircraft accident. 

TileJ'e would be an increase in radiation 
exposure to biolog.ic;:il re!-Qurces in the 
unlikely event of an aircraft accident. 
BioJogicaJ resources may be affected by 
severe hazards associated wi1h an aircraft 
acciden1. such as fires and fuel spills. 
Should ao aircratl acc-jden1 occul' over llle· 
oc.ean resulting in a radiolog.ic.al re.lease. 
there would be a Joss of marine organisms 
near the released material. 

No Environmental Justice impacL,;. 
In the improbable event of a radiological 
release. nearby communities may 
experience: 

The inconve.nie,lce and cos, of 
te.mporarily relocating businesses 
and residences should evacuation 
be rC(Juired. 
Ec-ononUc impa-cts resul1ing from the 
costs of emergency response and 
cleanup activities. 

Nearby hospilals may not be equipped 10 
handle the increased number of patients. 

lo the event of a radiological release, soil 
contamination would be localized and would 
not migrate deep into the soil 

Up to 58 personnel* would he involved in 
the 1ranspo11 and temporary staging of 
the RTGs. 
injuries or fot::llities to workers or the 
public wouJd be primarily due 10 
1rauma from the accident. 
Other se.vere hazards may include 
explosions. fire. and fuel spills. 
The least Likely. but greatest irupac1 would 
be from 1he release of radiological 
mate.rials. 

Alteruath•c 2 
Routine 

Incident-free Operating Conditions 

No, applicable. 

Not applicable. 

Temporary. minor impacts. 
No hl1pact at Fon Yukon. 

1·empol'a1·y. minor impacts 10 wildlife 
and vegerntion at Burnt Mounrnin. 
No impacts to wildlife and vegetation 
at the staging sites. 
No imp"cts 10 Special Status Species 
at Burnt Mountain, Fo11 Yukoo. 
Eielson AFB, or Creech AFB. 
Minimal impacts to the threatened 
descrc tortoise may occur at 
thcNNSS. 

No impac1s. 

Tempotary. minor i,npac-t to soHs at 
Burnt Mountain. 
No impacts at other sites. 

Up 10 4 8 personnel would be involved 
in the tn1nspor1 and lernporary st.aging 
of the RTGs. 
No impact co workers. 
No hl1pact 10 public. 

Accidents 

4.1 x 10"' 1abou1 I in 2.450). 

5.2 x 10~ (abou1 I in 192.000). 

An airborne release and rcspirable release 
of Sr-90 material may oocur in the 
unHkeJy eve.nt of flJ.'l aircraft accident. 
No imoact at Fon Yukon. 
1·here would be an incl'ease in radiation 
exposure to biological resources in the 
unlikely event of an aircrafl accident 
Biological resources may be affec1ed by 
severe ha1..ards a..~c-iated with an aircraft 
accident such as fires and fuel spills. 
Should an aircraft accident occur over the 
oce~m resulting in a radiological relc.ase. 
there wouJd be-a loss of marine 01·g1:rnisntS 
near the released malerial. 
No impact at Fort Yukon. 
No Environmental Justice impacts 
In the improbable evem ofa radiological 
release. nearby communities may 
experience: 

The inconvenience and oost of 
lempOriuily relocating businesses 
and resjdences should evacuation 
be required 
Economic impacL,; resulting from the 
costs of emergency response and 
cleanup activities. 

Nearby hospitals may not be equippe(l 10 

handle lhe increased number of patients. 
No impact at Fort Yukon. 

hl the event of a radiological release. soil 
contamination would he loc.ali1.ed ::ind 
would not migrate deep into the soil. 
No imoact at Fon Yukon. 
Up to 48 pcrsonJ1el would be involved 
in the mrnspon and temporary 
staging of the RTGs. 
Injuries or fomli ties to workers or the 
public would be primarily due 10 trauma 
from 1he accident 
Othe, severe. hazards may indude 
explosions, fire. and fue.l spills. 
No impact at Fort Yukon. 
The le.st likely. but greatest impae1 would 
be from 1he release of radiological 
materials. 

•lb,s number does not include local law enforcemem or other personnel who have no con1act w11b lhe RTGs but may be reqmred 10 coordinate etto11s wath the public. 

25 

"'' 3111 I I Ii 9 

No Action Alternati,•e 
Routine 

lncident-free Operating Conditions 

Noc applicable. 

Nol applicable. 

No impacts. 

Tt!mporary. mioor impac1s 10 wildlife 
and vegetation. 

No impactS. 

No impacts. 

8 persoonel would be invol\'ed in 
the mainte.nance and monitoring 
of theRTGs. 
No impact to workers or 
the public. 

Accidents 

Noc appl icable. 

Nol applicable. 

Not applicablo. 

Noc applicable. 

Noc applicable. 

Noc appl icable. 

Nol applicable. 



Table 2-1 

Summary of Potential Impacts from the Alternatives Analyzed 

Alternative I Alternative 2 

Waler ReSQurces 

Land Use 

Noise 

Radiological Environment 

Routine 
Operating Conditions 

No impac.ts. 

No impacts. 

Minor noise impacts at the five sites. 

Minimal radiological imp;.,cL~ lo 

up to 58 workers•. 
Ground Opcnnions 

Total collective dose to workers 
would be 1.3 x l 0·1 pcrson•rcm. 
Total LCF probability for 
workers would be 5.3 X Io·'. 
or l in 19.000 excess 
cane.er fatalities. 

Air Operations 
Total collective dose to wol'kers 
would be. 3.0 x 10·2 person.rem. 
LCF risk is estimated a, 1.2 x IO-' 
orthe probabili,y of about 
I in 82,700 of an LCF among 
the crew. 

Negligible potential for radiation 
exposure lO the public from air 
transpori and staging. 
Slight pote.ntial for increased public 
exposure durin~ truck u·ansport. 

Abnormal Events 
and Accidents 

No impacts to groundwater. 
ln the improbable event thm an aircrafl 
accident crnshes into a surface wiuer 
body. contamination from fuel spills aud 
radiological release of materials 
may occur. 

Sh<>uld a radiological release occur. land 
an<l infrastructure may be temporarily 
unusable until decontantination and 
cleam1p activities are completed. 

Temporary increase in noise levels from 
an aircraft or 1ruck. accident. 
Temporary increase in noise leve.ls during 
eme.rgency response ,md 
cleanup activilies. 

Improbable potential for up to 58 
workers* to receive a dose. 
1n the unJikely event of an aircmft 
accidenl under scenario# I. lh~ lOtal 
population dose would t>e 7 IO rem. TI1is 
results in .u1 LCF of 0.35 or I in 2.8 
chance of an e.xcess cancer. 
In the unlikcJy event of an aircr.tft 
accidenl under scenario #2. the tolaJ 
popula~ion dose is 9.198 rem. Th.is 
results in an LCF of 4.6 OJ' 

approxhnately 5 excess cancers in the 
exposed population. 
lndirec.t imp:.K~ts would be future health 
issues related to radiation exposure. 

Routine 
Operating Conditions 

No impac.ts. 

No impacts. 

Minor nojse irnpac.1s al four sit.es. 
No noise impacts at Fon Yukon. 

MinimaJ radiologic.aJ impacts to 
up to 48 workers. 
Ground Operations 

Total collec<ive dose 10 workers 
would be I. Ix 10·1 pcrson~rcm. 
Total LCF probability for 
workers would be 4.4 X tQ·l. 

or I in 23.000 excess 
cancer fatalities. 

Air Opermion.s 
Total collective dose to wol'kers 
would be 3.5 x 10·1 person.rem. 
LCF risk is estimated at 1.4 x I o·5 

or the probability o f about 
I in 70.500 of an LCF ,unong 
the crew. 

Negligible potential for radiation 
exposure to the public from air 
transport and staging. 
Slight potcnti,~ for increased public 
exposure during rruck tmns1:x>rt. 

*This number does not ind ude local law enfon:.emenl or other personnel who have no contoct with the RTG.s but may be rcx1uire<l to c:ourdinate e.ffort..:; wi1h the public. 

l.CF = Latenl cane.er fatality 

rem= RQCnlgcn·equivalent man 
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Abnormal Events 
and Accidents 

No impacts to ground,v;Her. 
In the improbable evem that an aircraft 
accidem crashes into a s.urfac.e water 
body, contamination from fuel spills 
and radiological release of materials 
may occur. 
No imoacl at Fort Yukon. 
Should a radiological release occur. land 
and infraslruclurc may be tempor~rily 
unusubJe u.ntil decontalnh1ation and 
c.leanup ac1ivi1ies are completed. 
No imoact at Fort Yukon. 
Temporary increase ill noise leveJs from 
an aircl'aft or truck accident. 
Temporary increase in noise levels 
during emergency response and 
cle~mup activities. 
No impact at Fort Yukon. 
Improbable potential for up to 48 workers 
co rccci vc a dose. 
In the unlikely event of an aircrnfl 
accident under scenario #I. the total 
population dose would be 7 10 rem. This 
resulL\ in an LCF o f 0.35 or I in 2.8 
chance of an excess c,u1cer. 
In the unlikely event of an aircrnft 
accident under scenario #2. the total 
population dose is 9,198 rem. This 
resuils in an LCF of 4.6 or 
approximately 5 excess cancers in the 
exposed populalion. 
Indirccl impacts would be future health 
issues related to radiation cxp0sure. 
No impact a1 Fort Yukon. 

No Action Alteroati,•e 

Routine 
Operating Conditions 

No impacu;. 

No impact~. 

No impac1 duriog 
oper::nion. 
Temporary increase in noise 
le\'els during maintenance from 
the helicopter ~md A TV activities. 

Negligible radiological 
impacts to S workers 
aimually. 
No rndiologicaJ impac, to 
t..he public. 

Abnormal Events 
and Accidents 

Not applicable. 

Not applicable. 

Not applicable. 

Not applicable. 
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3.0 AFFECTED ENVIRONMENT 

This section contains the description of the existing environmental conditions in the vicinity of 

the alternatives. During EA preparation, the most up-to-date and accurate information was used 

to describe the existing environment. The information serves as a baseline from which to identify 

and evaluate environmental changes resulting from Alternative 1, Alternative 2, and the No 

Action Alternative. 

The USAF assessed numerous resources for potential to be affected by the alternatives. 

Table 3-1 shows the resources that would or would not be impacted by the alternatives. 

Resources that would not be affected will not be discussed further in this EA. 

The environmental resources discussed in this section include climate and air quality, biological 

resources, cultural resources, environmental justice and socioeconomics, geology and soils, 

health and safety, water resources, land use, noise, and radiological environment. 

Table 3-1 
Resources That May Be Impacted 

Resource Not Present/Not Present/May 
Rationale 

Present Affected Be Affected 

The USAF would ensure the project 
would be in compliance with all 
federal, state, and local air quality 
regulations for the duration of 
the activity. 

Currently there are no emission 
Air Quality/Greenhouse Gas 

X 
limits for suspected GHG emissions 

(GHG) Emissions and no technically defensible 
methodology for predicting potential 
climate changes from GHG 
emissions. However, there are-and 
will continue to be-several efforts 
tO address GHG emissions from 
federal activities. 

Biological Resources 
Including Threatened X Impacts assessed in EA. 

and Endangered Species 
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Table 3-1 
Resources That May Be Impacted 

Resource 
Not Present/Not Present/May 

Rationale Present Affected Be Affected 

There are no known historic or 

prehistoric cultural resources in the 

vicinity of Burnt Mountain, Fort 
Yukon Airfield, Creech AFB, or the 

NNSS RWMC. 

The Eielson AFB Flightline Historic 

District is eligible for listing on the 

National Register of Historic Places 

Cultural Resources X 
(Eielson AFB, 2006; U.S. Army 

Corps of Engineers 
[USACE], 2005), and two munitions 

historic districts have also been 

delineated at Eielson AFB. 

However, the actions would have no 

effect on the cultural resources 

because these resources are of 
sufficient distance away from the 
proposed activities. 

Although no minority or low-income 
groups would be disproportionately 

Environmental Justice 
X 

affected by health or environmental 
and Socioeconomics effects, Census Bureau data are 

provided in the EA to support 
this conclusion. 

Floodplains X 
The actions would not be located 
within a 100-year floodplain. 

Geology and Soils X Impacts assessed in EA. 

Health and Safety X Impacts assessed in EA. 

Water Resources X Impacts assessed in EA. 

Land Use X Impacts assessed in EA. 

Noise X Impacts assessed in EA. 

Radiological Effects X Impacts assessed in EA. 

Access to the areas is restricted. 

Recreation X 
Therefore, no recreational 
opportunities are available at 
the sites. 

Access to the areas is restricted. 
Activities at each site would be 
consistent with existing visual 

Visual Resources X landscapes, and would occur 
primarily in developed areas of the 
installations or in areas with 
similar activities. 

Waste - Hazardous/Solid X 
The alternatives would not generate 
hazardous waste. 

28 
Fez ~ ffi (al Uu Q lg 



Sam Uy tttlsttd tnfM mst1s11. ;, mmatd tfodct 10 ePtt 1.s,o 

3.1 BURNT MOUNTAIN, AK 

Burnt Mountain Seismic Observatory lies in the foothills of the Brooks Mountain Range, located 
in the remote northeast interior of Alaska, approximately 62 mi (100 km) north of the Arctic 
Circle and 50 mi (80 km) from the closest village and nearest airpo1t. In 1972, Public Land Order 
(PLO) 5164 withdrew approximately 100 acres in the Burnt Mountain area on the boundary 
between the Arctic and Yukon Flats refuges for the USAF Burnt Mountain Seismic Observatory. 
Approximately 56 acres of the PLO withdrawal are within the Arctic National Wildlife Refuge, 
and 44 acres are within the adjacent Yukon Flats National Wildlife Refuge (U.S. Fish & Wildlife 
Service [USFWS], 2011). Detailed information about Burnt Mountain Seismic Observatory can 
be found in the Power Assessment for the Burnt Mountain Seismic Observatory (Lamp, 1994), 
Power Sources for Remote Arctic Applications (U.S. Congress, 1994), and the Final 

Environmental Assessment for the Burnt Mountain Seismic Array Power Supply (USAF, 1999). 

3.1.1 CLIMATE AND AIR QUALITY 

The climate in the region is characterized by extreme temperatures ranging from -71 degrees 
Fahrenheit (°F) (-57 degrees Celsius [°C]) to 100°F (38°C); and low precipitation, averaging 
6.5 inches (in.) (16.5 centimeters [cm]). Wind speeds from the northeast and east- northeast 

average less than 5.8 miles per hour (mph) (9.3 km per hour or 5 knots). 

Burnt Mountain and the surrounding region are designated as unclassifiable with respect to the 
National Ambient Air Quality Standards set forth in the Clean Air Act (USAF, 1999). Air quality 
in the region is good because the region is sparsely populated and absent of human activity most 
of the time. Maintenance, repair, and inspection activities by the USAF in the region typically 
require fewer than 21 days of activity at Burnt Mountain per year. 

3.1.2 BIOLOGICAL RESOURCES 

Burnt Mountain is located in an upland spruce hardwood forest and supports some populations of 
mammals, birds, and fish. Low-density populations of black bear (Ursus americanus), moose 
(Alces alces), caribou (Rangifer tarandus), and other small mammals can be found within the 
region. The observatory also provides habitat for raptors such as ospreys (Pandion haliaetus), 

Northern goshawks (Accipiter gentilis), red-tailed hawks (Buteo jamaicensis), and great horned 
owls (Bubo virginianus) and deciduous birds (USAF, 1999). King salmon (Oncorhynchus 

tshawytscha), chum salmon (0 . keta), and some silver salmon (0 . kisutch) spawn in the Sheenjek 

and Porcupine Rivers (approximately 11 mi [18 km] east and 60 mi [97 km] south of Burnt 
Mountain, respecti vely). 

The dominant components of an upland spruce hardwood forest are fairly dense populations of 
black spruce (Picea mariana), quaking aspen (Populus tremuloides), and balsam poplar 
(Populus balsam~fera). Low shrubs- such as Labrador-tea (Ledum groenlandicum and 
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L. decumbens), prickly rose (Rosa acicularis), blueberry/cranberry (Vaccinium .spp.), and birch 

(Betula glandulosa and B. papyrifera)-are also typically dominant in the understory. Willow 

(Salix spp.) and alder (Alnus spp.) may be found in the understory. The ground has a patchy to 

continuous layer of mosses (e.g., Pleurozium schreberi, Hylocomium splendens, Polytrichum 

spp., and Sphagnum spp.) and lichens (e.g., Peltigera spp. and Cladonia spp.) (USAF, 1999). 

According to the USFWS, no threatened and endangered species are present at Burnt Mountain. 

However, Burnt Mountain is within the range of the delisted American peregrine falcon 

(Falco peregrinus anatum) and the delisted arctic peregrine falcon (F. p. tundrius). There are no 

known American or arctic peregrine falcon nests within 10 mi (16 km) of the facility, although 

they may migrate through the area (USAF, 1999; USFWS, 1993). Migratory bird season in the 

area is June 1 through July 31. 

RTG sites BMOl and BM04 are located in black spruce wetlands. The U.S. Army Corps of 

Engineers (USACE) issued a general Nationwide 18 Permit to the USAF authorizing activities to 

occur within the wetlands. The general permit is applicable because no construction or 

excavation would occur within the wetlands. 

3.1.3 ENVIRONMENTAL JUSTICE AND SOCIOECONOMICS 

There are no existing economic conditions for Burnt Mountain, and there are no permanent 

workers at this facility. Facility operation is funded through the budget for Detachment 460 at 
Eielson AFB. Three traditional Athabascan villages are the nearest communities to Burnt 

Mountain: Venetie is approximately 50 mi (80 km) southwest, Arctic Village is approximately 

50 mi (80 km) northwest, and Fort Yukon is approximately 61 mi (98 km) south. The 

populations of Venetie, Arctic Village, and Fort Yukon are 166, 152, and 583, respectively 

(Census Bureau, 2010). 

Burnt Mountain is located in the Yukon-Koyukuk Borough Census Area, which comprises 

6,588 people: 60.6 percent are American Indian and Alaskan Native, and 18.9 percent are White. 

The population living below the poverty level within the census area is 24.2 percent 

(Census Bureau, 2010). 

3.1.4 GEOLOGY AND SOILS 

The Burnt Mountain area consists of gently sloping out-wash fans of the Chandalar, Christian, 

and Sheenjek Rivers (Selkregg, 1974). The land is tundra that varies from barren rocky ground to 

areas of considerable cover. The bedrock consists of volcanic and intrusive rock. Overlying the 

bedrock is a very poorly drained gravelly soil layer 10 to 40 in. (25 to 101 cm) thick. 
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3.1.5 HEAL TH AND SAFETY 

Existing human health and safety concerns at Burnt Mountain include occupational hazards 

associated with maintaining the RTGs, the operation of ATVs and landing of helicopters on the 
tundra, seasonal driving and working conditions, and low-probability natural hazards associated 

with events such as wildfires. 

3.1.6 WATER RESOURCES 

Water resources include surface water and groundwater, as well as floodplain information. 

3.1.6.1 SURFACE WATER 

Burnt Mountain is not located in a floodplain (USAF, 1999). The southeastern side of Burnt 

Mountain (RTG sites BM02, BM03, BM04, and BM05) is part of the Christian River watershed, 

a hydrologic subunit of the Yukon River regional watershed (U.S. Geological Survey [USGS] 

Cataloging Unit: 19040303). Surface water runoff from rain and melting snow from this portion 

of Burnt Mountain flows south to an unnamed drainage ditch, through some lakes of the Yukon 

Flats area, and ultimately to the Christian River, a tributary of the Yukon River. 

Surface water runoff from the northern portion of Burnt Mountain (RTG site BMOl) flows into 

Thluichohnjik Creek, a tributary to the Sheenjek River. The Sheenjek River flows south to the 

Yukon River, and the Yukon River flows southwestward to the Bering Sea. Due to the fact that 

the region is absent of human activity most of the time, the water quality at Burnt Mountain is 

unaffected by limited onsite human activity. There is no water supply directly provided to Burnt 

Mountain; however, water is derived from the rivers or nearby wells, treated, and hauled by 

residents in the Venetie and Artie villages. 

3.1.6.2 GROUNDWATER 

The Burnt Mountain area has discontinuous permafrost to a depth of less than 18 in. (46 cm). 

There is no groundwater aquifer data for the Christian River watershed hydrologic unit, which 

includes the Burnt Mountain area (USGS, 2014). The lack of data is acknowledged in 

accordance with 40 CFR § 1502.22, "Incomplete or Unavailable Information." 

3.1.7 LAND USE 

Lands at Burnt Mountain, AK, were withdrawn from public domain for use by the USAF 

through Public Land Order (PLO) 5164 in 1972. The Burnt Mountain Seismic Array 

Observatory and ancillary power facilities, including the five RTG sites, are located on the 

withdrawn lands. Two additional shelters provide lodging for maintenance crews and storage for 

the station's ATVs. There are no roads to Burnt Mountain. Most of the land within a 20-mi 

(32-km) radius of Burnt Mountain is included in land withdrawals for use by the USAF 
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(PLO 5164) or as part of the Arctic National Wildlife Refuge and Yukon Flats National 
Wildlife Refuge. 

3.1.8 NOISE 

Burnt Mountain is located in an uninhabited area. Ambient noise is made up of natural sounds, 
and occasional A TV and aircraft noise. Current noise is minimal from the power systems in 
place at the Burnt Mountain Seismic Observatory. No noise-sensitive land uses occur in the area. 

3.1.9 RADIOLOGICAL ENVIRONMENT 

Aside from natural sources of radiation, Burnt Mountain radiological sources include the five 
remote shelters, each housing two RTGs. The annual compliance survey of the Burnt Mountain 
RTGs was conducted on August 31, 2014 (AFTAC, 2014a). Table 3-2 shows the maximum 
exposure rates observed in each unrestricted area next to the RTG storage buildings. 

Table 3-2 
Exposure Rates Near the RTG Storage Buildings 

RTG Site Location 
Net Exposure Rate 

(mrem/hr) 

BMOl 0.151 

BM02 0.147 

BM03 
Highest Unrestricted 

0.273 
Area 

BM04 0.144 

BM05 0.204 

Source: AFT'AC, 2014a 

• Net exposure rate x 120 hours = Total dose per year for general public 

mrern = Millirern 

mrem/hr = Millirem per hour 

Possible Exposure 
(hours per year) 

120 

Total dose per 
year (mrem) " 

18.12 

17.64 

32.76 

17.28 

24.48 

The radiation absorbed dose (rad) is a measure of the absorbed dose ( energy deposited) in a 
material. The roentgen-equivalent man (rem) is based on the biological damage caused by 

ionization in human body tissue. It is a term for dose equivalence and equals the biological 
damage that would be caused by one rad of dose. The rem accounts for the fact that not all types 
of radiation result in the same biological risk per unit of energy deposited. That is, the biological 
risk from one rad deposited by beta radiation is less than that caused by one rad of alpha 
radiation. The dose rate is the rate at which a person would (or did) receive a radiation dose 
(or dose equivalent). It is a measure of radiation dose intensity (or strength) per unit time. In 
Table 3-2, the dose equivalent rates shown are rnrem (equals 1,000 rem) per hour. Common 
sources of radiation are shown in Table 3-3. Additional information relating to radiation 
exposure is presented in Section A.2.1 of Appendix A. 
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Table 3-3 
Common Sources of Radiation 

Source of Radiation Dose (mrem/yr) 

Cosmic Radiation (high-energy gamma radiation o,iginating in outer space 
26 

and filtered through the earth's atmosphere)- At sea level 

Average Natural Background in the U.S. 310 

Food and water, average 30 

Medical Treatment 

• Chest x-ray 10 

• Dental x-ray 1.5 

• Mammogram 30 
Consumer Goods 

• Cigarettes (1 pack a day) 15 - 20 

• Gas lantern mantle <I 

• Natural gas heating and cooking 9 

• Air travel (every 2,006 mi): I mrem 1 

• Road construction material 4 

• Porcelain dentures <I 

• Watching TV l 

• Smoke detector < l 

Source: DOE, 2012; NRC, 2012 

3.2 FORT YUKON AIRFIELD, AK 

Fort Yukon Airfield is located approximately 140 mi northeast of Fairbanks, AK. Aviation 
facilities at the Fort Yukon Aidield include a runway (Figure 2-3) and float plane pond facility, 
owned and managed by the Alaska Department of Transportation and Public Facilities 
(ADOT & PF). These facilities serve as the only year-round transportation link for Fort Yukon 
(ADOT & PF, 1990). Detailed information about the Fort Yukon Airfield can be found in the 
document Fort Yukon Airport Improvements Phase I: Float Pond Area Improvements 

(ADOT & PF, 1990). 

The Fort Yukon Airfield encompasses roughly 261 acres (1.0 km2
) and is located on the 

northwest side of Fort Yukon. It sits on a low terrace overlooking the Yukon River at an elevation 
of about 440 ft (134 m) above mean sea level (amsl). The Fort Yukon Airfield is open to the public, 

and has a 5,000- ft (1,524 m) by 100-ft (30.5 m) lighted runway. There is no air-traffic control tower 
at the airfield (Federal Aviation Administration [FAA ], 2014). Fort Yukon is accessible only by air 
or water. 

3.2.1 CLIMATE AND AIR QUALITY 

The climate of Fort Yukon is characterized by extreme temperatures and low precipitation. 
Temperatures range from -60°F (-51 °C) in the winter to 80°F (27°C) in the summer. Total annual 
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rainfall averages 6.5 in. (16.5 cm), and the average winter snowfall is 43 in. (109 cm). Air 
quality in interior Alaska where Fort Yukon is located is considered to be relatively pristine, but 

is affected by both natural and man-made emission sources. Natural sources include wildland 
fires and windblown dust. Man-made sources include stationary and mobile sources from 
vehicles and equipment, wood-burning stoves, and industrial facility emissions (DOE, 2013a). 

The Fort Yukon area has been designated as in attainment for all criteria pollutants 
(DOE, 2013a). 

3.2.2 BIOLOGICAL RESOURCES 

Forty mammal species are known to occur near Fort Yukon, the most prominent being moose. 
Others include black bears and brown bears (Ursus arctos), caribou, wolves (Canis lupus), foxes 
(Vulpes spp.), beaver (Castor spp.), North American river otter (Lontra canadensis), muskrat 
(Ondatra zibethicus), marten (martes spp.), mink (Neovison vison), lynx (lynx spp.), weasel 
(Mustela spp.), and wolverines (Gulo gulo). Common fish found in nearby rivers include king 
salmon, coho salmon (Oncorhynchus kisutch), chum salmon, whitefish (Coregonus nelsonii), 

northern pike (Esox Lucius), burbot (Lota Lota), Arctic grayling (Thymallus arcticus), and 
sheefish (Stenodus nelma). About 150 species of bird are known to nest in the area, the most 
notable being waterfowl. Common waterfowl include scaup (Aythya marila), pintail 
(Anas acuta), scoters (Melanitta spp.), wigeons (A. americana), mallards (Anas platyrhynchos), 

shovelers (Anas clypeata), green-winged teal (Anas carolinensis), canvasback (Aythya 

valisineria), and geese (Chen caerulescens) . While most of the bird species are migratory, 
13 remain in the area year-round, including hawks (Accipitridge spp.), owls, grouse (Lagopus 

spp.), woodpeckers (Picidae spp.), gray jay (Perisoreus canadensis), and raven (Corvus spp.). 

The area hosts tree species including white spruce (Picea glauca), poplar (Populus spp.), and 
birch. Other common vegetation includes polar grass, horsetail (Equisetum spp.), fireweed 
(Chamerion angustifolium), yarrow (A chillea millefolium), wild rose (Rosa acicularis), bedstraw 
(Galium spp.), ragweed (Ambrosia spp.), marsh fleabane (Senecio congestus), fescue 
(Festuca spp.), dandelion (Taraxacum spp.), dogwood (Cornus nuttallii), willow (Salix spp.), 

goldenrod (Solidago spp.), Alaska spring beauty (Claytonia sarmentosa), alder (Alnus spp.), and 
stickweed (Ambrosia artemisiifolia) (USAF & DOE, 2001). 

Several wetlands exist at Fort Yukon and the nearby airfield; however, no wetlands survey has 
been conducted. No wetlands exist on the runway. The USFWS Alaska Region lists eight 

federally endangered or threatened species and three candidate species that may occur in Alaska. 
On March 26, 2013, the USFWS Fairbanks Fish and Wildlife Office indicated none of these 

listed or candidate species occur within Fort Yukon or its vicinity. Additionally, there is no 
critical habitat for any listed species within Fort Yukon or its vicinity (DOE, 2013a). 
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3.2.3 ENVIRONMENTAL JUSTICE AND SOCIOECONOMICS 

Fort Yukon is located in the Yukon-Koyukuk Borough Census Area, which comprises 
6,588 people: 60.6 percent are American Indian and Alaskan Native, and 18.9 percent are White. 
Fort Yukon, with an approximate population of 583, is a transportation, trading, supply, and 
admi nistrative center for the Upper Yukon-Porcupine region. The population living below the 
poverty level within the census area is 24.2 percent (Census Bureau, 2010). 

3.2.4 GEOLOGY AND SOILS 

Fort Yukon lies within the physiographic region known as the Yukon Flats, an area of 
13,700 square miles (mi2) (35,483 km2

) characterized by low topographic relief, high stream 
density, marshy, lake-dotted flatland, and sand dunes. The region is underlain by more than 
300 ft (91 m) of silt and silty sand deposited when the area was formed. These deposits are 
overlain by clay, silt, sand, and gravel. In some areas, the sediments are covered by a 
windblown layer of silty loam, ranging in depth from a few inches to several feet. Permafrost is 
present throughout the region and occurs about 8 to IO ft (2 to 3 m) below ground surface 
(USAF & DOE, 2001). 

Fort Yukon is located in Seismic Zone 4 of the Uniform Building Code. Seismic Zone 4 reflects 
a high hazard potential for earthquake damage to buildings. 

3.2.5 HEALTH AND SAFETY 

Existing human health and safety concerns in and adjacent to the airfield include occupational 
hazards associated with transporting the RTGs; maintenance of the runway, facilities, and 
aircraft; operation of vehicles on the runway and roads; seasonal driving and working conditions; 
and low-probability natural hazards associated with events such as wildfires. A public health 
clinic, Senior Citizens Service Center, and two schools are located approximately 0.5 mi 
(0.8 km) from the proposed airfield staging site. 

3.2.6 WATER RESOURCES 

Water resources include surface water and groundwater, as well as floodplain information. 

3.2.6.1 SURFACE WATER 

The Yukon Flats area is dotted with lakes, ponds, swamps, meandering channels, and sinkholes. 
The Yukon River flows through the flats, and, at high water, overflows into hundreds of sloughs. 
Although the Yukon River is subject to flooding in the spring, the Fort Yukon Airfield is located 
above the river and thus flooding does not pose a problem. Drainage at the site flows overland to 
the south into Yllota Slough or northward to adjacent wetlands. 
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3.2.6.2 GROUNDWATER 

Groundwater is sporadic and tends to occur in isolated pockets. The water supply system at Fort 
Yukon consists of a regularly monitored shallow groundwater well, approximately 38 ft (12 m) 
deep, with a 75,000-gallon (284,000-liter) water storage tank. 

3.2.7 LAND USE 

The Fmt Yukon Airfield is a state-owned, public-use airport managed by the ADOT & PF. The 
airport hosts a 5,000-ft (1,524-m) by 100-ft (30.5-m) gravel-surfaced, lighted runway 

(FAA, 2014). It also has a seaplane base called Hospital Lake north of the main runway. The 
float-plane parking area is within the primary surface of the main runway. A part of the access 
road leading to the parking area is also located within the primary surface of the runway. The 
runway was resurfaced in 2009 and has a 2 percent surface degradation rate per year 
(O'Halloran, 2011). 

3.2.8 NOISE 

Intermittent, man-made noise is generated by the use of heavy equipment, aircraft, vehicle and 
motorized equipment activities on and adjacent to the airfield. 

3.2.9 RADIOLOGICAL ENVIRONMENT 

The only sources of radiological exposure currently at Fort Yukon are naturally occurring 
radiation in the environment. This includes radon, cosmic radiation, and naturally occurring 

isotopes. There is no evidence of exposure from other sources. 

3.3 EIELSON AFB, AK 

Eielson AFB is located in central Alaska within the Fairbanks North Star Borough (FNSB), 

approximately 120 mi (193 km) south of the Arctic Circle and 26 mi (42 km) southeast of 
Fairbanks. Eielson AFB is located in the Tanana River Valley on a low, relatively flat, floodplain 
terrace approximately 2 mi (3.2 km) north of the active river channel. 

The Eielson AFB runway is 14,530 ft (4,429 m) by 150 ft (46 m) long. It is lighted from dusk to 
dawn. There is an air-traffic control tower at Eielson AFB (GlobalAir, 2014a). The runway 
supports both routine training and Red Flag and other exercise activities conducted at this 
location. Approximately 22,000 airfield operations are conducted annually at Eielson AFB by the 
F-16s, KC-135s, and different transient aircraft types participating in the Red Flag exercises. 

Additional information about Eielson AFB can be found in the Baseline Conditions for Eielson 

Air Force Base, as of May 2013 (USAF, 2014), and the General Plan Eielson Air Force Base, 

Alaska (USAF, 2008). 
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3.3.1 CLIMATE AND AIR QUALITY 

The climate at Eielson AFB is characterized by temperatures ranging from - 64°F (-53°C) in the 
winter to 93°F (34°C) in the summer. Average annual precipitation is 13.3 in. (33.8 cm). The 

prevailing wind direction is north to north- northeast ranging from 0.6 to 2.5 mph (1 to 4 km 
per hour). 

Eielson AFB is located on the outskirts of Fairbanks, AK, in the FNSB. FNSB is in attainment 
for all criteria pollutants except particulate matter 2.5 microns or less (PM2_5) (EPA, 2013b ). 
However, the PM2.5 nonattainment area boundary was modified so it did not include Eielson 
AFB (USAF, 2014). Thus, Eielson AFB is in attainment for all criteria pollutants. 

3.3.2 BIOLOGICAL RESOURCES 

Eielson AFB's airfield and developed areas were constructed on fill material deposited in cleared 
forest wetlands of the river floodplain. Semi-improved grounds around airfields and other 
facilities support vegetation consisting of a mix of a wide variety of native and introduced plant 
species that receive annual mowing and brush control to maintain vegetation in an early stage 
of succession. 

Mammals known to be present on or adjacent to Eielson AFB include black bears, red squirrels, 
martens, moose, snowshoe hare (Lepus americanus), beaver, mink, and muskrat. Birds present 

in the vicinity include the spruce grouse (Dendragapus canadensis), and ruffed grouse 
(Bonasa umbellus). Over 20 species of waterfowl- including geese, ducks, loons (Gavia spp.), 

grebes (Podicipedidae spp.), and scoters-use the aquatic habitat on Eielson AFB, and many of 
these species are protected under the Migratory Bird Treaty Act (Eielson AFB, 2011 ). Vegetation 
in the region includes cranberries, birch, black spruce, white spruce, rose hips, willow, and 
balsam poplar. No listed or proposed threatened or endangered species or critical habitats were 
found during surveys, or are known to occur on lands managed by Eielson AFB 
(Eielson AFB, 2008 and 2011). 

3.3.3 ENVIRONMENTAL .JUSTICE AND SOCIOECONOMICS 

Eielson AFB is located in the FNSB Census Area, which comprises 97,581 people including the 
2,647 people who live within the same zip code as Eielson AFB (Census Bureau, 2010). 
Seventy-seven percent of the population in FNSB are white, 8 percent are American Indian or 
Alaska Natives, 6 percent are black or African-Americans, 3 percent are Asian or Pacific 

Islanders, and 6 percent are of Hispanic origin (Census Bureau 2010). The population living 
below the poverty level within the census area is 8 percent (Census Bureau, 2010). 
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3.3.4 GEOLOGY AND SOILS 

The developed area of Eielson AFB, including the airfield, encompasses 3,408 acres (14 km2
) of 

the 19,790 acres (80 km2
) of Eielson AFB. Eielson AFB lands are isolated from major urban 

areas and lie on the abandoned floodplain of the Tanana River with elevations ranging from 

525 to 550 ft (160 to 168 m) ams!. 

Soils in the Tanana River Valley consist of unconsol idated silty sands and gravels, organic and 

sandy silts, and clays. Approximately two-thirds of Eielson AFB is covered with soils containing 

di scontinuous permafrost. This preponderance of permafrost soils contributes to the large 

percentage of vegetated wetlands occurring on undeveloped base lands. 

This artificial substrate, on which Eielson AFB sits, is composed of quarried Tanana floodplain 

gravels, cobble, and soil material built up as poorly sorted material to a thickness of between 

3 and 8 ft (1 to 2.5 m) and providing a firm platform for base construction devoid of wetlands, 

above the 100-year floodplain, and insulated from the permafrost layer (USAF, 2014). 

3.3.5 HEALTH AND SAFETY 

Existing human health and safety concerns in and adjacent to the airfield include occupational 
hazards associated with transporting the RTGs; maintenance of the runway, facilities, and 

aircraft; operation of vehicles on the runway and roads; and seasonal driving and working 

conditions; and low-probability natural hazards associated with events such as wildfires. 

Performance of day-to-day operations and maintenance activities at Eielson AFB are in 

accordance with appl icable USAF safety regulations, publi shed USAF Technical Orders, and 

standards prescribed by the USAF Occupational Safety and Health requirements. 

3.3.6 WATER RESOURCES 

Water resources include surface water and groundwater, as well as floodplain information. 

3.3.6.1 SURFACE WATER 

Water bodies within Eielson AFB boundaries include streams, wetlands, and lakes . Surface 

drainage on Eielson AFB is generally in a north- northwest direction and parallel to the Tanana 

River. Approximately 51 percent, or 10,133 acres (41 km2
), of Eielson AFB property is classified 

as wetlands, with 9,391 acres (38 km2
) being vegetated wetlands and the remainder being lakes, 

ponds, and streams. Wetlands and low-gradient alluvial streams compose most of the surface 

water resources on Eielson AFB, with wetlands dominating the low-lying areas within and 

surrounding the installation. Several lakes and extensive wetlands surround the airfield. Creeks 

found in the vicinity of the airfield include French and Moose creeks. 
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Piledriver and Garrison sloughs are the two largest streams in the vicinity of the airfield. 
Piledriver Slough, which discharges into the Tanana River, is located along the western edge of 

Eielson AFB and approximately 4,000 ft (1,219 m) west of the airfield and parallel to the 
runways. The slough receives no runoff from the urban developed area of the base and has good 

water quality. Garrison Slough crosses the developed portion of the installation in a somewhat 
channelized form, and is the only impaired water body located on Eielson AFB. In 1996, the 
U.S. Environmental Protection Agency (EPA) issued a Total Maximum Daily Load for 
polychlorinated biphenyls (PCBs), and the slough is listed by the State of Alaska as a Category 
4a on the 2010 list of Impaired Waters for PCBs under Section 303 of the Clean Water Act 

(Eielson AFB, 2012). 

This artificial substrate, on which Eielson AFB sits, provides a firm platform for base 
construction devoid of wetlands, above the 100-year floodplain, and insulated from the 
permafrost layer. A levee system maintains a flood safety margin for residential portions of the 
installation. As a result of this, the developed portion of Eielson AFB is situated above the 
su1Tounding forested wetlands and sloughs (USAF, 2014). 

3.3.6.2 GROUNDWATER 

Eielson AFB is located over a shallow, unconfined aquifer. The water table varies from the 
surface in adjacent wetlands to 10 ft (3 m) below ground surface in developed areas 
(USAF, 2014). 

3.3. 7 LAND USE 

The airfield is the dominant land use at Eielson AFB, with a notably long 14,530 ft (4,429 m) 
runway and associated ramps and taxiways occupying the west side of the base (Figure 2-5). The 

runway parallels Richardson Highway, which runs through the base. Most of the aircraft's 
operational and industrial areas are immediately adjacent to the airfield on the east side, which is 
on the south end of the base. Land to the west of the airfield and highway is predominantly 
undeveloped, open space with lakes, wetlands, and forests. 

The layout of the functional areas of the base provides some separation between the housing 
areas and the airfield. Most of the community services are situated in the center of the base 
between Kobuk Loop Road and north of Arctic Road and Broadway Road. The base has school 
facilities from kindergarten through high school, a medical center, chapel, commissary, and a 
selection of commercial businesses. Recreational uses include athletic fields, outdoor track, 
trails, campgrounds, and lakes, as well as indoor athletic facilities. Much of the base is wetland 
or floodplain, and is not suitable for construction. A few miles to the north of the base is the 
small community of Moose Creek with a population of about 550 persons. Most of the homes in 
this community are slightly west of the main axis of the runway and the flight paths in and out of 
the airfield. Lands outside the base to the west are a mixture of undeveloped natural forest and 
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some cultivated agricultural land with associated rural facilities and a small number of homes. 

Land to the south-southeast of the base is mostly uninhabited. 

3.3.8 NOISE 

The sound environment near Eielson AFB is dominated by military aircraft noise including 

F-16C/D, KC-135R, and many types of transient aircraft types . Transient and based aircraft 

operations tempo increases substantially during Large Force Exercises (LFEs), which typically 

occur in spring, summer, and fall. Under both LFE and non-LFE conditions, noise levels 

exceeding 65 decibels (dB) daylight noise level (Lctn) occur primarily on DoD-owned land. 

Under LFE conditions, approximately 495 acres (2 km2
) of off-installation land are affected by 

greater than 65 dB Lctn while under non-LFE conditions only 128 acres (0.5 km2
) of 

off-installation lands are affected. Off-installation land exceeding 65 dB Lctn is located almost 

entirely in the town of Moose Creek, with the remainder occurring in a small area along the 

western boundary of the installation (USAF, 2014). 

3.3.9 RADIOLOGICAL ENVIRONMENT 

The only sources of radiological exposure currently at Eielson AFB are naturally occurring 

radiation in the environment. This includes radon, cosmic radiation, and naturally occmring 

isotopes. There is no evidence of exposure from other sources. 

3.4 CREECH AFB, NV 

Creech AFB is located approximately 45 mi northwest of Las Vegas, NV, along US-95, at an 

elevation of about 3,100 ft (944 m) amsl. The AFB encompasses approximately 2,380 acres 

(10 km2
) of land in Clark County. Creech AFB is located in the northeastern portion of the 

Mojave Desert, which is characterized by low-lying enclosed basins surrounded by low 

mountains and bajadas formed of coalescing alluvial fans. 

The main Creech AFB runway, which is 9,002 ft (2,744 m) by 150 ft (46 m), runs east-west 

across the base. The northwest-southeast runway, which is 5,468 ft (1,667 m) by 100 ft (30 m), 

supports MQ-1 Predator and MQ-9 Reaper RPA operations. An inactive third runway extends 

southwest- northeast across the base. The primary runways are lighted from dusk to dawn. There 

is an air-traffic control tower at Creech AFB (GlobalAir, 2014b). Additional information about 

Creech AFB can be found in the Nellis and Creech Air Force Base Capital Improvements 

Program Environmental Assessment (Headquarters Air Combat Command and Nellis AFB, 

2008), and the Acquisition of Resort Property Located in Indian Springs, Nevada Environmental 

Assessment (Nellis AFB, 2011 ). An aerial image of Creech AFB is provided in Figure 2-7. 
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3.4.1 CLIMATE AND AIR QUALITY 

The climate at Creech AFB in southern Nevada is characterized by limited precipitation, low 
humidity, and large diurnal temperature ranges. Temperatures range from l 2°F (-11 °C) in 
January, typically the coldest month of winter, to 109°F (43°C) in July, typically the warmest 

month of summer. The annual average temperature in the area is 66°F (19°C). The average 
annual wind speed is 8 mph (12.9 km per hour), with northwesterly prevailing winds during the 
winter months, and southwesterly prevailing winds during the summer months. 

The Clark County Department of Air Quality and Environmental Management (DAQEM) 
monitors and regulates air emissions for the county. The existing air quality in Clark County is 
considered in attainment or unclassified for all criteria pollutants (40 CFR § 81.329, September, 
2004) except for 8-hour ozone, particulate matter 10 microns or less (PMJO) and carbon 
monoxide. Clark County has been in attainment for carbon monoxide since 2005, and has an 
EPA accepted State Implementation Plan, which outlines how it would maintain its attainment 
status. No air quality monitoring stations are known to be located near Creech AFB; however, 
according to the USAF, Creech AFB is in attainment for all air quality standards (USAF, 2009). 

3.4.2 BIOLOGICAL RESOURCES 

Creech AFB is located in the northeastern po1t ion of the Mojave Desert. Vegetation surrounding 
Creech AFB was systematically evaluated and mapped by Nellis AFB in 1996 (Nellis AFB, 
1996). Mixed scrub vegetation typical of the Mojave Desert occurs on lands surrounding Creech 
AFB, where several associations including creosote bush, bursage, and different species of 
saltbush can be distinguished (Nellis AFB, 1996). Within the fenced area of the airfield, the 
vegetation is very sparse due to disturbance and is dominated by non-native Russian thistle. 
Surrounding vegetation and wildlife habitat outside the fence consists of creosote bush scrub and 
saltbush scrub. 

Wildlife that typically occur in creosote bush scrub and saltbush scrub habitats have been 
observed on Creech AFB, primarily outside the fenced area. Mammals include black-tailed 
jackrabbits (Lepus californicus), desert woodrat (Neotoma lepida), kangaroo rats (Dipodomys 

spp.), coyote (Canis latrans), and desert kit fox (Vulpes macrotis arsipus). The diverse 
herpetofauna includes several species of lizards and snakes. 

Bird species include a variety of ground-dwelling seed or insect eaters such as jays, wrens, 
shrikes, towhees (Pipilo spp.), sparrows (Passeridae spp.), Gambel's quail (Callipepla gambelii), 

sage thrasher (Oreoscoptes montanus), and mourning dove (Zenaida macroura); the omnivorous 

raven (Corvus corax); greater roadrunner (Geococcyx californianus), which feeds on snakes and 
lizards; and several species of raptors, including golden eagle (Aquila chrysaetos), redtailed 
hawk, ferruginous hawk (Buteo regalis), and northern harrier (Circus cyan.eus) (USAF, 2010). 
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The desert tortoise (Gopherus agassizii) and western bmTowing owl (Athene cunicularia 

hypugaea) are the only special-status plant or animal species known, or likely to occur at Creech 

AFB. Although present in the surrounding area, desert tortoises are not typically present on the 
airfield because of the level of disturbance and activity. Burrowing owls have been observed in 

burrows in the disturbed soil at the north end of the runway at Creech AFB (USAF, 2010). 

There are no wetlands or j urisdictional waters of the U.S. at the airfield on Creech AFB 

(Headquarters Air Combat Command and Ne1lis AFB, 2008). 

3.4.3 ENVIRONMENTAL JUSTICE AND SOCIOECONOMICS 

Creech AFB is located in close proximity to the town of Indian Springs, NV. The population of 

Indian Springs is approximately 1,400 (DOE, 2013b ). Seventy-nine percent of Indian Springs' 

population are reported to be White (Census Bureau, 2010). In 2010, about 17 percent of Indian 

Springs' residents and 12 percent of Clark County residents were reported to be living below the 

poverty line (Census Bureau, 2010). The primary economic influences in the area are DoD and 

DOE operations in the region. In 2011, Creech AFB had more than 2,200 military-assigned 

personnel (USAF, 2011). 

3.4.4 GEOLOGY AND SOILS 

Creech AFB is located in the southern opening of the Indian Springs Valley. The valley is bound 

by the Spotted Range and Buried Hills to the west and the Pintwater Range to the east. The 

valley areas are dominated by Quaternary alluvial deposits with patches of Quaternary playa and 

marsh deposits north of Creech AFB. Soils in the vicinity of Creech AFB are generally sandy, 

loose, and prone to erosion. The local mountains (southern Pintwater Range and Spotted Range) 

are primarily Paleozoic limestone, dolomite, shale, and quartzite. Due to western winds, the west 

sides of the mountains in the area are commonly flanked by dunes on top of deep alluvial fans. 

Based on the close proximity of Creech AFB to the NNSS, it is considered to be located in 

Seismic Zone 4 due to the possibility of seismic damage from previous underground test 

detonations on the NNSS. 

3.4.5 HEALTH AND SAFETY 

Existing human health and safety concerns in and adjacent to the airfield include occupational 
hazards associated with transporting the RTGs; maintenance of the runway, facilities, and 

aircraft; operation of vehicles on the runway and roads; seasonal driving and working conditions; 

and low-probability natural hazards associated with events such as wildfires. Performance of 

day-to-day operations and maintenance activities at Creech AFB are in accordance with 

applicable USAF safety regulations, published USAF Technical Orders, and standards prescribed 

by the USAF Occupational Safety and Health requirements. 
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3.4.6 WATER RESOURCES 

Water resources include surface water and groundwater, as well as floodplain information. 

3.4.6.1 SURFACE WATER 

Natural surface water is scarce on and around Creech AFB, and there are no wetlands within the 
base. Surface flow is primarily towards the two local playas, located north of the airfield where it 

collects and evaporates. Due to the low precipitation and high evaporation rate, surface water 
rarely accumulates in these playas. The northwest comer of the installation is within a 100-year 
floodplain. Other than constructed ponds and structures, no permanent surface water occurs on or 
in the vicinity of Creech AFB (USAF, 2009). 

3.4.6.2 GROUNDWATER 

Creech AFB is located within the carbonate-rock province of the Great Basin. Because of the 

pe1meability of carbonate rocks, it supports an extensive, regional groundwater flow system. 
Groundwater in the region is high in total dissolved solids at levels of 500 to 1,000 milligrams 
per liter, and rich in calcium and magnesium bicarbonate; however, the groundwater is well 

within the EPA standards for drinking water quality (Nellis AFB, 2002). 

3.4.7 LAND USE 

Creech AFB encompasses approximately 2,380 acres (10 km2
) of land, mostly designated as 

open space in order to ensure Clear Zone safety around the airfield. Aircraft operations and 
maintenance facilities at Creech AFB lie south of the main runway developed area of the base. 
Facilities including a wastewater treatment plant and storage buildings are situated north of the 
runway. The main base area contains several industrial land uses (i.e., supply, vehicle 
maintenance,_and transportation facilities) as well as shops, dining hall, and temporary lodging 
facilities. Creech AFB serves as a practice base for the Nellis AFB-based Thunderbirds 
demonstration team, as the base for several flying squadrons, and as the base for the remotely 
piloted aviation mission. Creech AFB is also used for readiness and security-force training. 

3.4.8 NOISE 

The primary existing noise sources in the general vicinity of Creech AFB are unmanned military 
aircraft, Thunderbird practice sessions, other jet flights , helicopter flights, and the loudspeaker 
announcement system at the base. The types of remote aircraft typically deployed at Creech AFB 
are much quieter than typical military or commercial jet aircraft. Secondary sources of noise 
include motor vehicle traffic on US-95, motor vehicle traffic along surface streets in Indian 
Springs, and wind-related sources. Highway vehicle traffic registers at approximately 75 decibels 
A-weighted (dBA) at 50 ft (15 m). Therefore, there are considerable sources of ambient noise 
within the vicinity of Creech AFB (USAF, 2009). 
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3.4.9 RADIOLOGICAL ENVIRONMENT 

The only sources of radiological exposure currently in Clark County are naturally occurring 
radiation in the environment. This includes radon, cosmic radiation and naturally occurring 
isotopes. There is no evidence of exposure from other sources. 

3.5 NNSS, NV 

The NNSS occupies approximately 1,360 mi2 (3 ,522 km2
) of desert and mountain terrain in 

southern Nevada about 65 mi (105 km) northwest of Las Vegas. Elevations range from 2,700 ft 
(823 m) amsl in the southern part of the NNSS to 7,680 ft (2,341 m) amsl in the mountainous 
northern region (NNSA/NSO, 2013). The NNSS is divided into numbered areas to facilitate 
management; communications; and the distribution, use, and control of resources (Figure 2-8). 

Additional information about the NNSS may be found in the NNSS SWEIS (DOE, 2013b). 

3.5.1 CLIMATE AND AIR QUALITY 

The NNSS is located mostly in the southwestern corner of the Great Basin Desert, with the 
southern third of the NNSS located in the Mojave Desert (Warner, 2004). Average maximum 

temperatures range from 90 to 100 °P (32 to 38°C) in the summer and from 50 to 60 °P 
(10 to 16°C) in the winter. Locations in the southeastern NNSS receive an average of about 
5 in. per year (13 cm) of precipitation (NNSA/NSO, 2008a). Precipitation falls most often 
during winter and early spring (during Pacific storm passage) and during mid- to late summer 
(during convective thunderstorms, monsoons, and occasional tropical storm remnants) 
(NOAA, 2006). 

The NNSS is in attainment for a11 criteria po11utants (EPA, 2013a). There are no regularly 
operating ambient air quality monitors for criteria pollutants and hazardous air pollutants within 
the NNSS. The most comprehensive source of representative data on ambient concentrations of 
criteria pollutants and hazardous air pollutants for the area surrounding the NNSS is a special 
study conducted in the southwest portion of the NNSS from October 1991 through September 
1995. Given the 1991 through 1995 ambient concentration measurements from the monitoring 
stations are still likely representative of the current concentrations on the NNSS, it remains very 
likely the ambient air quality on the NNSS is well within all applicable ambient air quality 
standards (DOE, 2013b). 

3.5.2 BIOLOGICAL RESOURCES 

The NNSS is located within the Basin and Range physiographic province and along the 
transition zone between the Mojave Desert and Great Basin ecoregions in south-central Nevada 
(DOE/NV, 2000). As a result, this site has a diverse and complex mosaic of plant and animal 
communities representative of both ecosystems, as well as some communities common only in 
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the transition zone. Lists of the vegetation and animals sighted on the NNSS may be found in the 
NNSS SWEIS (DOE, 2013b). 

At least 1,163 taxa of invertebrates within the phylum Arthropoda (animals having an 

exoskeleton, a segmented body, and jointed appendages) have been identified on the NNSS. Of 
the known arthropods, 78 percent are insects (NNSA/NSO, 2013). Approximately 300 vertebrate 
species have been observed on the NNSS, including 60 species of mammals, 239 species of 
birds, 34 species ofreptiles, and 3 species of introduced fish (Wills and Ostler, 2001). 
Approximately 80 percent of the bird species on the NNSS are migrants or seasonal residents 
(Wills and Ostler, 2001). As of 2010, 26 bird species, including 9 raptor species (birds of prey), 
are known to breed on the NNSS. 

Typical Mojave Desert species found on the NNSS include kit fox (Vulpes macrotis), Merriam's 
kangaroo rat (Dipodomys merriami), desert tortoise, chuckwalla (Sauromalus obesus), western 
shovelnose snake (Chionactis occipitalis), and sidewinder snake (Crotalus cerastes). Several 
species of state-designated game animals occur on the NNSS, including mule deer ( Odocoileus 

hemionus) (National Security Technologies, LLC [NSTec], 2010) and an unknown number of 
mountain lions (Puma concolor), desert and Nuttall's cottontails (Sylvilagus nuttallii), chukar 
(Alectoris chukar), Gambel's quail, mourning dove, and several species of waterfowl. The 
western burrowing owl is found in most of the major valleys in the eastern and southern portions 

of the NNSS. 

The only species listed by USFWS as threatened or endangered that occurs on the NNSS is the 
Mojave Desert population of the dese1t tortoise. The sensitive and protected/regulated species 
known to occur on or adjacent to the NNSS include 1 moss, 22 flowering plants (including 3 
species of yucca, 1 of agave, and 18 cacti), 1 mollusk, 2 reptiles (including the desert tortoise), 
15 birds, and 27 mammals (NSTec, 2010). Two of the bird species, chukar and Gambel's quail, 
are regulated as game species; and 7 mammals are regulated as game species, as follows: 
pronghorn antelope, Rocky Mountain elk (Cervus elaphus), desert bighorn sheep (Ovis 

canadensis nelsoni), mule deer, mountain lion, Audubon's cottontail (Sylvilagus audubonii), and 
Nuttall's cottontail. Three species are regulated as furbearers: bobcat (Lynx rufus), gray fox 
(Urocyon cinereoargenteus), and kit fox (Vulpes macrotis). 

3.5.3 ENVIRONMENTAL JUSTICE AND SOCIOECONOMICS 

The NNSS is located in Nye County, NV. In 2013, the population for Nye County was 43,946 
(Census Bureau, 2010). Pahrump, the largest and most rapidly growing community in Nye 
County, is located about 26 mi (42 km) south of the NNSS. The 2010 population for Pahrump 

was 36,441 (Census Bureau, 2010). Amargosa Valley, the nearest community to the NNSS, is 
located about 2 mi (3 km) south of the NNSS and has a population of 1,400. Beatty, about 17 mi 
west of the NNSS, had a population of 800 in 2000. Alamo, located about 42 mi (68 km) 
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northeast of the NNSS, had a population of 460 in 2000. Population data from the 2010 Census 
were not available for Beatty and Alamo. 

There are no block groups in Nye County with minority populations greater than 50 percent. The 
closest block group to the NNSS with a minority population greater than 50 percent is in Clark 
County, approximately 2 mi (3 km) east of the southeastern comer of the NNSS. 

3.5.4 GEOLOGY AND SOILS 

The NNSS is located in the southern part of the Great Basin, the northernmost subprovince of the 
Basin and Range Physiographic Province. This region is characterized by north-south-trending, 
linear mountain ranges separated by broad sediment-filled basins. Frenchman Flat, the location 
of the Area 5 RWMC, is a topographically closed valley. Water from snowmelt and other runoff 
from higher elevations collects in the lowest portions of this valley during wet seasons. 

Since 1992, several earthquakes ranging between magnitudes of 3.0 to 4.0 have occurred in the 
southern portions of the NNSS. The largest of these earthquakes are a magnitude of 4.0 in 1997, 
south of Calico Hills; magnitudes of 4.5 and 4.8 in January 1999 in Frenchman Flat; and a 
magnitude of 4.6 in 2002 southwest of Skull Mountain (USGS, 2010). 

DOE policy is to design, construct, and operate its facilities so workers, the general public, and 
the environment are protected from the impacts of natural phenomena hazards (including seismic 
events) on DOE facilities. DOE seismic design criteria also meet the requirements of the 
International Building Code (International Code Council, Inc. [ICC], 2009). 

There are few soil surveys for the NNSS and surrounding areas because the site was established 
as a nuclear weapons testing site before the nationwide soil survey program. Soils at the NNSS 
are similar to those throughout southern Nevada. Most of the soils form on the alluvial fans and 
valley floors, with thin soils forming on mesa and mountain surfaces. The soils at the NNSS are 
highly susceptible to erosion by wind and water. Although finer-grained soi ls on steep slopes are 
more easily erodible, mineral composition and topography can also affect the movement of 
topsoil. Because the NNSS has not undergone a comprehensive soil survey review, locations of 
soils easily erodible have not been identified. 
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3.5.5 HEAL TH AND SAFETY 

Existing human health and safety concerns at the NNSS include occupational hazards associated 
with transporting the RTGs; the handling and disposal of LLW; operation of vehicles on the 
roads; seasonal driving and working conditions; and low-probability natural hazards associated 
with events such as wildfires. Performance of day-to-day operations and maintenance activities 
at the NNSS are in accordance with applicable DOE and other federal safety regulations. 

3.5.6 WATER RESOURCES 

Water resources include surface water and groundwater, as well as floodplain and 
wetlands information. 

3.5.6.1 SURFACE WATER 

The NNSS lies within the Basin and Range Physiographic Province and the Great Basin, which 
is a closed hydrographic basin from which no sutface water leaves, except by evaporation. The 
Great Basin comprises numerous smaller hydrographic basins. The basins covering the greatest 
amount of land area on the NNSS include (1) Fortymile Canyon (the Buckboard Mesa and 
Jackass Flats Subdivisions), (2) Yucca Flat, (3) Rock Valley, and (4) Frenchman Flat. 

Streams are ephemeral and are fed by runoff from snowmelt and precipitation during storm 
events. There are no important perennial or intermittent streams on the NNSS. There are 26 
known springs and seeps on the NNSS (DOE/NV, 1999; Hansen et al. , 1997), although some are 
dry for most of the year. Most of the springs at the NNSS support wetland (hydrophytic) 
vegetation- such as cattail, sedges, and rushes- which likely constitute wetlands, as defined by 

US ACE and EPA. 

Flash flooding occurs on the NNSS in response to heavy precipitation events, especially during 
summer thunderstorms. The runoff from these storms is typically of short duration; however, the 
storms do result in large peak discharge rates. Flood hazards at NNSS facilities and activities are 
most likely associated with flooding in alluvial fans and playas. Throughout the NNSS, there is 
the potential for sheet flow or channel ized flow through arroyos to cause localized flooding. In 
addition, a rise in any standing water on a playa creates a potential flood hazard. 

Arroyos in Frenchman Flat that pose a potential flood hazard to existing facilities include Barren 
Wash, Scarp Canyon, Nye Canyon, and Cane Spring (DOE/NV, 1996). There is a 100-year flood 
hazard area along the southwest corner of the Area 5 RWMC associated with Barren Wash 
(Schmeltzer et al., 1993). 
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3.5.6.2 GROUNDWATER 

The NNSS is located within the Death Valley regional groundwater flow system extending from 
central Nevada north of the NNSS to Death Valley. The Death Valley system encompasses 
approximately 16,000 mi2 (41,440 km2

) of the Great Basin (Belcher et al., 2010). It is very 
complex, involving many aquifers and aquitards, which vary in their characteristics and presence 
over distance. The lower carbonate aquifer system is found primarily in the eastern and southern 
part of the NNSS and is not present in all areas. The Cenozoic aquifer system is found beneath 

the main valleys, such as Yucca and Frenchman Flats, and caldera areas. There is limited 
hydraulic connection between groundwater in the lower carbonate aquifer system and the 
Cenozoic aquifers (alluvial and volcanic) in many areas, controlled by the location and properties 
of low-permeability aquitards. 

The depth to groundwater at the NNSS varies from approximately 30 ft (9 m) at Fortymile Wash 
to more than 2,000 ft (610 m) under the upland portions of Pahute Mesa. The depth to 
groundwater in Frenchman Flat is approximately 700 ft (213 m) (DOE/NV, 1997; 
NNSA/NSO, 2008a). 

3.5. 7 LAND USE 

The NNSS is located about 57 mi northwest of downtown Las Vegas in the remote desert and 
mountainous terrain of southern Nye County, NV. The Federal Government (primarily Bureau of 
Land Management [BLM], DoD, DOE/National Nuclear Security Administration [NNSA], and 
the U.S. Forest Service [USFS]) manages more than 85 percent of the land in Nevada, and 
93 percent in Nye County (DOE, 2008). Approximately 22 percent of the total land area in 
Nye County, including the NNSS, is designated for federal ly rest1icted access for U.S. 
Government activities. 

The NNSS is controlled by DOE/NNSA and is the largest and most extensive ofDOE/NNSA's 
sites in terms of the complexity of its facilities, buildings, and infrastructure; and its land area. 
Although the NNSS is under DOE/NNSA management, DoD and other customers use the site 
for National Security/Defense and Nondefense Mission-related experiments, training, and 
research. The NNSS currently supports work under three missions: (1) National 
Security/Defense, (2) Environmental Management, and (3) Nondefense. Non-worker access to 
the NNSS is restricted and limited to public bus tours. Tours must be scheduled in advance. 

As of 2008, the NNSS had 486 buildings, 113 trailers, a 340-m (547-km) onsite network of 
paved roads, and over 300 mi (483 km) of unpaved roads within its 880,000 acres (3,531 km2

) 

(NNSA/NSO, 2008b ). Most of the experimental facilities and infrastructure are concentrated 
along the main roadway thoroughfare (Mercury Highway); the majority of maintenance, support, 
and development activities also are located along this COITidor. 
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3.5.8 NOISE 

Major sources of noise at the NNSS include equipment and machines, blasting and explosives 
experiments, aircraft operations, and vehicles. Because of the NNSS's remote location, large 
size, access restrictions, and lack of a nearby population, the general public has little to no 
exposure to noise generated within the NNSS. The closest sensitive receptors to the site 
boundary are residences located approximately 2 mi (3 km) to the south, in Amargosa Valley. At 
the NNSS boundary, away from most facilities, noise from most sources within the NNSS is 
barely distinguishable above background noise levels. Traffic generated by personnel commuting 
to and from work and occasional aircraft operations are the main NNSS-related contributors to 
increased noise levels in nearby communities. 

3.5.9 RADIOLOGICAL ENVIRONMENT 

Releases of radionuclides to the environment from NNSS operations provide a potential source 
of radiation exposure to individuals in the vicinity of the NNSS. Maximally exposed individual 
(MEI) doses estimated in a similar manner for the years 2004 through 2008 range from 2 to 
2.9 imem per year. These doses fall within the limits invoked by DOE Order 458.1, Change 2 
(DOE, 2013c ), and are much lower than those due to background radiation. 

No members of the public receive direct gamma radiation exposure above background levels as a 
result of past or present NNSS operations. Gamma radiation exposure rates measured at areas 
accessible to the public are comparable to natural background rates from cosmic and terrestrial 
radiation. Radioactively contaminated areas on the NNSS are isolated from members of the 
general public, given the considerable distances between these areas and the site boundary, so 
members of the public are not exposed to any measurably contaminated soil, either directly or 
through resuspension (NNSA/NSO, 2009). 

NNSS workers receive the same dose as the general public from background radiation, but they 
receive an additional dose from working in and near facilities or areas with radioactive material. 
The average dose to the individual worker and the cumulative dose to all workers at the NNSS 
from operations in 2008 was 451 mrem (Enyeart, 2009); the increased risk of a latent cancer 
fatality (LCF) from this dose was 0.00027. 
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4.0 ENVIRONMENTAL CONSEQUENCES 

This section focuses on human health and environmental impacts associated with Alternative 1, 
Alternative 2, and the No Action Alternative. The section assesses potential impacts that may 
result under routine incident-free operating conditions, and under accidents. This analysis 
addresses direct, indirect, and residual environmental effects, which are defined as follows: 

• Direct effects are those impacts associated with the alternati ves that would directly or 
immediately affect the environment. These effects could include temporary and 
permanent effects from the activities. 

• Indirect effects would be caused by or result from the alternatives; these are uncertain 

in time but are reasonably certain to occur. 

• Residual effects are those effects that would remain after appropriate mitigation 
measures were implemented. 

The transport of the RTGs by truck from Creech AFB to the NNSS is considered routine 
operations for the DOE. The potential impacts of ground transport of radiological materials were 
analyzed in the NNSS SWEIS (DOE, 2013b) and are incorporated into this EA by reference. 
Therefore, no further discussion of potential impacts during ground transport are included in 

this EA. 

Hazards Analyses and Safety Evaluations 

AFT AC conducted a hazards analysis and safety evaluation addressing the transport of the 
10 Sr-90 RTGs from Burnt Mountain to the NNSS titled Sr90 Sealed Source Transport Hazard 

Analysis and Safety Evaluation In Support of the Environmental Assessment for the Transport of 

the USAF Radioisotope Thermoelectric Generators from Burnt Mountain, Alaska to the Nevada 

National Security Site Mercury, Nevada (AFTAC, 2014b). This document is included as 
Appendix C and will be referred to as the Hazards Analysis (HA) for the remainder of 

this document. 

The impacts analyses presented in this EA, particularly those relating to the potential for 
radiological release and exposure to humans and the environment, are based on the information 

contained in the HA. A brief description of the HA is presented in the following paragraphs. 

The HA is a semi-quantitative risk analysis and safety evaluation prepared in support of this EA 
and is included as Appendix C. The purpose of the HA is to assess the radiological risks from 
non-routine transport of the RTG and the probability of accidents and the radiological risks 
associated with the transport of the 10 RTGs from Burnt Mountain, AK, to the NNSS, NV. 
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The HA evaluates multiple exposure scenarios, including incident-free transport and 

accident scenarios resulting in public exposures. The risk estimate should be considered an 

upper-bound estimate of the risks involved with the transport. Two worst-case accident scenarios 

are considered: 

• Accident Scenario #1 is a CH-47F aircraft accident in an urban area. 

• Accident Scenario #2 is a C-17 aircraft accident in a dense urban area. 

The accident assessment consists of two components: (1) an accident risk assessment to 

determine the likelihood of an accident occurring during transport; and (2) an accident 

consequence assessment considering the radiological consequences to a population group 

from severe transportation-related accidents assumed to result in the largest releases of 

radioactive material. 

Two types of radiation impacts are considered in the HA: (1) acute effects from high-dose 
short-duration exposures resulting in immediate health effects, and (2) long-term chronic effects 

from long-term radiation exposures. These effects, combined with the probability of occurrence, 

are a measure of the risk associated with the transport of the RTGs. Impacts are calculated 

considering the upper-bound dose for the MEI. Impacts are calculated for both workers involved 

in the transport, and for members of the public who may be exposed as a result of the transport. 

In addition to determining the radiological risks associated with the action alternatives, the HA 

determined the probability of an aircraft mishap occurring based upon the likelihood of an 

aircraft accident happening factored with the probability the accident would be severe enough to 

result in the release of radioactive material. Not all mishaps would necessarily result in a breach 

of one or more RTGs. It is likely any mishap damaging an RTG to such an extent that 

radioactive material is released would also result in significant damage to the aircraft. Thus, the 

statistics for Class A mishaps are used to determine the risk of an aircraft accident severe 
enough to have the potential to result in the breach of the source containment. The 2013 Air 

Force Safety Center aircraft mishap data for Class A aircraft accidents and Army accident data 

for the CH-47 were used to determine the probability of an accident from the routes proposed in 

Alternatives 1 and 2. The probability of an aircraft accident is presented for each alternative in 
the Accidents sections of this EA (Sections 4 .1.2 and 4.2.2). 

4.1 ALTERNATIVE 1 

The potential impacts resulting from Alternative 1 are described in this section under two main 

headings: Routine Incident-free Operating Conditions, and Accidents. The Accidents considered 

for Alternative 1 are briefly described in Section 4.1.2. Alternative 1 does not result in indirect or 

residual impacts to resources unless specifically stated. 
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4.1.1 ROUTINE INCIDENT-FREE OPERATING CONDITIONS 

The 10 Sr-90 RTGs were designed as DOT Type B shipping containers. As such, it was 
demonstrated through testing and analysis, the RTGs are capable of withstanding the possible 
damage induced through routine operating conditions and hypothetical accident scenarios per 10 
CFR Part 71. An inspection of the RTGs conducted by Teledyne in 201 1 indicated the 10 RTGs 
are in very good condition (Teledyne, 2011). Based on the performance requirements and 
durability history of Type B containers, the RTGs and Type B shipping containers would 
withstand the transport and disposition activities described with minimal impacts to the human 
environment under routine operating conditions. To further reduce the potential for exposure 
impacts, qualified personnel would accompany the RTGs dming transport, and monitoring of the 
RTGs would be conducted throughout the transport and staging activities. 

4.1.1.1 CLIMATE AND AIR QUALITY 

Transport of the RTGs from Burnt Mountain to the NNSS would have temporary, minor impacts 
to air quality from use of helicopters and other vehicles (ATVs, forklifts, trucks). There would be 
minor releases of air pollutants associated with equipment engines, and a minor increase in 
particulate dust associated with operation of forklifts or similar equipment used to move the 
RTGs during transport and disposition. 

4.1.1.2 BIOLOGICAL RESOURCES 

The potential impacts to biological resources at each possible site are described in this section. 

Burnt Mountain 

Implementation of Alternative 1 does not require any construction or earthmoving activities at 
Burnt Mountain causing disturbances to wildlife. However, at Burnt Mountain, the presence of 
the helicopter and forklift activities would result in the temporary displacement of wildlife, 
particularly to small mammals and repti les not mobile enough to avoid the activities. Larger, 
more mobile wildlife species would avoid the activity and move into adjacent areas. Once 
activities cease, wildlife would return. Therefore, impacts to wildlife at Burnt Mountain would 
be temporary and minor. 

According to USFWS, no threatened and endangered species are present at Burnt Mountain. 
However, Burnt Mountain is within the range of the delisted American peregrine falcon and the 
delisted arctic peregrine falcon. There are no known American or arctic peregrine falcon nests 
within 10 mi (16 km) of the facility, but they may migrate through the area. The Migratory Bird 

Treaty Act protects all migratory birds, including nesting birds, during the breeding season. More 

specifically, the Migratory Bird Treaty Act and Executive Order No. 13186, Responsibilities of 

Federal Agencies to Protect Migratory Birds, 10 January 2001, direct federal agencies to 
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minimize or avoid impacts to migratory birds and/or raptors whenever possible. Therefore, 

surveys of the five RTG storage areas will be conducted to identify the presence of nests before 

RTG removal is initiated. Any nests present will be avoided to the extent possible. 

Short-term, minor impacts to vegetation would result from forklift and A TV activities at BM02, 

BM03, and BM05. Although vegetation would be affected by drive and crush activities, it would 

recover quickly once activities cease. Sites BMOl and BM04 are located in black spruce 

wetlands. The USAF holds a general Nationwide 18 Permit from USACE authorizing activities 

to occur within the wetlands. The general permit is applicable because no construction or 

excavation would occur within the wetlands. Matting and plywood would be laid down before 

forklift/ ATV operations begin to minimize the impact to the soft permafrost. The matting and 

plywood would be removed after activities were completed. Impacts to vegetation at BMOl and 

BM04 would be temporary and minor. 

Fort Yukon 

Activities at Fort Yukon under Alternative 1 may include the transport and temporary staging of 

the RTGs. The RTGs would be delivered to Fort Yukon using CH-47F helicopters, temporarily 

staged at a site within the airfield, and loaded on to a C-130 for transport to Eielson AFB. The 

arrival and departure of CH-47F and C-130 aircraft are common at the Fort Yukon Airfield. No 

wetlands exist within the developed areas of the airfield, and no threatened or endangered 

species have been observed within the boundaries of Fort Yukon (DOE, 2013a). 

Activities associated with the transfer of the RTGs to and from the aircraft, and staging area 

would occur within already developed areas of the airfield. Therefore, no impacts to wildlife and 

vegetation would result from Alternative 1. 

Eielson AFB 

Activities at Eielson AFB under Alternative 1 include the transport and temporary staging of the 

RTGs. The RTGs would be delivered to Eielson AFB using C-130 aircraft, temporarily staged at 

a site near the airfield, and loaded on to a C-17 for transport to Creech AFB. The arrival and 

departure of C-130 and C-17 aircraft are routine at Eielson AFB. No listed or proposed 

threatened or endangered species or critical habitats were found during surveys, or are known to 

occur on lands managed by Eielson AFB (Eielson AFB, 2008 and 201 1). 

Activities associated with the transfer of the RTGs to and from the aircraft and staging area 

would occur within already developed areas of Eielson AFB. Therefore, no impacts to wildlife 

and vegetation would result from Alternative 1. 
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Creech AFB 

Activities at Creech AFB include the transport and temporary staging of the RTGs. The RTGs 

would be delivered to Creech AFB using a C-17 aircraft, temporarily staged at a site near the 

airfield, and loaded on to a flatbed truck for transport to the NNSS. The arrival and departure of 

C-17 aircraft are common at Creech AFB. There are no wetlands or jurisdictional waters of the 

U.S. at the airfield on Creech AFB (Headquarters Air Combat Command and Nellis AFB, 2008). 

Vegetation within the fenced area of the airfield is very sparse due to disturbance. 

The desert tortoise (a listed threatened species) and the western burrowing owl (a federal species 

of concern) are the only special-status plant or animal species known, or likely to occur, at 

Creech AFB. Desert tortoises are not typically present on the airfield because of the level of 
disturbance and activity. Burrowing owls have been observed in burrows in the disturbed soil at 

the north end of the runway (USAF, 2010). 

Activities associated with the transfer of the RTGs to and from the aircraft and staging area 

would occur within the developed, fenced areas of Creech AFB. Therefore, no impacts to 

wildlife and vegetation would result. It is unlikely desert tortoises would be present in the area of 

activities, and no activities would occur at the north end of the runway; therefore, impacts to the 

desert tortoise and burrowing owl would not occur. 

NNSS 

Under Alternative 1, the truck containing the RTGs would stop at the NNSS at Gate 100 where 

possession of the RTG would transition from the UAF to the DOE (SNL). Biological impacts 

for DOE activity that would follow acceptance of the RTGS are addressed in the NNSS Site­

Wide Environmental Impact Statement (NNSS SWEIS). 

4.1.1.3 ENVIRONMENTAL JUSTICE AND SOCIOECONOMICS 

No impacts to Environmental Justice populations would occur as a result of routine incident-free 

operating conditions under Alternative 1. Burnt Mountain and Fort Yukon are located in the 

Yukon-Koyukuk Borough census area, which has a 60.6-percent American Indian and Alaskan 

Native population. However, the nearest villages to Burnt Mountain are 50 mi (80 km) away and 

would not be impacted by Alternative 1. Airlift activities to be conducted at the Fort Yukon 

Airfield under Alternative 1 are similar to ongoing operations and pre-staging of supplies and 

equipment is similar to ongoing fire services activities. The staging and securing of the RTGs is 

non-routine and will require public engagement; however, no impacts to Environmental Justice 

populations at Fort Yukon are expected to occur. There are no Environmental Justice populations 

in the vicinity of Eielson AFB, Creech AFB, and the NNSS. Therefore, no Environmental Justice 

related impacts would occur. 
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Socioeconomics would not be impacted by implementation of Alternative 1 at any of the sites 
except Fort Yukon. All transportation activities would be conducted by USAF personnel. No 

additional personnel for transport or operations at any of the transfer sites would be necessary, 
except local law enforcement at Fort Yukon. Public engagement would be required at Fort 
Yukon to address inquiries about RTG trnnsport activities, communicate risks, and coordinate 
with local law enforcement to secure the staging site; resulting in minor socioeconomic impact. 

4.1.1.4 GEOLOGY AND SOILS 

Transport of the 10 RTGs from Burnt Mountain would have minor impacts on the local soils at 
Burnt Mountain because some soil compaction would occur as the RTGs are being removed 
from their current positions and transferred to helicopter via forklift. The most vulnerable sites 
are BMOI and BM04. Matting and/or plywood would be placed between the RTG storage area 
and the helicopter at these locations to prevent the fork lifts from sinking into wet areas and to 
prevent soil erosion. Helicopter landings and the use of ATVs at the Burnt Mountain sites would 
also cause some compaction and ground-surface disturbance, but these impacts would be 
temporary and minor. 

The CH-47 does not leak fuel under normal operating conditions. However, under an abnormal 
start-up, which entails the engines not firing on first attempt, the pilot would wait 1 minute to 
allow the small amount of fuel in the chamber to drain out so the engine would not flood during 
the second attempt to start the engines. In this case, several drops of fuel would exit the 
helicopter through a drain tube. A container would be placed beneath the drain tube to capture 
the fuel and prevent contact with the ground. Therefore, no soil contamination would occur. 

Impacts to soil would not occur at the Fort Yukon Airfield, Eielson AFB, Creech AFB, or the 
NNSS because transfer activities would occur on existing gravel, asphalt, or concrete runways or 

similarly compacted and disturbed areas. 

4.1.1.5 HEALTH AND SAFETY 

Under Alternative 1, up to 58 personnel, not including local law enforcement or other personnel 
who have no contact with the RTGs but may be required to coordinate efforts with the public, 
would be involved with the transpmt and temporary staging of the RTGs. Impacts to human 
health and safety under routine incident-free operating conditions would be negligible. 

Occupational hazards would be minimized by adhering to applicable USAF and DOE/NNSA 
safety regulations. Monitoring of the RTGs throughout the transport and staging process would 
ensure early detection of radiation should an unlikely shielding breach occur. Under routine 
incident-free operating conditions, the public would not be in close proximity to the RTGs and 
would therefore not be affected by implementation of Alternative 1. 
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4.1.1.6 WATER RESOURCES 

There would be no impacts to surface or groundwater resources during transport of the RTGs 
under routine incident-free operating conditions because the RTGs would not come into contact 
with water resources. The lack of groundwater information for the Burnt Mountain area is not 
essential to a reasoned choice among alternatives. 

4.1.1.7 LAND USE 

There would be no impacts to land use at any of the sites. Current land use and operations at all 
sites would continue. Prime and unique farmland would not be impacted because none exists at 
any of the sites. State and national parks, forests, conservation areas, and other areas of 
recreational, ecological, scenic, or aesthetic importance would remain undisturbed. 

4.1.1.8 NOISE 

Noise levels at the Burnt Mountain RTG sites would temporarily increase during loading and 
transport activities. Burnt Mountain is located in an uninhabited area with no noise-sensitive land 
uses. Therefore, noise impacts at Burnt Mountain would be temporary and minor. 

Temporary, minor noise impacts would occur at the Fort Yukon Airfield, Eielson AFB, Creech 
AFB, and NNSS from the aircraft and truck transporting the RTGs. Workers would adhere to 
standard operating procedures to determine whether hearing protection would be required while 
working in the vicinity of the aircraft. The noise created would be similar to existing noise in the 
areas and would not be identified by members of the public as anything new or different. 

4.1.1.9 RADIOLOGICAL CONSEQUENCES 

The average exposure rate at approximately 5 to 10 ft (1.5 to 3 m) outside the 5 RTG shelters at 
Burnt Mountain ranges from 0.144 to 0.273 mrem/hr with an average rate of 0. 184 mrem/hr 
(Table 3-2) (AFTAC, 2014a). NRC's annual dose limit of 5,000 mrem for occupationally 

exposed workers is presented in 10 CPR§ 20.1201. To reach the annual dose limit, occupational 
workers would need to be working around the RTG shelter for a continuous 3.2 years, 24 hours 
per day, 7 days per week (0.184 mrem/hr x 24 hours x 1,133 days= 5,003 mrem). Currently, 

workers are in close proximity to the RTGs only during limited maintenance activities. 
Maintenance personnel are routinely monitored for exposure to radiation. For comparison, 10 
CPR § 20.1301 specifies an annual dose limit to individual members of the public from the 
licensed operation not to exceed 100 mrem in a year. This equates to 23 days of contact within 3 
meters of the RTGs (0.184 mrem/hr x 24 hours x 23 days = 102 mrem). 

The licensed RTG shipping containers were designed such that the maximum dose rate at the 
surface of the RTG is less than 200 mrem/hr. In August 20 11, the surface dose rate for the RTGs 
was a maximum of 50 mrem/hr (Teledyne, 2011). 
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Transfer of the RTGs from Burnt Mountain to the NNSS would have minimal radiological 

impacts on worker health and safety during loading/unloading, temporary staging, transit, or 

disposition activities. Workers at Burnt Mountain, Fo1t Yukon Airfield, Eielson AFB, and 

Creech AFB would be in close proximity to the RTGs for only as long as it takes to load/unload 

them from the aircraft and transpo1t them to the temporary staging areas. Personnel at the 

temporary staging sites would maintain safe distances from the RTGs during normal operating 

conditions. Appropriate radiological monitoring, including a complete radi.ological control and 

safety program, would be established, approved, and implemented as a precaution. Personnel 

access-control procedures would be established and followed, and monitoring would be 

conducted inside the facilities. Monitoring would include ambient air surveys and air monitoring 

if a significant release from the units is suspected; swipe surveys; and passive integrating area 

monitors, such as thermoluminescent dosimeters (TLDs), or hand-held surveys of radiation fields 

in the temporary staging areas. The doses to workers from loading/unloading and staging 

activities are summarized in Table 4-1. 
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Table 4-1 
Radiation Doses from Alternative 1 Loading/Unloading and Staging Activities 

Total 

Location Activity Number Dose Rate Exposure Exposure 
of Personnel (mrem/hr) Time (person-

rem) 

Burnt Mountain, AK 
Removal and Loading 

4 
Dose at 1 m I hour 

5.4 X 10"2 

of RTGs for each RTG perRTG 

Fort Yukon, AK & Unloading and Loading 
4 hours 

4 (at each site) l.5 (2 hours at 2.4 X J0"2 

Eielson AFB, AK of RTGs 
each site) 

Fort Yukon, AK; Temporary Staging 360 hours 
Eielson AFB, AK; of RTGs 2 (at each s ite) 0.04 (5 days at 2.9 X 10·2 

& Creech AFB (Security) each site) 

Creech AFB, NY 
Unloading and Loading 

4 1.5 4 2.4 X 10 ·2 

on Ground Vehicles 

TOTAL ·1.3 X 10"1 

Somce: AFT AC, 20 14b 

The total dose to workers from ground operations under routine incident-free operating 

conditions under Alternative 1 is 1.3 x 10-1
. The total LCF probability from this portion of the 

transport is estimated to be 5.3 x 10·5, or 1 in 19,000 excess cancer fatalities for the personnel 

conducting the transport (AFTAC, 2014b). The phase when the RTGs have been loaded onto the 

aircraft for transport until the process of unloading them is termed "air operations." During this 

phase, occupational workers including flight crew have the potential to be exposed to radiation 

from the RTGs. The dose rate and total dose for each aircraft segment is listed in Table 4-2. The 

upper-bound total person dose is estimated to be 3.0 x 10·2 person-rem. The upper-bound LCF 

risk is estimated at 1.2 x 10·5, or the probability of 1 in approximately 82,700 of an LCF among 

the crew as a result of implementing Alternative 1. 

Workers at the NNSS who take possession of the RTGs would handle them in accordance with 

all DOE and NNSS procedures and safety requirements. Personnel at the NNSS are highly 

trained and experienced in the safe handling and disposal of LL W. Radiological monitoring is 

routinely conducted, and personnel are required to wear TLDs at all times while at the NNSS. 

No increased radiation exposures to the public are expected at Burnt Mountain during RTG 

removal given that the nearest population center is 50 mi (81 km) away and the threat of human 

intrusion is extremely low. Fort Yukon, Eielson AFB, Creech AFB, and NNSS are either secure 

locations or extremely remote with little risk of public exposures to radiation when the RTGs are 

on the ground. Likewise, during air operations, members of the public would be far enough away 

that exposures would be negligible. Thus, there is no impact to the public from ground or air 

operations under routine operating conditions. 
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Aircraft 

CH-47 

C-130 

C-17 

TOTAL 

Table 4-2 
Alternative 1 Upper-Bound Radiation Doses and Probability 

of LCF for Air Transport of RTGs 

Maximum Dose Rate 
Total Dose to Crew to Crew 

(rem/hr) 
(person rem) 

5.0 X 10-4 J.3 X 10"2 

2.9 X 10-4 3.4 X 10·3 

4.7xl0-4 l.3 X I0"2 

3.0 X 10"2 

Source: AFrAC, 2014b 

LCF 

5.4 X 10"6 

1.4 X 10"6 

5.3 X 10"6 

1.2 X 10"5 

The potential impacts resulting from the transport of radiological materials is addressed in the 
NNSS SWEIS (DOE, 2013b). There is the slight potential for increased public exposure once the 

RTGs are transferred from the aircraft onto a truck and the truck enters US-95, a public roadway. 

Trucks would be placarded with signs indicating radioactive materials are on board, thereby 

providing warning to the public and first responders .. Small amounts of radiation may be emitted 
by the RTGs during routine transportation operations (DOE, 2013b). The distance of drivers and 

passengers from the RTGs and the very limited time drivers and passengers would be near the 

RTGs eliminates the possibility of elevated public exposure during ground transportation on 

US-95. There is minimal development adjacent to the 20-mi (32-km) segment of US-95 between 

Creech AFB and the Mercury Highway, a paved federal road. 

4.1.2 ACCIDENTS 

Human health and environmental impacts from accidents under Alternative 1 have a very low 

probability of occurrence. During transport for disposition, the potential for a leak is very 

unlikely due to the special nature of the RTG containers. 

The USAF defines four categories of aircraft mishaps: 

• Class A mishaps result in a loss of life, permanent total disability, a total cost in 

excess of $1 million, destruction of an aircraft, or damage to an aircraft beyond 

economical repair. 

• Class B mishaps result in total costs of more than $200,000, but less than $1 million, or 

result in permanent partial disability but do not result in fatalities. 

• Class C mishaps involve costs of more than $10,000, but less than $200,000, or a loss of 

worker productivity of more than 8 hours. 

• High accident potential represents minor incidents not meeting any of the criteria for 
Class A, B, or C. 
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The probability of a mishap occurring is based upon the likelihood of an aircraft accident 
occurring factored with the probability the accident will be severe enough to result in the release 

of radioactive material. Not all mishaps would necessarily result in a breach of one or more 
RTGs. It is likely any mishap damaging the RTG to such an extent that radioactive material is 
released would result in significant damage to the aircraft. Thus, the statistics for Class A 

mishaps are used to determine the risk of an aircraft accident severe enough to have the potential 
to result in the breach of the source containment. The HA uses a simplistic model assuming 
accidents are directly proportional to flight hours. However, this model does not account for 
important factors, such as special climatic conditions, multi-flights per day, equipment 
parameters, and combat conditions' effects on accident statistics. 

Table 4-3 shows the probability of an aircraft accident occurring under Alternative 1 would be 
1.4 x 104

, which is approximately 1 in 7,150. The probability of that accident resulting in a 
release of radiological material is 2.6 x 10-6, which is approximately 1 in 385,000 
(AFf AC, 2014b). 

Table 4-3 
Probability of a Class A Flight Accident for Alternative 1 

Adjusted 

Route Aircraft 
Flight Probability Probability 

Miles/Sorties of Accident of Accident 
with Release • 

Burnt Mountain, AK 
CH-47 305 mi/5 sorties 1.2 X 10·4 1.2 X 10·6 

-> Fort Yukon, AK 

Fort Yukon, AK 
C-130 284 mi/2 sorties 2 .2 X 10·6 1.2 X 10·7 

-> Eielson AFB 

Eielson AFB 
C-17 2,332 mi/I sortie 2.7 X 10-S 1.3 X 10-6 

-> Creech AFB 

TOTAL 1.4 X 10·4 2.6 X 10·6 

Source: AFTAC. 2014b 

' The risk of a release of radioactive material from an RIG breach is assumed to be 0.05 during a Class A fixed-wing aircraft accident and 

0.0 L for a Class A rotary-wing aircraft accident. 

The HA evaluates two aircraft accident scenarios considered to present the highest risk. Based 
upon a study by Boeing, approximately 36 percent of all aircraft accidents occur during final 
approach and landing (Boeing, 2013). 

Accident scenario #1 is the crash of a CH-47 near Eielson AFB. While on approach to Eielson 
AFB, a CH-47 suffers a catastrophic failure and crashes in an urban area near the airfield. The 
helicopter is assumed to be carrying two RTGs. It is assumed there is a probability of 0.01 that 
one of the two RTGs would be severely damaged and release radioactive material, which would 
result in exposure of the surrounding population. The force of the crash and the related fire 
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would result in airborne transport of the source material. For this accident scenario, an additional 
factor of 0.4 is applied due to the fact that a majority of the transport route from Burnt Mountain 

to Fort Yukon is over undeveloped wilderness. 

Based on population density and the quantity of material released, Total Effective Dose 
Equivalent (TEDE) was calculated for a 30-day period for the exposed population. It is assumed 
any area where the populace would receive greater than 1 rem of dose over a 30-day period 
would be evacuated until the area was remediated. 

Table 4-4 shows the collective dose for the potentially exposed population. The total population 
dose would be 710 rem for Accident Scenario #l. This results in an LCF of 0.35 or 1 in 2.8 
chance of an excess cancer. Population in the immediate area of the crash may receive a high 
radiation dose. 

Table 4-4 
Collective Dose to the Public from Accident Scenario #1 

Dose Range (rem) 

>100 

50 - 100 

10 - 50 

5 - 10 

l - 5 

0.5 - I 

0.1 - 0.5 

0.05 - 0.1 

0.01 - 0.05 

TOTAL 

Source: AFfAC, 2014b 

NA = Not applicable 

Number Exposed Total Dose 
(person-rem) 

15 NA 

22 NA 

47 NA 

67 NA 

182 182 

318 159 

1,283 128.3 

2,342 117.1 

12,371 123.71 

710 

Accident Scenario #2 is the crash of a C-17 into a nearby urban area while on approach to 
Creech AFB. It is assumed there is a probability of 0.05 the crash is severe enough to breach 3 of 
the 10 RTGs the aircraft is carrying. Much of the route from Eielson AFB is over unpopulated 
areas. However, both the landing and takeoff points are over urban centers, so no additional 
modifier is applied in this case. 

Table 4-5 shows the collective dose for the potentially exposed population. The total population 
dose is 9,198 rem for Accident Scenario #2. This results in an LCF of 4.6 or approximately 5 

excess cancers in the exposed population. Population in the immediate area of the crash may 
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receive a high radiation dose. The TEDE was calculated for a 30-day period for the exposed 
population. It is assumed any area were the populace would receive greater than 1 rem of dose 

over a 30-day period would be evacuated until the area was remediated. 

Table 4-5 
Collective Dose from Accident Scenario #2 

Dose Range (rem) Number Exposed 
Total Dose 

(person-rem) 

>100 128 NA 

50 · 100 187 NA 

10 - 50 482 NA 

5 - 10 781 NA 

1 - 5 2,575 2,575 

0.5 - I 4,086 2,043 

0.1 - 0.5 18,355 1,835 

0.05 - 0.1 33,761 1,688 

0.01 - 0.05 105,683 l ,056 

TOTAL 9,198 

Source: AFTAC, 2014b 

The total risk of a fatality from radiological exposure resulting from an aircraft accident is 

approximately 1 in 10,000 (AFTAC, 2014b). Although, the impacts from an aircraft accident 
while transporting the 10 RTGs would be substantial, the probability of such an accident 
occurring is very small. The HA concludes the additional risks associated with exposure to 
radiological materials as a result of transporting the RTGs from Burnt Mountain, AK, to the 
NNSS are minimal. 

4.1.2.1 CLIMATE AND AIR QUALITY 

In the unlikely event an RTG container and radiation shielding is breached during an accident, an 

airborne release and respirable release of Sr-90 material may occur. Radioisotope materials may 
be carried an unknown distance from the breach site depending on wind trajectories and other 
weather conditions. 

4.1.2.2 BIOLOGICAL RESOURCES 

fmpact to biological resources during implementation of Alternative 1 under the accident 
scenarios would be the same as those described in Section 4.1.1 .2 with the added minimal 
potential for exposure to nearby wildlife and vegetation should a containment breach occur. 
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The probability of an aircraft accident occurring using the route included in Alternative 1 would 
be 1.4 x I0-4. which is approximately 1 in 7,150. The probability of that accident resulting in a 

release of radiological material is 2.6 x 10-6, which is 1 in 385,000. It is considered unlikely an 
accident would occur, and it is considered improbable a release of radiological material would 
occur. However, should it occur, there would be an increase in radiation exposure to biological 
resources in the vicinity. In addition to an improbable radiological hazard, there are other severe 
hazards associated with aircraft accidents, such as extreme fires and fuel spills, which could 
affect wildlife and vegetation. 

The HA analysis of the potential environmental impacts of an accident over the global commons 
assumes the loss of the RTG packages to an aircraft accident over water. The analysis further 
assumes that through either acute or long-term processes, the entire contents of the packages 
would be released into the ocean. The analyses concluded there could be some loss of marine life 
directly exposed to radioactive material. Yet because of the large volumes of water involved, 
mixing mechanisms, existing background radiation concentrations, and radiation-resistance of 
aquatic biota, the radiological impact of an accident would be localized. An accident involving 
an aircraft carrying the RTGs from Alaska resulting in a crash in the ocean was assumed to result 
in a release of all of the radioactive materials. The release could be immediate, but the packaging 
and containerization would make a gradual failure and release more likely. Whether immediate 

or gradual, it is assumed the release would result in the loss of marine organisms near the 
released material. 

4.1.2.3 ENVIRONMENTAL JUSTICE AND SOCIOECONOMICS 

Impact to Environmental Justice populations during implementation of Alternative 1 under the 
accident scenarios would be the same as those described in Section 4.1.1.3 with the added 
potential for radiation exposure should a containment breach occur. However, Environmental 

Justice populations would not experience a greater impact than that of the general public. 

Although the probability is low, an accident could affect socioeconomics. In the unlikely event 
of an aircraft accident in which radiological material is released, a large area (tens of square 

miles) may be contaminated with Sr-90. Most of this area would need to be mitigated before it 
could be reoccupied. The cost of such mitigation, as well as the relocation of businesses and 
residents, would result in substantial impacts. 

In addition to a possible radiological hazard, there are other severe hazards associated with 
aircraft accidents, such as extreme fires and fuel spills. Local governments in the accident area 
may be called upon to assist with emergency response and cleanup efforts, which could result in 
potential economic impacts from the unexpected expenses. Injuries from the accident would 
increase the number of patients at nearby hospitals and clinics. In rural, remote areas, healthcare 
facilities may not be able to handle the additional patients. 
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4.1.2.4 GEOLOGY AND SOILS 

Impact to geology and soils during implementation of Alternative 1 under the accident scenarios 
would be the same as those described in Section 4.1.1.4, with the added potential for radiological 
exposure to soils should a containment breach occur. In the event both layers of containment are 
breached, exposure to soils could occur. However, the Sr-90 titanate fuel element is fabricated as 
a very stable ceramic material, so dispersion is unlikely. If ceramic Sr-90 titanate is broken, it 
would most likely form relatively large particles that would not be readily dispersed in air (U.S. 

Congress, 1994). As a result, soil contamination would be localized and would not migrate deep 
into soils. 

4.1.2.5 HEALTH AND SAFETY 

Although the probability of an accident occurring is minimal, impacts to human health and safety 
would increase under the scenarios evaluated. This section describes the potential impacts to 

workers which may occur as a result of an aircraft accident. Radiological impacts to workers and 
the public are described in Section 4.1.2.9. 

Under Alternative 1, up to 58 personnel, not including local law enforcement or other personnel 
who have no contact with the RTGs but may be required to coordinate efforts with the public, 

would be involved with the transport and temporary staging of the RTGs. In an accident 
situation, workers or the public may be harmed by direct impact from the crashing aircraft or 
flying debris. Any fatalities or injuries would be primarily due to trauma from the accident. 
Other severe hazards may include explosions, fire, and fuel spills. To minimize the impacts, 
workers and emergency responders would adhere to applicable safety and emergency 
regulations. 

4.1.2.6 WATER RESOURCES 

Impact to water resources during implementation of Alternative 1 under the accident scenarios 
would be the same as those described in Section 4.1. l .6 with the added potential for radiological 
exposure should a containment breach occur. Contamination could occur via dispersion of fuel 
material by air or water. However, the Sr-90 titanate fuel element is fabricated as a very stable 
ceramic material, so dispersion is unlikely. If ceramic Sr-90 titanate is broken, it would most 
likely form relatively large particles that would not be readily dispersed in air. As a result, 
contamination would not migrate into groundwater. 

Surface water may be impacted in the unlikely event an aircraft canying the RTGs crashed into 
or near a surface-water body. The water body may be affected by aircraft debris and fuel spills. 

A breach of the containment could result in radiological material being dispersed in the water. 
However, dispersion in water would be limited by its low solubility. Material could be dispersed 
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by surface water runoff and could contaminate the soil in the vicinity of the accident. However, 
this contamination could be cleaned up. 

The HA concluded the radiological impact of an accident in the ocean would be localized 
because of the large volumes of water involved, mixing mechanisms, existing background 
radiation concentrations, and radiation-resistance of aquatic biota (AFTAC, 2014b). An accident 

involving an aircraft can-ying the RTGs from Alaska resulting in a crash in the ocean was 
assumed to result in a release of all of the radioactive materials. The release could be immediate, 
but the packaging and containerization would make a gradual failure and release more likely. 
Whether immediate or gradual, it is assumed the release would result in water contamination 
near the released material. However, dilution would occur quickly given the large volume of 
water and mixing mechanisms. 

4.1.2.7 LAND USE 

Land use may be impacted if soils and infrastructure are exposed to radiation levels due to a 
breach in the fuel containment. Land and buildings may be temporarily unusable until 
decontamination and cleanup acti vities are completed. Prime and unique farmland would not be 
impacted because none exists at any of the sites. State and national parks, forests, conservation 
areas, and other areas of recreational, ecological, scenic, or aesthetic importance would 
remain undisturbed. 

4.1.2.8 NOISE 

After the initial sound and possible blast created from an aircraft accident, noise levels would 
temporarily increase during emergency response and cleanup activities. However, the noise 
resulting from cleanup activities would be similar to existing noise in the areas and would not be 
identified by members of the public as anything new or different. 

4.1.2.9 RADIOLOGICAL CONSEQUENCES 

Radiological impacts could result from the accidents if the outer and inner containers are 
somehow both breached resulting in radioactive source material being released to the 
environment. Inhalation of Sr-90 would result in internal exposures to radioactive materials. Beta 
radiation presents an external radiation hazard primarily to the eyes and skin including a risk of 
beta bums at higher doses. Beta particles, such as those from the decay of Sr-90, also create 
x-rays as they are slowed down in the surrounding fuel and shielding material. X-rays are 
penetrating radiation that can deliver a radiation dose from outside the body. Once taken into the 
body, Sr-90 behaves in a manner similar to calcium, assuming it is inhaled or ingested as a 
substance soluble in the bloodstream or other body fluids (U.S. Congress, 1994). Like calcium, 
Sr-90 accumulates in the bone, and from there delivers radiation to associated tissues as it 

decays. Exposure to Sr-90 has been associated with bone cancer and leukemia. If Sr-90 is 
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inhaled in an insoluble form (e.g., Sr-90 titanate), it is retained in the lung and is naturally 
cleared slowly such that lung tissues receive the majority of the radiation dose. 

As stated in Section 4.1.2, the probability of an aircraft accident occun-ing using the route 
included in Alternative 1 would be 1.4 x 10-4, which is approximately 1 in 7,150. The probability 

of that accident resulting in a release of radiological material is 2.6 x 10-6, which is 1 in 385,000 
(AFf AC, 2014b). If an aircraft accident were to affect workers (pilots, workers accompanying 

the RTGs in the air, drivers/handlers of trucks or forklifts) at transfer points or along 
transportation routes, impacts would be dependent upon the circumstances of the accident. 
Trained workers could become contaminated with radioactive material and receive a direct dose 
from radioactive beta emissions from Sr-90 and yttrium-90, a daughter product produced by the 
radioactive decay of Sr-90. 

Should an accident occur, radiation exposure would be closely monitored and controlled to 
ensure there is no significant health effects to workers (security personnel, flight crew, radiation 
protection monitor, first responders, and clean-up personnel). The accident scene would be 
controlled, and radiation monitoring would be conducted to detect and contain or remove 
contamination as soon as possible. If a leak were detected, immediate action would be taken to 
contain the release of radioactive material to ensure the public is not exposed. The initial health 

effects of such an accident would be dominated by the injuries and fatalities resulting from the 
trauma of the crash. Thus, the release of the radioactive material would have relatively 

insignificant health consequences (AFr AC, 2014b). 

The likelihood of exposure to the public increases with the occurrence of breaches in the RTG 
containment system. Leak tests have demonstrated the RTGs do not release Sr-90 fuel under the 
routine operating conditions encountered during staging at transfer sites. Such breaches would be 
the result of trauma to the RTGs, with enough force to impact the housing and/or fuel capsule. 
Moreover, the containment afforded by the transfer sites and controlled access provide the 
sunounding rural population with additional protection from exposure to the RTGs. Hence, the 
probability is extremely small the general public would be impacted, given a potential breach 
would result in localized contamination that would not reach populations. 

4.2 ALTERNATIVE 2 

The potential impacts resulting from Alternative 2 are described in this section under two main 
headings: Routine Incident-free Operating Conditions, and Abnormal Events and Accidents. The 
Abnormal Events and Accidents considered for Alternative 2 are the same as those described for 
Alternative 1 in Section 4.1.2. Alternative 2 does not result in indirect or residual impacts to 

resources unless specifically stated. The transport route included in Alternative 2 does not 
include Fort Yukon as a temporary staging site for the RTGs. Therefore, human health and 
environmental impacts at Fort Yukon would not occur. 
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4.2.1 ROUTINE INCIDENT-FREE OPERATING CONDITIONS 

The routine incident-free operating conditions are the same as those described in Section 4.1.1. 

4.2.1.1 CLIMATE AND AIR QUALITY 

The impacts from implementation of Alternative 2 would be the same as those described in 
Section 4.1.1.1. 

4.2.1.2 BIOLOGICAL RESOURCES 

The potential impacts to biological resources as a result of implementing Alternative 2 would be 
the same as those described in Section 4.1.1.2. 

4.2.1.3 ENVIRONMENTAL JUSTICE AND SOCIOECONOMICS 

The potential impacts to Environmental Justice populations and socioeconomics as a result of 
implementing Alternative 2 would be the same as those described in Section 4.1.1.3. 

4.2.1.4 GEOLOGY AND SOILS 

The potential impacts to geology and soils as a result of implementing Alternative 2 would be the 
same as those described in Section 4.1.1.4. 

4.2.1.5 HEALTH AND SAFETY 

Under Alternative 2, up to 48 personnel would be involved with the transport and temporary 
staging of the RTGs. The potential impacts to health and safety as a result of implementing 
Alternative 2 would be similar to those described in Section 4.1. l .5. The differences are the 
reduction in workers and the use of the CH-47F helicopter to transport the RTGs from Burnt 
Mountain to Eielson AFB. 

The CH-47F helicopters have increased capability, are fully instrument-Hight-rule capable, and 
have a greater range than the CH-47D. U.S. Army aircrews currently use the CH-47F to 
routinely carry hazardous cargo over mountains in Afghanistan. Army personnel preliminarily 
assessed the transport of the RTGs by CH-47F helicopters, including flight over the White 
Mountains on a zero wind, sunny day. It was determined that it would be a low-risk operation 
(Collier, 2014). Once mission planning is completed, the Army would conduct a more in-depth 

ri sk assessment. 

4.2.1.6 WATER RESOURCES 

The potential impacts to water resources as a result of implementing Alternative 2 would be the 
same as those described in Section 4.1.1.6. 
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4.2.1.7 LAND USE 

The potential impacts to land use as a result of implementing Alternative 2 would be the same as 

those described in Section 4 .1.1. 7. 

4.2.1.8 NOISE 

The potential noise impacts resulting from implementation of Alternative 2 would be the same as 

those described in Section 4.1.1.8. The exception would be at Fort Yukon. Because the 

Alternative 2 transportation route does not include Fort Yukon, there would be no noise impacts 

in that area. 

4.2.1.9 RADIOLOGICAL CONSEQUENCES 

Transfer of the RTGs from Burnt Mountain to the NNSS would have minimal radiological 

impacts on worker health and safety during loading/unloading, temporary staging, transit, or 

disposition activities. Under Alternative 2, activities would occur at 3 sites with up to 48 workers 

involved with the transport and temporary staging of the RTGs. 

Workers at Burnt Mountain, Eielson AFB, and Creech AFB would be in close proximity to the 

RTGs for only as long as it takes to load/unload them from the aircraft and transport them to the 
temporary staging areas. Personnel at the temporary staging sites would maintain safe distances 

from the RTGs during nonnal operating conditions. Appropriate radiological monitoring, 

including a complete radiological control and safety program, would be established, approved, 

and implemented as a precaution. Personnel access-control procedures would be established and 
followed, and monitoring would be conducted inside the facilities. Monitoring would include 

ambient air surveys; swipe surveys; air monitoring; and passive integrating area monitors 

(such as TLDs) or real-time area monitors to observe radiation fields in the temporary staging 

areas. The doses to workers from loading/unloading and staging activities are summarized in 

Table 4-6. 

The total dose to workers from the non-incident air transport ground operations is I. I x I 0·1
. The 

total LCF probability from this portion of the transport is estimated to be 4.4 x I 0·5, or I in 

23,000 excess cancer fatalities for the workers conducting the transport (AFf AC, 2014b). 

During the air operations phase, occupational workers including flight crew have the potential to 

be exposed to radiation from the RTGs. Members of the public would be far enough away that 

exposures would be negligible. Thus, there is no impact to the public from air operations under 

routine operating conditions. 
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Table 4-6 
Radiation Doses from Alternative 2 Loading/Unloading and Staging Activities 

Location Activity Number Dose Rate 
Exposure Time 

Total Exposure 
of Personnel (mrem/hr) (person-rem) 

Burnt Mountain, 
Removal and 

Dose at 1 m 
Loading 4 I hour per unit 5.4 X 10"2 

AK 
ofRTGs 

for each unit 

Eielson AFB, Unloading and 
4 1.5 2 hours 1.2 X 10"2 

AK Loading of RTGs 

Eielson AFB, 
Temporary 

240 hours (5 days 
Staging of RTGs 2 0.04 l.9 X 10"2 

AK (Security) 
at each site) 

Creech AFB, 
Unloading and 

Loading on 4 1.5 4 2.4 X JO ·2 

NY 
Ground Vehicles 

TOTAL 1.l X 10-1 

Source: AFTAC, 2014b 

The dose rate and total dose for each aircraft segment is listed in Table 4-7. The upper-bound 
total person dose is estimated to be 3.5 x 10·2 person-rem. The upper-bound LCF risk is 
estimated at 1.4 x 10·5, or the probability of 1 in approximately 70,500 of an LCF among the 
crew as a result of implementing Alternative 2 (AFTAC, 2014b). 

Table 4-7 
Alternative 2 Upper-Bound Radiation Doses and Probability of LCF 

for Air Transport of RTGs 

Aircraft 
Maximum Dose Rate Total Dose to Crew 

LCF 
to Crew (rem/hr) (person-rem) 

CH-47 5.0 X 104 2.2 X 10"2 8.9 X 10"6 

C-17 4.7 X lQ-4 1.3 X J0"2 5.3 X 10"6 

TOTAL 3.5 X 10"2 J.4 X 10"5 

Source: AFT AC, 2014b 

Note: Data in the table (and related text) are for all variants of the CH-47 helicopter, not specifically the CH-47F helicopter. 

Workers at the NNSS would disposition the RTGs in accordance with all DOE and NNSS 

procedures and safety requirements. Personnel at the NNSS are highly trained and experienced in 
the safe handling and disposal of LLW. Radiological monitoring is routinely conducted, and 
personnel are required to wear TLDs at all times while at the NNSS. 
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There would be no impact to the public from ground or air operations under routine operating 
conditions due to the reasons described in Section 4.1.1. 9. Impacts to the public during ground 

transport from Creech AFB to the NNSS would be the same as those described in 
Section 4.1.1.9. 

4.2.2 ACCIDENTS 

Human health and environmental impacts from the accident scenarios under Alternative 2 have a 
very low probability of occurrence. During transport for disposition, the potential for a leak is 
very unlikely due to the special nature of the RTG containers. 

The probability of an aircraft accident under Alternative 2 and the probability of the accident 
resulting in a radiological release are presented in Table 4-8. The probability of an aircraft 
accident occunfog using the route included in Alternative 2 would be 4.1 x 1 o-4, which is 
approximately 1 in 2,450. The probability of that accident resulting in a release of radiological 
material is 5.2 x 10-6, which is 1 in 192,000. The number of helicopter miles traveled under 
Alternative 2 increase the probability of an aircraft accident. However, factors not considered 
during calculation of accident probability are special climatic conditions, multi-flights per day, 
equipment parameters, and combat conditions. Additionally, rotary-wing aircraft speeds and 
altitudes are typically much lower likely resulting in a lower probability of severe RTG damage. 

Only two RTGs would be carried on each CH-47F, further reducing the probability of severe 
RTG damage. 

Table 4-8 
Probability of Class A Flight Accident for Alternative 2 

Adjusted 

Route Aircraft 
Flight Probability Probability 

Miles/Sorties of Accident of Accident 
with Release • 

Burnt Mountain, AK 
CH-47 1,015 mi/5 sorties 3.8 X 10·4 3.8 X 10·6 

- Eielson AFB 

Eielson AFB 
C-17 2,332 mi/I sortie 2.7 X J0"5 1.3 X J0-6 

- Creech AFB 

TOTAL 4.1 X 104 5.2 X 10"6 

Source: AFTAC. 2014b 

, The risk of a release of radioactive mate1ial from an RTG breach is assumed to be 0 .05 during a Class A fixed-wing aircraft accident and 

0.0 L for a Class A rotary-wing aircraft accident. 

Note: Data in the table (and related text) are for aU variants of the CH-47 helicopter, not specifically the CH-47F helicopter. 

The total risk of a fatality from radiological exposure resulting from an aircraft accident is 
approximately 1 in 10,000 (AFTAC, 2014b). Although, the impacts from an accident in route 
would be substantial, the probability of such an accident occurring is very small. The HA 
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concluded the additional risks associated with exposure to radiological materials as a result of 
transporting the RTGs from Burnt Mountain, AK, to the NNSS are minimal. 

As previously stated, human health and environmental impacts from the accident scenarios under 
the action alternatives have a very low probability of occurrence. However, should an accident 

occur resulting in a container breach, the potential impacts to each resource are described in the 
following subsections. 

4.2.2.1 CLIMATE AND AIR QUALITY 

The impacts from implementation of Alternative 2 would be the same as those described in 
Section 4.1.2.1. 

4.2.2.2 BIOLOGICAL RESOURCES 

The impacts from implementation of Alternative 2 would be the same as those described in 
Section 4.1.2.1. 

4.2.2.3 ENVIRONMENTAL JUSTICE AND SOCIOECONOMICS 

Impact to Environmental Justice populations during implementation of Alternative 2 from 
accidents would be the same as those described in Section 4.1.2.3. The socioeconomic impacts 
under Alternative 2 would be similar to those described in Section 4.1.2.4. 

4.2.2.4 GEOLOGY AND SOILS 

Impact to geology and soils during implementation of Alternative 2 from accidents would be the 
same as those described in Section 4.1.2.4. 

4.2.2.5 HEALTH AND SAFETY 

Health and safety impacts during implementation of Alternative 2 from accidents would be 
similar to those described in Section 4.1.2.5, except that up to 48 workers would be involved 
with the transport and temporary staging of the RTGs. Fort Yukon would not be used as a 
temporary staging area. Therefore, workers at Fort Yukon would not experience health and 

safety issues related to this action. 

4.2.2.6 WATER RESOURCES 

Impacts to water resources during implementation of Alternative 2 from accidents would be the 
same as those described in Section 4.1.2.6. 
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4.2.2. 7 LAND USE 

Impact to land use during implementation of Alternative 2 from accidents would be the same as 
those described in Section 4 .1. 2. 7. 

4.2.2.8 NOISE 

Noise impacts during implementation of Alternative 2 from accidents would be the same as those 
described in Section 4.1.2.8. 

4.2.2.9 RADIOLOGICAL CONSEQUENCES 

Radiological impacts the may occur under Alternative 2 are similar to those described in 
Section 4.1.2.9, with two exceptions: the number of workers who could experience radiation 
exposure, and probability of an aircraft accident with RTGs onboard. 

Under Alternative 2, up to 48 workers would be involved with the transport and temporary 
staging of the RTGs. Workers at Fort Yukon would not be affected by implementation of 
Alternative 2 because Fort Yukon would not be used as a temporary staging area. 

As stated in Section 4.2.2, the probability of an aircraft accident occurring using the route 
included in Alternative 2 would be 4.1 x 10-4, which is approximately 1 in 2,450. The probability 
of that accident resulting in a release of radiological material is 5 .2 x 1 o-6, which is 1 in 192,000. 
The number of helicopter miles traveled under Alternative 2 increase the probability of an 
aircraft accident because rotary-wing aircraft have a higher incident of crashes. However, factors 

not considered during calculation of accident probability are special climatic conditions, multi­
flights per day, equipment parameters, and combat conditions. Additionally, rotary-wing aircraft 
speeds and altitudes are typically much lower likely resulting in a lower probability of severe 
RTG damage. Only 2 RTGs would be carried on each CH-47F, further reducing the probability 
of severe RTG damage. 

4.3 NO ACTION ALTERNATIVE 

Under the No Action Alternative, the 10 RTGs at Burnt Mountain would remain in place. The 
No Action Alternative would result in DOE delaying its responsibility under PLO 99-240 and 
would also delay commitments made to Congress in 1987 requiring DOE begin accepting GTCC 
waste for storage while developing a disposal option for this waste. 

The potential impacts of continuing to operate and maintain the 10 RTGs at Burnt Mountain are 
described in this section under two main headings: Routine Incident-free Operating Conditions, 
and Accidents. The No Action Alternative does not result in indirect or residual impacts to 

resources unless specifically stated. 
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4.3.1 ROUTINE INCIDENT-FREE OPERATING CONDITIONS 

The RTGs would be continuously monitored for integrity and isolation from the general public 

and intruders. Because the monitoring equipment is already in place, there would be no 

additional costs, other than those for routine maintenance and inspection of the RTGs. No 

additional regulatory requirements would be necessary for continued use or storage of the RTGs 

at Burnt Mountain. 

4.3.1.1 AIR QUALITY AND CLIMATE 

No impacts to air quality would result from the continued operation of the RTGs. Under routine 

operating conditions, RTGs would not generate any particulate or gaseous emissions that would 

deteriorate air quality. Detachment 460 records indicate there has never been a radiation leak 

from the RTGs that would deteriorate air quality at the site. The use of a CH-47F helicopter and 

ATVs during routine maintenance would not affect air quality because maintenance activities 

would occur only once per year. Additionally, the helicopter would operate on site only for 

several minutes as it loads or unloads passengers and equipment. The CH-47F helicopter would 

be shut down if it were to be on the ground for an extended period of time. Emissions from the 

ATVs would be minimal and temporary, as they would be operated primarily as a means of 

transportation between the five RTG sites (USAF, 1999). 

4.3.1.2 BIOLOGICAL RESOURCES 

Impacts to biological resources associated with annual maintenance activities would be minor. 

Helicopters used to transport personnel to the sites and ATVs used for maintenance activity 

would temporarily frighten animals from the area. However, once the maintenance crew 

departed, the animals would most likely return. 

As part of the yearly maintenance activities, approximately 225 ft (69 m) around the RTG 

storage units would continue to be cleared. This activity has been done annually since 

installation of the RTGs; therefore, it is not a new disturbance to vegetation. Although two of the 

airays (BMOI and BM04) are located in black spruce wetlands, no new activities would occur at 

the sites. The issuance of a general Nationwide 18 Permit to the USAF authorizing activities to 

occur in these ai·eas indicates USACE considers the activities to have minimal adverse effects on 

the aquatic environment. No construction or excavation would occur within the wetlands. 

The area does not support high-density populations of caribou, moose, or bears. Moreover, there 

would be no impacts to caribou migration if the RTGs were left in place. Residents of main 

caribou communities-including the Porcupine herd that ranges in Northern Alaska, Yukon, and 

the Northwest Territories-have been tested for radiation exposure. Extremely low levels of 

cesium-137, resulting from the Chernobyl nu elem· reactor accident in 1986, were found 

(PCMB, 2013). There is no evidence the low levels of radiation could alter the migration 
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patterns, cause deformities in antlers, or increase mortality from radiation poisoning 

(USAF, 1999). In addition, Health and Welfare Canada concluded there was no risk to people, 

even on a steady diet of caribou (PCMB, 2013). The moose and caribou in the area have been 

sampled annually since 1994. The results indicate overall, the Caribou herd has low levels of 
contaminants (primarily arsenic, cadmium, lead, and mercury), and there is no immediate cause 

for concern (Gamberg, 2008). The aforementioned contaminants are not associated with 

emissions originating from the RTGs. 

There are no threatened or endangered species present at Burnt Mountain. Therefore, none would 

be affected by the continued presence of the RTGs. The RTGs have routinely been monitored for 

leakage since insta11ed and there have been no evidence of release to the environment. 

4.3.1.3 ENVIRONMENTAL JUSTICE AND SOCIOECONOMICS 

Implementation of the No Action Alternative would have no impacts on socioeconomics at Burnt 

Mountain or the nearby Native villages. Activities associated with operating Burnt Mountain are 

conducted by the USAF. Subsistence for the nearby native villages would remain unaffected. 

4.3.1.4 GEOLOGY AND SOILS 

Radiological monitoring results conducted during routine maintenance trips indicate the 

exposure limits and radiation levels at the Burnt Mountain facility have never exceeded NRC 

limits, and there has never been a leaking RTG (USAF, 2013a). Therefore, it is unlikely soils in 

the vicinity of the RTG storage areas would be affected. 

The CH-47 does not leak fuel under normal operating conditions. However, under an abnormal 

start-up, which entails the engines not firing on first attempt, the pilot would wait 1 minute to 

allow the small amount of fuel in the chamber to drain out so the engine would not flood during 

the second attempt to start the engines. In this case, several drops of fuel would exit the 

helicopter through a drain tube. A container would be placed beneath the drain tube to capture 

the fuel and prevent contact with the ground. Therefore, no soil contamination would occur. 

4.3.1.5 HEALTH AND SAFETY 

Existing human health and safety concerns at Burnt Mountain include occupational hazards 

associated with maintaining the RTGs, the operation of ATVs and landing of helicopters on the 

tundra, seasonal driving and working conditions, and low-probability natural hazards associated 

with events such as wildfires. There would be no additional health and safety in1pacts above 

what are present from other maintenance activities conducted at Burnt Mountain. Results from 

radiological monitoring conducted during routine maintenance trips indicate there has never been 
a leaking RTG (USAF, 2013a). Ongoing monitoring of the RTGs would ensure they continue to 

operate without any adverse impacts to occupationally exposed workers or the environment. 

74 
F 1 96ii ri s! Pea Odgr 



Bceazits llzlstd Izzfozmstium \IJitlzlzold W tda 10 i'lilll a JPO 

Therefore, under routine operating conditions, there would be no potential for health or safety 
impacts on workers. 

There would be no potential for environmental health or safety impacts on the general population 
under routine operating conditions because the nearest population center is 50 mi (8 1 km) away 
from Burnt Mountain. The threat of human intrusion is extremely low. Therefore, the continued 

operation of the RTGs at Burnt Mountain would not impact the public under routine 
operating conditions. 

4.3.1.6 WATER RESOURCES 

There are no water bodies in close proximity to the RTG storage units. Therefore, impacts to 
surface water are not expected. There are no groundwater aquifer data for the Burnt Mountain 
area (USGS, 2014). However, the area has discontinuous permafrost, which impedes flow and 

transport of contaminants. Therefore, impacts to groundwater are not expected. 

4.3.1.7 LAND USE 

The USAF would continue to use the land at Burnt Mountain for ongoing activities. The 
continued operation and maintenance of the RTGs under the No Action Alternative would not 

impact land use. 

4.3.1.8 NOISE 

The RTGs and associated facility equipment do not generate any audible noise. Noise would be 
generated only during maintenance trips from helicopters and USAF personnel. Workers would 
adhere to standard operating procedures to determine whether hearing protection would be 
required while working in the vicinity of the helicopters. 

4.3.1.9 RADIOLOGICAL CONSEQUENCES 

Radiological sources at Burnt Mountain include naturally occurring radon and the RTGs, which 

emit from 0.7 to 2 rnrem/hr outside the shelters. RTGs have been designed to contain the 
radioactive material and radiation levels. Annual radiation surveys and leak tests have verified 
the source containment has not been breached and radiation exposures have not exceeded the 
limits (USAF, 2013a). Average exposure rates have been well below regulatory limits. 

Monitoring of the RTGs would ensure the RTGs continue to operate without any adverse 
impacts to the environment. While some RTG radiation would continue if they are left in place at 
Burnt Mountain, impacts to the environment would be negligible. 
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4.3.2 ACCIDENTS 

The accident scenarios would not occur if the RTGs remain at Burnt Mountain. Therefore, under 
the No Action Alternative, there would be no impacts beyond those described in Section 4.3.1. 
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5.0 CUMULATIVE IMPACTS AND IRREVERSIBLE 
AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

This section addresses potential cumulative impacts to the environment that could be associated 

with the implementation of the alternatives in conjunction with one or more past, present, or 

reasonably foreseeable future actions or projects. Specifically, this section is prepared in 

accordance with the requirements of NEPA guidance from the CEQ handbook Considering 

Cumulative Effects Under the National Environmental Policy Act (CEQ, 1997). The CEQ 

regulations define a "cumulative impact" for purposes of NEPA as "incremental impacts of the 

action when added to other past, present, and reasonably foreseeable actions regardless of what 

agency (federal or non-federal) or person undertakes such other actions." Cumulatively 

significant impacts can result from individually minor, but collectively significant, actions taking 

place over a period of time. 

Cumulative impacts were determined by combining the impacts of the alternatives with other 

past, present, and reasonably foreseeable future actions. Cumulative impacts are most likely to 

arise when a relationship exists between a proposed action and other actions that have, or are 

expected, to occur in a similar location, time period, or involving similar actions. Projects in 

close proximity to the alternatives that would occur during the same time period would be 

expected to have more potential for cumulative impacts than those separated by geography or 

scheduling. Projects with cumulative impacts can be federal, state, local, or p1ivate projects. The 

cumulative effects assessment in this EA focuses on addressing two fundamental questions: 

• Are there potentially overlapping impacts of Alternative l or Alternative 2 with impacts 
of the other past, present, or reasonably foreseeable actions? 

• If there are potentially overlapping impacts, does this impact analysis reveal any 

potentially significant impacts not identified when Alternative l or Alternative 2 are 

considered alone? 

NEPA requires that environmental analysis include identification of any irreversible and 

irretrievable commitment of resources that would be involved in the proposed action should it be 

implemented. Irreversible and inetrievable resource commitments are related to the use of 

nonrenewable resources and the effects this use could have on future generations. Irreversible 

effects primarily result from the use or destruction of a specific resource (e.g., energy and 

minerals) that cannot be replaced within a reasonable time frame. Irretrievable resource 

commitments are the loss in value of an affected resource that cannot be restored (e.g., extinction 

of a threatened or endangered species, or disturbance of a cultural resource). 
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5.1 CUMULATIVE PROJECTS CONSIDERED 

5.1.l PAST ACTIONS 

Past human actions include various construction activities on or near Burnt Mountain, Fort 
Yukon Airfield, Eielson AFB, Creech AFB, and the NNSS. These past actions are considered 
part of the existing environment. 

5.1.2 PRESENT ACTIONS 

Present actions include the alternatives, which are described in Section 2.0 and analyzed in 
Section 4.0. Present actions also include ongoing missions at Burnt Mountain, AK; Fort Yukon, 
AK; Eielson AFB, AK; Creech AFB, NV; and the NNSS, NV. 

Burnt Mountain, AK: The unmanned Burnt Mountain Seismic Observatory would continue its 

mission to monitor nuclear treaty compliance. The array system has five remote seismic sensor 
sites clustered within a 1.5-mi (2.4-km) radius and linked to a central communications station. 
Each of the five sites consist of a borehole, a seismic sensor, and a metal frame shelter for 

housing the RTGs, and associated power conditioning equipment (U.S. Congress, 1994). Data 
from the five sensors are transmitted to various USAF sites electronically. 

There are three site visits programmed each year: one scheduled maintenance, one scheduled 
inspection, and one unscheduled maintenance. However, additional maintenance and inspection 

visits are conducted as necessary (Ingram, 2014). Access to the site is by helicopter only, as no 
roads exist in the area. ATVs are used for traveling between the five remote seismic sensor sites. 

Fort Yukon, AK: Fort Yukon Airfield is a state-owned public airport. Flight activity is shown in 
Table 5-1. 

Table 5-1 
Fort Yukon Airfield Activity 

Type of Flight Number per Year 

General Aviation 3,100 

Air Taxi 5,000 

Military 250 

TOTAL 8,350 

Source: Aircraft Owners and Pilots Association, 2006 

Eielson AFB, AK: A variety of transient and special mission aircraft operate at Eielson AFB, 
particularly during major flying exercises. Eielson supports six military tenant units. 
Approximately 6,631 sortie operations are conducted at Eielson AFB each year (USAF, 2013b). 
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A multi-year project to repair taxiway Golf (B8021) began in 2010 and will continue through at 

least 2015. Taxiway repair typically occurs in mid to late summer (Holdsworth, 2014). 

Creech AFB, NV: Creech AFB is an active military installation that undergoes continuous 

change in mission and training requirements. The primary missions at Creech AFB are to 
(1) provide theater commanders with deployable long-range, long-endurance, real-time aerial 

reconnaissance, surveillance, target acquisition, and attack flying the Unmanned Aerial System 

aircraft, MQ-1 Predator, and the MQ-9 Reaper; and (2) provide an emergency divert airfield for 

military aircraft training at the Nellis Test and Training Range, and support the flying operations 

of the 57th Wing, other USAF units, U.S. Navy, U.S. Marine Corps, and allied air forces. Creech 

AFB is also the primary training site for the USAF Thunderbirds flying F-16s. Hundreds of 

sortie operations are conducted at Creech AFB each year. 

NNSS: DOE/NNSA's primary mission at the NNSS is to support nuclear stockpile reliability 

through subcritical experiments. The NNSS supports national security missions, DOE waste 

management activities, environmental restoration activities; and research, development, and 

testing programs related to national security. 

No other projects or actions are currently under way or are expected to be under way at any of 

the sites during the same time frame as the alternatives. 

5.1.3 REASONABLY FORESEEABLE ACTIONS 

No reasonably foreseeable actions have been identified for Burnt Mountain, Fort Yukon, Creech 

AFB, or the NNSS. 

Reasonably foreseeable actions at Eielson AFB include the replacement of a concrete drain near 

Building 1335 and repair of runways with asphalt and overlays. 

5.2 CUMULATIVE IMPACTS 

Under the No Action Alternative, the Burnt Mountain facility would remain in its existing 

configuration and operations mode. There would be no additional environmental impacts. 

Therefore, cumulative impacts have not been identified for the No Action Alternative. 

There would be no impact to cultural resources under the action alternatives. Thus, there would 

be no cumulative impact to cultural resources. 

5.2.1 ROUTINE INCIDENT-FREE OPERATING CONDITIONS 

Under routine incident-free operating conditions, the alternatives would result in no impacts to 

environmental justice and socioeconomics, water resources, health and safety, and land. There 

would be temporary and minor impacts to air quality and noise at all sites. Impacts to wildlife 
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and vegetation at Burnt Mountain would be temporary and minor. There would be no impact to 
wildlife and vegetation at the transfer sites. Radiological consequences to workers and the public 
would be negligible. 

5.2.1.1 BURNT MOUNTAIN, AK 

Ongoing activities at Burnt Mountain are minimal and have no impact on human health and a 
negligible impact on the environment. Under routine operating conditions, there would be no 
cumulative impacts from the temporary and minor impacts resulting from the alternatives and 

ongoing activities at Burnt Mountain. There is no potential for radiological exposure from 
ongoing activities at Burnt Mountain (other than from the RTGs), so the negligible potential for 
worker exposure from the alternatives would not result in a cumulative impact. 

5.2.1.2 FORT YUKON, AK 

CH-47F helicopters would transport the RTGs to the Fort Yukon Airfield in five trips under 

Alternative 1. The addition of five CH-47F helicopter sorties to the 8,350 flights occurring at 
Fort Yukon annually would not affect airfield operations. There would be no cumulative impact 
from the temporary and minor emission and noise increases resulting from the CH-47F 
helicopters. There is no potential for radiological exposure from ongoing activities at Fort Yukon 
Airfield, so the negligible potential for worker exposure from the alternatives would not result in 
a cumulative impact. 

Under Alternative 2, the Fort Yukon Airfield would not be used as an RTG staging area. 

5.2.1.3 EIELSON AFB, AK 

Under Alternatives 1 and 2, two C-130 aircraft or five CH-47 helicopters would transport the 
RTGs to Eielson AFB, respectively. The addition of two C-130 aircraft or five CH-47 helicopters 
to the 6,631 sorties taking place at Eielson AFB annually would not affect base operations. There 
would be no cumulative impact from the temporary and minor emissions and noise increases 
resulting from the C-130 aircraft or CH-47 helicopters. There is no potential for radiological 
exposure from ongoing activities at Eielson AFB, so the negligible potential for worker exposure 
from the action alternatives would not result in a cumulative impact. 

There would be no cumulative impact from the action alternatives when added to the ongoing 
repair of taxiway Golf, replacement of a concrete drain, or repair of runways. These activities 
would likely occur later in the summer than the RTG transport (Holdsworth, 2014). 

5.2.1.4 CREECH AFB, NV 

A C-17 aircraft would transport the RTGs to Creech AFB under both action alternatives. The 
addition of one aircraft to the hundreds of sorties taking place at Creech AFB would not affect 
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base operations. There would be no cumulative impact from the temporary and minor emissions 
and noise increases resulting from the C-17 aircraft. There is no potential for radiological 

exposure from ongoing activities at Creech AFB, so the negligible potential for worker exposure 
from the alternatives would not result in a cumulative impact. 

A truck would transport the RTGs from Creech AFB to the NNSS via US-95 and Mercury 
Highway. There would be no cumulative impact from the addition of one truck on US-95. There 
is no known source of potential radiological exposure along this segment of US-95. No 
cumulative impact would result from the slightly increased potential for radiological exposure 
from the RTGs during truck transport. 

5.2.1.5 NNSS, NV 

Ongoing activities at the NNSS include the disposal of LLW; however, since this EA evaluates 
the non-routine aspects of the RTG transport and ends at the gates of NNSS when DOE takes 
possession, there would be no additional radiological exposure to NNSS workers. There would 
not be a cumulative impact. 

Any potential for exposure once DOE takes possession is addressed in the NNSS SWEIS. 

5.2.2 ACCIDENTS 

Trauma, fire, and fuel spills from an aircraft accident could affect workers, members of the 
public, and the environment. The probability of aircraft accidents for Alternative 1 and 
Alternative 2 are shown in Table 5-2. 

Table 5-2 
Probability of Aircraft and Trucking Accidents 

Alternative 1 Alternative 2 

Aircraft Accident Trucking Accident Aircraft Accident Trucking Accident 

Less than 1.0 x 10-4 Less than 1.0 x 10-4 

Probability 1.4 X 10·4 to 1.0 X I o·6 
4.[ X 10·4 to 1.0 X 1Q·6 

(J in I 0,000 to ( I in 10,000 to 
of Accident (about 1 in 7,150) 

I in I million 
(about 1 in 2,450) 

I in I million 
occurrences per year) occurrences per year) 

Probability of 2.6 X 10·6 Greater than 1.0 x 10·6 
5.2 X 10'6 Greater than 1.0 x 10·6 

Radiological Release 
(about I in 385,000) 

(1 in 1 million 
(about I in 192,000) 

( 1 in I million 
from Accident occurrences per year) occurrences per year) 

The probability of a radiological release from the RTGs as the result of an aircraft or trucking 
accident is considered to be improbable. However, for purposes of analysis, should a release 
occur, impacts to air quality, biological resources, workers and members of the public, water 
resources, and land use would result. 
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5.2.2.1 BURNT MOUNTAIN, AK 

Ongoing activities at Burnt Mountain are minimal and have no impact on human health and a 
negligible impact on the environment. Thus, there would be no cumulative impacts at 
Burnt Mountain. 

5.2.2.2 FORT YUKON, AK 

There is no potential for radiological exposure from ongoing activities at the Fort Yukon 
Airfield. Although workers, members of the public, air quality, biological resources, soils, water 
resources, and socioeconomics could be affected by an aircraft accident resulting in radiological 
release from the RTGs, the impacts would be direct and indirect, not cumulative. 

Under Alternative 2, the Fort Yukon Airfield would not be used as an RTG staging area. 

5.2.2.3 EIELSON AFB, AK 

There is no potential for radiological exposure from ongoing activities at the Eielson AFB. 
Although workers, members of the public, air quality, biological resources, soils, water 
resources, and socioeconomics could be affected by an aircraft accident resulting in radiological 
release from the RTGs, the impacts would be direct and indirect, not cumulative. 

5.2.2.4 CREECH AFB, NV 

There is no potential for radiological exposure from ongoing activities at the Creech AFB. 
Although workers, members of the public, air quality, biological resources, soils, water 
resources, and socioeconomics could be affected by an aircraft accident resulting in radiological 
release from the RTG, the impacts would be direct and indirect, not cumulative. 

There is no known source of potential radiological exposure along this segment of US-95. Thus, 
there would be no cumulative impact from a trucking accident resulting in the release of 
radioactive materials from the RTGs. 

5.2.2.5 NNSS, NV 

Ongoing activities at the NNSS include the disposal of LL W; however, since this EA evaluates 
the non-routine aspects of the RTG transport and ends at the gates of NNSS when DOE takes 
possession, there would be no additional radiological exposure to NNSS workers. There would 
not be a cumulative impact. 

Any potential for exposure once DOE takes possession is addressed in the NNSS SWEIS. 
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5.3. IRREVERSIBLE AND IRRETRIEVABLE COMMITMENT OF RESOURCES 

Under routine operating conditions, none of the alternatives would result in ineversible or 
irretrievable commitments of resources. Most environmental consequences would be temporary 
and minor, such as air emissions from aircraft and ground vehicles, and displacement of wildlife 
during activities. All alternatives would require consumption of fuel. However, the amount of 
fuel used is not expected to significantly decrease the availability of the resource either locally or 
globally. Based on the analysis in this EA, implementation of the alternati ves under routine 
operating conditions would not result in adverse impacts to the environment or to the health and 
safety of persons in the affected regions. 

The probability of an abnormal event or accident to occur is extremely small , and the potential 
for a release of radiological material is even smaller. However, should a release occur, there is 
the potential for injury or fatalities to workers, the public, and wildlife. Additionally, soils and 
infrastructure may be contaminated. The loss of human life or wildlife would be an ineversible 
and irretrievable commitment of individuals but would not significantly decrease the species' 
population. Soils and infrastructure would be decontaminated; therefore, there would not be an 
ineversible and inetrievable commitment of those resources. 
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6.0 LIST OF PREPARERS AND INDIVIDUALS 
OR AGENCIES CONSUL TED 

Table 6-1 provides the list of individuals involved in the preparation of this EA . 

Organization 

U.S. Air Force 

Air Force Technical 
Applications Center 

Navarro-Intern, LLC (N-1) 

Table 6-1 
List of Preparers 

Name 

Jack Bush 

Les Reed 

Kevin Fallico 

Scott Lattimer 

Joy Morris 

Mark Talbert 

Brett Skene 

Dr. Steve Dewey 

John Fowler 

Carrie Stewart 

Title/Role 

USAF NEPA Compliance Officer 

USAF Environmental Attorney 

USAF-NNSA Liaison 

AFT AC Project Manager 

AFT AC ESOH Manager 

Radiation Safety Officer 

Acquisition Manager 

Health Physicist 

N-1 Project Manager 

NEPA Specialist & Primary Author 

Table 6-2 provides the list of persons, agencies, and organizations consulted during the 

preparation of this EA. 
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Table 6-2 
Individuals or Agencies Consulted 

Affiliation/Organization Name Title/Role 

Capt. Melissa Ingram Fonner Detachment Commander 
AFf AC Detachment 460 

SMSgt Christopher L. Holdsworth Detachment Chief 

354•h 
Deb Lipyanic 354th Environmental Officer 

Environmental 

Eielson AFB U.S. Army Alaska 
(USARAK) CW3 Nicholas Adkins CH-47 Pilot 

Aviation 

Creech AFB 799th Air Base Wing Nicholas Dirosario Point of Contact 

Kevin Cabble DOE Project Lead 

Ken Small Alternative Project Lead 

Linda Cohn NNSS NEPA Compliance Officer 

NNSS Rob Boehlecke 
NNSS Environmental Management 

Operations Activity Manager 

NNSS Assistant Manager of 
Janet Appenzeller-Wing Environmental Management Operations 

Activity 

Noyemi Brewer NNSS Transportation Specialist 
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Attachment #1 Aircraft Fuel and Speed Data 

Fuel Burn Rate Fuel Weight Fuel Burn Rate Block Speed Block Speed Fuel Efficiency 
Asset (lbs/hour) (lbs/gallon) (gallons/hour) (Mach) (miles/hour) (miles/gallon) 
CH-47 2400 6.7 358.2089552 0.1 66 0.18425 
C-130 5109 6.7 762.5373134 0.49 323.4 0.424110393 
·--------------- --------------------- -------------------------·--------------------------- ------------------- ----------------------- -----------------------------C-5 23132 6.7 3452.537313 0.77 508.2 0.147196092 
C-17 19643 6.7 2931 .791045 0.76 501.6 0.171089956 
·--------------- --------------------- ------------------------- ·--------------------------- ------------------- ----------------------- -----------------------------semi 40 6 

Mach Speed 660 



Attachment #2 Accident Probability for All Possible Routes 

Path I Prob Accident leg 2 leg 3 leo 4 leg 5 leg 6 
Number 5 vear ava I 1 O vear ava I lifetime from to I via to I via to I via to I via to I via to 

::::: ~ :::J: : : : :~:6; :+:: ::~:~:6; :J: ::~~~:6; :: :~;~: ~~~~:::~ :f g~~; ;: ~~~~~ :::::::tg~::; g:;~:: ::::::::::f g~;:; ~: ~::~:;~~: f g::: ~:~: .::::::::1g::; 6~;z~hh ::::l~:~: ~::::; 
••••• 3 ···+·· 1.19E-03 ·-~··· 5.16E-05 •• ,;. •• 6.29E-05 •• Burnt Mountain . i CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• +CH-47 Ft_Wainwr!9ht .l,C-130 JBER •••••••• JC-17. Desert Rock .~semi Area-5 
-··· 4 ·-····· 1.19E-03 •• ~ ••• 5.26E-05 •• .j_. 6.40E-05 _ Burnt Mountain . tCH-47 Ft Yukon ··-·-~CH-47 Circle ··-·-···.l.CH-47 Ft Wainwr!9ht ~ -130 JBER···-·-·f ·).Z. Nellis ••••• - •• ~semi Area-5 
••••• 5 ···+ ·· 1.19E-03 •• L. 6.56E-05 •• l.. 5.73E-05 •• Burnt Mountain . [CH-47 Ft Yukon •••••• _:CH-47 Circle •••••••••• l CH-47 Ft.Wainwr!9ht _LC-130 JBER •••••••• .£-5 _ Tonopah •••• .:semi Area-5 
••••• 6 ••• T .. 1.19E-03 •• i •• 6.85E-05 •• i •• 5.94E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .l..CH-47 Ft Wainwr!9ht ~-130 JBER ••••••••• JC-5 _ Creech ••••••• ~emi Area-5 
••••• 7 ····r · 1.19E-03 •• : •• 6.82E-05 •• : •• 5.92E-05 •• Burnt Mountain ·f CH-47 Ft Yukon •••••• JCH-47 Circle •••••••••• .J.CH-47 Ft Wainwr!9ht _LC-13Q. JBER •••••••• J.C-5 • Desert Rock .Lsemi Area-5 
••••• 8 ... T .. 1.19E-03 •• ,;. •• 6.96E-05 •• ,;. •• 6.02E-05 •• Burnt Mountain . fCH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• +CH-47 Ft_Wainwr!9ht _jg:130 JBER •••••••• f -5 • Nellis ••••••••• ~semi Area-5 
••••• 9 ····]··· 1.19E-03 •• .i. •• 5.17E-05 •• .;. •• 5.31 E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• tCH-47 Circle •••••••••• .:.CH-47 Ft Wainwr!9ht .l.C-17 JBER •••••••• JC-17 Tonopah •••• .i.semi Area-5 
•••• 10 •••••• 1.19E-03 •• : •• 5.39E-05 •• L. 5.54E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• [CH-47 Circle •••••••••• :CH-47 Ft Wainwr!9ht _LC-17_ JBER ••••••••• IC-17 Creech •••••• .Lsemi Area-5 

···· :! ··+· ::::~:6; ··1 ·· ;!;~:6; ·+· ;:!~~:6; ·· :~;~: ~~~~:::~ ·f g~~; ;: ~~~~~·-·····fg~::; g:;~::··········{~::; ~:-~::~:;F~: +g:g ·~:~: ········Jg::;. ~:~i:rt Rock t~: ~::::; 
-······-···················-················-·············- ••••••••••••••••••• •••••••• ·············-·- •••••••• ·········-·-···-······· •••••••••••• !.9 •• ·-··--- ··········-·-·r,::· ·- ············-·-······ ········ ···· :! ··+·:: ::~:6; ·+· ;:~:~:6; ·+· ::~!~:6; ·· :~;~: ~~~~:::~ -f g~::; ;: ~~~~~ ·······tg~::; g:;~:: ·········-+g~::; ~:-~::~:;F~: +g::; · ~:~: ········rc:; · 6~;z~hh ····+~:~: ~::::; 
:::: 15 :::r 1.19E-03 ::r:: 7.02E-05 ::r:: 5.14E-05 :: Burnt Mountain ] CH-47 Ft Yukon :::::]cH-47 Circle :::::::::]CH-47 Ft Wainwr~ht F -17 _ JBER·::::::]c -5 ~ Desert Rock :~semi Area-5 
•••• 16 .. T .. 1.19E-03 •• i._7. 17E-05 •• ~ ••• 5.24E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• icH-47 Circle •••••••••• .l.CH-47 Ft_Wainwr!9ht +C-17. JBER •••••••• iC-5 •• Nellis ••••••••• ~semi Area-5 
•••• 17 ···]··· 1.19E-03 •• : •• 4.80E-05 •• .L •• 4.93E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• [CH-47 Circle •••••••••• .J.CH-47 Ft Wainwr!9ht _LC-17 Tonop ah •••• .Jsemi_ Area-5 ••••••• 1 .............. . 
•••• 18 •••••• 1.19E-03 •• ,;. •• 5.01 E-05 •• ,;. •• 5. 15E-05 •• Burnt Mountain .f CH-47 Ft Yukon ••••••• fCH-47 Circle •••••••••• +CH;47 Ft Wainwr!9ht .l,C-17_ Creech •••••• .Jsemi_ Area-5 ·······+ ······ ••••••••. 
•••• 19 ··+·· 1.19E-03 •• .!. •• 4.99E-05 •• .;. •• 5.13E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .i.CH-47 Ft_Wainwr!9ht _J.C-17. Desert.Rock j semi_ Area-5 ••••••• .!. •.•.•••.•.•••. 
-·· 20 -····· 1.19E-03 •• L. 5.09E-05 •• l.. 5.24E-05 _ Burnt Mountain _[CH-47 Ft Yukon ··-·-iCH-47 Circle ··-·-···lCH-47 Ft Wainwr!9ht _LC-17 Nellis ···-·-.]semi Area-5 •••• -.1 ••••••••.••••• 
•••• 21···+ ·· 1.19E-03 •• + .. 5.36E-05 •• i •• 5.27E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .l.CH-47 Ft_Wainwr!9ht ~ -5 ••• JBER •••••••• JC-17 Tonopah ••••• ~semi Area-5 
•••• 22 .. T .. 1.19E-03 •• L. 5.58E-05 •• : •• 5.49E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• :CH-47 Circle •••••••••• .J.CH-47 Ft Wainwr!9ht ~ -5 ·- JBER ••••••••• IC-17 Creech ······+~emi Area-5 

.... ;! ···r : ::~:6; ·+· ;:!:~:6; ·+· ;::~~:6; .. :~;~: ~~~~:::~ ·f g~~; ;: ~~~~~ ·····--fg~::; g:;~:: ··········+g~::; ~: ~::~:;F~: fc:; -~:~: ········1g::; ~:~~rt Rock -r~:~: ~::::; 
-·--- ........... , .................................................... --.................... 1-•--------------- --------------............. , ................ --·- . ..... --·--............. ,._______ ----·---· ·· ---------------- ......... ________ !.9 ---~---- ---------···-----,-- --------......... _ .. __ ---...... • ........ ·----

:::: ;! :::r:: :: ::~:6; ::±:: ;:;:~:6; ::t:: ::~~~:6; :: :~;~:~~~~:::~-lg~~; ;: ~~~~~ :::::Jg~::; g:;~:: ::::::::::±g~::; ~: ~::~:;~~: ~::_ ~:~:.::::::::~g:~- 6~;z~hh ::J~:~: ~;:::; 
•••• 27 ··+·· 1.19E-03 •• : •• 7.22E-05 •• .L.. 5.09E-05 •• Burnt Mountain .[CH-47 Ft Yukon •••••• JCH-47 Circle •••••••••• .J.CH-47 Ft_Wainwr!9ht 1c-5 _ JBER •••••••• JC-5 •• Desert Rock 1semi Area-5 
-·· 28 -····· 1.19E-03 •• ~ •• .J.36E-05 •• ,;... 5.19E-05 _ Burnt Mountain . ~CH-47 Ft Yukon ··-·-iCH-47 Circle ··-·-···iCH-47 Ft Wainwr!9ht ~ -5 ·- JBER •••••• _.JC-5 _ Nellis ··-·--·~semi. Area-5_ 
•••• 29 ··+ ·· I .18E-03 •• .L •• 6.46E-05 •• ~ ••• 4.56E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••• J CH-47 Circle •••••••••• ~CH-47 Ft_Wainwr!9ht £ ·5 ... Tonopah ••••• ~semi Area-5 ••••••• .!. •......•....... 
•••• 30 .. T .. 1.19E-03 •• l.. 6.75E-05 •• L. 4.76E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• [CH-47 Circle •••••••••• :CH-47 Ft Wainwr!9ht Jf-5 ·- Creech ••••••• Jsemi. Area-5 •••••••• L ••••••••••••••• 
•••• 31····r · I .18E-03 --~-·- 6.72E-05 •• i •• 4.74E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• +CH-47 Ft Wainwr!9ht ~-5_ Desert Rock j Semi_ Area-5 •••••••• ~ •••••••••••••• 
•••• 32 •• T .. 1.19E-03 •• L. 6.86E-05 •• : •• 4.84E-05 •• Burnt Mountain _[CH-47 Ft Yukon ••••••• :CH-47 Circle •••••••••• .J.CH-47 Ft Wainwr!9ht _LC-5 _ Nellis ••••••••• ~semi. Area-5 ••••••• .L •••••••••••••• 
•••• 33 ···]··· 1.17E-03 •• ,;. •• 4.95E-05 •• ,;. •• 6.05E-05 •• Burnt Mountain -~CH-47 Ft Yukon ••••••• icH-47 Circle •••••••••• +CH-47 Eielson •••••••• .l,C-130 JBER •••••••• 

1
.c -t7 Tonopah ••••• ~semi_ Area-5 

34 1.17E-03 : 5.17E-05 : 6.28E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle :CH-47 Eielson :C-130 JBER C-17 Creech :semi Area-5 

····;! ··+·: :;~:6; --;-- ;:~;~:6; .. y .. ::;!~:6; .. :~;~: ~~~~:::~ .f g~~; ;: ~~~~~·-···--;g~::; g:;~::·-········+g~::; ~::::~~ ·······-~::: ~:~: ........ 1g::;. ~:~i~rt Rock ;~:~: t:::; 
=::~~·=:i:=:·:-~;~·:~~·::r:~~:~·:~~·=:r.:~:~~~-:~~ := :~;~:·~~~~:~~·:f g~::~ ~:~~·~~~::=:=~~~::; ~:;~::::=:=:::+~·t·::~ ~:::~~~::::=:1~:~: ~-:-~:·::=:==1~:F ~~;z~~h·:=::~~=~:-!~:::~-
•••• 39 .. T .. I .17E-03 ··t· 6.81 E-05 ··t· 5.88E-05 •• Burnt Mountain · !CH-47 Ft Yukon ··--···tcH-47 Circle .......... ! CH-47 Eielson ········tc-130 JBER·······--1c -5- Desert Rock "!semi Area-5 

:::: 40 :::r 1.17E-03 ::r:: 6.95E-05 ::r:: 5 98E-05 :: Burnt Mountain ] CH-47 Ft Yukon :::::]cH-47 Circle :::::::::]cH-47 Eielson ::::::::rc-130 JBER ::::::::1c -5 : Nellis ::::::::Isemi: Area-5 
•••• 41 •••• ] ••• 1.17E-03 --~--- 5.15E-05 •• i •• 5.30E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• icH-47 Circle •••••••••• ~CH-47 Eielson •••••••• +C-17 JBER ········]°·17 Tonopah ••••• ~semi. Area-5 
•••• 42 •••••• 1.17E-03 •• : •• 5.37E-05 •• : •• 5.52E-05 •• Burnt Mountain _:CH-47 Ft Yukon ••••••• LCH-47 Circle •••••••••• .J.CH-47 Eielson •••••••• .LC-17_ JBER •••••••••• C-17 Creech •••••• .Lsemi Area-5_ 
•••• 43 ••• 

1
1 ••• 1.17E-03 --~--- 5.35E-05 •• ,;. •• 5.50E-05 •• Burnt Mountain . i CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• +CH-47 Eielson •••••••• iC-17. JBER •••••••• JC-17. Desert Rock .~semi Area-5 

44 1.17E-03 : 5.45E-05 : 5.61 E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle :CH-47 Eielson :C-17 JBER 1C-t7 Nellis :semi Area-5 -·-·-· __ ........ .., ... __ ........... _ .................. _ ...................... -.. .,_... ............................... _ .............................................................. ................................... --.. - ,. ................. ..................... --.. -·-··-r·---·-· ............................ --.. ~ ·-·- ......................... --.. -·1·---- ............................. - ..... ,............... .. ............ .. 
•••• 45 ··+ ·· I .17E-03 •• L. 6.75E-05 •• l.. 4.94E-05 •• Burnt Mountain . [CH-47 Ft Yukon ••••••• :CH-47 Circle •••••••••• l CH-47 Eielson •••••••• .LC-17. JBER •••••••• .£-5. Tonopah ••••• :semi Area-5 
•••• 46 ···~·-· 1.17E-03 •• i •• 7.04E-05 •• i •• 5.15E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .l..CH-47 Eielson •••••••• f ·17. JBER ••••••••• JC-5 _ Creech ••••••• ~emi Area-5 
•••• 47 •••••• I .17E-03 •• : .J.01 E-05 •• : •• 5.12E-05 •• Burnt Mountain ·f CH-47 Ft Yukon •••••• JCH-47 Circle •••••••••• .J.CH-47 Eielson •••••••• .:.C-17 _ JBER •••••••• J.C-5 • Desert Rock .Lsemi Area-5 

48 1.17E-03 : 7.15E-05 : 5.22E-05 Burnt Mountain ,CH-47 Ft Yukon :cH-47 Circle :cH-47 Eielson IC-17 JBER IC-5 Nellis :semi Area-5 ···········r ················-t-················-t-··········-···· -···················f········ -···············-~---···· ·················+········ ·················+,---· -···············i······· ---·············~······ ........ . 
•••• 49 ···]··· 1.17E-03 •• .!. •• 4.76E-05 •• .;. •• 4.89E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .i.CH-47 Eielson •••••••• iC-17 Tonop ah ••••• i semi_ Area-5 ••••••• .!. .•..•...•..•.•. 
•••• 50 •••••• 1.17E-03 __ : •• 4.97E-05 •• L. 5. 11 E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• [CH-47 Circle •••••••••• :CH;47 Eielson •••••••• .LC-17_ Creech ••••••• Jsemi_ Area-5 ••••••• : ••••••••••••••. 

51 I 1.17E-03 : 4.95E-05 : 5.09E-05 Burnt Mountain ICH-47 Ft Yukon :cH-47 Circle :cH-47 Eielson IC-17 Desert Rock isemi Area-5 : 
•••• 52 .. T .. 1.17E-03 --1-- 5.05E-05 ··t-- 5.19E-05 •• Burnt Mountain · tcH-47 Ft Yukon ....... kH-47 Circle --······--tcH-47 Eielson ········tc-11 • Nellis ......... 1semi· Area-5 ····--·t ···--· •••••••• 

.... ;! ··+ • : : :;~:6; ·+· ;:;:~:6; ·+· ;;!~:6; ·- :~;~: ~~~~:::~-f g~::; ;: ~~~~~-- ····tg~::; g:;~::·- ....... fg~::; ~::::~~ .... ·-lg:;··· ~:~: ....... fg::; 6~;;~hh ····+~:~: ~;:::; 

.... ;! ··+-·:: g~:6; ··+·· ;:!:~:6; ·-+-· ;:::~:6; .. :~;~: ~~~~:::~ .f g~~; ;: ~~~~~ ....... ~g~::; g:;~:: ··········+g~::; ~::::~~ ·······-~:; -~:~: ········ig::; ~:~:rt Rock-~~:~: ~;:::; 

::::s(::1J:::·r;yE·-o(:t::6~94E·-os·::t:::ra9E·-os·:: sui"ni.Mouiiiaiii:[ci'.i:iY i=ivlii<on:::::Jcf-i:47 circ1e::::::::::1a~·-4r E1eison::::::::!c-s~: j"EiER·::::::::1-~ t<iiioi>ati:::Jse·mi: Area:s· 
•••• 58 •••••• 1.17E-03 •• ,;. •• 7.23E-05 •• ,;. •• 5. 10E-05 •• Burnt Mountain .f CH-47 Ft Yukon ••••••• fCH-47 Circle •••••••••• ,i.CH-47 Eielson •••••••• .l,C-5_ JBER ••••••••• C-5 • Creech ••••••• isemi Area-5 

59 I 1.17E-03 : 7.20E-05 : 5.08E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle :CH-47 Eielson :C-5 JBER C-5 Desert Rock :semi Area-5 
•••• 60 .. T .. 1.17E-03 ·-:·· 7.34E-05 ··:-· 5.18E-05 •• Burnt Mountain · rcH-47 Ft Yukon ·······:cH-47 Circle ··········:cH-47 Eielson ········rc-5 . JBER·········ic-5 ·- Nellis ········:semi Area-5 -·---·--........ .., ................................................................... -.. -... ............................ _ ............................................................ ................................ --.. -' ................. ..................... --.. -·-··""'·---·-· ............................ --............... _ ............................ -............ _ .................... .._ .. _ ....... _._ .. -··----·-
•••• 61 •••• L . I .17E-03 •• + .. 6.41 E-05 •• i •• 4.52E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .l.CH-47 Eielson •••••••• ~ -5 ... Tonopah ••••• j semi Area-5 •••••••• ~ ••••••••••••••. 

62 l 1.17E-03 : 6.70E-05 : 4.73E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle :CH-47 Eielson :C-5 Creech :semi Area-5 : 

···· :! ··+-·:: ~ ;~:6; ·+· ::~~~:6; ·+· ::~~~:6; ·· :~;~: ~~~~:::~ ·f g~~; ;: ~~~~~ ·······f g~::; g:;~:: .......... f g~::; ~::::~~ ········fc:;- ~:~~rt Rock i~:~: · ~;:::; ······· l ············· ...................... , .................................................................................................................... ............................................................... .. ................................. ,. ___ ......... ........................................... _ .. _ __ ................................... Ti_'"_ ................................. ., ............. ................................... ,. ............ ---·. ----

:::: :: :::r::; ;:~:6: ::±:: ;:~;~:6; ::t:: ::~;~:6; :: :~;~:~~~~:::~-lg~~; ;: ~~~~~ :::::Jg~::; g:;~:: ::::::::::tp::~~ ~: ~::~:;~~: ~::: ~:~:.::::::::~g::; 6~;z~hh ::J~:~: ~;:::; 
•••• 67 ··+·· 7.25E-04 •• : •• 5.32E-05 •• .L.. 6.93E-05 •• Burnt Mountain . [CH-47 Ft Yukon •••••• JCH-47 Circle ••••••••••. f -a«!_ Ft_Wainwr!9ht 1c-130 JBER •••••••• 1C-17. Desert Rock 1semi Area-5 
-·· 68 -····· 7 .25E-04 --~··· 5.43E-05 •• ,;... 7 .04E-05 _ Burnt Mountain-~ CH-47 Ft Yukon ··-·-iCH-47 Circle ··-·-···f · 130 Ft Wainwr!9ht ~ -130 JBER ···-·--i.c-1.z. Nellis ·····--·~semi Area-5 
•••• 69 ··+ ·· 7.20E-04 •• .L •• 6.73E-05 •• ~ ••• 6.37E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••• J CH-47 Circle •••••••••• ~C-130 Ft_Wainwr!9ht £·130 JBER •••••••• f -5. Tonopah ••••• ~semi Area-5 
.•• J O .• T _ _7.21 E-04 •• l._7.02E-05 •• L. 6.58E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• [CH-47 Circle •••••••••• .lf-130 Ft Wainwr!9ht :C-130 JBER ••••••••• ,C-5 _ Creech •••••• .Lsemi Area-5 
•••• 71 ••• T .. 7.20E-04 --~-·- 6.99E-05 •• i •• 6.55E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• +C-a(!_ Ft Wainwr!9ht ~-13Q. JBER •••••••• JC-5 • Desert Rock .~semi Area-5 
•••• 72 .. T .. 7.21 E-04 •• L. 7.13E-05 •• : •• 6.65E-05 •• Burnt Mountain _[CH-47 Ft Yukon •••••• _:CH-47 Circle •••••••••• +C-1'!(!. Ft_Wainwr!9ht _LC-130 JBER •••••••• ~5 • Nellis •••••••• .Lsemi Area-5 

:::: ;; :::r::; ;!~:6: :i: ;:;:~:6; ::±:: !:~~~:6; :: :~;~: ~~~~:::~ :t g~~; ;: ~~~~~ :::::J~::; g:;~:: :::::::::J:: ~~ ~: ~::~:;~~: fil:: L ~:~: .::::::::ig::; 6~;z~hh :::J~:~: ~::::; 
••• .75 ··+ ·_7.24E-04 •• : •• 5.53E-05 •• : •• 6.15E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• :CH-47 Circle •••••••••• J.C-a(!_ Ft_Wainwr!9ht J_C-17. JBER •••••• J C-17. Desert Rock :semi Area-5 
-·· 76 -····· 7.24E-04 --~-·· 5.64E-05 •• i,. 6.26E-05 _ Burnt Mountain -~CH-47 Ft Yukon ··-·-icH-47 Circle ··-·-···.j.C-130 Ft Wainwr!9ht +,C-17 JBER···-·--JC-1.z_ Nellis ·····---~semi Area-5 
•••• 77 ··+ ·· 7. 18E-04 •• 1 .. 6.93E-05 •• : •• 5.59E-05 •• Burnt Mountain _tCH-47 Ft Yukon •••••• JCH-47 Circle •••••••••• .J.C-130 Ft_Wainwr!9ht .:.C-17. JBER •••••••• f -5. Tonopah •••• .Lsemi Area-5 

:::: ~~ :::r ~:i~H: ::t:: ~:!:H~ ::t :: H~H~ :: !~;~: ~~~~:::~ :f g~~~ ~: ~~~~~ :::::::tg~::~ g:;~:: ::::::::::~:%~ ~: ~::~:;~~: tg:~~ -~!!:·::::::::~g:i ~ ~:~~~h Rock ~~:~: ~;:::~ 

::::a,::::1J:::T:ffE·-o:(:t::4~§1E·-os·::rs~s1E·-os·:: sui"ni.Mouiiiaiii:[ci'.i:iY i=ivlii<on::::::Jcf-i:47 circie::::::::::19-=-1 io r:iWairiwr~fit!c-1T 'f onoj)aii:::::]seiii1: ;..·rea:s:::::::1:::::: ::::::::: 
•••• 82 •••••• 7.22E-04 •• : •• 5.18E-05 •• : •• 5.79E-05 •• Burnt Mountain _:CH-47 Ft Yukon ••••••• LCH-47 Circle •••••••••• .J.C-130 Ft Wainwr!9ht _LC-17_ Creech ••••••• :semi_ Area-5 •••••••• L ••••••••••••••• 
•••• 83 ··+ ·· 7.22E-04 --~--- 5.16E-05 •• ,;. •• 5.77E-05 •• Burnt Mountain . i CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• ,i.C-a(!_ Ft_Wainwr!9ht .l,C-17. Desert.Rock j semi_ Area-5 •••••••• ~ •••••••••••••• 
-·· 84 -····· 7.22E-04 --~-·- 5.26E-05 •• .j_. 5.87E-05 _ Burnt Mountain . tCH-47 Ft Yukon ··-·-~CH-47 Circle ··-·-···f · 130 Ft Wainwr!9ht £ -17 Nellis ···-·-·jsemi Area-5 ····--.!.······ ....•••• 
•••• 85 ··+ ·· 7.22E-04 •• L. 5.53E-05 •• l.. 5.90E-05 •• Burnt Mountain . [CH-47 Ft Yukon •••••• _:CH-47 Circle •••••••••• .:.C-130 Ft_Wainwr!9ht _LC-5 ••• JBER •••••••• , C-17 Tonopah ••••• :semi Area-5 
•••• 86 ••• 

1 
__ _7.23E-04 •• i •• 5.75E-05 •• i •• 6.13E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• ~ ·130 Ft Wainwr!9ht ~ -5 ·- JBER ••••••••• JC-17 Creech ••••••• ~emi Area-5 

87 7.23E-04 : 5.73E-05 : 6. l OE-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle iC-130 Ft Wainwright •C-5 JBER iC-17 Desert Rock 1semi Area-5 

1 of 10 



Attachment #2 Accident Probability for All Possible Routes 

···· :: ··+· ;:~:~:6: ·+· ;:~~~:6; ·+· :;~~:6; ·· :~;~: ~~~~:::~ ·f g~~; ~: ~~~~~ •••••• tg~::; g :;~:: ··········+g:rr~ ~: ~::~:;F~: +g:~ -~:~: ······· Jg:~1 ~~~~ ah ····+::~ : ~;:::; 
···········,-················-················-··········-···· ••••••••••••••••••••••••••••• ·················· - ······ ·················- ·-· - •••••••••••• !.9 ••• ·-··· - ················~··· ••••• P ·······- ······ ...•...•. 
:::::~::I::; ::~:6: ::1"::; ~~~:6; :J:; ;;~:6; :: :~;~: ~~~~:::~ :f g~~; ~: ~~~~~ :::::::tg~::; g :;~:: ::::::::::~::~6 ~: ~::~:;~~: ±g::_ ~:~:.::::::::fef g:::~h Rock 1::~: ~;:::; 
•••• 92 ··+ ·· 7.19E-04 •• ~ ••• 7.53E-05 •• .j. •• 5.83E-05 •• Burnt Mountain . iCH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .j.C· a(!_ Ft.Wainwr!9ht .J,C-5 • JBER •••••••• JC·5 •• Nellis ••••••••• ~semi Area-5 
-·· 93 -····· 7. 16E-04 •• ~ ••• 6.63E-05 •• ,i... 5.20E-05 _ Burnt Mountain . ~CH-47 Ft Yukon ··-·-~CH-47 Circle ··-·-···f · 130 Ft Wainwr!9ht £ ·5 ·- Tonopah •• -.1semi Area-5 ·-·-·..:.-·-· ·-·-··· 
•••• 94 ··+ ·· 7. 17E-04 •• L. 6.92E-05 •• L. 5.40E-05 •• Burnt Mountain JCH-47 Ft Yukon •••••• _:CH-47 Circle •••••••••• .:.C· 130 Ft.Wainwr!9ht J.C·5 ••• Creech •••••• J semi Area-5 ••••••• 1 ••••••••••••••. 
•••• 95 ··.,-·· 7.17E-04 •• i .. 6.89E-05 •• i .. 5.38E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• ~ ·130 Ft Wainwr!9ht ~ ·5 ·- Desert Rock ~semi. Area-5 •••••••• ~ •••••••••••••• 
•••• 96 ••• ,... 7.18E-04 •• : •• 7.03E-05 •• : •• 5.48E-05 •• Burnt Mountain ·f CH-47 Ft Yukon •••••• JCH-47 Circle •••••••••• .).C-a(!_ Ft Wainwr!9ht .LC-5_ Nellis ••••••••• :semi Area-5 •••••••• L..- •. ......... 
•••• 97 ··.,-·· 7.24E-04 •• .j. •. 5.11 E-05 •• .j. •. 6.67E-05 •• Burnt Mountain . fCH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• +C· 1i!«!_ Eielson •••••••• ~130 JBER •••••••• ~C-17 Ton~ah ••••• ~semi_ Area-5 
•••• 98 ···]··· 7.25E-04 •• .!. •• 5.33E-05 •• .!. •• 6.89E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH·47 Circle •••••••••• £ · 130 Eielson •••••••• .j.C·130 JBER •••••••• JC-17 Creech •••••• .;.semi. Area-5 
•••• 99 •••••• 7.25E-04 •• : •• 5.31 E-05 •• L. 6.86E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• LCH-47 Circle •••••••••• J.C-130 Eielson •••••••• J.C· 130 JBER ••••••••• IC-17 Desert Rock J.semi Area-5. 

100 I 7.25E-04 : 5.41E-05 : 6.97E-05 Burnt Mountain iCH-47 Ft Yukon !CH-47 Circle iC-130 Eielson iC-130 JBER !C-17 Nellis isemi Area-5 ···········r ··········· ····~················+················ ···················t········ ··················f········ ·················+···~ ·················+·····- ················t ······ ················t ······ ··· .... 
-· 101 _ •••• J.19E-04 •• : •• 6.71 E-05 •• : • 6.31 E-05 • Burnt Mountain . :CH-47 Ft Yukon ··-·-;CH-47 Circle ··-·-···J.C· 130 Eielson •••• _.J.C-130 JBER···-·-·* ·5_ Ton~ah ·-·.:.semi Area-5 
••• 102 ••• J... 7.20E-04 •• .j. .. 7.01 E-05 •• ~ •• 6.52E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• icH-47 Circle •••••••••• .J.C-130 Eielson •••••••• .j,C· 130 JBER •••••••• ~ -5. Creech ••••••• ~semi Area-5 

103 l 7.20E-04 : 6.97E-05 : 6.49E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle IC-130 Eielson :C-130 JBER jC-5 Desert Rock :semi Area-5 
••• 104··+·· 7.21 E-04 •• l.. 7.11 E-05 •• l.. 6.59E-05 •• Burnt Mountain jCH-47 Ft Yukon ••••• J CH-47 Circle ••••••••• .ic -a(!_ Eielson •••••••• J:6·130 JBER •••••• J C-5. Nellis ••••••••• ~semi. Area-5 
••• 105 •• 

1 
•. _7.22E-04 •• i .. 5.31 E-05 •• ~ ••• 5.91 E-05 •• Burnt Mountain . ~CH-47 Fl Yukon ••••••• icH-47 Circle •••••••••• _j.C· 1i!«!_ Eielson •••••••• _j.C-17. JBER ········bC-17 Ton~ah ••••• ~semi_ Area-5 

106 7.24E-04 : 5.53E-05 : 6.13E-05 Burnt Mountain :CH-47 Ft Yukon :CH·47 Circle •C-130 Eielson :C-17 JBER C-17 Creech :semi Area-5 
••• 107 ••• L. 7.23E-04 •• .j. •• 5.51 E-05 •• r .. 6. 11 E-05 •• Burnt Mountain . rcH-47 Ft Yukon ••••••• ~CH-47 Circle ··· ········-~ · 130 Eielson •••••••• r c -11_ JBER ••••••••• ~C-17 Desert Rock 1semi Area-5 . 
••• 108 ·+ ·· 7.24E-04 •• ,l. •• 5.61 E-05 •• .;. •• 6.22E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• f · a(!_ Eielson •••••••• .j.C·17. JBER •••••••• ,c· 17 Nellis •••••••• .!.semi Area-5 
-· 1 09 •••• .7- 18E-04 •• J ... 6.91 E-05 •• L. 5.55E-05 • Burnt Mountain_[ CH-47 Ft Yukon ··-·-iCH-47 Circle··-·-·· .:.C· 130 Eielson •••• _.J.C· 17 JBER ···-·-· ,C-5 _ Ton~ah ·-··Lsemi Area-5 
••• 110··+ ·· 7. 19E-04 •• i .. 7.20E-05 •• i .. 5.76E-05 •• Burnt Mountain .(CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• _j.C-130 Eielson •••••••• .j.C·17. JBER •••••••• JC-5. Creech ••••••• ~semi Area-5 
••• 111 •• T ._7. 19E-04 • ..! .. J 17E-05 •• : •• 5.73E-05 •• Burnt Mountain JCH-47 Ft Yukon •••••• _:CH-47 Circle •••••••••• $ ·130 Eielson •••••••• .LC-17. JBER •••••••• .JC·5 _ Desert Rock .~ emi Area-5 

··· : ~ ~ ·.,.-· ;:;6~:6: ·+· ~:~~~:6; ·+· ;:~~~:6; ·· :~;~: ~~~~:::~ ·f g~~; ~: ~~~~~ ·······fg~::; g :;~:: •••••••••• +g:rr~ ~:: ::~~ ········+g ::;- ~~~: ah ••••• 1~~! i· ~~~\ ••••••• -r5emi Area-5 • 
••• 114 ·.,-·· 7.22E-04 ·-r·· 5.14E-05 ··y-· 5.72E-05 •• Burnt Mountain ·:CH-47 Ft Yukon ·······:CH·47 Circle ··········f c -1:io Eielson •••••••• TC-17. Cre!h ·······: semi· Area-5 ·······T····· ...•..... 
••• 11 5 •• J... 7.21 E-04 •• !.. 5.12E-05 •• i.. 5.70E-05 •• Burnt Mountain ~CH-47 Ft Yukon ••••• J cH-47 Circle •••••••••• f · 130 Eielson ••••••••• ~ · 17_ Desert Rock jsemi_ Area-5 •••••• J ..............•. 

116 I 7.22E-04 : 5.21 E-05 : 5.80E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle ,C-130 Eielson •C· 17 Nellis :semi Area-5 : ........... ,.. .......... ····-················-················ ···················•········ ·················· .•...... ·················-i:··· ~ ................. .); .... -. ················-····· ···············-······ ....... . 
-· 11 7 _ •••• J.22E-04 •• ~ ••• 5.50E-05 •• ,j... 5.86E-05 • Burnt Mountain-~ CH-47 Ft Yukon ··-·-iCH-47 Circle ··-·-···f -130 Eielson ····-·~ ·5 ·- JBER ···-·-·i c -1?.. Ton~ah ·-··~semi Area-5 
••• 118 ••• J... 7.23E-04 •• ,.;. •• 5.72E-05 •• J .. 6.09E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••• J CH-47 Circle •••••••••• 4-C· 130 Eielson •••••••• £ ·5 ••• JBER •••••••• f · 17 Creech ••••••• Lsemi Area-5 

119 l 7.23E-04 : 5.70E-05 : 6.06E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle IC-130 Eielson :C-5 JBER ,C-17 Desert Rock :semi Area-5 
••• 120··+·· 7.24E-04 • .r .. 5.81 E-05 •• t.. 6.17E-05 •• Burnt Mountain JCH-47 Ft Yukon ••••• J CH-47 Circle ••••••••• J c -a(!_ Eielson •••••• J~-5- JBER •••••••• j C-17 Nellis •••••••• 1semi. Area-5 
••• 121 ··.,-·· 7.18E-04 •• L. 7.10E-05 •• : •• 5.51 E-05 •• Burnt Mountain . tCH-47 Ft Yukon •••••• _:CH-47 Circle •••••••••• +C· 1i!«!_ Eielson •••••••• .LC·5, _ JBER •••••••• ~5. Ton~ah •••• .i.semi_ Area-5 
••• 122 ••• ] ••• 7.19E-04 •• .j. .. 7.40E-05 •• .j. •. 5.71 E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• iCH·47 Circle •••••••••• ~ · 130 Eielson •••••••• ~5 ·- JBER ········jC·&_ Creech •••• --~semi. Area-5 

123 7.19E-04 : 7.36E-05 : 5.69E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle :C-130 Eielson :C·5 JBER C-5 Desert Rock :semi Area-5 
••• 124··+ ·· 7.19E-04 •• T •• 7.50E-05 •• T •• 5.79E-05 •• Burnt Mountain _[CH-47 Ft Yukon ••••• ) CH-47 Circle ••••••••• J C-a(!_ Eielson •••••••• J:6·5- JBER •••••• J C-5 •• Nellis •••••••• Tuemi Area-5 
-· 125 _ ••••• 7. 16E-04 •• ~ ••• 6.57E-05 •• i.. 5.13E-05 . Burnt Mountain .~CH-47 Ft Yukon ··-·-icH-47 Circle ··-·-···_j.C-130 Eielson ····-·-f.C-5 ·- Tonopah •• _.jsemi Area-5 ·-·-··~-·-· ·-·-··· 
••• 126 ••• J... 7. 17E-04 •• .L .• 6.86E-05 •• : •• 5.34E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• :CH-47 Circle •••••••••• J.C· 130 Eielson •••••••• .£·5 ••• Creech ••••••• Jsemi Area-5 ••••••• ..;. ••••••••••••••. 

127 l 7.1 7E-04 : 6.83E-05 : 5.32E-05 Burnt Mountain ICH-47 Ft Yukon :cH-47 Circle iC-130 Eielson :c .5 Desert Rock lsemi Area-5 : 
••• 128··+·· 7. 17E-04 •• t.. 6.96E-05 •• t.. 5.41 E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••• J CH-47 Circle ••••••••• J c -a(!_ Eielson ••••••• .!C-5 _. Nellis ••••••• .Jsemi. Area-5 •••••• .1 ...... ....... . 
••• 129 ••• 

1 
•.. 7.23E-04 •• L. 5.11 E-05 •• L. 6.63E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• LCH-47 Circle •••••••••• J.C· 1'!(!. JBER •••••••••• J.C-17. Tonopah ••••• :semi. Area-5 ••••••• 1 ••••••••••••••• 

••• 130 •••••• 7.25E-04 --~··· 5.33E-05 •• i .. 6.86E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• iCH·47 Circle •••••••••• _j.9· 130 JBER •••••••••• _j.C-17 Creech ••••••• j semi. Area-5 ••••••• J .............. . 
••• 131 ••• J... 7.24E-04 •• : •• 5.30E-05 •• : •• 6.83E-05 •• Burnt Mountain . :CH-47 Ft Yukon ••••••• LCH-47 Circle •••••••••• J.C·130 JBER •••••••••• .LC-17_ Desert Rock :semi_ Area-5 •••••••• L ••••••••••••••. 

132 I 7.25E-04 : 5.41E-05 : 6.94E-05 Burnt Mountain ICH-47 Ft Yukon :cH-47 Circle :C-130 JBER 1C· 17 Nellis :semi Area-5 : ···········r ··········· ····-1·················1-·······-······· ···················t········ ··················t········ ·················-!-···~ ·················+····-· ················1······· ················t······ ....... . 
... 133 _ ••••• 7. 19E-04 •• ~ ••• 6.70E-05 •• ,i... 6.28E-05 . Burnt Mountain . ~CH-47 Ft Yukon ··-·-~CH-47 Circle ··-·-···f ·130 JBER ·-···-·_£·5 ·- Tonopah •• -.1semi Area-5 ·-·-·..:.-·-· ·-·-··· 
••• 134 •• J... 7.20E-04 •• L. 7.00E-05 •• L. 6.48E-05 •• Burnt Mountain JCH-47 Ft Yukon ••••••• :CH-47 Circle •••••••••• .:.C· 130 JBER •••••••••• J.C·5 ... Creech ••••••• Jsemi Area-5 ••••••• 1 ••••••••••••••. 

135 l 7.20E-04 : 6.96E-05 : 6.46E-05 Burnt Mountain ICH-47 Ft Yukon ICH-47 Circle IC-130 JBER :c.5 Desert Rock isemi Area-5 : 
::: 136.::r 7.21 E-04 ::t:: 7.11 E-05 ::t:: 6.56E-05 :: Burnt Mountain : rCH-47 Ft Yukon :::::::tcH-47 Circle ::::::::::JC-130. JBER ::::::::::ic-5 ~- Nellis :::::::::1semi" Area-5 :::::::l:::::: ::::::::: 
••• 137 ·.,-·· 7.22E-04 •• .j. •. 4.96E-05 •• .j. •. 6.09E-05 •• Burnt Mountain . fCH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• +semi •• Ft_Wainwr!9ht ~130 JBER •••••••• ~C-17 Ton~ah ••••• ~semi Area-5 
••• 138 •• ] •• _7.23E-04 •• .!. •• 5.18E-05 •• .;. •• 6.32E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH·47 Circle •••••••••• .l.semi •• Ft Wainwr!9ht .j.C·130 JBER •••••••• JC-17 Creech •••••• .;.semi Area-5 
••• 139 •••••• 7.23E-04 •• : •• 5.16E-05 •• L. 6.29E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• LCH-47 Circle •••••••••• :semi •• Ft Wainwr!9ht J.C-130 JBER ••••••••• IC-17 Desert Rock J.semi Area-5 
••• 140··+ ·· 7.23E-04 •• j ••• 5.26E-05 •• t .. 6.40E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• icH-47 Circle •••••••••• _j.semi ••• Ft_Wainwr!9ht _j.C-130 JBER ········* · 17 Nellis ••••••••• ~semi Area-5 
-· 141 _ •••• J.18E-04 •• : •• 6.56E-05 •• : • 5.73E-05 . Burnt Mountain . :CH-47 Ft Yukon ··-·-;CH-47 Circle··-·-··· :semi _ Ft Wainwr!9ht .LC-130 JBER···-·-·* ·5_ Ton~ah ·-·.:.semi Area-5 

··· : :~ ··+·;: ~ :~:6: ·+· :::;~:6; ·+· ;::~~:6; ·· :~;~: ~~~~:::~ ·f g~~; ~: ~~~~~ ·······tg~::; g :;~:: ··········+::~: · ~:· ~::~:;F~: +g::: ~:~: ········t§:; · g:::~h Rock+::~ : ~;:::; 

••• 144··+·· 7. 19E-04 •• I.. 6.96E-05 •• I.. 6.02E-05 •• Burnt Mountain jCH-47 Ft Yukon ••••• J CH-47 Circle ••••••••• J semi ••• Ft Wainwr~ht J:6·130 JBER •••••• .JC-5. Nellis ••••••••• ~semi Area-5 
••• 145 ·.,-·_7.21 E-04 •• i .. 5.1 7E-05 •• ~ ••• 5.31 E-05 •• Burnt Mountain . fCH-47 Ft Yukon ••••••• icH-47 Circle •••••••••• _j.semi •• Ft_Wainwr!9ht _j.C-17. JBER ········bC-17 Ton~ah ••••• ~semi Area-5 
••• 146 ••• ] •• _7.22E-04 •• : •• 5.39E-05 •• .L •• 5.54E-05 •• Burnt Mountain . tCH-47 Ft Yukon •••••• _tCH·47 Circle •••••••••• .i.semi •• Ft Wainwr!9ht .LC-17 JBER ········jC-17 Creech •••••• .Lsemi Area-5 
••• 147 ••••• _7.22E-04 •• .j. •• 5.36E-05 •• .j. •. 5.51 E-05 •• Burnt Mountain .f CH-47 Ft Yukon ••••••• icH-47 Circle •••••••••• -1,semi •• Ft Wainwr!9ht .j,C· 17_ JBER ••••••••• f · 17 Desert Rock . fsemi Area-5 
••• 148··+ ·· 7.22E-04 •• ,l. •• 5.47E-05 •• .;. •• 5.62E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .l.semi ••• Ft_Wainwr!9ht .j.C·17. JBER •••••••• ,C· 17 Nellis •••••••• .i.semi Area-5 
-· 149 •••• J.17E-04 •• J ... 6.76E-05 •• L. 4.95E-05 • Burnt Mountain _[CH-47 Ft Yukon •• _._iCH-47 Circle ··-·-···1semi _ Ft Wainwr!9ht l C-17 JBER···-·-· ,C-5_ Ton~ah ·-··Lsemi Area-5 
••• 150··+ ·· 7. 18E-04 •• i .. 7.06E-05 •• i .. 5.16E-05 •• Burnt Mountain .(CH-47 Ft Yukon ••••••• icH-47 Circle •••••••••• _j.semi . Ft.Wainwr!9ht _j.C·17. JBER •••••••• JC-5. Creech ••••••• ~semi Area-5 
••• 151 _.T _ _7.1 7E-04 •• L. 7.02E-05 •• : •• 5.14E-05 •• Burnt Mountain JCH-47 Ft Yukon •••••• JCH-47 Circle •••••••••• J.semi •• Ft Wainwr!9ht .LC-17. JBER •••••••• .JC·5 _ Desert Rock .~ emi Area-5 
••• 152 •• ,... 7. 18E-04 •• .j_ .. 7.17E-05 •• i .. 5.24E-05 •• Burnt Mountain .f CH-47 Ft Yukon ••••••• fCH-47 Circle •••••••••• +semi ••• Ft Wainwr!9ht +,c-17 _ JBER •••••••• f ·5 •• Nellis ••••••••• ~semi Area-5 • 
••• 153··.,-·· 7.19E-04 •• i ... 4.80E-05 •• ,l. •• 4.93E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .i.semi •• Ft_Wainwr!9ht .i.C-17. Tonopah ••••• 1semi. Area-5 •••••••• ~ ••••••••••••••• 
••• 154 •• ] •• _7.20E-04 •• L. 5.01 E-05 •• l.. 5.15E-05 •• Burnt Mountain . [CH-47 Ft Yukon ••••••• LCH·47 Circle •••••••••• J.semi •• Ft Wainwr!9ht J.C-17 Creech •••••• .Jsemi. Area-5 ••••••• 1 ••••••••••••••. 
••• 155 ••••• 7.20E-04 •• ,J. •• 4.99E-05 •• i .. 5. 13E-05 •• Burnt Mountain .f CH-47 Ft Yukon ••••••• icH-47 Circle •••••••••• _j.semi •• Ft Wainwr!9ht ~ -17_ Desert Rock jsemi_ Area-5 ••••••• -1-.............. . 
••• 156··+ ·· 7.20E-04 •• : •• 5.09E-05 •• L. 5.24E-05 •• Burnt Mountain _tCH-47 Ft Yukon •••••• JCH-47 Circle •••••••••• 1semi ••• Ft_Wainwr!9ht .LC-17 . Nellis ••••••••• :semi Area-5 ••••••• .L ••••••••••••••• 
-· 157 _ •••• J.20E-04 •• ~ ••• 5.36E-05 •• ,j... 5.27E-05 • Burnt Mountain . ~CH-47 Ft Yukon ··-·-iCH-47 Circle ··-·-···+semi _ Ft Wainwr!9ht ~ -5 ·- JBER···-·-·i C-1?_ Ton~ah ·-··fsemi Area-5 
••• 158··+ ·· 7.21 E-04 •• ,.;. •• 5.58E-05 •• J .. 5.49E-05 •• Burnt Mountain .(CH-47 Ft Yukon ••••• J CH-47 Circle •••••••••• 1semi . Ft.Wainwr!9ht £ ·5 ... JBER •••••••• f · 17 Creech ••••••• Lsemi Area-5 
••• 159 ·.,-·_7.21 E-04 •• L. 5.56E-05 •• L. 5.47E-05 •• Burnt Mountain JCH-47 Ft Yukon ••••••• LCH-47 Circle •••••••••• :semi •• Ft Wainwr!9ht Jf·5 ·- JBER ••••••••• ,C-17 Desert Rock J.semi Area-5 
••• 160 ••• ,... 7.22E-04 •• ] ••• 5.66E-05 •• i .. 5.58E-05 •• Burnt Mountain .f CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• ~semi ••• Ft Wainwr!9ht ~ -5_ JBER •••••••• j C-17 Nellis ••••••••• ~semi Area-5 
••• 161 ··.,-·· 7.16E-04 •• L. 6.96E-05 •• : •• 4.91 E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• :CH-47 Circle •••••••••• 1semi •• Ft_Wainwr!9ht .LC·5, _ JBER •••••••• ~5. Ton~ah •••• .Lsemi Area-5 

::: ~~~·:I::; : ;~:6: :i:; ;;~:6; ::±:: ;:~~~:6; :: :~;~: ~~~~:::~ : tg~~; ~: ~~~~~ :::::J~::; g :;~:: ::::::::::±::~: :: ~: ~::~:;~~: f:_ ~:~:.::::::::Jg:~- g:::~h Rock 1::~: ~;:::; 
••• 164··+ ·· 7.17E-04 •• : •• 7.36E-05 •• : •• 5.19E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• :CH-47 Circle •••••••••• J.semi ••• Ft_Wainwr!9ht J.C-5 • JBER •••••• J C-5 •• Nellis •••••••• 1semi Area-5 
-· 165 ••••• 7. 14E-04 •• ~ ••• 6.46E-05 •• i.. 4.56E-05 . Burnt Mountain .~CH-47 Ft Yukon ··-·-icH-47 Circle ··-·-···_j.semi _ Ft Wainwr!9ht +,c -5 ·- Tonopah •• _.jsemi Area-5 ·-·-··~-·-· ·-·-··· 
••• 166··+ ·· 7. 15E-04 •• .L .• 6.75E-05 •• : •• 4.76E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• :CH-47 Circle •••••••••• :semi . Ft.Wainwr!9ht .£·5 ••• Creech ••••••• Jsemi Area-5 ••••••• ..;. ••••••••••••••. 

::: i ~i.::r ~:iiH: ::t:: H:H~ ::t :: ::~:H~ :: !~;~: ~~~~:::~ :f g~~~ ~: ~~~~~ :::::::tg~::~ g:;~:: ::::::::::~::~:.:: ~t~;~:;~~: ~g:;30 ~i~irt Rock ~~~~J. ~~~~:;ah ::::L mi Area-5 • 

••• 170··.,-·· 7.23E-04 ··t·· 5.1 7E-05 ··t·· 6.28E-05 •• Burnt Mountain · :cH-47 Ft Yukon ·······:CH·47 Circle ··········t semi •• Eielson ········tc.130 JBER ········t c .17 Cree~h ······tsemi· Area-5 
···········]················+················-!-················ ···················f········ ···-············+······· ·················+········ ·················+-·- ·· ················1···-· ·······-······+ ····· •........ 
••• 171 •••••• 7.23E-04 •• : •• 5.15E-05 •• : •• 6.25E-05 •• Burnt Mountain . :CH-47 Ft Yukon ••••••• LCH-47 Circle •••••••••• 1semi •• Eielson •••••••• .LC-130 JBER •••••••••• C-17 Desert Rock .i.semi Area-5 . 
••• 172··+ ·· 7.23E-04 •• ~ ••• 5.25E-05 •• .j_ •• 6.36E-05 •• Burnt Mountain . i cH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• +semi ••• Eielson •••••••• iC-130 JBER •••••••• JC-17 Nellis ••••••••• ~semi Area-5 
-· 173 _ •••• .7- 18E-04 •• ~ ••• 6.55E-05 •• ,i... 5. 70E-05 • Burnt Mountain. ~ CH-47 Ft Yukon ··-·-~CH-47 Circle ··-·-···.;.semi _ Eielson ····-·_£· 130 JBER ···-·-·f ·S _ Ton~ah .-•• Lsemi Area-5 
••• 174 ·+ ·· 7. 19E-04 •• L. 6.84E-05 •• L. 5.90E-05 •• Burnt Mountain JCH-47 Ft Yukon •••••• _:CH-47 Circle •••••••••• 1semi . Eielson •••••••• J.C· 130 JBER •••••••• .£·5. Creech •••••• .:semi Area-5 
••• 175 •• , ••• 7.18E-04 •• i .. 6.81 E-05 •• i .. 5.88E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• _j.semi •• Eielson •••••••• ~ ·130 JBER ••••••••• ~C-5 _ Desert Rock .~ emi Area-5 

176 7. 19E-04 : 6.95E-05 : 5.98E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle :semi Eielson •C-130 JBER iC-5 Nellis 1semi Area-5 
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Attachment #2 Accident Probability for All Possible Routes 

••• 177 •• J.._7.21 E-04 •• .;. •• 5.15E-05 •• .;. •• 5.30E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .;.semi ••• Eielson ········t.C-17 JBER •••••••• C·17 Tono_pah •••• .;.semi. Area-5 
178 1 7.22E-04 : 5.37E-05 : 5.52E-05 Burnt Mountain ICH-47 Ft Yukon ICH-47 Circle :semi Eielson ,C-17 JBER C· 17 Creech :semi Area-5 

••• 179··-r·· 7.22E-04 ··t·· 5.35E-05 ··t·· 5.50E-05 •• Burnt Mountain · :cH-47 Ft Yukon ·······:cH·47 Circle ··········t semi •• Eielson ········tc-17 JBER ········ic. 11 Desert Rock i semi Area-5 

::: 180 :I:: 7.22E-04 :J:: 5.45E-05 ::t:: 5.61 E-05 :: Burnt Mountain : tcH-47 Ft Yukon :::::JcH-47 Circle ::::::::::! semi :: Eielson ::::::::f c . 11 JBER.::::::::fo-11 Nellis.::.::::J semi Area-5_ 
••• 181 ••• 

1
1 ••• 7.16E-04 •• ~ ••• 6.75E-05 •• .;. •• 4.94E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• +semi ••• Eielson •••••••• +C· 17. JBER •••••••• J_,C·5. Toncpah ••••• ~semi Area-5 

182 7.17E-04 : 7.04E-05 : 5.15E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle :semi Eielson :C· 17 JBER 1C·5 Creech :semi Area-5 -···-·--··-·'"'"'"'····--··- ................................................ -.. .,._................................. .. .............................................................. ---------··-····---,-·-----·- -------····---····-r·--·-- ............................ - .. ~--·- ................... - .. -·1--· ................ ___ ,._,,______ _ ______ _ 
••• 183 ·+·· 7. 17E-04 •• L. 7.01 E-05 •• L. 5.12E-05 •• Burnt Mountain . [CH-47 Ft Yukon ••••••• :CH-47 Circle •••••••••• 1semi . Eielson •••••••• J.C· 17 JBER •••••••• .£·5. Desert Rock .:semi Area-5 
••• 184 ··~··· 7.18E-04 •• i .. 7.15E-05 •• i .. 5.22E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .!:.semi •• Eielson •••••••• LC-17. JBER ••••••••• JC·5 •• Nellis ••••••••• ~semi Area-5 • 
••• 185 ••••• 7.19E-04 •• : •• 4.76E-05 •• : •• 4.89E-05 •• Burnt Mountain ·f CH-47 Ft Yukon •••••• JCH-47 Circle •••••••••• 1semi ••• Eielson •••••••• .LC-17 Tonopah ••••• :semi_ Area-5 ••••••• .L .....•.....••. 

186 7.20E-04 : 4.97E-05 : 5.11 E-05 Burnt Mountain ,CH-47 Ft Yukon :cH-47 Circle :semi Eielson :C-17 Creech lsemi Area-5 : 
••• 187 ·-r·· 7.20E-04 ··r-· 4.95E-05 ··r·· 5.09E-05 •• Burnt Mountain · tcH-47 Ft Yukon ••••••• !CH·47 Circle ··········t semi •• Eielson ········tC-17 Desert.Rock 1semi· Area-5 ·······-i--····· ........ . 
::: 188 .:I:: 7 .20E-04 ::r:: 5.05E-05 ::r:: 5. 19E-05 :: Burnt Mountain] CH-47 Ft Yukon :::::J cH-47 Circle ::::::::::: semi :: Eielson ::::::::f c . 11 Nellis:: •• ·::]semi· Area-5 :::::::r::::: ::::::::: 
••• 189 ••• 

1
1 ••• 7.20E-04 •• j ... 5.34E-05 •• i .. 5.25E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .!:semi ••• Eielson •••••••• LC·5 • JBER •••••••• 

1
:c. 11 Toncpah •••• +semi Area-5 

190 7.21 E-04 : 5.56E-05 : 5.48E-05 Burnt Mountain :CH-47 Ft Yukon ;CH-47 Circle :semi Eielson :C·5 JBER C· 17 Creech ,semi Area-5 ... ~~~··+ ·~:;~~:6: ·+· ;:!:~:6; ·+· ;::~:6; .. :~;~: ~~~~:::~·f g~~~ ~: ~~~~~·- ····tg~::~ g:;~::·· ·······+::~:. ~::::~~ .... ··1g:~·· ~:~: ....... fg::; ~:~~rt Rock 1::~: ~;:::; 
... ~ ~!··+-· ~: :~~:6: ··+·· ~:;~~:6; ··+·· ::~~~:6; .. :~;~: ~~~~:::~ .f g~~~ ~: ~~~~~ ....... ~g~::; g:;~:: ··········+::~:-·· ~::::~~ ········l~· ~:~: ········1g:~ · ~~;~fhh ·····~:~: ~;:::; 
••• 195··-r·· 7.17E-04 ·t·· 7.20E-05 ··1··· 5.08E-05 •• Burnt Mountain · tcH-47 Ft Yukon ·······tcH·47 Circle ··········t semi •• Eielson ········tc.5 JBER ········jQ:5 Desert Rock tsemi Area-5 

••• 196 •• J... 7.17E-04 •• .;. •• 7.34E-05 •• r.. 5. 18E-05 •• Burnt Mountain . [CH-47 Ft Yukon ••••••• tcH-47 Circle •••••••••• i semi •• Eielson •••••••• !C·5 JBER ••••••••• f.q) .. Nellis •••••••• }emi Area-5 
••• 197 •• 

1
1 ••• 7.14E-04 •• .!. •• 6.41 E-05 •• .;. •• 4.52E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH-47 Circle •••••••••• .,!.semi ••• Eielson •••••••• .;.C·5 . Tonopah ••••• i semi. Area-5 ••••••• .,!. •••••••••••••• 

198 7.15E-04 : 6.70E-05 : 4.73E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle :semi Eielson :c .5 Creech :semi Area-5 : 
••• 199 ••• J. . 7. 15E-04 • .1 .. 6.67E-05 •• r. 4.71 E-05 •• Burnt Mountain _(CH-47 Ft Yukon •••• J CH-47 Circle •••••••• J semi . Eielson •••• •• ~ ·5 .. Desert Rock Jsemi Area-5 •••••• 1 ............. . 

200 1 7.16E-04 : 6.80E-05 : 4.80E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Circle :semi Eielson :C·5 Nellis :semi Area-5 : 

::: ;6}::r: 6~ ~:6; ::F ::~:~:6; :+: ~:~;~:6; :: :~;~: ~~~~:::~ :r g~~~ ~: ~~~~~ :::::::rg~::; ~: ~=:~:;}9~: {::~6 ~:~: ::::::::::fc::; ~~;::h :::::i::~:: ~;:::; :::::::r :::::::::::: 
-----------,-··-----------·--............... ·-···---····-...----------------- -------... ·----····---,-------- --·· ...... -----···----.. - ------ ---------..... 9 .. _..,.-;... ---·-· ------···---... -- -------.. ·-------1----..... .. .. ______ ···---·--r-··----- -··------.. 
••• 203 ••• ] ••• 1.01 E-03 •• L. 5.16E-05 •• L. 6.29E-05 •• Burnt Mountain . [CH-47 Ft Yukon ••••••• [CH·47 Ft Wainwrt9tit .W· 130 JBER •••••••••• J.C-17 Desert Rock Jsemi. Area-5 ••••••• 1 ••••••••••••••. 
••• 204 •••••• 1.02E-03 •• .j. •• 5.26E-05 •• i .. 6.40E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~CH-47 Ft Wainwri9ht ~ ·130 JBER •••••••••• ~ ·17 Nellis ••••••••• ~semi. Area-5 ••••••• .!: ••••••••••••••. 
••• 205··+ ·· 1.01 E-03 •• : •• 6.56E-05 •• L. 5.73E-05 •• Burnt Mountain _tCH-47 Ft Yukon •••••• JCH-47 Ft Wainwrt9ht .f · 130 JBER •••••••••• .LC·5 . Tonopah ••••• :semi. Area-5 ••••••• .l. •.•.•••.•.•••. 
-· 206 ••••• 1.01 E-03 •• ~ ••• 6.85E-05 •• .j... 5.94E-05 . Burnt Mountain . ~CH-47 Ft Yukon ··-·-iCH-47 Ft Wainwri9ht f · 130 JBER ·-···-·~ ·5 _ Creech ••••• . ~semi Area-5 ·-·-·-~-·-· ·-·-··· 
••• 207··+ ·· 1.01 E-03 •• .;. •• 6.82E-05 •• ~ ••• 5.92E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••• J CH-47 Ft Wainwri9tit +C·130 JBER •••••••••• £ ·5 .. Desert Rock ~semi Area-5 ••••••• .,!. ••••••••••••••. 
••• 208 ·-r·· 1.01 E-03 •• L. 6.96E-05 •• L. 6.02E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• [CH-47 Ft Wainwrt9ht _l9·130 JBER •••••••••• Jf·5 ·- Nellis ••••••••• Jsemi. Area-5 •••••••• l .............. . 
••• 209···r · 1.01 E-03 •• ] ••• 5.17E-05 •• i .. 5.31 E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH-47 Ft Wainwrt9ht ~C·17 JBER •••••••••• LC-17 Tonopah ••••• ~semi_ Area-5 •••••••• ~ •••••••••••••• 
••• 210··-r·· 1.01 E-03 •• L. 5.39E-05 •• : •• 5.54E-05 •• Burnt Mountain . [CH-47 Ft Yukon ••••••• :CH-47 Ft Wainwri9tit +C-17 JBER •••••••••• .LC-17 Creech •••••• .Jsemi. Area-5 ••••••• .L ..•......•..... 

::: ;: ~ .:I:: : :6: ~:~; :i: ;:;~~:6; ::±:: ;:!~~:6; :: :~;~: ~~~~:::~ :t g~~~ ~: ~~~~~ :::::J ~::; ~: ~=:~:;}~~: E::; ~:~: ::::::::::~:: ~ ~:~~rt Rock 1::~:: ~;:::; :::::::±:::::: ~:::::::: 
••• 2 13··+ ·· 1.01 E-03 •• : •• 6.76E-05 •• : •• 4.95E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• :CH-47 Ft Wainwrt9ht lC·17 JBER •••••••••• J.C·5 • Tonopah •••• .Jsemi. Area-5 ••••••• : •••••••••••••• 
-· 214 ••••• 1.01 E-03 •• ~ •• J06E-05 •• i_. 5.16E-05 . Burnt Mountain _~CH-47 Fl Yukon ··-·-~CH-47 Ft Wainwri9ht .l:C· 17 JBER ·-···-·-f.C·5 _ Creech ••••• . ~semi Area-5 ·-·-··~-·-· ·-·-··· 
••• 215··+ ·· 1.01 E-03 •• .l. .. 7.02E-05 •• : •• 5.14E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• :CH-47 Ft Wainwri9tit J.C· 17 JBER •••••••••• .£·5 •• Desert Rock Jsemi Area-5 ••••••• .l. •......•....... 
••• 2 16 ·-r·· 1.01 E-03 •• .j. .. 7.17E-05 •• .;. •• 5.24E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~CH-47 Ft Wainwrt9ht_J.C-17 JBER •••••••••• .j.C·5 _ Nellis ••••••••• ~semi. Area-5 ·······+······ ........ . 
••• 217 ··r · 1.01 E-03 •• .;. •• 4.80E-05 •• .;. •• 4.93E-05 •• Burnt Mountain -~CH-47 Ft Yukon ••••••• ~CH-47 Ft Wainwrt9ht 4C·17 Tonopah •••••• .;.semi Area-5 ••••••• J ••...••.••...•••••...•• .,i. •••••••••••••• 
••• 218··-r·· 1.01 E-03 •• L. 5.01 E-05 •• L. 5.15E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• [CH-47 Ft Wainwri9tit $ -17 Creech •••••••• 1semi Area-5 ••••••• L .................... 1 ••••••••••••••• 
••• 219 ··]··· 1.01 E-03 •• ~ ••• 4.99E-05 •• i .. 5.13E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~CH·47 Ft Wainwrt9tit ~ · 17 Desert Rock •• .J_semi •• Area-5 ••••••• j ....................... ~ .............. . 
••• 220 ••••• 1.01 E-03 •• ; •• 5.09E-05 •• : •• 5.24E-05 •• Burnt Mountain _;CH-47 Ft Yukon ••••••• LCH-47 Ft Wainwri9ht 1C· 17 Nellis •••••••••• .Lsemi Area-5 ••••••• : ••••••• •••••••••••••••• L ••••••••••••••• 
••• 221 ··+ ·· 1.01 E-03 •• ~ ••• 5.36E-05 •• .;. •• 5.27E-05 •• Burnt Mountain . i cH-47 Ft Yukon ••••••• ~CH-47 Ft Wainwrt9ht ~ JBER •••••••••• +C· 17. Tonopah ••••• j semi. Area-5 •••••••• ~ •••••••••••••• 
-· 222 _ ••••• 1.01 E-03 •• J ... 5.58E-05 •• ..;... 5.49E-05 . Burnt Mountain . ~CH-47 Fl Yukon ··-·-~CH-47 Ft Wainwri9ht f ·5_ JBER ·-···-·..£· 17 Creech ••••• . 4semi Area-5 ·-·-·-!.-·-· ·-·-··· 
••• 223··+ ·· 1.01 E-03 •• L. 5.56E-05 •• L. 5.47E-05 •• Burnt Mountain JCH-47 Ft Yukon ••••••• :CH-47 Ft Wainwri9tit .:.C·5 JBER •••••••••• J.C· 17 Desert Rock Jsemi Area-5 ••••••• 1 ••••••••••••••. 
••• 224 ·-r·· 1.01 E-03 •• i .. 5.66E-05 •• i .. 5.58E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~CH-47 Ft Wainwrt9ht ~ ·5 JBER •••••••••• ~ -17 Nellis ••••••••• ~semi. Area-5 •••••••• ~ ••••••••••••••• 
••• 225 ··r · 1.01 E-03 •• : •• 6.96E-05 •• : •• 4.91 E-05 •• Burnt Mountain ·f CH-47 Ft Yukon •••••• JCH-47 Ft Wainwrt9ht .J.C·5 JBER •••••••••• .:.C-5. Tonopah ••••• :semi. Area-5 ••••••• .L....... ....••. 
••• 226 ·-r·· 1.01 E-03 •• .;. •• 7.25E-05 •• .;. •• 5.12E-05 •• Burnt Mountain . fCH-47 Ft Yukon ••••••• ~CH-47 Ft Wainwri9tit ~5 JBER •••••••••• ~5 Creech ••••••• ~semi. Area-5 ·······+······ ........ . 
••• 227 ··]··· 1.01 E-03 •• .;. •• 7.22E-05 •• .;. •• 5.09E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH·47 Ft Wainwrt9tit _lf·5 JBER •••••••••• -1-C·5 ·- Desert Rock ~semi. Area-5 ••••••• .,!. ••••••••••••••. 
••• 228 •••••• 1.01 E-03 •• : •• 7.36E-05 •• L. 5.19E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• [CH-47 Ft Wainwri9ht _l9·5. JBER •••••••••• J.C·5 ·- Nellis ••••••••• Jsemi. Area-5 ••••••• : ••••••••••••••. 
••• 229··+ ·· 1.01 E-03 •• j ... 6.46E-05 •• i .. 4.56E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• ~CH-47 Ft Wainwrt9ht ~-Tonopah •••••• Lsemi •• Area-5 ••••••• j ...................... .!: •••••••••••••• 
-· 230 _ ••••• 1.01 E-03 •• : •• 6.7~E-05 •• : • 4.76E-05 . Burnt Mountain . :CH-47 Fl Yukon ··-·-;CH-47 Ft Wainwri9ht .J.C·5_ Creech ••••••• J.semi Area-5 ·-·-· :·-·-· ·-·-···-·-·.l.-·-· ·-·-··· 
··· ;;~··+·: 6~ ~:6; ·+· ::~!~:6; ·+· 4~:~:6; .. :~;~: ~~~~:::~ ·f g~~~ ~: ~~~~~ ·······tg~::; ~: ~=:~:;f9~: +g:; ~:~~rt Rock··+::~: ~;:::; ······+····· ··············+ ····· .•....... 

... ;;!··+-·: 6;~:6; ··+·· ::~;~:6; ··+·· ~:~!~:6; .. :~;~: ~~~~:::~ .f g~~~ ~: ~~~~~ ....... ~g~::; ~::::~~ ... 
9 

··+g::~6 ~:~: ··········+g::; ~~;::h ·····i::~:-~;:::; ·······+·············· 
••• 235··-r·· 1.03E-03 ·-t·· 5.15E-05 ··1··· 6.25E-05 •• Burnt Mountain · tcH-47 Ft Yukon ·······tcH·47 Eielson ········fc."130 JBER ··········tc-11 Desert.Rock fsemi · Area-5 ·······t······ ········· 
::: 236 :::r:: 1.03E-03 ::.;.:: 5.25E-05 ::r: 6.36E-05 :: Burnt Mountain : ; CH-47 Ft Yukon :::::::rcH-47 Eielson ::::::::~ · 130 JBER ::::::::::rC· 17 Nellis :: • .-::::Jsemi: Area-5 ::::::T::::: ~:::::::: 
••• 237 •• 

1
1 ••• 1.02E-03 •• .!. •• 6.55E-05 •• .;. •• 5.70E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~CH-47 Eielson •••••••• f · 130 JBER •••••••••• .;.C·5 . Tonopah ••••• Jsemi. Area-5 ••••••• .,!. •••••••••••••• 

238 1.03E-03 : 6.84E-05 : 5.90E-05 Burnt Mountain :CH-47 Fl Yukon :CH-47 Eielson ,C·130 JBER :c .5 Creech :semi Area-5 : 
••• 239 ••• J. . I .03E-03 • .1 .. 6.81 E-05 •• r. 5.88E-05 •• Burnt Mountain _(CH-47 Ft Yukon •••• J CH-47 Eielson ••••••• l C·130 JBER •••••• •• ~ ·5 .. Desert Rock Jsemi Area-5 •••••• 1 ............. . 

240 1 1.03E-03 : 6.95E-05 : 5.98E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Eielson IC·130 JBER :C·5 Nellis :semi Area-5 : 

::: ;:~ .::r : 6;~:6; ::F ;:~;~:6; :+:; ~~~:6; :: :~;~: ~~~~:::~ :r g~~~ ~: ~~~~~ :::::::rg~::; ~::::~~ ::::::::l: ~ ~:~: ::::::::::fc::; ~~;::h :::::i::~:: ~;:::; :::::::r :::: :::::::: 
••• 24f·-r·· 1.03E-03 ·-r·· 5.35E-05 ··r· 5.50E-05 •• Burnt Mountain · :CH-47 Ft Yukon ·······:CH·47 Eielson ········:C· 17 JBER ··········:C-17 Desert.Rock : semi· Area-5 ·······-r-····· ........ . 
••• 244 ··]··· 1.03E-03 ··t·· 5.45E-05 ··r·· 5.61 E-05 •• Burnt Mountain · tcH-47 Ft Yukon ·······:cH-47 Eielson ········tc. 11 JBER ··········tc. 11 Nellis ·········:semi· Area-5 ·······: ······ ••••••••· 
••..••••••. ················+················-!-················ ···················f········ ·················+ ······· ·················t,:-·· ·················+:- ················~······· ················+······ ...•••... 
••• 245 ·+ ·· 1.02E-03 •• : •• 6.75E-05 •• L. 4.94E-05 •• Burnt Mountain _tCH-47 Ft Yukon •••••• JCH-47 Eielson ········-€·17 JBER •••••••••• .LC·5 • Tonopah ••••• :semi. Area-5 ••••••• .l. •.•.•••.•.•••. 
-· 246 ••••• 1.02E-03 •• ~ •• J04E-05 •• .j... 5.15E-05 . Burnt Mountain . ~CH-47 Fl Yukon ··-·-iCH-47 Eielson _·-···f · 17 JBER ·-···-·~ ·5 _ Creech ••••• . ~semi Area-5 ·-·-·-~-·-· ·-·-··· 
••• 247 ••• L . I .02E-03 •• .;. •• 7.01 E-05 •• J .. 5.12E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••• J CH-47 Eielson ········~C· 17 JBER •••••••••• £ ·5 •• Desert Rock ~semi Area-5 ••••••• .,!. ••••••••••••••. 

248 1 1.02E-03 I 7.15E-05 : 5.22E-05 Burnt Mountain :CH-47 Ft Yukon :CH-47 Eielson :C-17 JBER :c .5 Nellis :semi Area-5 : 

··· ;:~ ··+-·: 6;~:6; ··T ·· ::~;~:6; ·+· ::~~~:6; ·· :~;~: ~~~~:::~ ·f g~~~ ~: ~~~~~ ....... rg~::; ~::::~~ ········+g:g ~~;zg:h ······+::~: ~;:::; ······+-····· ···············+ ····· ········ 
••• 251 ··-r·· 1.03E-03 ·-r·· 4.95E-05 •• : •• 5.09E-05 •• Burnt Mountain · :CH-47 Ft Yukon ·······:CH·47 Eielson ········fc. 17 Desert Rock ··:semi Area-5 ······-r······ ···············-r-····· ........ . 
::: 252.::J::: 1.03E-03 ::t:: 5.05E-05 ::r:: 5.19E-05 :: Burnt Mountain : tcH-47 Ft Yukon :::::::tcH-47 Eielson ::::::::1c· 17 Nellis ::::: •• :::~em;"· Area-5 :::::::t:::::: ::::::::::::::1::::: ~:::::::: 
••• 253 ••• 

1
1 ••• 1.03E-03 •• : •• 5.34E-05 •• : •• 5.25E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• :CH-47 Eielson •••••••• fil JBER •••••••••• J.C· 17. Tonopah •••• .Jsemi. Area-5 ••••••• : •••••••••••••• 

254 1.03E-03 : 5.56E-05 : 5.48E-05 Burnt Mountain ICH-47 Fl Yukon lCH-47 Eielson :c.5 JBER :c . 11 Creech :semi Area-5 : -······-··················+················+--·············· ··················-f········ ·············-·-f········ ·········-·-···+··-- ········-···-·-t··-·- .............. +····- ·········-·-·+-·-· ·-·-··· 
••• 255 ••• L . I .03E-03 •• .l. .• 5.54E-05 •• : •• 5.45E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• :CH-47 Eielson •••••••• J.C·5 JBER •••••••••• .:.C· 17 Desert Rock Jsemi Area-5 ••••••• .l. •......•....... 

256 1 1.03E-03 : 5.64E-05 : 5.56E-05 Burnt Mountain :cH-47 Ft Yukon lCH-47 Eielson :c.5 JBER :c -11 Nellis lsemi Area-5 : ···········~·-···············+················-!-················ ···················f·· .•••• ·················-~······- ·················-r.=- ·················+·-··- ················1······· ···············+······ .....••.. 
••• 257 ••••• 1.02E-03 •• .;. •• 6.94E-05 •• .;. •• 4.89E-05 •• Burnt Mountain -~CH-47 Ft Yukon ••••••• ~CH-47 Eielson ••••••••• f5 JBER •••••••••• -1,C-5. Tonopah ••••• ~semi_ Area-5 ••••••• .,!. •••••• •••••••• 

258 1.02E-03 : 7.23E-05 : 5.10E-05 Burnt Mountain ICH-47 Ft Yukon ICH-47 Eielson ,C·5 JBER 1C·5 Creech :semi Area-5 : 
••• 259 ·-r·· 1.02E-03 ··t·· 7.20E-05 ··t·· 5.08E-05 •• Burnt Mountain · :cH-47 Ft Yukon ·······:cH·47 Eielson ········tc-5 JBER ··········tc.5 Desert.Rock lsemi· Area-5 · ······:······ ••••••••• 

••• 260 •• J... 1.02E-03 ••• 1 .. 7.34E-05 •• t .. 5. 18E-05 •• Burnt Mountain JcH-47 Ft Yukon ••••• J cH-47 Eielson •••••••• $·5. JBER •••••••••• F-5.- Nellis •••• •••• 1semi. Area-5 •••••••• t ..............•. 
••• 261 ••• 

1
1 ••• 1.02E-03 •• ~ ••• 6.41 E-05 •• .;. •• 4.52E-05 •• Burnt Mountain . i cH-47 Ft Yukon ••••••• ~CH-47 Eielson ·······-~-Tonopah •••••• ~emi •• Area-5 ••••••• j ...•......•..•....•..•. ~ ..•..•..•..•.. 

262 1.02E-03 : 6.70E-05 : 4.73E-05 Burnt Mountain :CH-47 Fl Yukon :CH-47 Eielson :C·5 Creech :semi Area-5 : : -·-···--·--·'"'··------·-··-···1··-----·--------·.,_... ..................... __ ............................. _ ........ ,_ ....... _ .. __ -----·-·-·······---.. ----···- -···--------····-r.··-- --····-----·-····-- ····--- .................... ---· .. ----- ··---·····---·-r·---· ----···· ··· ;:! ·+·: 6;~:6; ·+· ::~~~:6; ·+· 4~~~:6; ·· :~;~: ~~~~:::~ ·f g~~~ ~: ~~~~~ ....... ;g~::; ~::::~~ ········+g:; ~:~~rt Rock··+::~: ~;:::; ······+····· ··············+ ····· .•....... 
••• 265 ·-r·· 9.61 E-04 ··t·· 5.04E-05 ··t·· 6.40E-05 •• Burnt Mountain · tcH-47 Ft Yukon ·······tc-130 Circle ··········t cH-47 Ft Wainwri ·ht fc.130 JBER········+c . 17 Tono • ah ····tsemi Area-5 

3 of 10 
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--- ;:~--+-::;~:6: -+-;:;!~:6; -+-::~~:6; -- :~;~: ~~~~:::~ -f g~~~ ~: ~~~~~-------t~:;6 g :;~:: ----------+g~::~ ~: ~::~:;~~: +g::~ ~:~: ------· Jg::~ g::~~h Rock+::~ : ~;:::; -----------r ·---------------~--------··------~----·---------- --------------------·------- ----··-----··----r---- --------··-------~-------- ____________ !.9 ___ • ___ --·------··-----r.- ·--------··-----~------ ---- ---· 
___ 268 __ ] ___ 9 .63E-04 __ J ___ 5.35E-05 --i--6 .71 E-05 __ Burnt Mountain _f CH-47 Ft Yukon -------•C-130 Circle -----------l.CH-47 Ft WainwriJlht -l.C-130 J BER --------j°·17 Nellis ---------~semi. Area-5 
___ 269 ______ 9 .57E-04 __ ; •• 6.64E-05 __ : __ 6.05E-05 •• Burnt Mountain _;CH-47 Ft Yukon ----··-LC-130 Circle __________ .J.CH;47 Ft WainwriJlht J_C-130 J BER _____ ··--•~· Toncpah _____ ..).semi Area-5 
--· 270 __ + ·-9 .58E-04 --~·-· 6.94E-05 --.i--- 6.25E-05 ·- Burnt Mountain . icH-47 Ft Yukon --·----~C-130 Circle --·-·--·--+CH-47 Ft_WainwriJlht .;,C-130 J BER --·-·---Jf5 -· Creech ·-··---~semi Area-5 
-· 271 _····- 9.58E-04 ·-~--- 6.90E-05 --.l-· 6.23E-05 . Burnt Mountain . tCH-47 Ft Yukon ··---iC-1~Q. Circle ··---··-.l.CH-47 Ft WainwriJlht £ ·130 J BER···---·f -5 - Desert Rock .~semi Area-5 
--· 272 -+·· 9.59E-04 __ l.. 7.05E-05 •• L. 6.33E-05 •• Burnt Mountain .[CH-47 Ft Yukon ·-·-··-tC-130 Circle --·-··-·--J.CH-47 Ft.WainwriJlht .LC-130 JBER --·-··-··C-5 . Nellis ·---··-·_;semi Area-5 
-·· 273 ·T --9 .60E-04 --i •• 5.25E-05 --i •• 5.62E-05 •• Burnt Mountain . (CH-47 Ft Yukon ·---···•C-130 Circle ·---······-l..CH-47 Ft WainwriJlht +.C-17. J BER _____ •••• ~C-17 Tonopah ••••• ~emi Area-5 
-·· 274_··r -9 .61 E-04 •• : -· 5.47E-05 ·-: •• 5.85E-05 -· Burnt Mountain ·f CH-47 Ft Yukon ···--·_IC-130 Circle ···--·····.J.CH-47 Ft WainwriJlht .:.C-17 _ J BER ···--···JC-17 Creech ·--···..).semi Area-5 
-·· 275 .T •• 9 .61 E-04 •• .j. •. 5.44E-05 •• .j. •. 5.82E-05 •• Burnt Mountain . fCH-47 Ft Yukon -······~C-130 Circle ·········-+CH-47 Ft_WainwriJlht .;,C-17. JBER •••••••• f -17 Desert Rock -~semi Area-5 
··- 276_._]·-· 9 .62E-04 --.!.-· 5.55E-05 _ • .;.._ 5.93E-05 __ Burnt Mountain . tCH-47 Ft Yukon ---·--·~C-130 Circle ---·--·-·-lCH-47 Ft WainwriJlht iC-17 J BER ·--·--·-J;p -17 Nellis ·--·--·-4semi. Area-5 
··- 277 •• ____ 9 .56E-04 __ : •• 6.85E-05 __ L_ 5.27E-05 •• Burnt Mountain .[CH-47 Ft Yukon ____ ••• iC-130 Circle ----···--- :CH-47 Ft WainwriJlht .LC-17_ J BER·----···- C-5 • Toncpah_ ••• _1semi Area-5 
-·· 278 ·+ ·· 9 .57E-04 __ j ... 7.14E-05 •• i •• 5.47E-05 ·- Burnt Mountain . icH-47 Ft Yukon --·---·~C-130 Circle ·-·-·-···--l.CH-47 Ft_WainwriJlht -l.C-17. J BER --·-·-··bC-5 •• Creech ·-····+semi Area-5 
-· 279 ····- 9.57E-04 •• : ___ 7.1 1 E-05 ·-: • 5.45E-05 _ Burnt Mountain _i CH-47 Ft Yukon •• ___ ;C-1~Q. Circle ··---···.J.CH-47 Ft WainwriJlht J_C-17 J BER···---·* -5 _ Desert Rock .:.semi Area-5 
___ 280 __ +·· 9.57E-04 --.i--- 7.25E-05 •• ~ __ 5.55E-05 __ Burnt Mountain -fCH-47 Ft Yukon --·----~C-130 Circle --·-------.J.CH-47 Ft.WainwriJlht .j.C-17. JBER --------f-5. Nellis --·-----·~semi Area-5. 
-·· 281 _.T __ 9 .58E-04 --.:--· 4 .88E-05 _ • .;. •• 5.25E-05 __ Burnt Mountain -lCH-47 Ft Yukon _______ j.9-130 Circle ------····fH-47 Ft WainwriJlht £ ·17. Tonopah ---··~semi. Area-5 _____ •• 4 ____ .• -----··--
-·· 282 ·T·-9 .59E-04 •• L_ 5. lOE-05 •• L. 5.47E-05 __ Burnt Mountain J CH-47 Ft Yukon ••• ___ .iC-130 Circle ···---····.:.CH-47 Ft WainwriJlht .LC-17 _ Creech_. __ ••• Jsemi_ Area-5 ··---··l ·---···---···· 
-·- 283 •• T ._ 9 .59E-04 --i •• 5.07E-05 •• J •• _ 5.44E-05 •• Burnt Mountain . (CH-47 Ft Yukon -··-··-~130 Circle ···-···----l.CH-47 Ft_WainwriJlht -l.C-17. Desert Rock jsemi. Area-5 ··-···--~·-···- -·-···--· 
··- 284 ·-]·-· 9 .60E-04 __ ; -· 5.18 E-05 _ • .L._ 5.55E-05 __ Burnt Mountain . tCH-47 Ft Yukon ---·---LC-130 Circle ---·--·-·-lCH-47 Ft WainwriJlht J_C-17 Nellis -·--·--·-Jsemi_ Area-5 --·--·-l ·----- --·--·-·· 
··- 285 ·- ___ 9 .60E-04 --i-- 5.45E-05 --i·- 5.58E-05 •• Burnt Mountain -f CH-47 Ft Yukon ----···fC-130 Circle ----···---+CH;47 Ft WainwriJlht .j.C-5_ J BER. _____ •• _1C-17 Toncpah_···--~semi Area-5 
-·· 286_·+ ·· 9 .61 E-04 --.l.·- 5.67E-05 ._.;. •• 5.81 E-05 ·- Burnt Mountain . tCH-47 Ft Yukon ______ .jC-130 Circle ·-·-·-···-4CH-47 Ft_WainwriJlht 4-C·5 • J BER --·-····f -17. Creech ·-····4semi Area-5 
-· 287 -····· 9.61 E-04 •. J. __ 5.64E-05 •• L. 5.78E-05 _ Burnt Mountain _[CH-47 Ft Yukon _____ [C-1~Q. Circle ··---···J.CH-47 Ft WainwriJlht .J.C-5 · - J BER···---· ,C-1?_ Desert Rock .Lsemi Area-5 
--· 288 __ +·· 9.61 E-04 •• i .. 5.75E-05 --i-- 5.89E-05 •• Burnt Mountain _f CH-47 Ft Yukon ···---f -130 Circle -··-··---·-l.CH-47 Ft.WainwriJlht ~ -5 ••• JBER -··-··-·jC-17 Nellis ···-··---~semi Area-5 
-·· 289 ·T ·-9 .56E-04 _.LJ04E-05 •• ; •• 5.22E-05 •• Burnt Mountain J CH-47 Ft Yukon ···----~C-130 Circle ···-······.LCH-47 Ft WainwriJlht ~ -5 · - JBER·-··-····JC-5 _ Tonopah ····-~emi Area-5 -·· ;~~ -··r: ;~~:6: ·+· ~:;~~:6; ·+· ;::7~:6; .. :~;~: ~~~~:::~ ·f g~~~ ~: ~~~~~ ···-···r~: ;6 g :;~:: ···-······+g~::~ ~: ~::~:;~~: fc:~ -~:~: ···-···+g:~ • g::~~h Rock -r::~: ~;:::; 
....................... , .............................................................................. 1-•••.. .............. ............ .. .......................................... , ................... .. ................................. r---·-- ................................... •-r•··--·-· ......................... !.9 ·--~··· - ................................... .,-.... • ............................... ~ ...... ...... .. .............. .. 
··- 292_._]··· 9 .57E-04 •• L. 7.45E-05 •• L_ 5.51 E-05 •• Burnt Mountain .[CH-47 Ft Yukon _ ••••• J.£-130 Circle ·······-··J.CH-47 Ft WainwriJlht .J.C-5 · - J BER ••••••• JC-5 •• Nellis ••••••• _lsemi Area-5 
··- 293 •• _ -·· 9 .54E-04 _.,J. •• 6.55E-05 •• i.-4.87E-05 •• Burnt Mountain -~CH-47 Ft Yukon ••••••• ~C-130 Circle -······--·-l.CH-47 Ft WainwriJlht ~ -5_ Tonopah -···-~semi. Area-5 ······--1-·-···- ······-·· 
-·· 294_·+ ·· 9 .55E-04 •• : •• 6.83E-05 __ .J... 5.08E-05 •• Burnt Mountain J CH-47 Ft Yukon -··-···tC-130 Circle ···-······.J.CH-47 Ft.WainwriJlht J_C-5 • Creech ••••••• :semi_ Area-5 ··-···-l ·-···· ·-······ 
-· 295 _ ••••• 9.55E-04 --~--- 6.81 E-05 •• ,j... 5.06E-05 _ Burnt Mountain -~CH-47 Ft Yukon ··---~ -1~Q. Circle ··---···iCH-47 Ft WainwriJlht ~ -5 · - Desert Rock jsemi Area-5 ·---·-~---· ----··· 
--· 296 __ +·· 9.55E-04 •• .L .• 6.94E-05 -·~--- 5.15 E-05 •• Burnt Mountain . tCH-47 Ft Yukon ···----~C-130 Circle -··-··---·~CH-47 Ft WainwriJlht £-5 •• Nellis ·-··-··-·iseml_ Area-5 ··-··-·4... . ········-
-·- 297 ·T ·-9 .42E-04 _.L. 5.04E-05 ._L. 6.37E-05 •• Burnt Mountain .[CH-47 Ft Yukon ···-··-lC-130 Circle···-······ :CH-47 Eie lson ·····-·· :C-130 JBER·-··-···· ,C-17 Tonopah •••• ~ emi Area-5 
-·· 298_··r -9 .43E-04 -·~-·- 5.25E-05 •• i •• 6.59E-05 •• Burnt Mountain _f CH-47 Ft Yukon ···-···~C-130 Circle ···-······~CH-47 Eie lson ·····-·-~ ·13Q. J BER ···-····iC-17 Creech ·-····-~semi. Area-5 
-·- 299 •• T •• 9 .43E-04 •• L. 5.23E-05 •• : •• 6 .57E-05 •• Burnt Mountain _tCH-47 Ft Yukon •••••• _:C-130 Circle ••••••••• _.J.CH-47 Eie lson •••••••• J.C-130 JBER •••••••• f -17 Desert Rock 1semi. Area-5 

::: ;6~ ::I::: ~:~:6: :i: ~:~~~:6; ::±:: !:~~~:6; :: :~;~: ~~~~:::~ :t g~~~ ~: ~~~~~ :::::::l~: ;g g :;~:: ::::::::::±g~;:~ ~:: ::~~ ::::::::~ ::: ~:~: .::::::::tg:~ 7 
~~~~ah.:::J::~:- ~;:::;_ 

-·· 302 ___ 
1
1 ••• 9.39E-04 •• : •• 6.93E-05 ·-: •• 6.22E-05 •• Burnt Mountain J CH-47 Ft Yukon -··-···t9-130 Circle ···-······J.CH-47 Eie lson -····-··lC-130 JBER ••• _ •• J C-5 •• Creech ·-·····:semi Area-5 

303 9.39E-04 : 6.89E-05 : 6.19E-05 Burnt Mountain ICH-47 Ft Yukon IC-130 Circle iCH-47 Eie lson IC-130 J BER lC-5 Desert Rock :semi Area-5 -·····--·········-····---·+-···--·-···-····-!-······-··--··- ·········-········-•········ ··-·-·-·-····---•···-- ·········---···+······· -··--········---t··-··· ····-·····---·l- - - ···--····------+--···· ····-··· 
--· 304 -+·· 9.40E-04 •• .L .. 7.04E-05 •• : __ 6.29E-05 •• Burnt Mountain J CH-47 Ft Yukon ···-··_tC-130 Circle -··-··-·-·.J.CH-47 Eielson -·-··---.:.C-130 JBER -··-·---JC-5 . Nellis ···-··---Lsemi Area-5 
-·· 305 ·-~-·-9 .41 E-04 _.,j. .. 5.23E-05 ._.j. •• 5.61 E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ···---·~C-130 Circle ···-······J.CH-47 Eie lson ·····---.kC-17. JBER·-··-····

1
,C-17 Tonopah ••••• ~semi Area-5 

306 9 .42E-04 : 5.45E-05 : 5.84E-05 Burnt Mountain ;CH-47 Ft Yukon :C-130 Circle !CH-47 Eie lson :C-17 J BER C-17 Creech 1semi Area-5 
-·· 3oi·· -·-9 .42E-04 ·-r·· 5.43E-05 ·-r· 5.81 E-05 •• Burnt Mountain · rcH-47 Ft Yukon ···-···:C-130 Circle ···-······:cH-47 Eie lson ·····-··TC-17 - JBER ···-···· C-17 Desert Rock : semi· Area-5 
-·· 308 .T •• 9.43E-04 ··t·· 5.54E-05 ··:·· 5.92E-05 •• Burnt Mountain · :cH-47 Ft Yukon ······-rc-130 Circle ·········-:cH-47 Eie lson ········tc.11. J BER ········tc .17 Nellis ····--··:semi· Area-5 

::: 309 ::I:: 9.37E-04 :J:: 6 83E-05 ::t:: 5.25E-05 :: Burnt Mountain : tcH-47 Ft Yukon :::::::tc-130 Circle ::::::::::!cH-47 Eie lson ::::::::f c -11_ J BER.::::::::1~. Toncpah.:::Jsemi" Area-5_ 
-·· 310 ___ 

1
1 ••• 9.38E-04 -·~·-· 7. 13E-05 ._.j. •• 5.46E-05 •• Burnt Mountain . icH-47 Ft Yukon -··---·~C-130 Circle ···-······+CH-47 Eie lson -····-··+C-17. JBER ···-·---Jf5 •• Creech ·-····-~semi Area-5 

3 11 9.38E-04 : 7.09E-05 : 5.44E-05 Burnt Mountain ;CH-47 Ft Yukon :C-130 Circle :CH-47 Eie lson :C-17 J BER :C-5 Desert Rock :semi Area-5 _ .. _ .......... - ........ .., ...................... .......................................... -.. .,._ ......................... _ ................................................................ ............................. - .. - r ........ _ ----··-····---···-.... ·------ ............................ --~·--- ...................... - .. -·1· .. - - ........................... ___ ,,............. .. ............. .. 
--· 3 12 -+·· 9.38E-04 •• L. 7.24E-05 •• L. 5.54E-05 •• Burnt Mountain .[CH-47 Ft Yukon ···-··-tC-130 Circle -··-··-·-·J.CH-47 Eielson -·-··-··lC-17. JBER -·-···-··C-5. Nellis ···-··-· :semi Area-5. 
-·· 3 13 ·-~-·-9 .39E-04 -·i--4.84E-05 ·-i •• 5.21 E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ···-···•C-130 Circle ···-······-l.CH-47 Eie lson ·····---+.C-17. Tonopah _ •••• Jsemi. Area-5 ··-····-~·-···· -·-······ 

314 9 .40E-04 : 5.06E-05 : 5.43E-05 Burnt Mountain :CH-47 Ft Yukon :C-130 Circle :CH-47 Eie lson ,C-17 Creech :semi Area-5 : 
-·· 3 15-·· -·-9 .40E-04 •• : •• 5.04E-05 ·- i •• 5.41 E-05 •• Burnt Mountain "fcH-47 Ft Yukon ···-···:c-130 Circle ···-······iCH-47 Eie lson ·····-··TC-17 - Desert Rock lsemi- Area-5 ··-····:--·····-······ 
-·· 3 16 .T .. 9.41 E-04 ··r-· 5. 13E-05 ··r-5.51 E-05 •• Burnt Mountain -rCH-47 Ft Yukon ....... !C-130 Circle ·········-fcH-47 Eie lson ········tc.11. Nellis -·······-!semi· Area-5 ·······-i--····- -········ 
::: 317 ::I:: 9.41 E-04 ::r:: 5.43E-05 ::r:: 5.57E-05 :: Burnt Mountain] CH-47 Ft Yukon :::::Jc-130 Circle :::::::::::cH;47 Eie lson ::::::::f C-5_ J BER :::::::::ic -11 • Toncpah.::::Jsemi Area-5: 

318 I 9.42E-04 : 5.65E-05 I 5.79E-05 Burnt Mountain ICH-47 Ft Yukon IC-130 Circle ICH-47 Eie lson IC-5 JBER lC-17 Creech lsemi Area-5 
-·· 3 19 ·T ·· 9.42E-04 ··1 ·· 5.62E-05 ··t·· 5.77E-05 •• Burnt Mountain · tcH-47 Ft Yukon -··-···tc-130 Circle ···-······tcH-47 Eie lson -····-··tc-5 • J BER····-····1c-1i Desert Rock t semi Area-5 

--· ;;~--+ · ::~;~:6: ·+·;:~;~:6; ·+· ;:~~~:6; -- :~;~: ~~~~:::~-f g~~~ ~: ~~~~~-· -·--rg::~~ g :;~:: -· -··-·-·fg~::~ ~:: ::~~ -·-· --1g:~·-· ~:~: -· -··--fg :~f ~~~~ ah ··--1::~: ~;:::; 
-·· ;;~ ·+-: ;~~:6: ··+·· ~:;~~:6; ·-+-· ;:~~~:6; ·· :~;~: ~~~~:::~ .f g~~~ ~: ~~~~~ ···-···~: ;6 g :;~:: ···-······+g~::~ ~:: ::~~ ·····-·-~:~ - ~:~: ···-····ig:~ • g::~~h Rock-~: :~:· ~;:::; 
-··-··--···r ··-·-···-·······+-··-····-··-·····i·······--·---··· -···-····-··--·-····•····-·· ···-·····-······-&·-· ··-·············-+········ ··---··-·········+- ··· - -·····--·······-~··· ··-·········--··+··-··· ··-· -·-· 
··- 324 ·-]··· 9 .38E-04 •• ; •• 7.43E-05 •• .L._ 5.49E-05 •• Burnt Mountain . tCH-47 Ft Yukon -·····-LC-130 Circle ·······-··.J.CH-47 Eie lson ·-······J_C-5 · - J BER ••••••• _Jf:5 •• Nellis ••••••• _.:.semi. Area-5 
··- 325 •• _ -·· 9 .35E-04 _ • .j. •• 6.49E-05 ·-i·-4.83E-05 •• Burnt Mountain -f CH-47 Ft Yukon ••••••• fC-130 Circle -······-··+CH-47 Eie lson ·-······+C-5_ Tonopah _ ••• .Jsemi. Area-5 ······-+·····- ······-·· 

326 I 9.36E-04 : 6.78E-05 : 5.04E-05 Burnt Mountain ;CH-47 Ft Yukon ;C-130 Circle :CH-47 Eie lson :C-5 Creech isemi Area-5 : 
-·· 32i·T ·· 9.36E-04 ·-r·· 6.75E-05 ·-r· 5.02E-05 •• Burnt Mountain · :cH-47 Ft Yukon -··-···:C-130 Circle ···-······:cH-47 Eie lson -····-··rc-5 • Desert Rock 1semi- Area-5 ··-····r--···· ·-······ 
-·------·--··'"'··----···-······ .. ··---------------................................. _ ............................................................. ........................... . - .. - · ........ _ -------··· ·---····""'··----- ....................... . .._ ......... . . .... _ .......................... - .. 4 ......... - .................. - .. -· ..... ·---· ----···· 

--· 328 __ +·-9.36E-04 •• i .. 6.89E-05 --i-- 5.11 E-05 •• Burnt Mountain _f CH-47 Ft Yukon ···----~C-130 Circle -··-··-·-·tCH-47 Eielson •••••••• ~-5 .. Nellis ·-··-·---iseml_ Area-5 ··-··--·~-· . ········-
-·- 329 ·T ·-4.94E-04 _.l.. 5.21 E-05 •• ; .J04E-05 •• Burnt Mountain J CH-47 Ft Yukon ···----~C-130 Circle ···-······..£-130 Ft WainwriJlht +,C-130 JBER·-··-···· lC-17 Tonopah ····-~ emi Area-5 

-·· ;;~-··r :~;~:6: ·+· ;::7~:6; ·+-;:;~~:6; .. :~;~: ~~~~:::~ ·f g~~~ ~: ~~~~~-··-···r~:;6 g :;~::···-······+g :rr~ ~: ~::~:;~~: fc::~ ~:~: ···-···+g::~ g::~~h Rock -r::~: ~;:::; ....................... 1 .............................................................................................. ------ .................................... ,................ --·· .... • .......... •··-·-·r---·-- ··-··---•··---·--•4·-- - .... •• ................ !.9 ·--Ti---- --............... ···---·-1·--..... · ···--.. ·---··'*'r' ••• ·· · ........ --·· • 
··- 332_._]··· 4.95E-04 •• L. 5.51 E-05 •• l._ 7.35E-05 •• Burnt Mountain .[CH-47 Ft Yukon _ •••••• ig-130 Circle ·······-···lf 130 Ft WainwriJlht .J.C-130 J BER ••••••• _jC-17 Nellis ••••••• _.Lsemi. Area-5 
··- 333 •• _ -·· 4.89E-04 _.,J. •• 6.81 E-05 •• i.-6.68E-05 •• Burnt Mountain -~CH-47 Ft Yukon •••••••• C-130 Circle -······-··+.C-130 Ft WainwriJlht ~ -130 J BER •••••••• -f -5 • Toncpah •••• _.~semi Area-5 
-·· 334_·+ ·-4.90E-04 •• : •• 7. 10E-05 __ .J... 6.89E-05 •• Burnt Mountain J CH-47 Ft Yukon -··-···tC-130 Circle ···-····-··f -aQ. Ft.WainwriJlht J_C-130 JBER ···-···-JC-5 •• Creech ·-···-.Lsemi Area-5 
-· 335 -····· 4 .90E-04 •• ~ __ _7.07E-05 •• ,j... 6.87E-05 _ Burnt Mountain-~ CH-47 Ft Yukon··---~ 1 ~Q. Circle ··---···f -130 Ft WainwriJlht ~ -130 J BER ···---·ic-5 _ Desert Rock .~semi Area-5 
--· 336 __ +·-4.91E-04 •• .L .. 7.21E-05 •• J __ 6.97E-05 •• Burnt Mountain . tCH-47 Ft Yukon···----~C-130 Circle_··-··---·~C-130 Ft.WainwriJlht _Jf-130 JBER -··-·---JC-5 . Nellis ···-··--·Lsemi Area-5 
-·· 337 ·T ·-4.93E-04 _.L. 5.42E-05 ._L. 6.26E-05 •• Burnt Mountain .[CH-47 Ft Yukon ···-··-lC-130 Circle ···-······.lf-130 Ft WainwriJlht IC-17. JBER·-··-···· ,C-17 Tonopah •••• lsemi Area-5 
-·· 338_··r - 4.94E-04 •• 1-.. 5.64E-05 •• i •• 6.49E-05 •• Burnt Mountain _f CH-47 Ft Yukon ···-···~C-130 Circle ···-······~C-aq_ Ft WainwriJlht -l.C-17 _ J BER ···-···-~C-17 Creech ·-····-~semi Area-5 
-·· 339 •• T •• 4 .94E-04 •• L. 5.61 E-05 •• : •• 6.46E-05 •• Burnt Mountain . tCH-47 Ft Yukon •••••• _:C-130 Circle •••••••••• +C· 1'!Q. Ft.WainwriJlht J_C-17. JBER •••••••• },C-17 Desert Rock 1semi Area-5 
··- 340··-]··· 4.94E-04 •• .j. .• 5.72E-05 •• .j.._ 6.57E-05 •• Burnt Mountain . (CH-47 Ft Yukon -···--·~C-130 Circle ·······--·~ -130 Ft WainwriJlht .;,C-17 J BER ·······-t·17 Nellis ·······--~semi. Area-5 
··- 341 •• _ -·· 4.88E-04 -·.!.-- 7.01 E-05 •• .!..- 5.90E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• ~C-130 Circle -······--·.l.C-130 Ft WainwriJlht _Jf-17_ J BER •••••••• _]C-5 • Toncpah •••• _4semi Area-5 
-·· 342_·+ ·-4.89E-04 •• : _ _7.31 E-05 ·-: •• 6.11 E-05 •• Burnt Mountain J CH-47 Ft Yukon -··-···t9-130 Circle ···-····-·J.C-aQ. Ft.WainwriJlht .LC-17. JBER ···-···· C-5 •• Creech ·-···· :semi Area-5 
-· 343 -····· 4 .89E-04 --~--- 7.28E-05 •• i.. 6.09E-05 _ Burnt Mountain_( CH-47 Ft Yukon ··---~C-1 ~Q. Circle ··---···-1,C· 130 Ft WainwriJlht +.C-17 J BER ···---·JC-5 _ Desert Rock .~semi Area-5 
--· 344 -+·-4.90E-04 •• .L .. 7.42E-05 •• : __ 6. 19E-05 •• Burnt Mountain J CH-47 Ft Yukon ···-··_tC-130 Circle -··-··-·-·J.C-130 Ft.WainwriJlht .:.C-17. JBER _______ _JC-5. Nellis ···-··--·Lsemi Area-5. 
-·· 345 ·T ·-4.91 E-04 _.,j. .. 5.05E-05 ._.j. •• 5.88E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ···-···fC-130 Circle ···-······.W-130 Ft WainwriJlht .;,C-17. Tonopah -····1semi. Area-5 ··-····+·-···· -·-······ 
-·· 346_··r - 4.92E-04 •• .!. •• 5.26E-05 ._.;. •• 6.10E-05 •• Burnt Mountain . tCH-47 Ft Yukon ···-···~C-130 Circle ···-······4c -aq_ Ft WainwriJlht f·17 _ Creech •• _ •••• ~semi_ Area-5 ··-····4·-·····-······ 
-·· 347 .T •• 4 .92E-04 •• L. 5.24E-05 •• L. 6.08E-05 •• Burnt Mountain J CH-47 Ft Yukon ······-~C-130 Circle •••••••••• $ · 1'!Q. Ft.WainwriJlht .J.C-17. Desert Rock lsemi. Area-5 ••••••• l ..... _ -········ 
··- 348 ·-]··· 4.92E-04 •• J ___ 5.35E-05 •• i.-6 .19E-05 •• Burnt Mountain . (CH-47 Ft Yukon -······•C-130 Circle ·······--·~ -130 Ft WainwriJlht i c-11 Nellis -·······-Jsemi. Area-5 -·····-J ...... -·····-·· 
··- 349 ·- -·· 4.92E-04 -·; •• 5.61 E-05 ·-: ·-6.22E-05 •• Burnt Mountain _:CH-47 Ft Yukon ••••••• LC-130 Circle -······-··J_C-130 Ft WainwriJlht J_C-5_ J BER········-• C-17 Toncpah •••• _..).semi Area-5 
-·· 350··+ ·-4.93E-04 -·~·-· 5.83E-05 ._.j_ •• 6.44E-05 •• Burnt Mountain . icH-47 Ft Yukon -··-···~C-130 Circle ···-····-·+C-aQ. Ft.WainwriJlht .;,C-5 • JBER ···-···-JC-17. Creech ·-····-~semi Area-5 
-· 351 _ ••••• 4 .93E-04 --~--- 5.81 E-05 •• .l-. 6.42E-05 _ Burnt Mountain .l CH-47 Ft Yukon ··---iC-1 ~Q. Circle ··---···f · 130 Ft WainwriJlht £ -5 · - J BER ···---·f -1?. Desert Rock .~semi Area-5 
--· 352 -+·-4.94E-04 •• L. 5.92E-05 •• L. 6.53E-05 •• Burnt Mountain .[CH-47 Ft Yukon ···-··-tC-130 Circle -··-··-·-·..:.C-130 Ft.WainwriJlht .LC-5 ••• JBER -··-·---~C-17 Nellis ···-··-··:semi Area-5 
-·· 353 •• 

1
_._ 4.88E-04 -.i.J21 E-05 ·-i •• 5.86E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ···-···•C-130 Circle ···-····--~ -130 Ft WainwriJlht ~ -5 · - JBER·-··-···-~C-5 _ Tonopah ••••• ~emi Area-5 

354 4.89E-04 ; 7.51E-05 : 6.07E-05 Burnt Mountain :CH-47 Ft Yukon :C-130 Circle :C-130 Ft Wainwright •C-5 J BER iC-5 Creech 1semi Area-5 
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Attachment #2 Accident Probability for All Possible Routes 
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••• 357 ··]··· 4.86E-04 •• ~ ••• 6.72E-05 •• i •• 5.51 E-05 •• Burnt Mountain . ~CH-47 Ft Yukon •••••••• C·130 Circle •••••••••• ~ · 130 Ft WainwriJlht ic-5 ·- Tonop ah ••••• jsemi. Area-5 •••••••• ~ ••••••••••••••. 
••• 358 •••••• 4.87E-04 •• ; •• 7.00E-05 •• ; •• 5.71 E-05 •• Burnt Mountain _;CH-47 Ft Yukon ••••••• LC-130 Circle •••••••••• J.C· 130 Ft WainwriJlht J.C·5_ Creech ••••••• :semi_ Area-5 •••••••• L ••••••••••••••. 
••• 359 ·+ ·· 4.87E-04 •• ~ ••• 6.97E-05 •• .;. •• 5.69E-05 •• Burnt Mountain . i cH-47 Ft Yukon ••••••• ~C· 130 Circle •••••••••• .j.C· a(!_ Ft.WainwriJlht _j,C-5 • Desert.Rock jsemi. Area-5 •••••••• ~ •••••••••••••• 
-· 360 -····· 4.88E-04 •• ~ •• .J. 11 E-05 •• .l-. 5. 79E-05 _ Burnt Mountain .l CH-47 Ft Yukon ··-·-iC-1 ~Q. Circle ··-·-···f · 130 Ft WainwriJlh~·5 ·- Nellis ···-·-·jsemi Area-5 ····-·+······ ••••••••• 
••• 361 ··+ ·· 4.93E-04 •• L. 5.20E-05 •• L. 6.98E-05 •• Burnt Mountain .[CH-47 Ft Yukon ·······tC·130 Circle •••••••••• .:.C· 130 Eielson •••••••• lC· 130 JBER •••••••• , C· 17 Tonopah •••• .:semi Area-5 
••• 362 ··~··· 4.95E-04 •• i •• 5.42E-05 •• i.J20E-05 •• Burnt Mountain . ~CH-47 Ft Yukon •••••••• C·130 Circle •••••••••• ~ ·130 Eielson •••••••• ~ ·130 JBER ••••••••• j C·17 Creech ••••••• ~emi Area-5 
••• 363 •••••• 4.94E-04 •• : •• 5.39E-05 •• : .J.18E-05 •• Burnt Mountain ·f CH-47 Ft Yukon •••••• )C-130 Circle •••••••••• J_C-a(!_ Eielson •••••••• J.C-13Q. JBER ••••••• .JC· 17 Desert Rock .Lsemi. Area-5 

364 4.95E-04 : 5.50E-05 : 7.29E-05 Burnt Mountain ,CH-47 Fl Yukon lC-130 Circle :C-130 Eielson IC-130 JBER :c . 11 Nellis :semi Area-5 ···········r ················-t-················-t-··········-···· ····················f····-·· ·················t-·-· ·················-t···· - ················-1-:-- ················+:-- ················t······ .•.•.••. 
••• 365 ··]··· 4.89E-04 •• .!. •• 6.79E-05 •• .!. •• 6.62E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• ~C·130 Circle •••••••••• £ · 130 Eielson •••••••• -1-C-130 JBER •••••••• J:p-&_ Tonopah •••• +semi. Area-5 

366 4.90E-04 : 7.09E-05 : 6.83E-05 Burnt Mountain :CH-47 Ft Yukon :C-130 Circle :C· 130 Eielson IC· 130 JBER C·5 Creech :semi Area-5 
367 I 4.90E-04 : 7.05E-05 t 6.80E-05 Burnt Mountain ICH-47 Ft Yukon ic. 130 Circle :c. 130 Eielson IC-130 JBER :c.5 Desert Rock lsemi Area-5 

••• 368 •• T .. 4.91 E-04 ··1 ·· 7.20E-05 ··t·· 6.91 E-05 •• Burnt Mountain · tcH-47 Ft Yukon ·······tc.130 Circle ··········tc-iio Eielson ········fc-130 JBER·····--··tc .5 •• Nellis ········tsemi Area-5 

••• ;~~··+ • ::~:~:6: ·+· ;::~~:6; -+· ::~~:6; ·- :~;~: ~~~~:::~ ·f g~~; ~: ~~~~~ -· ····rg::~~ g :;~:: •• ·······+g::: ~::::~~ ···· ·-1g::; -~:~: ·· ·····tg::·f ~~~z~hh •••• 1~:~: ~;:::; 
... ;;~··+-·: ~~~:6: ··+·· ;:~~~:6; ··+·· ::~~~:6; .. :~;~: ~~~~:::~ .f g~~; ~: ~~~~~ ·······~:~6 g :;~:: ··········{:%~ ~::::~~ ········~::;-~:~: ········ig::; ~=~~rt Rock-~~=~:· ~;:::; 
···········r ················+-················-1···········-···· ····················f····-·· ·················&·-· ·················+·-· - ·················+--·· ················1- ···············+······ .•.•.••. ••• 373 ••• ] ••• 4.88E-04 •• : •• 6.99E-05 •• .L •• 5.86E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• LC·130 Circle •••••••••• ~ · 130 Eielson •••••••• J.C-17 JBER •••••••• C-&_ Tonopah •••• .Lsemi. Area-5 
••• 374 •••••• 4.89E-04 •• .;. •• 7.29E-05 •• .;. •• 6.07E-05 •• Burnt Mountain .f CH-47 Ft Yukon ••••••• ~C-130 Circle •••••••••• +C· 130 Eielson ••••••••. j,C· 17_ JBER ••••••••• C·5 • Creech ••••••• ~semi Area-5_ 
••• 375 ••• 

1
1 ••• 4.89E-04 •• .l. •• 7.25E-05 •• .;. •• 6.05E-05 •• Burnt Mountain .~CH-47 Ft Yukon •••••• $ · 130 Circle •••••••••• f · a(!_ Eielson •••••••• -1-C· 17. JBER •••••••• ,C·5 •• Desert Rock +semi Area-5 

376 4.90E-04 : 7.40E-05 : 6.15E-05 Burnt Mountain :CH-47 Ft Yukon lC-130 Circle ,C-130 Eielson IC· 17 JBER ,C·5 Nellis :semi Area-5 -·-·--.. -··-·'"'·------··-----·· .. ·---------------................................... _ ............................................................ ---------··-····---·-·· ... - --------···---·-· ··--·· ............................ -.. __..··-·- .......................... -....... __ .................. .._ .. _ ...... _ ..... _ .. -··------
••• 377 •• L . 4.90E-04 •• .j. .• 5.00E-05 •• i •• 5.82E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~C·130 Circle •••••••••• iC· 130 Eielson •••••••• iC· 17. Tonopah ••••• jsemi Area-5 •••••••• ~ ••••••••••••••. 

378 l 4.91 E-04 : 5.22E-05 : 6.04E-05 Burnt Mountain :CH-47 Ft Yukon ,C·130 Circle IC·130 Eielson :C-17 Creech :semi Area-5 : 

... ;~~··+-· :~1~:6: ··f·· ;:;6~:6; ·+· ::~;~:6; .. :~;~: ~~~~:::~ ·f g~~; ~: ~~~~~-·-····f~:~6 g :;~::-·········{:rr~ ~::::~~·-······fg::;- ~=~~rt Rock i::~:· ~;:::;·······l ············· 

......................... , ............................................................................. 1-••••·•• ........ ............ .. ............. •• ......................... , ................... .. ......... • .......... •·••••·r---·-· ...................................... 4....... - ................................... ~---- • • •• ......................... .,.............. .. ............. • ................. ~---··· ......... ...... ... 
••• 381 ••• ] ••• 4.92E-04 •• L. 5.59E-05 •• L. 6.18E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• !.£·130 Circle •••••••••• ~ · 130 Eielson •••••••• l.C-5 ·- JBER •••••••• jC-17 Tonopah ••••• Lsemi_ Area-5 
••• 382 •••••• 4.93E-04 •• .j. •• 5.81 E-05 •• i •• 6.40E-05 •• Burnt Mountain -~CH-47 Ft Yukon ••••••• ~C-130 Circle •••••••••• t,C· 130 Eielson •••••••• ~ ·5_ JBER ••••••••• f · 17 Creech ••••••• ~semi Area-5_ 

383 I 4.93E-04 : 5.78E-05 : 6.38E-05 Burnt Mountain :CH-47 Ft Yukon :C· 130 Circle ,C· 130 Eielson •C-5 JBER ,C· 17 Desert Rock :semi Area-5 -----------1-··"··------ .---------·---------·----------·-----·- ____________________ ., ................. .............................................. _..... .. ............................... "T,.......-.... .................................. J;............ .............................................. .............................................. .. ........... .. 
-· 384 ••••• 4.93E-04 --~··· 5.89E-05 •• .j... 6.49E-05 _ Burnt Mountain -~CH-47 Ft Yukon ··-·-~ ·1~Q. Circle ··-·-···f · 130 Eielson ···--·~ ·5 ·- JBER···-·--iC·E . Nellis •••••• - •• ~semi Area-5 
••• 385 ••• L . 4.88E-04 •• .L •• 7.18E-05 •• ~ ••• 5.82E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• ~C·130 Circle •••••••••• +C· 130 Eielson •••••••• £ ·5 ... JBER •••••••• f ·5. Tonopah ••••• Lsemi Area-5 

386 l 4.89E-04 : 7.48E-05 : 6.03E-05 Burnt Mountain :CH-47 Ft Yukon IC·130 Circle IC·130 Eielson IC·5 JBER ,C·5 Creech :semi Area-5 
••• 387 ·+ ·· 4.89E-04 • .r .. 7.44E-05 •• t.. 6.00E-05 •• Burnt Mountain J cH-47 Ft Yukon ••••• Jc-130 Circle ••••••••• Jc-a(!_ Eielson •••••• J~-5- JBER •••••••• jC·5 • Desert Rock 1semi. Area-5 
••• 388 .T .. 4.89E-04 •• L. 7.59E-05 •• : •• 6.10E-05 •• Burnt Mountain .[CH-47 Fl Yukon •••••• _:C-130 Circle •••••••••• +C-10!«!_ Eielson •••••••• J.C-5, _ JBER •••••••• f ·5 •• Nellis ••••••••• J.semi Area-5 
••• 389 ··]··· 4.86E-04 •• .;. •• 6.65E-05 •• .;. •• 5.45E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~C·130 Circle •••••••••• ~ · 130 Eielson •••••••• ~5 ·- Tonop ah ••••• 1semi. Area-5 ••••••• .J_ ••••••••••••••. 
••• 390 ••••• 4.87E-04 •• .l. •• 6.94E-05 •• L .. 5.65E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~C-130 Circle •••••••••• .J.C· 130 Eielson •••••••• £ ·5_ Creech ••••••• ~semi_ Area-5 ••••••• + ••••••••••••••. 
••• 391 ••• 

1
1 ••• 4.87E-04 •• : •• 6.92E-05 •• : •• 5.63E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• t9· 130 Circle •••••••••• J.C· a(!_ Eielson •••••••• lC-5 • Desert. Rock jsemi. Area-5 ••••••• : •••••• • ••••••• 

392 4.87E-04 : 7.05E-05 : 5.72E-05 Burnt Mountain :cH-47 Ft Yukon IC-130 Circle lC-130 Eielson :c .5 Nellis lsemi Area-5 : -······-··················+·· ·············+--············· ···················•········ ·············-·-•···-- ·········-·-···+·--·· ········-···-·-t··-·- ·············-+····- ·········-·-·+-·-· ·-·-··· ••• 393 •• L . 4.93E-04 •• .l. .• 5.19E-05 •• : •• 6.95E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• tC·130 Circle •••••••••• J.C· 130 JBER •••••••••• l.C·17. Tonopah •••• .Jsemi Area-5 ••••••• .L ••••••••••••••. 
394 l 4.94E-04 : 5.41 E-05 : 7.17E-05 Burnt Mountain ICH-47 Ft Yukon :c.130 Circle :c.130 JBER :c -11 Creech lsemi Area-5 : 

... ;~~ ·+-· :~:~:6: ·+· ;:~:~:6; ·-t-·; ~:~:6; .. :~;~: ~~~~:::~ ·f g~~; ~: ~~~~~-·-····f~:~6 g :;~::-·········lrr~ ~:~= ··········+g::;- ~=~~rt Rock i::~:· ~;:::;······-+-············· ...................... , ....................................................................................... ··------------ ·---·--.... ----· .............. ................... --·-................. ···---·r-·-- -·------................. ·-···- - ....................................... __ .._ ................... .................... ...... ...... ---·----................................ -··---·--.. 
••• 397 ··]··· 4.89E-04 •• ~ ••• 6.78E-05 •• i •• 6.59E-05 •• Burnt Mountain -~CH-47 Ft Yukon •••••••• C·130 Circle •••••••••• ~ · 130 JBER •••••••••• LC-5 ·- Tonopah ••••• jsemi. Area-5 •••••••• ~ ••••••••••••••. 
••• 398 •••••• 4.90E-04 •• ; •• 7.08E-05 •• : •• 6.80E-05 •• Burnt Mountain _;CH-47 Ft Yukon ••••••• LC-130 Circle •••••••••• J.C· 130 JBER •••••••••• J.C·5_ Creech ••••••• :semi_ Area-5 •••••••• L ••••••••••••••. 

399 I 4.90E-04 : 7.05E-05 : 6.77E-05 Burnt Mountain :CH-47 Ft Yukon lC· 130 Circle :c. 130 JBER :c-5 Desert Rock :semi Area-5 : ···········r ··········· ····i·················--t-················ -··················t········ ··················t···-·· ·················-!-···~ ·················+···-· ················i······· ················t······ ....... . 
-· 400 -····· 4.91 E-04 •• ~ •• J 19E-05 •• .l-. 6.87E-05 _ Burnt Mountain .l CH-47 Ft Yukon ··-·-iC· 1 ~Q. Circle ··-·-···4C-130. JBER •• .•••••• £ ·5 ·- Nellis ···-·-·jsemi Area-5 ····-·+······ ••••••••• 
••• 401 ··+ ·· 4.92E-04 •• L. 5.04E-05 •• L. 6.40E-05 •• Burnt Mountain .[CH-47 Ft Yukon ·······tC·130 Circle •••••••••• 1semi . Ft_WainwriJlht lC· 130 JBER •••••••• , C· 17 Tonopah •••• .:semi Area-5 
••• 402 .T .. 4.93E-04 •• i •• 5.26E-05 •• i •• 6.63E-05 •• Burnt Mountain -~CH-47 Ft Yukon •••••••• C·130 Circle •••••••••• .j.semi •• Ft WainwriJlht ~ -130 JBER ••••••••• j C·17 Creech ••••••• ~emi Area-5 
••• 403···r · 4.93E-04 •• : •• 5.24E-05 •• : •• 6.60E-05 •• Burnt Mountain ·f CH-47 Ft Yukon •••••• JC-130 Circle •••••••••• 1semi ••• Ft WainwriJlht J.C-13Q. JBER •••••••• JC· 17 Desert Rock .Lsemi Area-5 
••• 404 •• T .. 4.93E-04 •• .;. •• 5.35E-05 •• .;. •• 6.71 E-05 •• Burnt Mountain . fCH-47 Fl Yukon ••••••• ~C-130 Circle •••••••••• .;.semi •• Ft.WainwriJlht ~130 JBER •••••••• ~17 Nellis ••••••••• ~semi Area-5 

::: ;6~ ::r:: ::::~:6: ::+:: ::~:~:6; ::t:: ::~;~:6; :: :~;~: ~~~~:::~ :t g~~; ~: ~~~~~ :::::::t~: ~g g :;~:: ::::::::::+::~: :: ~: ~::~:;~~: ±g::: ~:~: .::::::::Jg:~- 6~;z~hh ::::±~:~: ~;:::; 
••• 407 ·+ ·· 4.88E-04 •• j ••• 6.90E-05 •• i •• 6.23E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• ~C· 130 Circle •••••••••• .j.semi ••• Ft.WainwriJlht ~ -130 JBER ········bC·5 •• Desert Rock .~semi Area-5 
-· 408 ••••• 4.89E-04 •• : • .J.05E-05 •• : • 6.33E-05 _ Burnt Mountain _:CH-47 Ft Yukon ··-·-;C-1~Q. Circle··-·-··· :semi _ Ft WainwriJlht J_C-130 JBER···-·-·f ·&_ Nellis ••••• _ • .:,semi Area-5 

··· :~~ ··+· ::~~~:6: ·+· ;:~;~:6; ·+· ;:~~~:6; ·· :~;~: ~~~~:::~ ·f g~~; ~: ~~~~~ ·······rg:: ~g g:;~:: ··········+::~: · ~:-~::~:;F~: +g::; · ~:~: ········1g:: ~ ~~;z~hh ····+~:~: ~;:::; 
••• 411··+ ·· 4.92E-04 •• I.. 5.44E-05 •• I.. 5.82E-05 •• Burnt Mountain j CH-47 Ft Yukon ••••• JC·130 Circle ••••••••• Jsemi ••• Ft Wainwr~ht Ic-17 _ JBER •••••• J C· 17 Desert Rock .~semi Area-5 
••• 412 .T .. 4.92E-04 •• i •• 5.55E-05 --~··· 5.93E-05 •• Burnt Mountain .f CH-47 Fl Yukon ••••••• ~130 Circle •••••••••• .j.semi •• Ft.WainwriJlht .j_C-17. JBER ········t 17 Nellis ••••••••• ~semi Area-5 

::: ; 1 ! .::r:: :::;~:6: ::1:: ~:~:~:6; ::t:: ;:~;~:6; :: :~;~: ~~~~:::~jg~~; ~: ~~~~~ ::::::f: ~g g :;~:: ::::::::::±::~: :: ~: ~::~:;~~: ±g:: L ~:~: .::::::::~~~- 6~;z~hh ::::t~:~: ~;:::; 
••• 415··+ ·· 4.87E-04 •• t._7-11 E-05 •• .;. •• 5.45E-05 •• Burnt Mountain .(CH-47 Ft Yukon ••••••• ~C· 130 Circle •••••••••• +semi ••• Ft.WainwriJlht -1-C·17. JBER •••••••• ,C·5 •• Desert Rock +semi Area-5 
-· 416 ••••• 4.88E-04 •• L 7.25E-05 •• L. 5.55E-05 _ Burnt Mountain _[CH-47 Ft Yukon •• _._lC·1~Q. Circle ··-·-···1semi _ Ft WainwriJlht lC· 17 JBER······-· ,C·S_ Nellis ··-·-·lsemi. Area-5 . 
••• 417··+ ·· 4.89E-04 •• .j. .• 4.88E-05 •• i •• 5.25E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~C·130 Circle •••••••••• .j.semi . Ft_WainwriJlht ic.11. Tonopah ••••• jsemi Area-5 •••••••• ~ ••••••••••••••. 
••• 418 .T .. 4.90E-04 •• L. 5. 10E-05 •• : •• 5.47E-05 •• Burnt Mountain JCH-47 Ft Yukon ••••••• ~C·130 Circle •••••••••• .:.semi •• Ft WainwriJlht J.C-17. Creech •••••• .Jsemi. Area-5 ••••••• .L ••••••••••••••• 

... :!~···r :~6~:6: ·+· ;:~~~:6; ·+· ;:~~~:6; .. :~;~: ~~~~:::~ ·f g~~; ~: ~~~~~-·-····r~:~6 g :;~::-·········+::~:··· ~: ~::~:;~~: +g::;- ~=~~rt Rock 1::~:· ~;:::;······+············· 

....................... , ................................... ................. ....... .................................. ......... ............. .. ....................................... , ................... .. ...................... ............. r ........ -.. .. ................................. _,................. .. ..................... !.9 ·-·~--- - ................................. .,................ .. ................................. ~............ .. .............. . 
••• 421 ••• ] ••• 4.90E-04 •• L. 5.45E-05 •• L. 5.58E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• ~ ·130 Circle •••••••••• 1semi •• Ft WainwriJlht l.C-5 ·- JBER •••••••• jC-17 Tonopah ••••• Lsemi Area-5 
••• 422 •••••• 4.91 E-04 •• .j. •• 5.67E-05 •• i •• 5.81 E-05 •• Burnt Mountain -~CH-47 Ft Yukon •••••••• C-130 Circle •••••••••• .j.semi •• Ft WainwriJlht ~ ·5_ JBER ••••••••• f · 17 Creech ••••••• ~semi Area-5 
••• 423··+ ·· 4.91 E-04 •• : •• 5.64E-05 •• L. 5.78E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• tC· 130 Circle •••••••••• .:.semi ••• Ft.WainwriJlht J.C-5 • JBER •••••••• :C· 17. Desert Rock .Lsemi Area-5 
-· 424 ••••• 4.92E-04 --~··· 5.7&E-05 •• .j... 5.89E-05 • Burnt Mountain -~CH-47 Ft Yukon ··-·-~1 ~Q. Circle ··-·-···+semi _ Ft WainwriJlht ~ ·5 ·- JBER ···-·--iC·E . Nellis ·····--·~semi Area-5 
••• 425··+ ·· 4.86E-04 •• .L •• 7.04E-05 •• ~ ••• 5.22E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• ~C·130 Circle •••••••••• 4semi . Ft_WainwriJlht £ ·5 ... JBER •••••••• f ·5. Tonopah ••••• Lsemi Area-5 
••• 426 .T .. 4.87E-04 •• L. 7.34E-05 •• L. 5.43E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• lC·130 Circle •••••••••• :semi •• Ft WainwriJlht Jf·5 ·- JBER ••••••••• ,C·5 _ Creech •••••• lsemi Area-5 
••• 427 .T .. 4.87E-04 •• J ... 7.30E-05 •• i •• 5.41 E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~C-130 Circle •••••••••• .j.semi ••• Ft WainwriJlht ~ -5_ JBER •••••••• jC·5 • Desert Rock .~semi Area-5 
••• 428 •• T .. 4.87E-04 •• L. 7.45E-05 •• : •• 5.51 E-05 •• Burnt Mountain . tCH-47 Fl Yukon ••••••• :C-130 Circle •••••••••• .:.semi •• Ft.WainwriJlht J.C·5. _ JBER •••••••• f ·5 •• Nellis •••••••• J.semi Area-5 
••• 429 ··]··· 4.84E-04 •• .;. •• 6.55E-05 •• .;. •• 4.87E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~C·130 Circle •••••••••• .J_semi •• Ft WainwriJlht ~5 ·- Tonopah ••••• 1semi. Area-5 ••••••• .J_ ••••••••••••••. 
••• <130 ••••• 4.85E-04 •• .l. •• 6.83E-05 •• L .. 5.08E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~C-130 Circle •••••••••• .J.semi •• Ft WainwriJlht £ ·5_ Creech ••••••• ~semi_ Area-5 ••••••• + ••••••••••••••. 
••• 431 ··+ ·· 4.85E-04 •• : •• 6.81 E-05 •• : •• 5.06E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• t9· 130 Circle •••••••••• 1semi ••• Ft.WainwriJlht lC-5 • Desert. Rock jsemi. Area-5 ••••••• : •••••• • ••••••• 
-· 432 ••••• 4.86E-04 --~-·- 6.94E-05 •• i,. 5.15E-05 _ Burnt Mountain .~CH-47 Ft Yukon ··-·-~C·1~Q. Circle ··-·-···.j.semi _ Ft WainwriJlht__j_C·5 ·- Nellis ···-·-·jsemi Area-5 ····--·~······ ••••••••• 
••• 433 •• L . 4.92E-04 •• .l. .• 5.04E-05 •• : •• 6.37E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• tC·130 Circle •••••••••• :semi . Eielson •••••••• J.C· 130 JBER •••••••• JC· 17 Tonopah •••• .Lsemi Area-5 

434 l 4.93E-04 : 5.25E-05 : 6.59E-05 Burnt Mountain ICH-47 Ft Yukon :c.130 Circle !semi Eielson IC-130 JBER ,c .11 Creech lsemi Area-5 ::: :;~ ::r: ~;~:6: ::r: ;:;~~:6; :+: :::;~:6; :: :~;~: ~~~~:::~ :r g~~; ~: ~~~~~ :::::::f ~: ~6 g :;~:: ::::::::::+::~:.:: ~::::~~ ::::::::+g:: ~ ~:~: ·::::::::1g::; ~=~~rt Rock +~:~:· ~;:::; 
···········r ···············-~·-·············-~·-········-···· ·························-·· ·················r-·-· ·················- ········ ··················--- ···············-~- •........•••.•. ~ .••... .•.•.••. 
••• 437 ··]··· 4.87E-04 •• ~ ••• 6.63E-05 •• i •• 6.01 E-05 •• Burnt Mountain -~CH-47 Ft Yukon •••••••• C·130 Circle •••••••••• .j.semi •• Eielson •••••••• LC-130 JBER ••••••• .JC·&_ Tonopah ••••• ~semi. Area-5 
••• <138 •••••• 4.88E-04 •• ; •• 6.93E-05 •• : •• 6.22E-05 •• Burnt Mountain _;CH-47 Ft Yukon ••••••• LC-130 Circle •••••••••• lsemi •• Eielson •••••••• J.C· 130 JBER •••••••• .l~. Creech •••••• .Lsemi Area-5_ 
••• 439 ••• 

1
1 ••• 4.88E-04 -·~--- 6.89E-05 •• .;. •• 6.19E-05 •• Burnt Mountain .icH-47 Ft Yukon ••••••• ~C· 130 Circle •••••••••• +semi ••• Eielson •••••••• .J.C-130 JBER •••••••• iC·5 •• Desert Rock .~semi Area-5 

440 4.89E-04 : 7.04E-05 : 6.29E-05 Burnt Mountain :CH-47 Ft Yukon :C-130 Circle :semi Eielson :C-130 JBER 1C·5 Nellis :semi Area-5 ---------·-·'"'···-··--·- .......................................... -.. .,_..-...................... _ ...................................... , ................ .............................. --.. - r ........ _ ----·--····--·-····-.-···--- ............................ --.. ~--··- ...................... --.. --1 ··--- ......................... - .... ,............ .. ............ . 
••• 441 ··+ ·· 4.91 E-04 •• L. 5.23E-05 •• L. 5.61 E-05 •• Burnt Mountain .[CH-47 Ft Yukon ·······tC·130 Circle •••••••••• 1semi . Eielson •••••••• lC·17. JBER •••••••• , C· 17 Tonopah •••• .:semi Area-5 
••• 442 •• 

1 
... 4.92E-04 •• i •• 5.45E-05 •• i •• 5.84E-05 •• Burnt Mountain -~CH-47 Ft Yukon •••••••• C·130 Circle •••••••••• .j.semi •• Eielson •••••••• +.C-17. JBER ••••••••• j C·17 Creech ••••••• ~emi Area-5 

443 4.92E-04 : 5.43E-05 : 5.81 E-05 Burnt Mountain :CH-47 Ft Yukon :C-130 Circle :semi Eielson C-17 JBER iC· 17 Desert Rock 1semi Area-5 
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Attachment #2 Accident Probability for All Possible Routes 

••• 444··+ ·· 4.92E-04 •• .;. •• 5.54E-05 •• .;. •• 5.92E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• LC-130 Circle •••••••••• .;.semi ••• Eielson •••••••• f ·17 JBER •••••••• C·17 Nellis •••••••• .;.semi. Area-5 
••• 445 ·-,-·· 4 .86E-04 •• L. 6.83E-05 •• L. 5.25E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• ~C-130 Circle •••••••••• 1semi •• Eielson •••••••• .J.C-17 JBER •••••••• ~5 Ton~ah •••• 1semi. Area-5 
••• 446 ••• ] ••• 4.87E-04 •• J ••• 7.13E-05 •• i .. 5.46E-05 •• Burnt Mountain . (CH-47 Ft Yukon •••••••• C·130 Circle •••••••••• isemi •• Eielson •••••••• LC-17 JBER ••••••• .JC·5 Creech ••••••• ~semi. Area-5 
••• 447 •••••• 4.87E-04 •• ; •• 7.09E-05 •• ; •• 5.44E-05 •• Burnt Mountain _;CH-47 Ft Yukon ••••••• LC-130 Circle •••••••••• .J.semi •• Eielson •••••••• J.C· 17 JBER •••••••• JC:L Desert Rock .i.semi Area-5 
••• 448··+ ·· 4.88E-04 •• ~ ••• 7.24E-05 •• ,;. •• 5.54E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~C·130 Circle •••••••••• +semi ••• Eielson •••••••• +C· 17. JBER •••••••• JC·5 •• Nellis ••••••••• ~semi Area-5 
-· 449 ••••• 4.88E-04 --~-·- 4.84E-05 •• .;... 5.21 E-05 . Burnt Mountain . (CH-47 Ft Yukon ··-·-~C-130 Circle ··-·-··-lsemi Eielson •••• -.-£-17 Tonop ah •• -.1semi Area-5 ·-·--..:.-·-· ·-·-··· 
••• 450··+ ·· 4.90E-04 •• L. 5.06E-05 •• L. 5.43E-05 •• Burnt Mountain JCH-47 Ft Yukon ·······tC·130 Circle •••••••••• 1semi . Eielson •••••••• J.C· 17 Creech ••••••• Jsemi Area-5 ••••••• 1 ••••••••••••••. 
••• 451 ···~·-· 4.89E-04 •• i .. 5.04E-05 •• i .. 5.41 E-05 •• Burnt Mountain . (CH-47 Ft Yukon •••••••• C·130 Circle •••••••••• i _semi •• Eielson •••••••• ~ -17. Desert Rock Jsemi . Area-5 •••••••• ~ •••••••••••••• 

452 4.90E-04 ; 5.13E-05 : 5.51 E-05 Burnt Mountain :CH-47 Ft Yukon ;C-130 Circle :semi Eielson ,C-17 Nellis :semi Area-5 : ----------- ----------------··------------------------·----·---- ................ ,. ..................... r---·---- ..................................... ____ .. --------·--------·-------·- ......................................... - .. .. ................................ _____ ............................... ____ .. _ ---------
••• 453 •• .,. •• 4.90E-04 •• ,;. •• 5.43E-05 •• ,;. •• 5.57E-05 •• Burnt Mountain . fCH-47 Ft Yukon ••••••• ~C-130 Circle •••••••••• +semi •• Eielson •••••••• ~5 JBER •••••••• ~C-17 Ton~ah ••••• ~semi_ Area-5 
••• 454 ··]··· 4.91 E-04 •• .;. •• 5.65E-05 •• .;. •• 5.79E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• LC-130 Circle •••••••••• .J.semi •• Eielson •••••••• _j.C-5 ·- JBER •••••••• JC-17 Creech ...... .;.semi. Area-5 
••• 455 ••••• 4.91 E-04 •• ; •• 5.62E-05 •• L. 5.77E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• iC-130 Circle •••••••••• :semi •• Eielson •••••••• J.C·5 JBER ••••••••• IC-17 Desert Rock 1semi Area-5 

456 I 4.92E-04 : 5.73E-05 : 5.88E-05 Burnt Mountain iCH-47 Ft Yukon IC-130 Circle isemi Eielson :c .5 JBER !C-17 Nellis :semi Area-5 ···········r ··········· ·---~·-··············+················ ···················f········ ·················+··-·· ·················+········ ·················+··-- ················rr:·-·· ················t······ ··· .... 
-· 457 -····· 4.86E-04 •• : •• 7.02E-05 •• : • 5.21 E-05 . Burnt Mountain _iCH-47 Ft Yukon ··-·-:C·130 Circle··-·-··· :semi Eielson •••• _.J.C·5 _ JBER···-·-·1*·5 Ton~ah ·--.:.semi Area-5 
••• 458 ••• L . 4.87E-04 •• ,;_ •• 7.32E-05 •• ~ •• 5.42E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~C·130 Circle •••••••••• .;.semi . Eielson •••••••• +C·5 .. JBER •••••••• Jf-5. Creech ••••••• ~semi Area-5 

459 l 4.87E-04 : 7.28E-05 : 5.39E-05 Burnt Mountain :CH-47 Ft Yukon ;C·130 Circle :semi Eielson ;C-5 JBER lC-5 Desert Rock :semi Area-5 

••• 460 ··+·· 4.87E-04 •• I.. 7.43E-05 •• I.. 5.49E-05 •• Burnt Mountain j CH-47 Ft Yukon ••••• JC·130 Circle ••••••••• .Isemi ••• Eielson •••••••• J:c-5. JBER •••••• J C-5 .. Nellis ••••••• Jsemi Area-5_ 
••• 461 ••• 

1 
•.. 4.84E-04 •• i .. 6.49E-05 •• J ••• 4.83E-05 •• Burnt Mountain .f CH-47 Ft Yukon ••••••• ~ 30 Circle •••••••••• isemi •• Eielson •••••••• LC·5 Tonopah ••••• ~ emi . Area-5 •••••••• ~ ••••••••••••••• 

462 4.85E-04 : 6.78E-05 : 5.04E-05 Burnt Mountain :CH-47 Ft Yukon :C-130 Circle :semi Eielson IC-5 Creech :semi Area-5 : 

••• 463 • .J ... 4.85E-04 •• ,;. •• 6.75E-05 •• r .. 5.02E-05 •• Burnt Mountain . rCH-47 Ft Yukon ••••••• ~130 Circle •••••••••• ~semi •• Eielson •••••••• !C·5 Desert Rock ]semi_ Area-5 ••••••• ~ •••••••••••••••. 
464 I 4.85E-04 ; 6.89E-05 ; 5.11 E-05 Burnt Mountain :CH-47 Ft Yukon ;C-130 Circle ;semi Eielson :C·5 Nellis jsemi Area-5 : 

-· 465 J. .. 4.93E-04 •• T.. 5. 1 ~E-05 •• L 6.80E-05 • Burnt Mountain_[ CH-47 Ft Yukon •• _.JC-130 Ft WainwrighcIC-130 JBER ·-···-·j C-17 Tonopah •• _ Jsemi Area-5 ·-·-.I-·-· ·-·-··· 
••• 466··+ ·· 4.94E-04 •• i .. 5.37E-05 •• i .. 7.02E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~C·130 Ft Wainwri9tit ic-130 JBER •••••••••• LC· 17 Creech ••••••• jsemi Area-5 •••••••• ~ ••••••••••••••. 
••• 467 • .,. •• 4.94E-04 • ..! .•• 5.34E-05 •• : _ _7.00E-05 •• Burnt Mountain JCH-47 Ft Yukon ••••••• ~C·130 Ft Wainwright _Jf-130 JBER •••••••••• J.C-17. Desert Rock Jsemi . Area-5 ••••••• .l. ..•.•••..•.•••. 

··· :~:··-,..· :~:~:6: ·+· !:~;~:6; ·+· ;:!!~:6; ·· :~;~: ~~~~:::~ ·f g~~~ ~: ~~~~~-······t~~~6 ~: ~::~:;}g~: +g:~~6 ~:~=··········fc:~7 ~~~~ ah ·····1~:~:-~;:::;······+············· ...................... 
1 
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••• 470 ••• ] ••• 4.90E-04 •• L. 7.04E-05 •• l.. 6.65E-05 •• Burnt Mountain _[CH-47 Ft Yukon ••••••• !.£-130 Ft Wainwri9tit .w-130 JBER •••••••••• .J.C-5 ·- Creech •••••• .Jsemi . Area-5 ••••••• 1 ••••••••••••••. 
••• 411 •••••• 4.90E-04 •• ,J. •• 7.01 E-05 •• i .. 6.62E-05 •• Burnt Mountain -~CH-47 Ft Yukon ••••••• ~130 Ft Wainwright fr· 130 JBER •••••••••• ~ ·5 Desert Rock jsemi_ Area-5 ••••••• -1-.............. . 
••• 472··+ ·· 4.90E-04 •• : •• 7.15E-05 •• L. 6.73E-05 •• Burnt Mountain . [CH-47 Ft Yukon ••••••• LC-130 Ft Wainwright .f · 130 JBER •••••••••• J.C-5 ••• Nellis ••••••••• :semi . Area-5 ••••••• .l. ..••••..•••••. 
-· 473 _ ••••• 4.92E-04 •• ~ ••• 5.35E-05 •• ,j... 6.02E-05 . Burnt Mountain -~CH-47 Ft Yukon ··-·-~ ·130 Ft Wainwright f · 17 JBER ·-··--·~ · 17 Tonopah •• -.jsemi Area-5 ·-·---~-·-· ·-·-··· 
••• 474 ·+ ·· 4.93E-04 •• ,i. •• 5.57E-05 •• ~ ••• 6.25E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• ~C·130 Ft Wainwri9tit ~C-17 JBER •••••••••• £ · 17 Creech ••••••• ;semi Area-5 ••••••• ..;. ••••••••••••••. 
••• 475 ·-,-·· 4.93E-04 •• L. 5.55E-05 •• l.. 6.22E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• LC·130 Ft Wainwright 1C-17 JBER •••••••••• :C-17. Desert Rock Jsemi . Area-5 •••••••• L ••••••••••••••• 
••• 476 •• ,... 4.93E-04 •• 1 ... 5.66E-05 •• i .. 6.33E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• ~C-130 Ft Wainwright ~C-17 JBER •••••••••• ~ -17 Nellis ••••••••• jsemi _ Area-5 •••••••• ~ •••••••••••••• 
••• 477 • .,. •• 4.88E-04 •• L. 6.95E-05 •• : •• 5.66E-05 •• Burnt Mountain _[CH-47 Ft Yukon ••••••• :C-130 Ft Wainwri9tit +C-17 JBER •••••••••• J.C·5 Tonopah •••• .]semi . Area-5 ••••••• .l. .••••••.••••••. 
••• 478 ··]··· 4.89E-04 •• ,;. •• 7.25E-05 •• ,;. •• 5.87E-05 •• Burnt Mountain -~CH-47 Ft Yukon ••••••• ~C-130 Ft Wainwri9tit .f 17 JBER •••••••••• ~.- Creech ••••••• jsemi . Area-5 ••••••• .;. ••••••••••••••. 
••• 479 ••••• 4.88E-04 •• ,i. •• 7.21 E-05 •• .;. •• 5.85E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• LC-130 Ft Wainwright £ -17 JBER •••••••••• £ ·5 Desert Rock 1semi_ Area-5 ••••••• ..;. ••••••••••••••. 
••• 480··+ ·· 4.89E-04 •• : •• 7.35E-05 •• : •• 5.95E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• t9·130 Ft Wainwright :C-17 JBER •••••••••• J.C-5 ••• Nellis •••••••• .Jsemi . Area-5 ••••••• 1 •••••••••••••• 

-· 481 _ ••••• 4.90E-04 •• l ... 4.99E-05 •• i.. 5.64E-05 . Burnt Mountain . (CH-47 Ft Yukon ··-·-~C-130 Ft Wainwright -1.C-17 Tonopah •• _._j.semi Area-5 ·-·--i·-·-· ·-·-···-·---~-·-· ·-·-··· 
••• 482 ·+ ·· 4.91 E-04 •• ]. •• 5.20E-05 •• : •• 5.86E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• LC·130 Ft Wainwri9tit J.C-17 Creech •••••••• J.semi Area-5 ••••••• L .................... .l. •.••.•.•.••.•.. 
••• 483 • .,. •• 4.91 E-04 •• ,j. .. 5.18E-05 •• ,;. •• 5.84E-05 •• Burnt Mountain . ~CH-47 Ft Yukon ••••••• ~C·130 Ft Wainwright .j.C-17 Desert Rock •• +semi Area-5 ••••••• j ....... ···············+······ .....••.. 
••• 484 ••• ,... 4.91 E-04 •• .;. •• 5.28E-05 •• .;. •• 5.95E-05 •• Burnt Mountain _(CH-47 Ft Yukon ••••••• LC-130 Ft Wainwright f -17 Nellis •••••••••• .i.semi Area-5 ••••••• .;. •• - •• .••••••••••••••• ..;. •••••••••••••• 
••• 485 • .,. •• 4.91 E-04 •• L. 5.55E-05 •• L. 5.98E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• ~C-130 Ft Wainwri9tit .£:..5 JBER •••••••••• J.C-17 Tonopah ••••• :semi . Area-5 ••••••• l .............. . 
••• 486 ••• ] ••• 4.92E-04 •• J ••• 5.77E-05 •• i .. 6.20E-05 •• Burnt Mountain . (CH-47 Ft Yukon •••••••• C-130 Ft Wainwri9tit $ ·5 JBER •••••••••• LC-17 Creech ••••••• jsemi . Area-5 •••••••• ~ ••••••••••••••. 
••• 487 •••••• 4.92E-04 •• ; •• 5.74E-05 •• : •• 6. 18E-05 •• Burnt Mountain _;CH-47 Ft Yukon ••••••• LC-130 Ft Wainwright _Jf-5. JBER •••••••••• J.C-17 Desert Rock :semi_ Area-5 •••••••• L ••••••••••••••• 
••• 488··+ ·· 4.93E-04 ·-~··· 5.85E-05 •• ,;. •• 6.28E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~C-130 Ft Wainwright ~ JBER •••••••••• +C· 17 . Nellis ••••••••• jsemi . Area-5 •••••••• ~ •••••••••••••• 
-· 489 ••••• 4.87E-04 •• ~ ••• 7.15E-05 •• .;... 5.62E-05 . Burnt Mountain . (CH-47 Ft Yukon ··-·-~C·130 Ft Wainwright f ·5 _ JBER ·-···-·_£·5 _ Tonopah •• -.1semi Area-5 ·-·--..:.-·-· ·-·-··· 
••• 490··+ ·· 4.88E-04 •• l.. 7.44E-05 •• L. 5.83E-05 •• Burnt Mountain JCH-47 Ft Yukon ·······tC·130 Ft Wainwri9tit .:.C-5 JBER •••••••••• J.C·5 .. Creech ••••••• Jsemi Area-5 ••••••• 1 ••••••••••••••. 
••• 491 •• .,. •• 4.88E-04 •• i .. 7.41 E-05 •• i .. 5.80E-05 •• Burnt Mountain . ~CH-47 Ft Yukon •••••••• C·130 Ft Wainwright ~ -5 JBER •••••••••• ~ -5 ·- Desert Rock Jsemi . Area-5 •••••••• ~ ••••••••••••••• 
••• 492 •• ,... 4.88E-04 •• : •• 7.55E-05 •• : •• 5.90E-05 •• Burnt Mountain ·f CH-47 Ft Yukon •••••• JC-130 Ft Wainwright _J.C-5 JBER •••••••••• J.C-5 ... Nellis ••••••••• :semi . Area-5 ••••••• .l........ ..••••. 
••• 493 •• .,. •• 4.86E-04 •• ,;. •• 6.65E-05 •• ,;. •• 5.27E-05 •• Burnt Mountain . fCH-47 Ft Yukon ••••••• ~C-130 Ft Wainwri9tit ~5 Tonopah •••••• j semi Area-5 ••••••• ~ • ••••••••••••••••••••• .;. ••••••••••••••• 
••• 494 ··]··· 4.86E-04 •• .;. •• 6.94E-05 •• .;. •• 5.47E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• LC-130 Ft Wainwri9tit _lf-5 Creech •••••••• -1.semi. Area-5 ••••••• J •.•......•..•.•..•..•. ..;. .•..•...•..•.•. 
••• 495 ••••• 4.86E-04 •• : •• 6.91 E-05 •• L. 5.45E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• iC-130 Ft Wainwright J.9-5. Desert R-0ck •• 1semi_ Area-5 ••••••• : •••••••••••••••••••••• : ••••••••••••••. 
••• 496··+ ·· 4.87E-04 •• j ••• 7.05E-05 •• i .. 5.55E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~C-130 Ft Wainwright ~9 -5 Nellis •••••••••• Lsemi •• Area-5 ••••••• J ...................... i •••••••••••••• 
-· 497 -····· 4.93E-04 •• : •• 5. 1 ~E-05 •• : • 6. 78E-05 • Burnt Mountain. : CH-47 Ft Yukon ··-·-:C-130 Eielson -·-···.J.C· 130 JBER ·-···-·J.C-17 Tonopah •• _.Jsemi Area-5 ·-·--l -·-· ·-·-··· 
••• 498 ••• L . 4.94E-04 •• ,;_ •• 5.37E-05 •• ~ •• 7.01 E-05 •• Burnt Mountain .~CH-47 Ft Yukon ••••••• ~C·130 Eielson •••••••• .J.C-130 JBER •••••••••• +C· 17 Creech ••••••• jsemi Area-5 •••••••• ~ ••••••••••••••. 

499 l 4.94E-04 : 5.34E-05 : 6.98E-05 Burnt Mountain :CH-47 Ft Yukon :C·130 Eielson IC-130 JBER :C-17 Desert Rock ;semi Area-5 : 

••• 500··+ ·· 4.94E-04 •• l.. 5.45E-05 •• l.. 7.09E-05 •• Burnt Mountain j CH-47 Ft Yukon ••••• JC·130 Eielson ••••••• .iC-130 JBER •••••••••• J:c-17 Nellis ••••••• .Jsemi _ Area-5 •••••• .i ............. . 
••• 501 ••• 

1 
•.. 4.89E-04 •• i .. 6.74E-05 •• J ••• 6.42E-05 •• Burnt Mountain .f CH-47 Ft Yukon ••••••• ~30 Eielson •••••••• ~130 JBER •••••••••• LC·5 Tonopah ••••• ~ emi . Area-5 •••••••• ~ ••••••••••••••• 

502 4.90E-04 : 7.04E-05 : 6.63E-05 Burnt Mountain :CH-47 Ft Yukon :C-130 Eielson •C-130 JBER IC-5 Creech :semi Area-5 : 

::: 503 :::r:: 4.90E-04 ::f: 7.00E-05 ::r: 6.61 E-05 :: Burnt Mountain : rcH-47 Ft Yukon :::::::~130 Eielson ::::::::~ -130 JBER ::::::::::rc.5 ·- Desert Rock ]semi: Area-5 ::::::T::::: ::::::::: 
••• 504··+ ·· 4.90E-04 •• .l. •• 7.15E-05 •• .;. •• 6.71 E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• LC-130 Eielson •••••••• -19 -130 JBER •••••••••• _j.C·5 ••• Nellis ••••••••• Jsemi . Area-5 ••••••• ..;. •••••••••••••• 
-· 505 -····· 4.92E-04 •• L. 5.34E-05 •• L. 6.02E-05 • Burnt Mountain .l CH-47 Ft Yukon ··-·-lC· 130 Eielson -·-·· l C-17 JBER ·-···-·J.C-17 Tonopah •• _ .Jsemi Area-5 ·-·-·l -·-· ·-·-··· 
••• 506 ••• L . 4.93E-04 •• i .. 5.56E-05 •• i .. 6.25E-05 •• Burnt Mountain . icH-47 Ft Yukon •••••• f ·130 Eielson •••••••• i C-17 JBER •••••••••• LC· 17 Creech ••••••• jsemi Area-5 •••••••• ~ ••••••••••••••. 

507 l 4.93E-04 : 5.54E-05 : 6.22E-05 Burnt Mountain :CH-47 Ft Yukon ,C·130 Eielson :C-17 JBER :C-17 Desert Rock :semi Area-5 : 
••• 508 •• .,. •• 4.93E-04 ·-:·· 5.65E-05 .. : •• 6.33E-05 •• Burnt Mountain °iCH-47 Ft Yukon ....... iC-130 Eielson •••••••• i C-17 JBER .......... TC-17. Nellis ·········:semi" Area-5 --·····:-····· ••••••••• 

••• 509···r · 4 .88E-04 ·-r·· 6.94E-05 ··r-· 5.67E-05 •• Burnt Mountain · tcH-47 Ft Yukon ·······tc-130 Eielson ········t C-17 JBER ··········fc.5· Tono ah ·····!semi · Area-5 ········1·············· 
••• 510 •• .,. •• 4.89E-04 ·-r·· 7.24E-05 ··y-· 5.88E-05 •• Burnt Mountain · :CH-47 Ft Yukon •••••• TC-130 Eielson •••••••• TC-17 JBER •••••••••• lc-5 Cre!h ·······:semi . Area-5 ·······-r-····· ........ . 
••• 51 1 ••• J... 4.88E-04 •• !.. 7.20E-05 •• i.. 5.85E-05 •• Burnt Mountain [cH-47 Ft Yukon ••••••• ~130 Eielson •••••••• :w-17 JBER •••••••••• t ·5 Desert Rock jsemi_ Area-5 •••••• J ..............•. 

512 I 4.89E-04 : 7.35E-05 : 5.95E-05 Burnt Mountain :CH-47 Ft Yukon :C-130 Eielson ,C-17 JBER •C-5 Nellis :semi Area-5 : ........................ l ....................................... _ .. ___ .. _______ ,,. __ ,, __ .. __ .. ______ ............. -------------·--·--................ ................................................ _... .. ............................... "1';: ........ _ ................ _ ................. J,: ... _ .... ..................................... ........ __ .. ................................................... .. ............. .. 

-· 513 _ ••••• 4.90E-04 •• j ..• 4.95E-05 •• ,j... 5.62E-05 . Burnt Mountain .~CH-47 Ft Yukon ·····-~C-130 Eielson ···-···J.C-17 Tonopah ••••• ~ semi Area-5 ····--1·--·-····-······-··~·-·-· ····-··· 
514 4.91 E-04 : 5.17E-05 : 5.84E-05 Burnt Mountain :CH-47 Ft Yukon :C-1 30 Eielson !C-17 Creech :semi Area-5 : : 

••• 515 • .,. •• 4.91 E-04 ·-y·· 5.15E-05 ··y-· 5.82E-05 •• Burnt Mountain · :CH-47 Ft Yukon ·······rc.130 Eielson •••••••• TC-17 Desert Rock .. :semi . Area-5 ······-r······ ···············-r-····· ........ . 
••• 516··+ ·· 4.91 E-04 •• T.. 5.24E-05 •• !.. 5.92E-05 •• Burnt Mountain JCH-47 Ft Yukon ••••• Jc-130 Eielson ••••••• J C-17 Nellis •••••••••• !semi Area-5 ••••••• 1..-.................. _t. ............ . 
••• 517 ·-,-·· 4 .91 E-04 •• L. 5.54E-05 •• : •• 5.98E-05 •• Burnt Mountain _[CH-47 Ft Yukon ••••••• :C-130 Eielson •••••••• ~5 JBER •••••••••• J.C-17 Tonopah •••• .]semi . Area-5 ••••••• .l. .••••••.••••••. 
••• 518 ··]··· 4.92E-04 •• ,;. •• 5.76E-05 •• ,;. •• 6.21 E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• ~C-130 Eielson •••••••• fr·5 JBER •••••••••• +C-17 Creech ••••••• jsemi . Area-5 ••••••• .;. ••••••••••••••. 
••• 519 •••••• 4.92E-04 •• ,i. •• 5.73E-05 •• .;. •• 6. 18E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• LC-130 Eielson •••••••• £ -5. JBER •••••••••• £ -17 Desert Rock 1semi_ Area-5 ••••••• ..;. ••••••••••••••. 
••• 520··+ ·· 4.93E-04 •• : •• 5.84E-05 •• : •• 6.29E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• t9·130 Eielson •••••••• .£.:.§ JBER •••••••••• J.C· 17 . Nellis •••••••• .Jsemi . Area-5 ••••••• 1 •••••••••••••• 

-· 521 _ ••••• 4.87E-04 •• j ... 7.13E-05 •• i.. 5.62E-05 . Burnt Mountain . (CH-47 Ft Yukon ··-·-~C·130 Eielson -·-···-1-C-5 _ JBER ·-··--·~ ·5 _ Tonopah •• _.jsemi Area-5 ·-·---~-·-· ·-·-··· 
••• 522 ••• L . 4.88E-04 •• ]. •• 7.43E-05 •• : •• 5.83E-05 •• Burnt Mountain _tCH-47 Ft Yukon •••••• JC·130 Eielson •••••••• .).C-5 JBER •••••••••• .J9·5 .. Creech ••••••• Jsemi Area-5 ••••••• .l. •.••.•.•.••.•.. 

523 l 4.88E-04 : 7.39E-05 : 5.81E-05 Burnt Mountain ICH-47 Ft Yukon :c.130 Eielson :c-5 JBER IC-5 Desert Rock lsemi Area-5 : 

••• 524··+ · · 4.88E-04 •• !.. 7.54E-05 •• !.. 5.91 E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••• Jc-130 Eielson •••••••• f -5 JBER ••••••••• .!c-5 ... Nellis ••••••• .Jsemi . Area-5 •••••• J ...... ....... . 
••• 525 •• 

1 
•.. 4.85E-04 •• L. 6.60E-05 •• L. 5.25E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• ~C-130 Eielson •••••••• .£:..5 Tonopah •••••• J.semi Area-5 ••••••• L .................... 1 ••••••••••••••• 

526 4.86E-04 : 6.89E-05 : 5.46E-05 Burnt Mountain ICH-47 Ft Yukon •C-130 Eielson iC-5 Creech :semi Area-5 : I 

••• 527 • .J ... 4.86E-04 ••• 1 .. 6.86E-05 •• t .. 5.44E-05 •• Burnt Mountain J cH-47 Ft Yukon ••••• Jc-130 Eielson •••••••• £ -5. Desert R-0ck •• !semi_ Area-5 •••••••• 1.. ..................... t ..............•. 
528 I 4.87E-04 : 7.00E-05 : 5.53E-05 Burnt Mountain ICH-47 Ft Yukon IC-130 Eielson IC-5 Nellis :semi Area-5 : : ···········r ··········· ····i···········-·····1-················ ···················t········ ··················•···-· ·················-t··-- ·················1-······· ················1······· ················~······ ....... . 

-· 529 ••••• 4.93E-04 •• ~ ••• 5. 1 ~E-05 •• .;... 6. 78E-05 • Burnt Mountain. ( CH-47 Ft Yukon ··-·-~C-130 JBER ··-·-···_J.C-17 Tonopah •• -.--1-semi Area-5 ·-·--l·-·-· ·-·-···-·--..:.-·-· ·-·-··· 
••• 530··+ ·· 4.94E-04 •• L. 5.37E-05 •• L. 7.01 E-05 •• Burnt Mountain JCH-47 Ft Yukon ·······tC·130 JBER •••••••••• l C-17 Creech •••••••• J.semi Area-5 ••••••• L .................... 1 ••••••••••••••. 
••• 531 ••• 

1 
... 4.94E-04 •• i .. 5.34E-05 •• i .. 6.98E-05 •• Burnt Mountain . ~CH-47 Ft Yukon •••••••• C·130 JBER •••••••••• i c -17 Desert Rock •• ,J_semi Area-5 ••••••• j ............••......••• ~ ....••.....••.. 

532 4.94E-04 : 5.45E-05 : 7.09E-05 Burnt Mountain :CH-47 Ft Yukon ;C-130 JBER :C-17 Nellis :semi Area-5 : : 
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Attachment #2 Accident Probability for All Possible Routes 

··· ;~!-·+·: :~~:6: ·+· ~:~:~:6; ·+·: :~~:6; -- :~;~: ~~~~:::~ -f g~~; ~: ~~~~~ ···----t~: ~6 ~:~: ····--··--+g:~ ~~~zghh ····--+::~: ~;:::; -----·+---·· ····--······--·+ ---····--···-
··- 535···1· ·- 4.90E-04 ··r, •• 7.00E-05 ··r, ·-6.61 E-05 ·- Burnt Mounta·,n · t, CH-47 Ft Yukon···-·-·t,c-130 JBER···-·-·--·-:--,C-5 ~ • -

Desert Rock •• tsemi _ Area-5 ••••••• ] ••••••• --·--·-····--·- ~----·- ••••••••. 
...... 536_ .. J ___ 4.90E-04 __ 1 __ 7.15E-05 __ t __ 6.71E-05 __ Burnt Mountain_tcH-47 Ft Yukon _______ l9.-130 JBER __________ fc-5. Nellis :semi Area-5 : : 

••• 537 •• 
1
1 ••• 4.92E-04 --~--- 5.26E-05 •• .;. •• 6.39E-05 •• Burnt Mountain . i CH-47 Ft Yukon ••••••• ~C-17 •• Ft Wainwrtght .J_C-130 JBER •••••••••• i C-17 • Tonopah ••••• j semi _ Area-5 ·-·-··-~----·· •••••••• 

-· 538 ••••• 4.93E-04 --~--- 5.48E-05 •• .l-. 6.62E-05 _ Burnt Mountain . tCH-47 Ft Yukon ··---iC-17 Ft Wainwright +,C-130 JBER :C-17 Creech :semi Area-5 : 
••• 539·-+ ·-4.93E-04 •• L. 5.45E-05 •• L. 6.59E-05 __ Burnt Mountain JCH-47 Ft Yukon ••••••• LC-17 Ft Wainwright ..:.C-130 JBER F -17 Desert Rock ] semi Area-5 I 
••• 540 •• .,. •• 4.94E-04 __ j_ __ 5.56E-05 •• j. •• 6.70E-05 __ Burnt Mountain -~CH-47 Ft Yukon _______ ~C-17 • Ft Wainwrt9ht ~ -130 ~:~: ._._·.·.·.·.·.·.·---~:~7 ~~~~nah ._._-_._._1::~:-_ ~;::}_-_·_·_·_·.·--~---.----·.·. ·.·.·-·.·.·.·.· . 
••• 541 ••• ,... 4.88E-04 •• : •• 6.85E-05 •• : •• 6.03E-05 •• Burnt Mountain ·f CH-47 Ft Yukon ••••••• :.£-17 •• Ft Wainwrt9ht .).C-130 _ r. . 

••• 542 ·-,-·- 4.89E-04 •• .;. •• 7.15E-05 •• .;. •• 6.24E-05 •• Burnt Mountain . fCH-47 Ft Yukon ••••••• ~C-17 • Ft Wainwright ~ 130 ~:~: ·.·.·.·-·.·.·.·.·---*~-- g:::: Rock 1,:::~:-. ~;:::;_··.·.·.·.·.·.±·.·.·_·_·_-_ ._._-_·_·_·_·_·_·_ 
••• 543 ___ ]··· 4.89E-04 •• .i..J 11 E-05 •• .;. •• 6.22E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• LC-17 • Ft Wainwright .).9-130 .;.. . 
••• 544 •••••• 4.89E-04 •• : _ _7.26E-05 •• L. 6.32E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• tC-17 • Ft Wainwright J9-130 JBER IC-5 Nellis :semi Area-5 : 
••• 545 ·+·· 4.91 E-04 •• j ••• 5.46E-05 •• j_ •• 5.61 E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~C-17 •• Ft Wainwrtght ~ -17 JBER ••••••••• .!C-17. Tonopah ___ .Jsemi_ Area-5 ••••••• .j. •.•.•••.•.•••. 
-· 546 T" 4 92E-04 •• : •• 5.68E-05 •• : • 5.84E-05 _ Burnt Mountain _iCH-47 Ft Yukon _____ :C-17 Ft Wainwright .i.C-17 ~:~: -tg::; g::: Rock 1::~: ~;:::; + 
:_:_:_ Ei ·_:_:_~:_:_:_ H~H: _::_t:_:_ ~:~:Hi:_:_t:_:_ HiH; :_:_ !~i~: ~~~~:::~ -_- f,g~~; =: ~~~~~ :_:_:_:_:_:_:_~.r i ~--- =: ~::~:~~~fJ~: f g: i ~ jefa··········tc:1-r Ne1i:s·········1semi A·rea:s-·······1······ -········ l - - . _ JBER •••••••••• J:6-5. Tonop ah ___ ..]semi. Area-5 •••••• .I....... ...... . 
••• 550 •• .,... 4.88E-04 •• j. •• 7.35E-05 --~--- 5.46E-05 •• Burnt Mountain -~CH-47 Ft Yukon ••••••• ~17 • Ft Wainwright .j_C-17 ~~§.~ .•••••..••• L~2 Creech ••••••• ~ emi . Area-5 ····----~----·- ••••••••• 
••• 551 ___ ]··· 4.88E-04 •• : •• 7.32E-05 •• .L •• 5.44E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• LC-17 • Ft Wainwright J9-17 ~~§.~ ........... J.C-5 __ Desert Rock Jsemi_ Area-5 ••••••• l ...... ........ . 
••• 552 •••••• 4.88E-04 •• .;. •• 7.46E-05 •• .;. •• 5.54E-05 •• Burnt Mountain .f CH-47 Ft Yukon ••••••• ~C-17 • Ft Wainwright .W-17 JBER •••••••••• .;.c-5 __ Nellis •••••••• .Jsemi_ Area-5 ••••••• .;. ••••••••••••••. 
••• 553 ··+·· 4.89E-04 •• .!. •• 5.09E-05 •• .;. •• 5.24E-05 •• Burnt Mountain . t CH-47 Ft Yukon ••••••• LC-17 •• Ft Wainwrtght €· 17 • Tonopah •••••• .i.semi __ Area-5 ••••••• J ...................... -l....... . .•••••. 
-· 554 ••••• 4.90E-04 •• L. 5.31 E-05 •• L. 5.46E-05 _ Burnt Mountain _[CH-47 Ft Yukon _____ tC-17 Ft Wainwrighc,.:.C-17 Creech ••••••• J.semi Area-5 ·---· : _____ ·---···----l ---· ----··· 
••• 555 ··+ ·-4.90E-04 •• j. .. 5.29E-05 •• j. .. 5.43E-05 •• Burnt Mountain .i CH-47 Ft Yukon ····---~C-17 Ft Wainwright .j.C-17 Desert Rock •• Lsemi Area-5 ••••••• j .•...•. ·············--·~------ .•....... 
••• 556 • .,. •• 4.91 E-04 •• L. 5.39E-05 •• : •• 5.54E-05 •• Burnt Mountain JCH-47 Ft Yukon ····---~C-17 • Ft Wainwri9ht _jf-17 Nellis •••••••••• J.semi . Area-5 ••••••• l... .... .......•......• .L ••••••••••••••• 

-·· ;;~ --,---: ~1~:6: -+-;:::~:6; -+· ;:~~~:6; -- :~;~: ~~~~:::~ -f g~~; ~: ~~~~~ -------r~:; -- ~: ~::~:;t11
~: +g:~ ~:~: ----------rc::; ~~~::h -----1::~:-~;:::: -----·+ ---····--···· ........ ·-· ........ , ................................................................................... • .......... ............ -------·-·-·--.......... ,................. --·· .... • ......... ···-·-·r-···-· ..................... 9 ... __ .. • .................................. ..,..-- .............. • ................ ., .. ••• ••• ................................. ,.............. .. ............... .. 

••• 559 ··]··· 4.92E-04 •• L. 5.85E-05 •• l.. 5.77E-05 •• Burnt Mountain _[CH-47 Ft Yukon •••••• J.£-17 • Ft Wainwright .w-5 JBER •••••••••• J.C-17 Desert Rock Jsemi. Area-5 ••••••• l ••••••••••••••. 
••• 560 ••••• 4.92E-04 •• i .. 5.96E-05 •• i .. 5.88E-05 •• Burnt Mountain -~CH-47 Ft Yukon ••••••• ~C-17 • Ft Wainwri9ht fr·5. JBER •••••••••• ~ -17 Nellis ••••••••• j semi_ Area-5 ••••••• .j. ..•••....•••... 
••• 561 ··+·· 4.87E-04 •• : •• 7.25E-05 •• l... 5.21 E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• tC-17 •• Ft Wainwrtght ~ JBER •••••••••• J.C-5 • Tonopah _____ :semi_ Area-5 ••••••• .L •••••••••••••• 
-· 562 ••••• 4.88E-04 --~--- 7.55E-05 •• ..;... 5.42E-05 _ Burnt Mountain -~CH-47 Ft Yukon ··---~ -17 Ft Wainwright f ·5 _ JBER ·-··---~ -5 _ Creech •••••. ~semi Area-5 ·-----~---· ----··· 
••• 563 -+ ·-4.87E-04 •• .L •• 7.51 E-05 --~--- 5.40E-05 •• Burnt Mountain . tCH-47 Ft Yukon ····---~C-17 Ft Wainwright ~C-5 JBER •••••••••• £ -5 .. Desert Rock ~semi Area-5 ••••••• -l. •.••.•.•.••.•.. 
••• 564 • .,. •• 4.88E-04 •• L. 7.66E-05 •• L. 5.50E-05 •• Burnt Mountain .[CH-47 Ft Yukon ••••••• [C-17 • Ft Wainwri9ht J9·5 JBER •••••••••• J.C-5 _ Nellis ••••••••• Jsemi_ Area-5 •••••••• L ••••••••••••••• 
••• 565 •• ,... 4.85E-04 --~--- 6.76E-05 •• j_ •• 4.86E-05 •• Burnt Mountain -~CH-47 Ft Yukon ••••••• ~C-17 •• Ft Wainwrt9ht1~ -5 Tonopah •••••• isemi Area-5 ••••••• j •....•..•....•••.....••. ~ ....••....•••. 
••• 566 • .,. •• 4.86E-04 •• L. 7.05E-05 •• : •• 5.07E-05 •• Burnt Mountain _[CH-47 Ft Yukon ••••••• :C-17 • Ft Wainwright ~5 Creech •••••••• J.semi Area-5 ••••••• L .................... .L ••••••••••••••• 

::: ;:~_:I:: ::::~:6: :i: ;:~~~:6; :i: ;:~!~:6; :: :~;~: ~~~~:::~ :tg~~; ~: ~~~~~ :::::J~:; : ~: ~=:~:~}~~: t_;. ~:~:t Rock ::Tu:~:. ~;:::; ::::::i::::: :::::::::::::::±:::::: ::::::::: 
••• 569 ___ 

1
1 ••• 4.92E-04 •• : •• 5.26E-05 •• : •• 6.37E-05 •• Burnt Mountain J CH-47 Ft Yukon ••••••• [C-17 •• Eielson •••••••• l C-130 JBER •••••••••• .LC-17. Tonopah ____ _Jsemi_ Area-5 ••••••• : •••••••••••••• 

570 4.93E-04 : 5.47E-05 : 6.59E-05 Burnt Mountain ICH-47 Ft Yukon IC-17 Eielson :c -130 JBER IC-17 Creech :semi Area-5 : 

=:·~~~=:F:~~I~-:~:·::r~:~:~-:~~·=:r.:::~~~-:~~-:. :~;~:-~~~~:~~-:f g~~~ ~:~~-~~~::=:=~~:~; ~::~~~=:=:::+g::: ~:~::=:::=:1g:~~- ~:~~rt"Rock ·1~:~: ~-;:::~:=:=:+=:=: :=:=::: 
:::·~~!:::~:::::::~-:~:·::r:~-~~~-:~~-::r::~~~~:~~·:: :~;~:-~~~~::~:r g~~~ ~:-~~-~~~:::::::r~~~: ~::~~~::::::::+g:~~~ ~:~:::::::::::+r~:- ~~~::ii:::::i~:~:: ~·;:::~:::::::+:::::: ::::::::: 
••• 575 • .,. •• 4.89E-04 ··:·· 7.11 E-05 ··:·· 6.19E-05 •• Burnt Mountain · :cH-47 Ft Yukon ·······rc-11 • Eielson •••••••• :C-130 JBER ··········:c-5 Desert.Rock lsemi

0 

Area-5 ·······:······ ••••••••• 

:::·s7s"::J:::4~s9E°-o:i·:J::T2sfis·::t::6~29E·-os·:: surni.Mouiiia1n:tc~r47 i=ivu·11on:::::::@-·,1-: Eieison::::::::t :1:fo jsEFi:::::::::::ttt: Ne1iis:::::::::1sem1: ·rrea:s::::::::t:::::: ::::::::: 
••• 577 •• 

1
1 ••• 4.91 E-04 --~--- 5.45E-05 •• .;. •• 5.61 E-05 •• Burnt Mountain . icH-47 Ft Yukon ••••••• ~C-17 •• Eielson •••••••• ~ -17 JBER •••••••••• i c -11. Tonopah ••••• j semi_ Area-5 ··-····-~----·· •••••••• 

578 4.92E-04 : 5.67E-05 : 5.83E-05 Burnt Mountain :CH-47 Ft Yukon :C-17 Eielson :C-17 JBER :C-17 Creech :semi Area-5 : -·----·-··-·'"'·------------···1·--·-------------.,_......................... .. ..................................... , ................ ............................. ----r· .. ·· ------------·-··-r·--· ---------·-···---~ --·- .............................. ., ........ - ................... ----·-,.·----· ----·-·· 
••• 579·-+ ·-4.92E-04 •• L. 5.65E-05 •• L. 5.81 E-05 •• Burnt Mountain JCH-47 Ft Yukon ••••••• LC-17 Eielson •••••••• J.C-17 JBER •••••••••• .LC-17 Desert Rock Jsemi Area-5 ••••••• l ••••••••••••••. 
••• 580··-~---4.93E-04 •• j. .. 5.76E-05 •• j. •• 5.92E-05 •• Burnt Mountain -~CH-47 Ft Yukon ····---~C-17 • Eielson •••••••• .j.C-17 JBER ·······---~ -17 Nellis ••••••••• ~semi. Area-5 ·······-~----·· ••••••••• 
••• 581 •••••• 4.87E-04 •• : _ _7.05E-05 •• : •• 5.25E-05 •• Burnt Mountain ·f CH-47 Ft Yukon ••••••• :.£-17 •• Eielson •••••••• 1i1C-17 JBER •••••••••• .:.C-5. Tonopah ••••• :semi_ Area-5 ••••••• .L •••••••••••••• 

582 4.88E-04 : 7.35E-05 : 5.46E-05 Burnt Mountain ,CH-47 Ft Yukon :c-11 Eielson C-17 JBER IC-5 Creech lsemi Area-5 : -·--·----··r ····---······--·-1-··-·-·····-·····1-·-·····-·---··- ---·-·······-······-t····-·· --·-·····--······•-···-- ---------·-······-t··-- ··············-·-+=-- -··--········---1······· ···-··-···-·-·--i-·-·-·- ........ . 
••• 583 ••• ] ••• 4.88E-04 •• .!. •• 7.31 E-05 •• .;. •• 5.43E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• LC-17 • Eielson •••••••• .).9-17 JBER •••••••••• .J_C-5 __ Desert Rock ~semi_ Area-5 ••••••• -l. .••••...••••.•. 
••• 584 •••••• 4.88E-04 •• : •• 7.46E-05 •• L. 5.53E-05 •• Burnt Mountain JCH-47 Ft Yukon ••••••• tC-17 • Eielson •••••••• J9-17 JBER •••••••••• .LC-5 __ Nellis ••••••••• Jsemi_ Area-5 ••••••• : ••••••••••••••. 
••• 585 ••• 

1
1 ••• 4.89E-04 •• j ••• 5.06E-05 •• i •• 5.20E-05 •• Burnt Mountain . i CH-47 Ft Yukon ••••••• ~C-17 •• Eielson •••••••• ~ -17 • Tonopah •••••• isemi __ Area-5 ••••••• ] ••••••• ··-···········-~ ----·· •••••••• 

-· 586 ••••• 4.90E-04 •• : •• 5.28E-05 •• : • 5.43E-05 _ Burnt Mountain _iCH-47 Ft Yukon _____ :C-17 Eielson ___ ••• .LC-17 Creech ••••••• J.semi Area-5 ·---· : _____ ·---···----l ---· ----··· 
••• 587 ••• J... 4.90E-04 •• .;. •• 5.26E-05 --~ •• 5.40E-05 •• Burnt Mountain -~ CH-47 Ft Yukon ····---~C-17 Eielson ········if· 17 Desert Rock •• .;.semi Area-5 ····---~-----·- ·············--·~------ ••••••••. 

588 l 4.91 E-04 : 5.35E-05 : 5.50E-05 Burnt Mountain :CH-47 Ft Yukon :C-17 Eielson if 17 Nellis :semi Area-5 : : 

... ;:~ ··+-·: ~1~:6: ··+--;::;~:6; ··+·· ;:;:~:6; -- :~;~: ~~~~:::~ .f g~~; ~: ~~~~~ ····---~:; .. ~::::~~ ······--{~ ~:~= --······--+g::; ~~~::h ·····i::~:-~;:::; ·······+·············· 
••• 591 ··-,-·· 4.92E-04 ·t·· 5.84E-05 ··1··· 5.76E-05 •• Burnt Mountain · tcH-47 Ft Yukon ·······fc.11 • Eielson ········fc-5 JBER ··········f c -11 Desert.Rock fsemi· Area-5 ·······t·····- ········· 
••• 592 • ..J ... 4.92E-04 •• .;. •• 5.95E-05 •• r.. 5.87E-05 •• Burnt Mountain . [CH-47 Ft Yukon •••••• _fc-11 • Eielson •••••••• :w-5. JBER •••••••••• ! C-17 Nellis •••••• .Jsemi_ Area-5 ••••••• l ............. . 
••• 593 ___ 

1
1 ••• 4.87E-04 •• .!. •• 7.24E-05 •• .;. •• 5.21 E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• LC-17 •• Eielson •••••••• ~ JBER •••••••••• .J_C-5 • Tonopah _____ Jsemi_ Area-5 ••••••• -l. ..••••..•••••. 

594 4.88E-04 : 7.54E-05 : 5.41E-05 Burnt Mountain :CH-47 Ft Yukon IC-17 Eielson :C-5 JBER IC-5 Creech :semi Area-5 : 
••• 595 ••• J. _ 4.87E-04 _J __ 7.50E-05 •• r. 5.39E-05 •• Burnt Mountain _(CH-47 Ft Yukon •••• __iC-17 Eielson ••••••• lC-5 JBER •••••• --~ -5 •• Desert Rock Jsemi Area-5 •••••• 1 ............. . 

596 l 4.88E-04 : 7.65E-05 : 5.49E-05 Burnt Mountain :CH-47 Ft Yukon !C-17 Eielson IC-5 JBER :C-5 Nellis :semi Area-5 : 

··· ;~; ·+-·: ::~:6: --f--~:~6~:6; ·+-· ::~!~:6; -- :~;~: ~~~~:::~ -f g~~; ~: ~~~~~ -------f ~:; -· ~::::~~ ----··--{ :~ ~~~zghh ------f ::~: ~;:::; ···--·+-·--·· ····--······--·· l ---····--···· 
••• 599 • .,. •• 4.86E-04 ·-r·· 6.97E-05 ··y-· 5.02E-05 •• Burnt Mountain · :CH-47 Ft Yukon ······-rc-11 • Eielson ········-rc:s Desert Rock ··:semi Area-5 ······-r······ ···············-r-····· ........ . 
••• 600 •• J... 4.86E-04 •• !.. 7.1 1 E-05 •• i.. 5. 11 E-05 •• Burnt Mountain [cH-47 Ft Yukon ••••• J C-17 • Eielson •••••••• :ff-s Nellis ••••••••• .!semi_ Area-5 •••••• J .................... J .............. . 
••• 601 _·+·· 4.91 E-04 •• : •• 5.45E-05 •• l... 5.61 E-05 •• Burnt Mountain _tCH-47 Ft Yukon ••••••• tC-17 •• JBER •••••••••• -€·17 • Tonopah •••••• J.semi __ Area-5 ••••••• J ...................... .L •••••••••••••• 
-· 602 ••••• 4.92E-04 --l-- 5.67E-05 •• ..;... 5.83E-05 _ Burnt Mountain -~CH-47 Ft Yukon ··---~ -17 JBER ··---···f · 17 Creech ••••••• ...;.semi Area-5 ·----l----- ·---···-----~---· ----··· 
··· !6! -+-::~;::6: ·+· ;:~:::6; ·+· ;::1~:6; -- :~;~: ~~~~:::~ -f g~~; ;: ~~~~~ ····--{:; ~:~=-·····----jg:~; ~:~!rt Rock--+::~: ~;:::; ······+····- ·············-+ ····· .•....... 

... :6: ·+-·: :;~:6: --r--;:~;~:6; ·+· ;:~:~:6; -- :~;~: ~~~~:::~ .f g~~; ~: ~~~~~ ····---f ~:; .. ~:~: ········--l~ ~~~zghh ····--+::~: ~;:::; ······+·-··· ···············+ ·-··········· ···········r ····---·············-·-·····-····· ·-·-···-·---··- ---·-·······-········-···-·· --·-·····--··-·--·-···-- --------·········ffi· ······------·····- ····-- --·-·······-·-·-·······- -·-·······-·-·--·-·-·- -·-·-·--· 
••• 607 ··]··· 4.88E-04 •• .;. •• 7.31 E-05 •• .;. •• 5.43E-05 •• Burnt Mountain . (CH-47 Ft Yukon ••••••• ic-11 • JBER •••••••••• fr·5 Desert Rock •• .;.semi __ Area-5 ••••••• ] •••••••••••••••••••••• .;. ••••••••••••••. 
••• 608 •••••• 4.88E-04 •• 4-•• 7.46E-05 •• .i. •• 5.53E-05 •• Burnt Mountain . tCH-47 Ft Yukon ••••••• LC-17 • JBER •••••••••• 4c -s •••• Nellis •••••••••• .i.semi . Area-5 ••••••• J •••••••••••••••••••••• .L ••••••••••••••. 

... :~~--+· ::::~:6: .. ; .. ::~~~:6; --; .. ;:~~~:6; -- :~;~: ~~~~:::~ ·f g~::; :: ~~~~~ ···----~g::;-- ~~:fhh ····--+::~:---~;:::;-·····-·· ; ···-··· ···-·······-····;-----·- ··-·······-···· ; ·-·-·· ·-·-···· 
-··-···-·········-········+--···-----·-····-1-·-·-·····----- ··················-•········ ······-·-····---•···· ·········--- ···+·-···· ··-------···---+··--- ··---···---·l·---- ·---···---·+---· ----··· ... ::1--+-:::~::6: ·+· ;:~;::6; .. ; .. ;:;6~:6; .. :~;~: ~~~~:::~ -f g~~; :: ~~~~~ ·······fg::; ~:::!Rock __ ;::~:··~;:::;----····+······ ···············+····· -·············+ ····· .•....... 
::: 613_::r 9. t9E-04 ::t: 4.96E-05 ::t:: 6.09E-05 :: Burnt Mountain : tcH-47 Circle:::::::::::tcH-47 Ft Wainwri9ht 19-130 JBER ::::::::::tc-17 Tonopah :::::l semi: Area-5 :::::::1:::::::::::::: 
••• 614 •• .,. •• 9.20E-04 •• L. 5.18E-05 •• L. 6.32E-05 •• Burnt Mountain .[CH-47 Circle ••••••••••• LCH-47 Ft Wainwright .£:..130 JBER •••••••••• .:.C-17 Creech ••••••• :semi. Area-5 ••••••• l .............. . 
••• 615 ··]··· 9.20E-04 --~--- 5.16E-05 •• j. •. 6.29E-05 •• Burnt Mountain -~CH-47 Circle ••••••••••• ~CH-47 Ft Wainwright ~ -130 JBER •••••••••• LC-17 Desert Rock j semi_ Area-5 ······--~----·- ••••••••. 
••• 616 •••••• 9.20E-04 •• : •• 5.26E-05 __ : •• 6.40E-05 •• Burnt Mountain _:CH-47 Circle ••••••••••• LCH-47 Ft Wainwri9ht _jf-130 JBER •••••••••• J.C-17 Nellis ••••••••• :semi_ Area-5 •••••••• L ••••••••••••••• 
••• 6 17 ·+·· 9.15E-04 --~--- 6.56E-05 •• .;. •• 5.73E-05 •• Burnt Mountain . i cH-47 Circle ••••••••••• ~CH-47 Ft Wainwrtght .;.C-130 JBER •••••••••• ic-5 • Tonopah ••••• j semi_ Area-5 ··-····-~----·· •••••••• 
-· 618 ••••• 9.16E-04 --~--- 6.85E-05 •• .l-. 5.94E-05 _ Burnt Mountain . tCH-47 Circle·-···---~CH-47 Ft Wainwright +,C-130 JBER _______ _£-5 _ Creech _____ .~semi Area-5 ·-----l.---· ----··· 
••• 6 19 ··+ ·· 9. t5E-04 •• L. 6.82E-05 •• L. 5.92E-05 •• Burnt Mountain JCH-47 Circle __________ _:CH-47 Ft Wainwright ..:.C-130 JBER •••••••••• .LC-5 •• Desert Rock Jsemi Area-5 ••••••• l ••••••••••••••. 
••• 620 ___ 

1 
___ 9 .16E-04 •• j. .• 6.96E-05 •• j. •• 6.02E-05 •• Burnt Mountain -~CH-47 Circle ••••••••••• ~CH-47 Ft Wainwri9ht ~ -130 JBER ·······---~ -5 ·- Nellis ••••••••• ~semi. Area-5 ·······-~----·· ••••••••• 

621 9. t8E-04 : 5.17E-05 : 5.31 E-05 Burnt Mountain :CH-47 Circle :CH-47 Ft Wainwri ht :C-17 JBER •C-17 Tono ah :semi Area-5 : 
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Attachment #2 Accident Probability for All Possible Routes 

••• 622 ·+·· 9. 19E-04 •• .;. •• 5.39E-05 •• .;. •• 5.54E-05 •• Burnt Mountain . lCH-47 Circle ••••••••••• ~CH-47 Ft Wainwrt9ht +,C-17 
••• 623··-r·· 9 . 19E-04 •• l.. 5.36E-05 •• l.. 5.51 E-05 •• Burnt Mountain .[CH-47 Circle ••••••••••• LCH-47 Ft Wainwrigh t .:.C-17 
••• 624 ··]··· 9 . 19E-04 •• ~ ••• 5.47E-05 •• i .. 5.62E-05 •• Burnt Mountain . fCH-47 Circle ••••••••••• fCH·47 Ft Wainwright ~ · 17 
••• 625 •••••• 9 . 14E-04 •• ; •• 6.76E-05 •• ; •• 4.95E-05 •• Burnt Mountain _;CH-47 Circle ••••••••••• LCH-47 Ft Wainwri9ht jf-17 
••• 626··+ ·· 9 .15E-04 •• ~ ••• 7.06E-05 •• .j. •• 5.16E-05 •• Burnt Mountain . icH-47 Circle ••••••••••• ~CH-47 Ft Wainwright +C·17 
-· 627 -····· 9. 14E-04 •• ~ •• J02E-05 •• .;... 5. 14E-05 . Burnt Mountain . lCH-47 Circle·-···-·-~CH-47 Ft Wainwright .J_C· 17 
••• 628··+ ·· 9. 15E-04 •• L. 7.17E-05 •• L. 5.24E-05 •• Burnt Mountain JCH-47 Circle •••••••••• _iCH-47 Ft Wainwrigh t J.C· 17 
••• 629 ·-r·· 9 . 16E-04 •• i .. 4.80E-05 •• i .. 4.93E-05 •• Burnt Mountain . fCH-47 Circle ••••••••••• ~CH-47 Ft Wainwri9ht +C-17 
••• 630···r · 9 . 17E-04 •• ; •• 5.01 E-05 •• : •• 5.15E-05 •• Burnt Mountain ·f CH-47 Circle •••••••••• JCH-47 Ft Wainwri9ht ·W·17 
••• 631 ··-r·· 9 . 17E-04 •• .j. •. 4.99E-05 •• .j. •. 5.13E-05 •• Burnt Mountain . fCH-47 Circle ••••••••••• ~CH-47 Ft Wainwright -i--C-17 
••• 632 ••• ] ••• 9 . 17E-04 •• .;. •• 5.09E-05 •• .;. •• 5.24E-05 •• Burnt Mountain . lCH-47 Circle ••••••••••• ~CH·47 Ft Wainwright £ · 17 
••• 633 •••••• 9 .17E-04 •• ; •• 5.36E-05 •• L. 5.27E-05 •• Burnt Mountain .[CH-47 Circle ••••••••••• LCH-47 Ft Wainwri9ht J.9·5 . 
••• 634··+ ·· 9 .18E-04 •• j ... 5.58E-05 •• i .. 5.49E-05 •• Burnt Mountain . icH-47 Circle ••••••••••• icH-47 Ft Wainwright~ 
-· 635_ ••••• 9. 18E-04 •• ; •• 5.56E-05 •• ; • 5.47E-05 . Burnt Mountain _iCH-47 Circle·-···-·-;CH-47 Ft Wainwright .J_C·5_ 

... :~; ··+· :: ~ ;~:6: ·+·: ~:~:6; ·+· t~~~:6; .. :~;~: ~~~~:::~ ·f g~~; g:;6:: ···········tg~::; ~: ~=:~:~fg~: +g:; 
••• 638··+ ·· 9 . 14E-04 •• I.. 7.25E-05 •• I.. 5.12E-05 •• Burnt Mountain jCH-47 Circle ••••••••• J CH-47 Ft Wainwri~ht .1c·5 
••• 639··-r·· 9 . 14E-04 •• i .. 7.22E-05 •• ~ ••• 5.09E-05 •• Burnt Mountain . fCH-47 Circle ••••••••••• icH-47 Ft Wainwright ~ ·5 
••• 640 ••• ] ••• 9 . 14E-04 •• : •• 7.36E-05 •• .;. •• 5.19E-05 •• Burnt Mountain .tCH-47 Circle ••••••••••• tCH·47 Ft Wainwright ~ ·5 
••• 641 •••••• 9 .11 E-04 •• .j. •• 6.46E-05 •• .j. •. 4.56E-05 •• Burnt Mountain .f CH-47 Circle ••••••••••• fCH-47 Ft Wainwri9ht ~ ·5 . 
••• 642··+ ·· 9 .12E-04 •• .!. •• 6.75E-05 •• .;. •• 4.76E-05 •• Burnt Mountain . tCH-47 Circle ••••••••••• ~CH-47 Ft Wainwright~ 
-· 643 _ ••••• 9. 12E-04 •• L. 6.72E-05 •• L. 4.74E-05 . Burnt Mountain .[CH-47 Circle·-···-·-iCH-47 Ft Wainwrighu_C·5_ 
••• 644 •• L . 9. 13E-04 •• i .. 6.86E-05 •• i .. 4.84E-05 •• Burnt Mountain . icH-47 Circle ••••••••••• icH-47 Ft Wainwrigh t +C·5 ••• 

645 l 9.00E-04 ; 4.95E-05 : 6.05E-05 Burnt Mountain :CH-47 Circle :CH-47 Eielson IC·130 

··· ::; ··+·: 6: ~:6: ··f ·· :: ~ ;~:6: -+· ::;:~:6: ·· :~;~: ~~~~:::~ ·f g~~; g:;6:: ···········rg~::; :::::~~ ········l ~ ~6 
••• 648 ·-r·· 9 .01 E-04 ·-r·· 5.25E-05 ··y-· 6.36E-05 •• Burnt Mountain · :CH-47 Circle···········:CH·47 Eielson ········fc. 130 
••• 649 .T .. 8.96E-04 ··t·· 6.55E-05 ··r·· 5.70E-05 •• Burnt Mountain · rcH-47 Circle···········:cH-47 Eielson ········tc. 130 
••• 650··· r·· 8.97E-04 ·-t·· 6.84E-05 ··t·· 5.90E-05 •• Burnt Mountain · tcH-47 Circle···········tcH-47 Eielson ········fc. 130 
••• 651 ··-r·· 8 .96E-04 •• I •• 6.81 E-05 ··:·· 5.88E-05 •• Burnt Mountain · tcH-47 Circle···········:cH-47 Eielson •••••••• TC-130 
-······-·············· ····-!·················+-·············· ···················f········ ·······-···-·-········· ·········-·-···t ·--·· 
••• 652 •• L . 8.97E-04 •• .;. •• 6.95E-05 •• .;. •• 5.98E-05 •• Burnt Mountain . lCH-47 Circle ••••••••• J CH-47 Eielson •••••••• 4-C· 130 

653 l 8.99E-04 I 5. 15E-05 : 5.30E-05 Burnt Mountain :CH-47 Circle :CH-47 Eielson lC-17 
••• 654··-~·-· 9 .00E-04 ··t·· 5.37E-05 ··t·· 5.52E-05 •• Burnt Mountain · tcH-47 Circle···········tcH-47 Eielson ········Tc -17 
.••......•• ················+················i-················ ···················f········ ·················+······· ·················+·· 655 9.00E-04 : 5.35E-05 : 5.50E-05 Burnt Mountain :CH-47 Circle :CH-47 Eielson •C-17 
••• 656 ·-r·· 9 .00E-04 ·-r·· 5.45E-05 •• : •• 5.61 E-05 •• Burnt Mountain · :CH-47 Circle···········:CH·47 Eielson ········fc . 17 
···········]·················-t-················-t-················ ···················f········ ·················f········ ·················t:··-
••• 657 •••••• 8.95E-04 •• .;. •• 6.75E-05 •• .;. •• 4.94E-05 •• Burnt Mountain . tCH-47 Circle ••••••••••• ~CH-47 Eielson •••••••• £ -17 
••• 658 ••• 

1
1 ••• 8 .95E-04 •• : •• 7.04E-05 •• : •• 5.15E-05 •• Burnt Mountain J CH-47 Circle ••••••••••• :CH-47 Eielson •••••••• lC·17 

-· 659 ••••• 8 .95E-04 •• i.J.01 E-05 •• j... 5. 12E-05 . Burnt Mountain . fCH-47 Circle·-···-·-icH-47 Eielson _. ____ JC· 17 
••• 660 ••• L . 8.96E-04 •• .L .. 7.15E-05 •• : •• 5.22E-05 •• Burnt Mountain _tCH-47 Circle ••••••••••• :CH-47 Eielson •••••••• J.C· 17 

661 l 8.97E-04 : 4.76E-05 : 4.89E-05 Burnt Mountain ICH-47 Circle :cH-47 Eielson IC-17 

::: :~~ ::r ::~:~:6: ::r: ::~;~:6: :+: ::~~~:6: :: :~;~: ~~~~:::~ :r g~~; g:;6:::::::::::::~g~::; :::::~~ ::::::::+g:g 
••• 664 ·-r·· 8.98E-04 ··t·· 5.05E-05 ··t·· 5.19E-05 •• Burnt Mountain · :cH-47 Circle···········:CH·47 Eielson ········Tc . 11 
···········]················+················i-················ ···················f········ ················+······· ················-+;--
••• 665 ••••• 8.98E-04 •• ; •• 5.34E-05 •• : •• 5.25E-05 •• Burnt Mountain . :CH-47 Circle ••••••••••• LCH-47 Eielson •••••••• £ ·5. 

666 I 8 .99E-04 : 5.56E-05 : 5.48E-05 Burnt Mountain ICH-47 Circle ICH-47 Eielson :c.5 
••• 66i·-r·· 8 .99E-04 ··r-· 5.54E-05 ··r· 5.45E-05 •• Burnt Mountain · tcH-47 Circle ••••••••••• !CH-47 Eielson •••••••• !C-5 -··----·-........ .., ............................................................. -.. .,._.............................. ........................................................... -----··-·····---,--------... ------------·-··-r.··--
••• 668 ••• L . 9.00E-04 •• L. 5.64E-05 •• L. 5.56E-05 •• Burnt Mountain JCH-47 Circle ••••••••••• :CH-47 Eielson •••••••• .:.C·5 

669 l 8.94E-04 : 6.94E-05 : 4.89E-05 Burnt Mountain ICH-47 Circle ICH-47 Eielson :c.5 

... :;~ ··+· ::~:~:6: .. r .. ;:;~~:6: .. r -- ::~~~:6: .. :~;~: ~~~~:::~ -i g~~; g:;6:: ........... f g~::; :::::~~ -····---i: 
••• 672 ·-r·· 8.95E-04 ··r· 7.34E-05 ··r·· 5.18E-05 •• Burnt Mountain · tcH-47 Circle···········tcH·47 Eielson ········tc.5 

••• 673 • .J ... 8.92E-04 ••• : •• 6.41 E-05 •• I.. 4.52E-05 •• Burnt Mountain jCH-47 Circle ••••••••• J CH-47 Eielson •••••••• :@·5. 
674 I 8 .93E-04 : 6.70E-05 : 4.73E-05 Burnt Mountain ICH-47 Circle ICH-47 Eielson :c.5 

••• 675··-r·· 8 .93E-04 ··1 ·· 6.67E-05 ··t·· 4.71 E-05 •• Burnt Mountain · tcH-47 Circle···········tcH-47 Eielson ········fc:s 
••• :;; ·+ • !~~~:6: ·+· ::~~~:6; ·+· ::~~~:6; ·· :~;~: ~~~~:::~·f g~~; g:;6::-····· ····tg~-:~ ~:e~~i~wri . ht +g:~30 
::: 678 :::r 4.52E-04 ::r:: 5.35E-05 ::r:: 6 95E-05 :: Burnt Mountain:[ CH-47 Circle :::::::::::(c-130 Ft Wainwrf~ht ic· 130 
••• 679··-r·· 4.52E-04 •• i .. 5.32E-05 --~·-· 6 .93E-05 •• Burnt Mountain . f CH-47 Circle ••••••••••• ~30 Ft Wainwright ~ · 130 
••• 680 ••• ] ••• 4.53E-04 •• : •• 5.43E-05 •• .L •• 7.04E-05 •• Burnt Mountain .tCH-47 Circle ••••••••••• LC·130 Ft Wainwright ~ · 130 
••• 681 •••••• 4.47E-04 •• .j. •• 6.73E-05 •• .j. •. 6.37E-05 •• Burnt Mountain .f CH-47 Circle ••••••••••• ~130 Ft Wainwri9ht ~ · 130 
••• 682··+ ·· 4.48E-04 •• .!. •• 7.02E-05 •• .;. •• 6.58E-05 •• Burnt Mountain . tCH-47 Circle ••••••••••• tC· 130 Ft Wainwright f · 130 
-· 683 -····· 4.48E-04 •• L. 6.99E-05 •• L. 6.55E-05 • Burnt Mountain.[ CH-47 Circle ·-···-·-LC· 130 Ft Wainwrighc.:.C· 130 
••• 684 ·+ ·· 4.48E-04 •• i .. 7.13E-05 •• i .. 6.65E-05 •• Burnt Mountain . icH-47 Circle ••••••••••• ~C·130 Ft Wainwright +C· 130 
••• 685 ·-r· · 4.50E-04 •• L. 5.34E-05 •• : •• 5.95E-05 •• Burnt Mountain JCH-47 Circle ••••••••••• ~C·130 Ft Wainwri9ht l C-17 
••• 686···r · 4.51 E-04 •• .j. .. 5.55E-05 •• .j. •• 6.17E-05 •• Burnt Mountain .f CH-47 Circle ••••••••••• ~C-130 Ft Wainwri9ht +C-17 
••• 687 ·-r·· 4.51 E-04 •• i ... 5.53E-05 •• .!. •• 6.15E-05 •• Burnt Mountain . tCH-47 Circle ••••••••••• ~C-130 Ft Wainwright .j.C-17 
••• 688 ··]··· 4.51 E-04 •• l.. 5.64E-05 •• L. 6.26E-05 •• Burnt Mountain .[CH-47 Circle ••••••••••• ig·130 Ft Wainwright .W· 17 
••• 689 •••••• 4.46E-04 •• i •• 6.93E-05 •• i .. 5.59E-05 •• Burnt Mountain . fCH-47 Circle •••••••••••• C-130 Ft Wainwri9ht fr·17 
••• 690··+ ·· 4.47E-04 •• : •• 7.23E-05 •• L. 5.80E-05 •• Burnt Mountain _tCH-47 Circle ••••••••••• tC· 130 Ft Wainwright f ·17 
-· 691 _ ••••• 4.47E-04 --~··· 7. 19E-05 •• ,j... 5. 77E-05 • Burnt Mountain .f CH-47 Circle·-···-·-~ 130 Ft Wainwright f · 17 
••• 692··+ ·· 4.47E-04 •• .L •• 7.34E-05 --~··· 5.88E-05 •• Burnt Mountain . lCH-47 Circle ••••••••••• tC·130 Ft Wainwright ~C· 17 
••• 693··-r· · 4.48E-04 •• L. 4.97E-05 •• L. 5.57E-05 •• Burnt Mountain .[CH-47 Circle ••••••••••• [C·130 Ft Wainwri9ht J.C-17 
••• 694···r · 4.49E-04 •• j ... 5.18E-05 •• .j. •• 5.79E-05 •• Burnt Mountain .f CH-47 Circle ••••••••••• iC-130 Ft Wainwri9ht +C-17 
••• 695 ·-r·· 4.49E-04 •• L. 5. 16E-05 •• : •• 5.77E-05 •• Burnt Mountain . [CH-47 Circle ••••••••••• :C-130 Ft Wainwright +C-17 
••• 696 ••• ] ••• 4.50E-04 •• .j. .• 5.26E-05 •• .j. •. 5.87E-05 •• Burnt Mountain . fCH-47 Circle ••••••••••• ~C·130 Ft Wainwright .f 17 
••• 697 •••••• 4.49E-04 •• .;. •• 5.53E-05 •• .;. •• 5.90E-05 •• Burnt Mountain . tCH-47 Circle ••••••••••• tC-130 Ft Wainwri9ht £ ·5 • 
••• 698 ·+ ·· 4.51 E-04 •• : •• 5.75E-05 •• : •• 6.13E-05 •• Burnt Mountain J CH-47 Circle •••••••••• .!.9· 130 Ft Wainwright fil 
-· 699 ••••• 4.50E-04 •• j ... 5.73E-05 •• j... 6. 10E-05 . Burnt Mountain .~CH-47 Circle·-···-·-iC·130 Ft Wainwright JC·5_ 
••• 700··+ ·· 4.51 E-04 •• .L .• 5.83E-05 •• : •• 6.21 E-05 •• Burnt Mountain _tCH-47 Circle ••••••••••• tC·130 Ft Wainwright .J.C·5 
••• 701 ··-r· · 4.45E-04 •• .j. .. 7. 13E;05 •• .j. •• 5.55E-05 •• Burnt Mountain . ~CH-47 Circle ••••••••••• ~C·130 Ft Wainwri9ht fr·5 
••• 702 ··r · 4.46E-04 •• .;. •• 7.42E-05 •• .;. •• 5.75E-05 •• Burnt Mountain . lCH-47 Circle ••••••••••• tC-130 Ft Wainwri9ht .f5 
••• 703··-r·· 4.46E-04 •• L. 7.39E-05 •• l.. 5.73E-05 •• Burnt Mountain .[CH-47 Circle ••••••••••• ~C-130 Ft Wainwright .£·5 
••• 704 ··]··· 4.47E-04 •• ~ ••• 7.53E-05 •• i .. 5.83E-05 •• Burnt Mountain . f CH-47 Circle •••••••••••• C·130 Ft Wainwright $ ·5 
••• 705 ••••• 4.44E-04 •• ; •• 6.63E-05 •• : •• 5.20E-05 •• Burnt Mountain _;CH-47 Circle ••••••••••• LC-130 Ft Wainwri9ht £ ·5 • 
••• 706··+ ·· 4.45E-04 •• ~--- 6.92E-05 •• .j. •• 5.40E-05 •• Burnt Mountain . icH-47 Circle ••••••••••• ~C· 130 Ft Wainwright~ 
-· 707 -····· 4.44E-04 --~-·- 6.89E-05 •• .;... 5.38E-05 . Burnt Mountain . lCH-47 Circle·-···-·-~C-130 Ft Wainwright f ·5_ 
••• 708··+ ·· 4.45E-04 •• l.. 7.03E-05 •• L. 5.48E-05 •• Burnt Mountain JCH-47 Circle ••••••••••• tC·130 Ft Wainwrigh t .:.C·5 __ _ 
••• 709 •• 

1 
... 4.51 E-04 •• i .. 5.11 E-05 •• i .. 6.67E-05 •• Burnt Mountain . ~CH-47 Circle •••••••••••• C·130 Eielson •••••••• ~ ·130 

710 4.52E-04 : 5.33E-05 : 6.89E-05 Burnt Mountain :CH-47 Circle iC-130 Eielson :C·130 
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JBER :C-17 Creech ,semi Area-5 : 

~!!: ::::::::::ig:F ~i~~::ock 1::~:: ~~:::~ ::::::l ::::: ·:::::::: 
JBER •••••••••• ic-5 . Creech ••••••• jsemi. Area-5 •••••••• ~...... • ••••••• 
JBER :C·5 Desert Rock :semi Area-5 : 

~~~:pjlh ::.::l~~;"- ~~~~\ :::::::]semi: Area-5 : . ::::{ ::::: ::::::::: 
Creech :semi Area-5 : : 

Desert Rock •• ~semi Area-5 ••••••• ~ • ••••••••••••••••••••• l ..... . ...... . 
Nellis :semi Area-5 : : 

JBER •••••••••• J:6· 17 Tonopah ••• .Jsemi_ Area-5 ••••••• : •••••••••••••••. 
JBER •••••••••• LC· 17 • Creech ••••••• j semi. Area-5 ······-~ ······ •••••••• 
JBER :C· 17 Desert Rock :semi Area-5 : 

~:~= ::::::.:: ]:~7 

• ~i~~pah :::::j!:~:. ~;:::; :.:::::1.::::: ::::::::: 
JBER IC-5 Creech :semi Area-5 : 

JBER ••••••••• .!C-5. Desert Rock ] semi. Area-5 ••••••• 1...... . ...... . 
JBER IC·5 Nellis :semi Area-5 : 

Tonopah •••••• !semi_ Area-5 ·· ···--·~-- ••••••••••••••••••• ~ •••••••••••••••. 
Creech :semi Area-5 : : 
Desert Rock Tsemi Area-5 1 T 

~:~i~ ::::::.:: 1~~~;. ~~~~:ah :::::] semi. Area-5 •• :::::1.::::: ::::::::: 
JBER IC-17 Creech :semi Area-5 : 
JBER ······· ···t c -17 Desert Rock ! semi· Area-5· · ····--1······ · ······· 

~!!: ::::::::::i:i 7 • ~~~;:h :::J::~:: ~~:::~ :::::::±:::::: ·:::::::: 
JBER ·-··--·~ ·5 __ Desert Rock j semi Area-5 ·-·---~-·-· ·-·-··· 
JBER :C·5 Nellis :semi Area-5 : 

JBER •••••••••• :C-17. Tonopah ••• .Jsemi_Area-5 ••••••• L .............. . 
JBER •••••••••• LC-17 Creech ••••••• j semi. Area-5 •••••••• ~...... . ••••••• 
JBER :C-17 Desert Rock :semi Area-5 : 

~:~= ::::::::::~:~7 

~i~~pah :::J:~:: ~;:::; :::::::!:::::: ~:::::::: 
JBER IC-5 Creech :semi Area-5 : 
JBER tc.5 Desert Rock l semi Area-5 : 
JBER ·-···-·ic.5 · - Nellis ······-·Jsemi Area-5 ·-·-·t -·-· ·-·-··· 
Tonopj!h • ••••• !semi Area-5 ······-~·-····· · · ············-~······ • •••••••• 
Creech :semi Area-5 : : 
Desert Rock :semi Area-5 1 T 

~:~i~ ::::::::::~ ~~; ~~~~:ah :::::lsemi: Area-5 :::::::l ::::: ~:::::::: 
JBER •••••••••• t C· 17 • Creech ••••••• jsemi. Area-5 •••••••• ~...... • ••••••• 
JBER :C· 17 Desert Rock :semi Area-5 : 

~:~= ::::::.:: ]:~7 

• ~i~~pah :::::]!:~:. ~;:::; :.::::{ ::::: ::::::::: 
JBER :C-5 Creech :semi Area-5 : 

~;;:pah ::::::~t= ~~f ~~: Rock i!:~:: ~;:::; .::::J:::::: ·:::::::: 
Creech isemi Area-5 : : ·················+······· ················!······· ···············+······ ········ Desert Rock :semi Area-5 : : 

~:~i~ ::::::.:: 1~~;. ~~~~:ah :::::l semi. Area-5 •• :::::1.::::: ::::::::: 
JBER IC-17 Creech :semi Area-5 : 

JBER ••••••••• .!C-17 Desert Rock ] semi. Area-5 ••••••• 1. ..... ....... . 
JBER :C-17 Nellis :semi Area-5 : 

JBER •••••••••• !C·5 Tonopah ••• .Jsemi_ Area-5 ••••••• ~ •••••••••••••••. 
JBER :C-5 Creech isemi Area-5 : 

~!!: ::::::.:: ig:~ 7 • ~i~~::ock m~:. ~~:::~ :.:::::l.::::: ::::::::: 
JBER IC-17 Creech :semi Area-5 : 
JBER ······· ···t c -17 Desert Rock ! semi· Area-5· · ····--1······ · ······· 

~!!: ::::::::::i:i 7 • ~~~;:h :::J::~:: ~~:::~ :::::::±:::::: ·:::::::: 
JBER ·-··--·~ ·5 __ Desert Rock j semi Area-5 ·-·---~-·-· ·-·-··· 
JBER :C·5 Nellis :semi Area-5 : 

Tonoeah ___ H_Isemi Area-5 HH4 . ..JHH4H __ ......... -........... 1 .......... __ ......... __ 
Creech lsemi Area-5 : : ·················+·····- ···············-~·-····· ················+······ ········ Desert Rock :semi Area-5 : : 

~:~i~ ::::::::::~ ~~; ~~~~:ah :::::j semi: Area-5 :::::::!:::::: ~:::::::: 
JBER IC· 17 Creech :semi Area-5 : 
JBER i c. 17 Desert Rock l semi Area-5 : 
JBER ·-···-·i c . 17 Nellis ······-·Jsemi Area-5 ·-·-·t -·-· ·-·-··· 

~:~: ··········~:; ·- ~~~z~:h ····-1::~: · ~;:::: ······+····· ········· 
~;;:pah ::::::i~i!c ~~I~~: Rock 1::~:: ~;:::; .::::::l::::: ·:::::::: 
Creech :semi Area-5 : : ·················+······· ················1······· ···············-~······ ········ Desert Rock :semi Area-5 : : 
Nellis · · -rsemi Area-5 · · 1 · · · T · 
JBER •••••••••• t2·17. Tonopah ••• .Jsemi_Area-5 ••••••• 1. ............. . 
JBER C-17 Creech :semi Area-5 : 



Attachment #2 Accident Probability for All Possible Routes 

••• 711 ••• J... 4.52E-04 •• .;. •• 5.31 E-05 •• .;. •• 6.86E-05 •• Burnt Mountain . (CH-47 Circle ••••••••••• ~C-130 Eielson •••••••• £ -130 JBER +,C-17 Desert Rock ~semi Area-5 ..J. 
712 1 4.52E-04 : 5.41 E-05 : 6 .97E-05 Burnt Mountain ICH-47 Circle IC-130 Eielson IC-130 JBER C 17 Nellis •semi Area 5 ' 

••• 713 .. T .. 4.47E-04 ··:·· 6. 71 E-05 ··:·· 6.31 E-05 •• Burnt Mountain · : CH-47 Circle ···········rc-130 Eielson •••••••• ic-"130 JJBBEERR ::::::::::!,cc __ : _5
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::: 714 .:I:: 4.48E-o<J::,.01 E-05 ::t:: 6.52E-05 :: Burnt Mountain:tcH-47 Circle :::::::::J e-130 Eielson ::::::::!9-130 . :=-"" r. ' : • 
715 I 4.48E-04 : 6.97E-05 : 6.49E-05 Burnt Mountain ICH-47 Circle IC-130 Eielson IC-130 JBER :c 5 Desert Rock 'semi Area 5 : 

••• 716 •• T •• 4.48E-04 ··r-· 7.1 1 E-05 ··r· 6.59E-05 •• Burnt Mountain · tcH-47 Circle···········te-130 Eielson ········t c -130 JBER ··········tc:5 . Nellis • 1semi· Area:5 ·······"!"····· ········ 
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Mouni a1n]Cff,ff cfrcie:=:::===~c:i3o Eieison=:=:::rc-=-17 JBER •••••••• lC-17 Tonopah ••• ..Jsemi Area-5 •••••• I ............. . 
••• 718 -·~--- 4.51 E-04 •• i .. 5.53E-05 •• i .. 6.13E-05 •• Burnt Mountain . ~CH-47 Circle •••••••••••• C-130 Eielson •••••••• ~C-17 JJBBEERR •••••••••• l:
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719 4.51 E-04 : 5.51 E-05 : 6.11 E-05 Burnt Mountain :CH-47 Circle :C-130 Eielson :C-17 Ir 
••• 120··· ••• 4.51 E-04 .. : •• 5.61 E-05 •• : •• 6 .22E-05 •• Burnt Mountain · :cH-47 Circle···--······:e-130 Eielson ........ TC-17 • -

••• 721 ···r 4.46E-04 ··r· 6.91 E-05 ··r·· 5.55E-05 •• Burnt Mountain ·t CH-47 Circle ···········tC-130 Eielson ········tc -11 ~:~= :::::::::J:~ 7 
~6~~p ah :::::1::~:: ~;:::; :::::::±:::::: .:::::::: 

••• 722 ••• J... 4.47E-04 ••• T •• 7.20E-05 •• I.. 5.76E-05 •• Burnt Mountain jCH-47 Circle ••••••••• J C-130 Eielson •••••••• 1¢-11 JBER IC-5 Creech :semi Area-5 : 
723 I 4.46E-04 : 7.1 7E-05 : 5.73E-05 Burnt Mountain ICH-47 Circle IC-130 Eielson IC-17 JBER ••••••••• .!c-5 . Desert_Rock ] semi_Area-5 ••••••• ~ •••••••••••••• 

····724··T "4 "47f o;r··l···--r:31·E"os··+-·s ·s3fi5" .. 0····i ·M···-r····fcff47 c 'T ·--········fc·130 E°'T ······--···-it·iT JBER :C-5 Nellis :semi Area-5 : ... ••••• . - •• : • . - •• : • . • • urn oun am _1 - ire e ........... : - ,e son ........ l · _ . _ 
••• 725 ••• L . 4.48E-04 ··+·· 4.92E-05 •• ~ •• 5.50E-05 •• Burnt Mountain -~CH-47 Circle ••••••••••• ~C-130 Eielson ········iiC-17 Tonopah •••• +semi_ Area-5 •••••• ~ ••••••• _ •••••••••••• ~ •••••••••••••• 

726 l 4.49E-04 : 5.14E-05 : 5.72E-05 Burnt Mountain :CH-47 Circle :C-130 Eielson C-17 Creech :semi Area-5 : : 

::)72287 ::i::: 44 ._ 4499EE··0044 ::i. :: 55 .. 2121 EE··0055 ::i, :: 55 .. 7800EE-_o055 :: BBuurrnn tt MMoouunnttaai1nn : [, CCHH-4-477 CCi1rrccllee:::::::::::r.e-C-113300 EEi1eellssoonn ::::::::~,, CC··1177 ~ • -

1 J~B:E~~R;' Rock::-~;::C:·~17: ~To;:n:o,:~ah::::::.
1
•

1

•semi: Area-5·::::::~_[: :::::: .:::::::: ••• 729 "T "· 4.49E-04 ·"t-- 5.50E-05 ··1··· 5.86E-05 •• Burnt Mountain · tcH-47 Circ1e·······--··fc:i30 Eielson ········tc -5 _ r. ' ' 

••• 730 ·+-· 4.50E-04 ··+·· 5.72E-05 • .r.. 6.09E-05 •• Burnt Mountain _f CH-47 Circle •••••••••••• ~130 Eielson •••••••• :W·5. ~:~= +g::; g::: Rock 1::~: ~;:::; f 
••• 731 •• T •• 4.50E-04 •• .!. •• 5.70E-05 •• .;. •• 6.06E-05 •• Burnt Mountain . (CH-47 Circle ••••••••••• jC-130 Eielson •••••••• ~ ~ 

1 
_ 

732 4.51 E-04 J 5.81 E-05 L 6.17E-05 Burnt Mountain [CH-47 Circle lC-130 Eielson J.C-5 ~:~=.·.-.. ··.·.--.. ·-tg:~7 ~
6

~~nah • •• ·-••• ·J::~: ~;:::;.·--.. --... ·1--.. --... · -.-... ·-... ··.· . 
••• 733 •• J. . 4.45E-04 •• i .. 7.10E-05 •• i. 5.51 E-05 •• Burnt Mountain _f CH-47 Circle •••••• ••• JC-130 Eielson ••••••• ~C-5 ...: r. , , 

734 l 4.46E-04 : 7.40E-05 : 5.71 E-05 Burnt Mountain :CH-47 Circle !C-130 Eielson :C-5 JBER :C-5 Creech :semi Area-5 : 

··· ~;~ ·+-·: ::~:6: ·+·~:~~~:6; ·+· ;:;:~:6; ·· :~;~: ~~~~:::~ ·f g~~~ g:;6::-··········f~:;6 ~::::~~---·····{:; ~:~= -·········fc} ~:~~rt Rock i::~:-~;:::;·······l ············· 
........................ , .............................................................................. 1-................................... ................................................ ,................... .. .. ................................ r--- ................................... __ ........ ·-----------···----,..- --··- --···---······---•-1•-••••• .............................. ,. .................................. .. 
••• 737 ··]··· 4.43E-04 •• L. 6.57E-05 •• L. 5.13E-05 •• Burnt Mountain _[CH-47 Circle •••••••••• .!.£·130 Eielson •••••••• .w-5 Tonop}lh •••••• 1semi •• Area-5 ••••••• L. .................... 1 ••••••••••••••• 
••• 738 •••••• 4.44E-04 •• .j. •• 6.86E-05 •• i .. 5.34E-05 •• Burnt Mountain . (CH-47 Circle ••••••••••• ~130 Eielson •••••••• £ ·5. Creech •••••••• .;.semi_ Area-5 ······-~·-····· ••••••••••••••• -1-.............. . 

739 I 4.44E-04 : 6.83E-05 : 5.32E-05 Burnt Mountain :CH-47 Circle :C-130 Eielson !C-5 Desert Rock :semi Area-5 : : -·-------··1-··------·-- .-------------------------------------- ___________________ ., ................ ·------------------·-.. ···-- -----------------~ ----------·-···---+------- ----------------1··----- _______________ .... ______ --------
-· 740 ....... 4.45E-04 •• .;. •• 6.96E-05 •• .j... 5.41 E-05 . Burnt Mountain . (CH-47 Circle ........... ~-130 Eielson --·-···f·5.. Nellis ......... -+semi Area-5 ....... J ....................... ~---· ........ . ··· ~:~--+-::;~~:6: -+· ;:~~~:6; ·+· ::~~~:6; ·· :~;~: ~~~~:::~ -f g~~; g:;~::··········{:;6 ~:~: .......... jg::; ~~~~r:h -·····+::~: -~;:::; -·····+····- -·············+ ····· .•....... 
••• 743 ·"T "" 4.52E-04 ··r·· 5.30E-05 ··r·· 6.83E-05 •• Burnt Mountain · :cH-47 Circle···········:e-130 JBER ··········tc .17 Desert Rock --rsemi Area-5 ·······1······· ················:······ .....••.. 
··--744··T ··4~s2f -o;i··1···s ~4,·fis···t··ii~!i4E°-<is··· su"i'ritM°ounia1n · tcH:.iY cfrcie···--······te-130· jsE°Fi'··········tc·-11 Neiijs····--·····tsem1- Area:s·······t······ ················t ·············· 
···········r ·································· ................ ·························-·· ··················-- ·················+.·-· ·················· ··-·-- ····•·•·····•·•·•···•·•· ···············-······ ···•·•··· 
••• 745 ··]··· 4.47E-04 ··+·· 6.70E-05 ··+·-6.28E-05 •• Burnt Mountain . (CH-47 Circle ••••••••••• ~C-130 JBER •••••••••• fr·5 Tonop}lh •••••• .;.semi. Area-5 ••••••• j ••••••• ···············+······ ..•..•.•. 
••• 746 ••••• 4.48E-04 •• .;. •• 7.00E-05 •• .;. •• 6.48E-05 •• Burnt Mountain . (CH-47 Circle ••••••••••• ~C-130 JBER •••••••••• £ ·5. Creech •••••••• .;.semi_ Area-5 ••••••• J •••••••••••••••••••••• ..J_ ••••••••••••••• 
••• 747 ••• 

1
1 ••• 4.47E-04 •• : •• 6.96E-05 •• : •• 6.46E-05 •• Burnt Mountain J CH-47 Circle ••••••••••• t9·130 JBER •••••••••• .£.:.§ Desert Rock •• 1semi __ Area-5 ••••••• : •••••••••••••••••••••• : •••••••••••••• 

748 4.48E-04 : 7.1 1 E-05 : 6.56E-05 Burnt Mountain ICH-47 Circle IC-130 JBER IC-5 Nellis I semi Area-5 : : 
=)4s=:F 4 ~49E--o(:t:~<i~!isE·-os·::t::ii~o9E°-os·:. su"i'rii"M°ouni a1ri : tcH:.iY cfi'cie:=:::=:=tsemr:: i=iwafnwr,9Fttc:130 jsE°Fi:=:::=:1 c:1T 'fonoj)aii::=:is·enif i>."rea:s:=:=:t :=: :=:=::: 

••• 750 •• T •• 4.50E-04 ··+·- 5.18E-05 --+·· 6.32E-05 •• Burnt Mountain . fCH-47 Circle ••••••••••• tsemi •• Ft Wainwrt9ht -w-130 JBER •••••••••• .J.C-17. Creech ·······1semi. Area-5 ·······+······ ........ . 
••• 751 ···r · 4.50E-04 •• .;. •• 5.16E-05 •• .;. •• 6.29E-05 •• Burnt Mountain . (CH-47 Circle ••••••••• J semi •• Ft Wainwrt9ht 4C-130 JBER •••••••••• f ·17 Desert Rock ~semi_ Area-5 ••••••• ..J_ •••••••••••••• 
••• 752 .T •• 4.51 E-04 •• L. 5.26E-05 •• l.. 6.40E-05 •• Burnt Mountain .[CH-47 Circle ••••••••••• tsemi •• Ft Wainwrtght .£.:.130 JBER •••••••••• .J.C-17 Nellis ••••••••• :semi. Area-5 ••••••• J. ..•......•..... 
••• 753 ••• ] ••• 4.45E-04 --~··· 6.56E-05 •• i .. 5.73E-05 •• Burnt Mountain . ~CH-47 Circle ••••••••••• ~semi •• Ft Wainwrtght ~ -130 JBER •••••••••• ~ ... Tonop ah ••••• j semi. Area-5 ·····---~······ ••••••••• 
••• 754 •••••• 4.46E-04 •• : •• 6.85E-05 •• : •• 5.94E-05 •• Burnt Mountain _:CH-47 Circle •••••••••• Jsemi •• Ft Wainwright J.9· 130 JBER •••••••••• .LC-5 Creech ••••••• :semi_ Area-5 •••••••• L ••••••••••••••• 
••• 755··+ ·· 4.46E-04 •• j .•• 6.82E-05 ··+·· 5.92E-05 •• Burnt Mountain . icH-47 Circle ••••••••••• ~semi __ Ft Wainwrtght _J.C-130 JBER •••••••••• .J.C-5 _ Desert.Rock j semi_ Area-5 ·······-~·-···· •••••••• 
... 756 ••••• 4.46E-04 ·-~·-· 6.96E-05 •• .;... 6.02E-05 • Burnt Mountain. ( CH-47 Circle ........... ~semi •• Ft Wainwright ..J_C-130 JBER ......... -£-5 . .. Nellis ......... 1semi Area-5 ....... ..J_ .............. . 
••• 757··+ ·· 4.48E-04 •• L. 5.17E-05 •• L. 5.31 E-05 •• Burnt Mountain JCH-47 Circle ••••••••••• Lsemi •• Ft Wainwrigh t J.C-17 JBER •••••••••• lC-17 Tonopah ••••• Jsemi Area-5 ••••••• 1 .............. . 
••• 758 .T •• 4.49E-04 •• i .. 5.39E-05 •• i .. 5.54E-05 •• Burnt Mountain . ~CH-47 Circle ••••••••••• ~semi •• Ft Wainwrt9ht ~C-17 JBER ••••••••••. jf 17. Creech ••••••• j semi. Area-5 •••••••• ~ ••••••••••••••• 
••• 759 •• T •• 4.49E-04 •• : •• 5.36E-05 •• : •• 5.51 E-05 •• Burnt Mountain ·f CH-47 Circle •••••••••• _tsemi •• Ft Wainwrt9ht -w -17 JBER •••••••••• .:.C-17 Desert Rock :semi_ Area-5 ••••••• .L •••••••••••••• 
••• 760 •• T •• 4.50E-04 ··+·· 5.47E-05 ··+·· 5.62E-05 •• Burnt Mountain . fCH-47 Circle ••••••••••• tsemi •• Ft Wainwrtgh t 7C-17 JBER •••••••••• .J.C-17 Nellis ••••••••• i semi. Area-5 ·······+······ ........ . 
••• 761 ••• ] ••• 4.44E-04 •• .;. •• 6.76E-05 •• .;. •• 4.95E-05 •• Burnt Mountain . (CH-47 Circle ••••••••• .Jsemi •• Ft Wainwrtght -19-17 JBER •••••••••• .LC-5 ... Tonop ah ••••• i semi_ Area-5 ••••••• ..J_ ••••••••••••••• 
••• 762 •••••• 4.45E-04 •• : •• 7.06E-05 •• L. 5.16E-05 •• Burnt Mountain .[CH-47 Circle ••••••••••• tsemi •• Ft Wainwri9ht jf-17 JBER •••••••••• lC-5 Creech ••••••• Jsemi_ Area-5 ••••••• : ••••••••••••••• 
••• 763··+ ·· 4.45E-04 •• j ... 7.02E-05 •• i .. 5.14E-05 •• Burnt Mountain . icH-47 Circle ••••••••••• isemi •• Ft Wainwrtght ~ -17 JBER •••••••••• .;.C-5 _ Desert.Rock j semi_ Area-5 ·······~ ·-···· •••••••• 
... 764 ••••• 4.45E-04 •• : • 7.17E-05 •• : • 5.24E-05 . Burnt Mountain . :CH-47 Circle ........... :semi •• Ft Wainwright J.C-17 JBER ......... J.C-5 ... Nellis ......... Jsemi Area-5 ....... .L .............. . 

::: ~~:-J:: :::;~:6: ::±:: ::~~~:6; ::±:: ::~;~:6; :: :~;~:~~~~:::~Jg~~; g:;~:::::::::::J::~: :: ~: ~::~:;1~~: f :; ~~~~r:h ::::::±::~: ~;:::; :::::::1::::::: :::::::::::::::l:::::: ::::::::: 
••• 767 ·+·· 4.47E-04 •• L. 4.99E-05 •• l.. 5.13E-05 •• Burnt Mountain .[CH-47 Circle ••••••••••• tsemi •• Ft Wainwrt9ht ~C-17 Desert Rock •• 1semi Area-5 ••••••• L ..................... l ............. . 
••• 768 .T •• 4.48E-04 •• i .. 5.09E-05 -·~·-· 5.24E-05 •• Burnt Mountain . fCH-47 Circle ••••••••••• ~semi •• Ft Wainwrtght ~ -17 Nellis •••••••••• tsemi Area-5 ••••••• j ....... •..•.•.•...•.•.. ~ ..•.•....•.•... 
••• 769 ··]··· 4.47E-04 •• : •• 5.36E-05 •• .L •• 5.27E-05 •• Burnt Mountain . tCH-47 Circle •••••••••• .:semi •• Ft Wainwrtght .W·5 JBER •••••••••• .LC-17 Tonop ah ••••• Jsemi. Area-5 ••••••• .i. .••••••.••••••. 
••• 770 ••••• 4.49E-04 ··+·· 5.58E-05 ··+·· 5.49E-05 •• Burnt Mountain .f CH-47 Circle ••••••••••• fsemi •• Ft Wainwri9ht ~ -5. JBER ••••••••••. j,C· 17 Creech •••••• .Jsemi_ Area-5 ••••••• .J. .............. . 
••• 771 ··+ ·· 4.49E-04 •• .!. •• 5.56E-05 •• .;. •• 5.47E-05 •• Burnt Mountain . (CH-47 Circle ••••••••••• ~semi __ Ft Wainwrtght ~ JBER •••••••••• £ -17 _ Desert.Rock j semi_ Area-5 ••••••• ..J_ •••••••••••••• 
... 772 ....... 4.49E-04 •• L. 5.66E-05 •• L. 5.58E-05 . Burnt Mountain _[CH-47 Circle ........... [semi •• Ft WainwrighcJ_C-5_ JBER ......... ..lC-17 Nellis ........ .Jsemi Area-5 ....... l .............. . 
••• 773 ·+ ·· 4.43E-04 •• i .. 6.96E-05 •• i .. 4.91 E-05 •• Burnt Mountain _f CH-47 Circle ••••••••••• ~semi •• Ft Wainwrigh t .J.C-5 JBER •••••••••• ~ -5 .. Tonopah ••••• j semi Area-5 ·······-~·-···· ••••••••• 
••• 774 .T •• 4.44E-04 •• l.. 7.25E-05 •• : •• 5.12E-05 •• Burnt Mountain JCH-47 Circle ••••••••••• tsemi •• Ft Wainwrt9ht J.9·5 JBER •••••••••• ~ -5 ... Creech •••••• .Jsemi. Area-5 ••••••• .i. .••••••.••••••. 

... ~~: ··r: ::~:6: ·+· ~:~~~:6; ·+· ;:~:~:6; .. :~;~: ~~~~:::~ ·f g~~~ g:;6:: ···········r:~: .. ~: ~::~:;}ll~: +g:; ~:~= ··········fc:;. ~:~~rt Rock 1::~:. ~;:::; ······+ ············· 
-----------,-··--·----·--------................. ----····--····-1-·--------------- ----------------·----,--------- -----------................ --.... ---- ---------___ g ____ ........... ------------............ .,..- ......... --···----·-···-----1-........... --------................. ,.............. -··------.. 
••• 777 ··]··· 4.42E-04 •• L. 6.46E-05 •• L. 4.56E-05 •• Burnt Mountain . [CH-47 Circle ••••••••••• tsemi •• Ft Wainwrtght .W·5 Tonop}lh •••••• 1semi •• Area-5 ••••••• L. .................... 1 .............. . 
••• 778 •••••• 4.43E-04 •• .j. •• 6.75E-05 •• i .. 4.76E-05 •• Burnt Mountain . (CH-47 Circle ••••••••••• ~semi •• Ft Wainwri9ht fr·5. Creech •••••••• .;.semi_ Area-5 ······-~·-····· ••••••••••••••• -1-.............. . 
••• 779··+ ·· 4.43E-04 •• : •• 6.72E-05 •• l... 4.74E-05 •• Burnt Mountain . [CH-47 Circle •••••••••• .:semi •• Ft Wainwrtght ~ Desert Rock •• isemi __ Area-5 ••••••• J ...................... ..J. •.•.•••.•.•••. 
... 780 ....... 4.43E-04 •• i •• 6.86E-05 •• .j... 4.84E-05 . Burnt Mountain .f CH-47 Circle ........... Lsemi •• Ft Wainwrtght f ·5 _ Nellis ......... ~ emi • Area-5 ....... J ....... ............... ~---· ........ . 
••• 781 ••• L . 4.49E-04 •• .;. •• 4.95E-05 •• J ... 6.05E-05 •• Burnt Mountain . (CH-47 Circle ••••••••••• ~semi -· Eielson •••••••• ..:.C·130 JBER •••••••••• £ -17 Tonopah ••••• 1semi Area-5 ••••••• ..J_ ••••••••••••••• 

782 l 4.50E-04 I 5.17E-05 : 6.28E-05 Burnt Mountain :CH-47 Circle :semi Eielson IC-130 JBER IC-17 Creech :semi Area-5 : 

... ~~! ··+-·: ;~~:6: ··i .. ;:~;~:6; ·+· ::~~~:6; .. :~;~: ~~~~:::~ .f g~~~ g:;6:: ···········f :~: .. ~::::~~ ·······-~:: ~~ ~:~= ··········+g::; ~:~~rt Rock i::~:. ~;:::; ······+ ············· ···········r ·································· ·······-·---··· ·························-·· .................•........ ················-~· ·················· - · ················•······· ···············-······ ········· 
••• 785 ··]··· 4.45E-04 ··+·· 6.55E-05 ··+·- 5.70E-05 •• Burnt Mountain .f CH-47 Circle ••••••••••• ~semi •• Eielson •••••••• ~ ·130 JBER •••••••••• ~ ... Tonop ah ••••• j semi. Area-5 ·······+······ ........ . 

786 4.46E-04 : 6.84E-05 : 5.90E-05 Burnt Mountain :CH-47 Circle :semi Eielson :C-130 JBER :C-5 Creech :semi Area-5 : 

••• 787 ••• 
1
1 ••• 4.46E-04 •• T •• 6.81 E-05 •• : •• 5.88E-05 •• Burnt Mountain _[CH-47 Circle ••••••••• J semi __ Eielson ••••••• J C-130 JBER •••••••••• J:c-5 _ Desert.Rock ] semi_ Area-5 ••••••• : •••••••••••••• 

788 4.46E-04 : 6.95E-05 : 5.98E-05 Burnt Mountain ICH-47 Circle lsemi Eielson IC-130 JBER IC-5 Nellis lsemi Area-5 : 

=:·~:f : F : ~::~·:~:·::r~ :~~~-:~~·::r.:~ ~~~~-:~~-:. :~;~:-~~~~:~~-:f g~~~ g;;~:·: :=:::=:=f ::~::: ~::~~~=:=:::+g:~~- ~:~::=:::=:1~:~~- ~~;::ii::=:1~:~: ~·;:::~:=:=:+=:=: :=:=::: 

::: ~:~ .::r : :~~:6: ::r: ;:!;~:6; :+: ;::~~:6; :: :~;~: ~~~~:::~ :r g~~~ g:;6:: :::::::::::~:~: :: ~::::~~ ::::::::+g:: ~ ~:~= ::::::::::+g::; . ~:~~rt Rock i::~:: ~;:::; :::::::r::::::::::::: 
···········r ···············-~ •...•.•....•.... ~ ................ ·························-·· .....••.......•..••.....•. ·················-··-- ·················· - · --······················ ···············-······ ···•····· 
••• 793 ··]··· 4.44E-04 --~··· 6.75E-05 •• i .. 4.94E-05 •• Burnt Mountain . ~CH-47 Circle ••••••••••• ~semi •• Eielson •••••••• ~ -17 JBER •••••••••• ~ ... Tonop ah ••••• j semi_ Area-5 ·····---~······ ••••••••• 
••• 794 •••••• 4.45E-04 •• : •• 7.04E-05 •• : •• 5.15E-05 •• Burnt Mountain _:CH-47 Circle •••••••••• Jsemi •• Eielson •••••••• J.9-17 JBER •••••••••• .LC-5 Creech ••••••• :semi_ Area-5 •••••••• L ••••••••••••••• 

795 I 4.45E-04 : 7.01 E-05 : 5.12E-05 Burnt Mountain ICH-47 Circle :semi Eielson IC-17 JBER IC-5 Desert Rock :semi Area-5 : 
••• 796 •• T •• 4.45E-04 ··r-· 7.15E-05 ··r· 5.22E-05 •• Burnt Mountain · tcH-47 Circle···········tsemi •• Eielson ········tc-11 JBER ··········tc-5 - Nellis ·········1semi

0 

Area-5 ·······"!"····· ········ 

··· ~:~--+ -:::;~:6: -·+·· ::~;~:6; ··+-::~~~:6; ·· :~;~: ~~~~:::~ -rg~~; g:;~::······ -··-~::~:-· ~::::~~ ······--+g::; ~~~~r:h -- -·~:~: ~;:::; --····i······- --······ -····+ -···· -········ 
••• 799 "T ·· 4.47E-04 ··t·· 4.95E-05 ··t·· 5.09E-05 •• Burnt Mountain · tcH-47 Circle···--······tsemi •• Eielson ········tc -17 Desert Rock ··fsemi Area-5 ·······1······· ···············t ······ ·····••·· 
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Attachment #2 Accident Probability for All Possible Routes 

••• 800··+ ·· 4.47E-04 •• .;. •• 5.05E-05 •• .;. •• 5.19E-05 •• Burnt Mountain . lCH-47 Circle ••••••••••• ~semi •• Eielson •••••••• 4C-l?.._ Nellis •••••••••• .;.semi . Area-5 ••••••• .;. •• - •.••••••••••••••• ..!. •••••••••••••• 
••• 801 •• .,. •• 4.47E-04 •• L. 5.34E-05 •• l.. 5.25E-05 •• Burnt Mountain .[CH-47 Circle ••••••••••• Lsemi •• Eielson •••••••• $ ·5 _ JBER •••••••••• lC-17. Tonopah ••••• :semi . Area-5 ••••••• l .............. . 
••• 802 ••• ] ••• 4.49E-04 •• ~ ••• 5.56E-05 •• i .. 5.48E-05 •• Burnt Mountain . fCH-47 Circle ••••••••••• ~semi •• Eielson •••••••• ~ ·§_ JBER •••••••••• .j_C-17 Creech ••••••• j semi . Area-5 •••••••• ~ ••••••••••••••. 
••• 803 •••••• 4.48E-04 •• ; •• 5.54E-05 •• ; •• 5.45E-05 •• Burnt Mountain _;CH-47 Circle •••••••••• Jsemi •• Eielson •••••••• J.9·5_ JBER •••••••••• J.C-17 Desert Rock :semi_ Area-5 •••••••• L ••••••••••••••• 

804 I 4.49E-04 ; 5.64E-05 : 5.56E-05 Burnt Mountain :CH-47 Circle :semi Eielson :c .5 JBER :c .17 Nellis :semi Area-5 : ···········r ··········· ····i·················-r················ ···················t········ ··················~········ ·················-t-- ·················+····-· ················1······· ················~······ ....... . 
-· 805 -····· 4.43E-04 •• ~ ••• 6.94E-05 •• .;... 4.89E-05 _ Burnt Mountain . lCH-47 Circle ·-···-·-~semi •• Eielson -·-···+C·5 _ JBER ·-···-·_£·5 ·- Tonopah •• -.1semi Area-5 ·-·-·..:.-·-· ·-·-··· 
••• 806 ••• L . 4.44E-04 •• L. 7.23E-05 •• L. 5.10E-05 •• Burnt Mountain JCH-47 Circle ••••••••••• Lsemi •• Eielson •••••••• ..:.C·5 JBER •••••••••• lC·5 ... Creech •••••• .Jsemi Area-5 ••••••• l .............. . 

807 l 4.44E-04 : 7.20E-05 : 5.08E-05 Burnt Mountain ICH-47 Circle :semi Eielson :c.5 JBER :c.5 Desert Rock :semi Area-5 : 

••• 808··+ ·· 4.45E-04 •• t .. 7.34E-05 •• t .. 5.18E-05 •• Burnt Mountain . rCH-47 Circle ••••••••• J semi •• Eielson •••••••• :tc--c JBER •••••••••• F-5 ·- Nellis ••••••••• 1semi. Area-5 •••••• J ............. . 
••• 809 •• .,. •• 4.42E-04 •• .j. •. 6.41 E-05 •• .j. •. 4.52E-05 •• Burnt Mountain . fCH-47 Circle •••••••••• .tsemi •• Eielson •••••••• +C·5 _ Tonopah •••••• ~semi Area-5 ••••••• l ...................... .;. .............. . 
::: :1~:::J::: :::;~:~: ::+:: : :~~~:~; ::t::: ~7~:~; :: :~;~: ~~~~:::~ :tg~~~ g:;~:::::::::::::t:~: :: ~::::~~ ::::::::±¢:!= g~:~~~ R-0ck ::±::~ := ~;:::; :::::::1::::::: :::::::::::::::+:::::: ::::::::: 

812 I 4.43E-04 : 6.80E-05 : 4.80E-05 Burnt Mountain ICH-47 Circle lsemi Eielson :c .5 Nellis lsemi Area-5 : : ···········r ··········· ····!················+················ ···················f········ ·················+·-···· ·················+····- ·················-+'······· ················!······· ···············+······ ········ 
-· 813 -····_7. 79E-04 •• : •• 4.96E-05 •• : • 6.09E-05 _ Burnt Mountain _1 CH-47 Ft Wainwr1gh t _:C· 13Q.. JBER ··-·-···4C-17 _ Tonopah •• _.J_semi Area-5 ·-·-·: ·-·-· ·-·-···-·-·.L-·-· ·-·-··· 

::: :1~ ::1::: ~::~~:~: ::±:: ;: 1:~:~; ::±:: ::~~~:~; :: :~;~: ~~~~:::~Jg~~~ ~: ~=:~:ri~;: :~:~~~ ~:~= ::::::::::f ~L g~:~rih Rock::±::~ :· ~;:::; ::::::J:::::: :::::::::::::::l:::::: ::::::::: 
••• 816··+ ·· 7.80E-04 •• L. 5.26E-05 •• L. 6.40E-05 •• Burnt Mountain JCH-47 Ft Wainwrjgnt .LC-130 JBER •••••••••• ~C-l?.._ Nellis •••••••••• J.semi Area-5 ••••••• L ..................... l ............. . 
••• 817 ·-,-·· 7.74E-04 •• i .. 6.56E-05 •• ~ ••• 5.73E-05 •• Burnt Mountain . fCH-47 Ft Wainwr19ht -~130 JBER •••••••••• .j.C·5 _ Tonopah •••••• .j_semi Area-5 ••••••• 1 ....... ···············-~---··· ........ . 
••• 818 ··]··· 7.75E-04 •• : •• 6.85E-05 •• .L •• 5.94E-05 •• Burnt Mountain . tCH-47 Ft Wainwrjgnt .LC·130 JBER •••••••••• ~ ·§_ Creech •••••••• J.semi. Area-5 ••••••• : •••••••••••••••••••••• .L .•......•...... 
••• 819 •••••• 7.75E-04 •• .j. •• 6.82E-05 •• .j. •. 5.92E-05 •• Burnt Mountain .f CH-47 Ft Wainwri9h t .fC-130 JBER •••••••••• ~ ·5_ Desert R-0ck •• .J_semi_ Area-5 ••••••• l ....... ···············+······ ........ . 
••• 820··+ ·· 7.76E-04 •• .!. •• 6.96E-05 •• .;. •• 6.02E-05 •• Burnt Mountain . tCH-47 Ft Wainwrigh t . tC· 130 JBER ··········+C·5 _ Nellis •••••••••• .i.semi •• Area-5 ••••••• ; •••••••••••••••••••••• ..;. •••••••••••••• 
-· 821 _ ••••• 7. 78E-04 •• L. 5. 17E-05 •• L. 5.31 E-05 _ Burnt Mountain_[ CH-47 Ft Wainwr1gh t .LC· 17_ JBER ··-·-·· ..:.C-17 _ Tonopah •• _._lsemi Area-5 ·-·-· :·-·-· ·-·-···-·-·l -·-· ·-·-··· 
••• 822··+ ·· 7.79E-04 •• .j. .• 5.39E-05 •• i .. 5.54E-05 •• Burnt Mountain . icH-47 Ft Wainwri9h t -~C·17 JBER •••••••••• i C· 17 Creech •••••••• .j_semi Area-5 ••••••• 1 ....................... ~ .............. . 
••• 823 • .,.._7.79E-04 • ..! .•• 5.36E-05 •• : •• 5.51 E-05 •• Burnt Mountain JCH-47 Ft Wainwr19ht .~C·17 •• JBER •••••••••• ..:.C·l?.._ Desert Rock •• J.semi Area-5 ••••••• : •••••••••••••••••••••• .L .....•......•.. 
••• 824 ••• ,... 7.79E-04 •• .j. .. 5.47E-05 •• .j. •• 5.62E-05 •• Burnt Mountain .f CH-47 Ft Wainwrjgnt -~C-17 •• JBER •••••••••• .j.C-l?.._ Nellis •••••••••• .J_semi Area-5 ••••••• l ........................ ~ ............. . 
••• 825 ·-,-·· 7.73E-04 •• ; ••• 6.76E-05 •• .!. •• 4.95E-05 •• Burnt Mountain . tCH-47 Ft Wainwr19ht .~C-17 • JBER •••••••••• ..;.C·5 _ Tonopah •••••• .i.semi Area-5 ••••••• ; ••••••• · ·············--~----·· ••••••••• 
••• 826 ··]··· 7.74E-04 •• l.. 7.06E-05 •• L 5.16E-05 •• Burnt Mountain . [CH-47 Ft Wainwrjgnt .LC-17 • JBER •••••••••• ~ ·§_ Creech •••••••• lsemi •• Area-5 ••••••• L ................... 1 .............. . 
••• 827 •••••• 7.74E-04 •• .j. •• 7.02E-05 •• i .. 5. 14E-05 •• Burnt Mountain .f CH-47 Ft Wainwri9h t .fC-17 • JBER ··········1¥·5_ Desert R-0ck •• .j_semi_ Area-5 ••••••• 1 ...................... .l. .............. . 
••• 828 ·+ ·· 7.75E-04 •• : •• 7.1 7E-05 •• L. 5.24E-05 •• Burnt Mountain _tCH-47 Ft Wainwrigh t .LC·17 •• JBER •••••••••• ..:.C·5 ••• Nellis •••••••••• J.semi. Area-5 ••••••• J ...................... .!. •••••••••••••• 
-· 829 ••••• 7. 76E-04 •• l ... 4.80E-05 •• .j... 4.93E-05 . Burnt Mountain .f CH-47 Ft Wainwr1gh t -~· 17 Tonopah ·-···+semi _ Area-5 -··--·-.J.·--·- ··-·-···-·-·l·-·-· ·-·-···-·--·~-·-· ·-·-··· 
::: :;~ ·::~::: ~: ~~~:~: ::±:: !:~~~:~; ::i::; 1 ; ~:~; :: :~;~: ~~~~:::~ :[ g~~~ ~: ~=:~:ri~;: :[g: ~ ~ .. g~:~~ Rock::+::~: :: ~ ;:::; :::::::::±::::::: ::::::::::::::::J::::::: :::::::::::::::t::::: ::::::::: 
••• 832 •• ,... 7.77E-04 •• 1 ... 5.09E-05 •• i .. 5.24E-05 •• Burnt Mountain .f CH-47 Ft Wainwrjgnt -~C-17 • Nellis •••••••••• .j.sen:i_i_ Area-5 ••••••••• .j__.. _ •••...•.•••...•• 1 ........................ ~ ............. . 
••• 833 •• .,. •• 7.77E-04 •• L. 5.36E-05 •• : •• 5.27E-05 •• Burnt Mountain . [CH-47 Ft Wainwr19ht .!£5 •• JBER •••••••••• +C-17 Tonopah •••••• J.semi Area-5 ••••••• L .................... .L ••••••••••••••• 
••• 834 ··]··· 7.78E-04 •• .j. .• 5.58E-05 •• .j. •. 5.49E-05 •• Burnt Mountain .f CH-47 Ft Wainwrjgnt .~C-5. __ JBER ··········# · 17 Creech •••••••• .j.semi. Area-5 ••••••• j ...................... .;. .............. . 
••• 835 ••••• 7.78E-04 •• .;. •• 5.56E-05 •• .;. •• 5.47E-05 •• Burnt Mountain . tCH-47 Ft Wainwri9h t .tC·5·-· JBER •••••••••• ~ -17_ Desert R-0ck •• .i.semi_ Area-5 ••••••• J •••••••••••••••••••••• .L ••••••••••••••. 
••• 836··+ ·· 7.79E-04 •• : •• 5.66E-05 •• : •• 5.58E-05 •• Burnt Mountain J CH-47 Ft Wainwrigh t . [C·5 •• JBER •••••••••• £ ·17 Nellis •••••••••• 1semi •• Area-5 ••••••• : •••••••••••••••••••••• : •••••••••••••• 
-· 837 -····· 7.73E-04 •• j ... 6.96E-05 •• i,. 4.91 E-05 . Burnt Mountain .f CH-47 Ft Wainwr1ght .fC-5 _ JBER ··-·-···.j.C·5 _ Tonopah ·--·~ semi Area-5 ·-·-·j·-·-· ·-·-···-·---~-·-· ·-·-··· 
••• 838··+ ·· 7.74E-04 •• .L .. 7.25E-05 •• : •• 5.12E-05 •• Burnt Mountain JCH-47 Ft Wainwri9h t .LC·5_ JBER •••••••••• J.C·5 Creech •••••••• J.semi Area-5 ••••••• L .................... J. ••••••••••••••. 
••• 839 ·-,-·· 7.74E-04 •• .j. .. 7.22E-05 •• .j. •• 5.09E-05 •• Burnt Mountain .f CH-47 Ft Wainwr19ht .~C·5 - · JBER •••••••••• fr~5- Desert Rock •• .J_semi Area-5 ••••••• j ............••......•• .;. ....••.....••.. 
••• 840 ••• ,... 7.74E-04 •• .;. •• 7.36E-05 •• .;. •• 5.19E-05 •• Burnt Mountain . lCH-47 Ft Wainwrjgnt .LC-5 - · JBER •••••••••• 4C·5 •••• Nellis •••••••••• .;.semi. Area-5 ••••••• ; •••••••.••••••••••••••• _J. •••••••••••••• 

::: E~ ·J::: ;: ;iH: J :: H~H~ ::L: ~:H! :: !~~~: ~~~~:::~ Jg~~; ~: ~::~:~l~i: J~! :: g::~:ock ::1::~: :: ~~:::! :::::::::t::::::: ::::::::::::::::l::::::: ::::::::::::::: 1:::::: ::::::::: 
••• 844 ·+ ·· 7.73E-04 •• j .•• 6.86E-05 •• .j. •• 4.84E-05 •• Burnt Mountain . icH-47 Ft Wainwrigh t .~C·5 ••• Nellis •••••••••• .j.semi Area-5 ••••••••• .j. ••••••• •••••••••••••••• j ...•......•..•....•..•. ~ ..•..•..•..•.. 
-· 845 ••••• 7.97E-04 •• ~ ••• 4.95E-05 •• .;... 6.05E-05 . Burnt Mountain . lCH-47 Eielson ····-·-iC· 13Q.. JBER ··-·-···4C-17 _ Tonopah •• _.J_semi Area-5 ·-·--1·-·-· ·-·-···-·--..:.-·-· ·-·-··· 
••• 846··+ ·· 7.99E-04 •• L. 5.17E-05 •• L. 6.28E-05 •• Burnt Mountain JCH-47 Eietson ·········tC·130 JBER •••••••••• J.C-17 Creech •••••••• lsemi. Area-5 ••••••• L .................... 1 .............. . 
••• 847 •• ~ •• _7.98E-04 •• i .. 5.15E-05 •• i .. 6.25E-05 •• Burnt Mountain .f CH-47 Eietson •••••••••• C·130 JBER •••••••••• i c -1?.._ Desert Rock •• .j.semi Area-5 ••••••• j ............••......••• ~ ....••.....••.. 

848 7.99E-04 : 5.25E-05 : 6.36E-05 Burnt Mountain :CH-47 Eietson ;C-130 JBER :C-17 Nellis :semi Area-5 : : ........... ·················-················-················ ···················r-······· .................. ···-· ·················1i··· - ................. ·····- ················•······· ················- ·············· 
••• 849 •• 

1 
•.. 7.93E-04 •• .j. •. 6.55E-05 •• .j. •. 5.70E-05 •• Burnt Mountain . fCH-47 Eietson ••••••••• fC-130 JBER •••••••••• 7C·5 _ Tonopah •••••• ~semi Area-5 ••••••• l ...................... .;. .............. . 

850 7.94E-04 : 6.84E-05 : 5.90E-05 Burnt Mountain :CH-47 Eielson :C·130 JBER •C·5 Creech :semi Area-5 : : 
::: 851 ::I:: 7 .94E-04 ::r:: 6 81 E-05 ::r:: 5.88E-05 :: Burnt Mountain] CH-47 Eietson :::::::] C-130 JBER :::::::::::@·5= Desert R-0ck ::Isemi= Area-5 ::::::::::::::: :::::::::::::::-r:::::: ::::::::: 

852 I 7.95E-04 : 6.95E-05 : 5.98E-05 Burnt Mountain ICH-47 Eielson :c . 130 JBER :c .5 Nellis :semi Area-5 : : ···········r ··········· ····!················+················ ···················f········ ··················f········ -················+····- ·················-+'······· ················!······· ···············+······ ....... . 
-· 853 •••• J 96E-04 •• : •• 5. 1 ~E-05 •• : • 5.30E-05 . Burnt Mountain _1 CH-47 Eielson ····-·-:C· 17_ JBER ··-·-···4C-17 _ Tonopah •• _.J_semi Area-5 ·-·-·: ·-·-· ·-·-···-·--.L-·-· ·-·-··· 
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... ::~ . .,... ; ~~~:~: ·+· ;;:~:~; ·+· ;:;:~:~; .. :~;~: ~~~~:::~ ·f g~~; ~::::~~ ········t~; .. ~:~: ··········+g::~ ~~;~ghh ······+::~: ~;:::; ······+····· ··············+ ····· ········· 
••• 867 ••• L. 7 .97E-04 •• t.. 5.54E-05 •• r.. 5.45E-05 •• Burnt Mountain t CH-47 Eietson ••••••• J c -5 --- JBER •••••••••• :w· 17_ Desert R-0ck • .!semi_ Area-5 •••••• J .................... .1 ..............•. 

868 I 7.97E-04 : 5.64E-05 : 5.56E-05 Burnt Mountain :CH-47 Eielson :C·5 JBER ,C·17 Nellis :semi Area-5 : : ................... 1 ......................... . -------------------·--·-·-···------··- -------------------1>-------- .............................................. _ .. _ ................................... "1";;" ...... _ ......................................................... ................................. 1............... ................................................ .. ............. .. 
-· 869 ••••• 7.92E-04 •• l ... 6.94E-05 •• .j... 4.89E-05 . Burnt Mountain .f CH-47 Eielson ····-·-~5 _ JBER ··-·-···f ·5 _ Tonopah •• _._.J.semi Area-5 ·-·-·l·-·-· ·-·-···-·---~-·-· ·-·-··· ··· :;~··+· ~:~;~:~: ·+· ;:;~~:~; ·+· ;:ci~~:~; ·· :~;~: ~~~~:::~ ·f g~~~ ~::::~~ ········{; -~:~= .......... jg:; g~:~rih Rock··+::~ : ~;:::; ······+····· ··············+ ····· ·•······· 
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Attachment #4 Accident Risk Statistics 

Accidents/100,000 hours 
Class A 

Asset 5 year avg 10 year avg lifetime 
CH-47 2.5 0 0 
C-130 0.25 0.22 0.83 
C-5 0.48 1.46 1.03 
C-17 0.57 1.07 1.1 

Class A: Direct mishap cost totaling ~ $1,000,000 or fatality/permanent total disability 
Class B: $200,000 ~ Direct mishap cost total~ $1,000,000 OR a permanent partial disability OR inpatient hospitalization of~ 3 personnel 
from: http://www.afsc.af.mil/index.asp from: Robert (Jon) Dickinson 

Flying Class A 
FY Hours Accidents 

2009 101690 0 
2010 114570 4 
2011 112869 3 
2012 96402 5 
2013 91807 1 
Total 517338 13 

Flying Class A 
FY Hours Accidents 

2009 13968 0 
2010 15641 0 
2011 16512 1 
2012 3794 0 
12013 14476 0 

All H-47 Variants 

Army 
Class B Military 
Accidents Fatalities 

6 0 
1 0 
5 0 
1 0 
0 0 

MH47 

Army 
Class B Military 
Accidents Fatalities 

0 0 
0 0 
1 0 
0 0 
0 0 

DOD Civ 
Fatalities 

0 
0 
0 
0 
0 

DOD Civ 
Fatalities 

0 
0 
0 
0 
0 

Non 
DOD 
Fataliti 
es 

0 
0 
0 
0 
0 

Non 
DOD 
Fataliti 
es 

0 
0 
0 
0 
0 

RISK 
2.512864 



CH47F 

Flying Class A Class B 
FY Hours Accidents Accidents 

2009 20692 0 1 
2010 22896 3 0 
2011 32201 1 1 
2012 35293 1 0 
2013 39693 0 0 

1our75 5 

CH47D 

Flying Class A Class B 
FY Hours Accidents Accidents 

2009 67030 0 5 
2010 76033 1 1 
2011 64156 1 3 
2012 57315 4 1 
2013 37638 1 0 

Attachment #4 Accident Risk Statistics 

Army 
Military DOD Civ 
Fatalities Fatalities 

0 0 
0 0 
0 0 
0 0 
0 0 

Army 
Military DOD Civ 
Fatalities Fatalities 

0 0 
0 0 
0 0 
0 0 
0 0 

Non 
DOD 
Fataliti 
es 

0 
0 
0 
0 
0 

Non 
DOD 
Fataliti 
es 

0 
0 
0 
0 
0 

RISK 
3.3162 



Risk Assessment 

Alaska Transport Risk 

Embar1< Destination 11\~Y 
Burnt Mountaln Fort Yukon BM-FY 47 
Bumi Mountain Circle BM-C47 
Burnt Mountain Eielson BM·E 47 
Bumt Mountain Fort Wainwriaht BM-FW47 
Fort Yukon Circle FY-C47 
Fort Yukon Circle FY-C 130 
Fort Yukon Fort Wainwriaht FY-FW47 
Fort Yukon Fort Wainwriaht FY-FW 130 
Fort Yukon Fort Wainwrioht FY-FW 17 
Fort Yukon Ejlson FY-E 47 
Fort Yukon Eilson FY·E 130 
Fort Yukon Ellson FY-E 17 
Fort Yukon JBER FY-JB 130 
Fort Yukon JBER FY-JB 17 
Circle Fort WainwriaM C·FW47 
Circle Fort Wainwriaht C-FW 130 
Circle Fort wamwr'ioht C-FWSEMI 
Circle Eietson C-E47 
Circle Ejefson C·E 130 
Circle EJelson C·E SEMI 
Circle JBER C-JB 130 
FortWainriaht JBER FW-JB 130 
FortWainriaht JBER FW-JB5 
FortWainriaht JBER FW-JB 17 
Eietson JBER E-JB 130 
Elelson JBER E-JB5 
Eielson JBER E·JB 17 
Eletson Creech E-CAFB 17 

Probabilit 
Prob of RTG breech fixed) 0.05 
Prob of RTG breech (rotary) 0,01 

Risk (5yr Avg)/Flighl Hour Sorties 
ROUTE#1 
BM to FY tCH-47) 2.50E·05 5 
FY lo EAFB (C-1301 2.50E·06 2 
EAFB to Creech (C-171 5.70E-06 1 
Total 
Inverse 
ROUTE#2 
BM to EAFB cCH-47) 2.50E·05 5 
EAFB to Creech (C-1 7) 5.70E-06 1 
Total 
Inverse 

Route #1 Accident Probability 
5.00E-04 

£ 4.00E-04 

1 
...._ 3.00E-04 
0 f 2.00E-04 

Attachment #5 

Class 1 Accident Risk 
Mode of Travel Distance 5 vear ava 10 vear ava lifetime 

CH-47 61.00 2.31E-05 O.OOE+OO O.OOE+OO 
CH-47 111.00 4.20E-05 O.OOE+OO O.OOE+OO 
CH-47 203.00 7.69E-05 O.OOE+OO O.OOE+OO 
CH-47 198.00 7.50E-05 O.OOE+OO O.OOE+OO 
CH-47 61.00 2.31E-05 O.OOE+OO o.oOE+OO 
C-130 61.00 4.72E-07 4.15E-07 1.57E-06 
CH-47 138 5.23E·05 O.OOE+OO O.OOE+OO 
C-130 138 1.07E-06 9.39E-07 3.54E·06 
C-17 138 1.57E-06 2.94E-06 3.03E-06 

CH-47 142 5.38E-05 O.OOE+OO 0.00E+OO 
C-130 142 1.10E·06 9.66E-07 3.64E·06 
C-17 142 1.61 E-06 3.03E·06 3.11 E-06 
C-130 400 3.09E-06 2.72E-06 1.03E-05 
C- 17 400 4.55E-06 8.53E-06 8.77E-06 

CH-47 124 4.70E-05 O.OOE+OO O.OOE+OO 
C-130 124 9.59E-07 8.44E-07 3.18E-06 
semi 124 O.OOE+OO 

CH-47 119 4.51E-05 O.OOE+OO O.OOE+OO 
C-130 119 9.20E·07 8.l OE-07 3.05E·06 
semi 119 O.OOE+OO 

C-130 371 2.87E-06 2.52E-06 9.52E-06 
C-130 265 2.05E-06 1.SOE-06 6.80E-06 
C-5 265 2.SOE-06 7.61 E·06 5.37E·06 
C-17 265 3.01 E-06 5.65E-06 5.81 E-06 
C-130 258 1.99E-06 1.76E-06 6.62E-06 
C-5 258 2.44E-06 7.41E-06 5.23E-06 
C-17 258 2.93E·06 5.SOE-06 5.66E·06 
C-17 2332 5.70E-06 1.07E-05 1.10E-05 

I Total Distance (miles) I Flight Time (hrs) Probab1hty Adjusted Probability 

305 4.6 l.16E·04 80. 1% 1.16E·06 
284 0.88 2.20E-06 1.5% 1.lOE-07 
2332 4.65 2.65E-05 18.4% 1.33E-06 

1.44E-04 2.59E-06 
6934 386089.32 

I 1015 I 15.4 3.84E-04 93.6% 3.84E-06 
I 2332 I 4.65 2.65E-05 6.4% 1.33E-06 
I I I 4.11E-04 5.17E-06 
I I I 2433 193434.94 

Route #2 Accident Probability 
5.00E-04 

I 4.00E-04 

'S 
! 3.00E-04 
0 

f 2.00E-04 
:;; 

-8 1.00E-04 
i,; 

O.OOE+OO -----..-,II: i 1.00E-04 

O.OOE+OO 
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~ 4.00E--OS 
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Attachment #5 

Transport Options Probability of Accident 
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RTG Air Transport Dose Rate Calculations Route #1 
BM->FY->EAFB->Creech 

Baseline T axitCtimbilancllDelay 

Ois·tance (miles) 

BU·>FY 
FY->EAFB 

6 1 
142 

2332 

Fl~ ht Time (hrs) Total Hours 
0.92 1.92 

I 0.44 I 1.44 
I 4.65 I 5.65 

Olstapee RTG to Clew <feet} 

Dose Rate @ 1 Meter (July 2013) Current Activity 

RTGr mrem/hr (Ci ) CH--47 

14 4.1 39156 10 
4 1.97 32021 10 
10 1.7 36810 10 
18 1.59 38993 10 
1 1.5 122922 10 
9 1.26 37644 14,66 

8 1.1 36566 14.66 
20 0.878 38664 14.66 
19 0 .779 38700 14.66 
17 0 .704 40018 14,66 

Totals per aircraft type 
Overall Totals 
Maximum per Load 
lnvoru 

RTG Air Transport Dose Rate Calculations Route #2 
BM·>FY·>EAFB·>Creech 

Baseline Ta:xilCUmb.'LandlOelav I 1 lhOul'S 

I 
I Distance (miles) I Fl~ht Time (hr,) ITotal Hours 

BM•>FV 142 2,15 3.15 
EAFB·>Creeehl 2332 I 4.65 I 5.65 

C-130 C-17 

15 15 
15 15 

19.66 19.66 
19.66 19.66 
24.32 24.32 
24.32 24.32 
28.98 26.98 
28.98 28.98 
33.64 33.64 
33.64 33,6& 

O.stano& Al G to Cttw ueco 

Dose Rate@ 1 Meter (July 2013) Current Activity 

RTG• mrem/hr (Ci ) CH-47 C-130 C-17 
14 4.1 391 56 10 15 
4 1.97 32021 10 15 
10 1.7 36810 10 19.66 
18 1.59 38993 10 19.66 
1 1.5 122922 10 24.32 
9 1.26 37644 14.66 24.32 
8 1.1 36566 14.66 28.98 

20 0.878 38664 14.66 28.98 
19 0 .779 38700 14.66 3$.64 
17 0 .704 40018 14.66 33.64 

Totals per aircraft type 
Overall Totals 
Ma.icimum per Load 
Inverse I 

At1achMCl'l1 #6 lncldcnt f f~ Al, Tmnsport Dose AssoMment 

Dose Rate to Crew (mre m.<hn Maximum Aiah1 Ttme (hr) Total Dose per Crew Member (mrem) C:Xew# T otOO Dose (oerson-rem) La:en1 cancer Fatalities (risk) 

CH-47 C-130 C-17 Oi-47 C-130 C-17 CH-47 C-130 C-1? CH-47 C-130 C-17 CH-47 C-!30 C-17 CH-47 C-130 C·l? 
0.441 0.196 0. 196 1.92 1.44 5.65 0.849 0.282 1.107 5 5 5 4.2E 1.4E·03 5.SE-03 1.7E--06 5.6E-07 2.2E-06 
0.212 0.094 0.094 1.92 1.44 5.65 0.408 0. 136 0.532 5 5 5 2.0E 6.8E-04 2.7E-03 8.2E-07 2.7E-07 U E-06 
0.1 83 0.047 0.047 1.92 1.44 5.65 0.352 0.068 0.267 5 5 5 l.8E 3.4E-04 1.3E-03 7.0E-07 1.4E--07 5.3E-07 
0. 171 0.044 0.044 1.92 1.44 5,65 0.329 0.064 0,250 5 5 5 1. 3.2E·04 1.3E•03 6.6E·07 1.3E-07 5.0E-07 
0. 161 0.027 0.027 1.92 1.44 5.65 0.3 11 0.039 0. 154 5 5 5 1. 2.0E-04 7.7E-04 6.2E-07 7.9E-08 3. IE--07 
0.063 0.023 0.023 1.92 1,44 5.65 0. 12 1 0.033 0. 129 5 5 5 

! 
1.6E·04 6.5E·04 2.4E-07 6.6E-08 2 .6E-07 

0.055 0.Q14 O.Q14 1.92 1.44 5.65 0. 106 0.020 0.080 5 5 5 04 1.0E·04 4.0E-04 2.1E-07 4. l E-08 1.6E•07 
0.044 0.0 11 0.011 1.92 1.44 5.65 0.085 0.0 16 0.064 5 5 5 • 8. 1E·OS 3.2E-04 1.7E-07 3.2E-08 1.3E-07 
0.039 0.007 0.007 1.92 1.44 5.65 0.075 0.01 1 0.042 5 5 5 04 5.3E·05 2. 1£ ·04 t.SE-07 2.IE-08 8.4E-08 
0,035 0.007 o.oo, 1.92 1.44 5.65 0.068 0.010 0.038 5 5 5 04 4.8E·05 1,9f.:·04 1.4E·07 1.9E-08 7.6E-08 
1.40 0.47 0.47 19.24 14.39 56.49 2.70 0.68 2.66 t.35E·02 3.39E-03 1.33E-02 5.41E·06 1.36E·06 5.33E-06 

3.02E-02 1.21E-05 
o.504 1681 0.292 141419 0.4'1 1453 1 

82716.86 

5.04E-04 

Dose Rate to Crew cmremJh(} Maximum FliQhl lil'OO (hr) rota! Dose t r Crew MomOOr cmrem) Qew# Total Dose (pc1son,,,emJ Laten1 CancOf Fatalities c,isk) 

CH--47 C-130 C-17 CK-47 c-no C-17 CH-47 C-130 C-17 CH-47 C-130 C-17 CH--47 C-!30 C-17 CH-47 C-130 C·l? 
0.441 0.196 3.15 5.65 1.390 1.107 5 5 7.0E•03 5.5E•03 2 .8E·06 2.2E-06 
0.2 12 0.()94 3.1 5 5.65 0.668 0.532 5 5 3.3E-03 2.7E-03 1.3E-06 1.IE-06 
0. 183 0.047 3.15 5.65 0.576 0.267 5 5 2.9E--03 1.3E-03 1.2E-06 5.3E-07 
0.171 0.044 3.15 5.65 0.539 0.250 5 2.7E·03 1.3E·03 1. IE-06 5.oe-01 
0.161 0.027 3.1 5 5.65 0.509 0.1 54 5 2.SE-03 7.7E-04 1.0E-06 3.lE--07 
0.063 0.023 3.1 5 5.65 0.1 99 0. 129 5 9.9E-04 6.sE-04 4.0E-07 2.6E-07 
0.055 0.014 3.15 5,65 0.174 0.080 5 8.7E•04 4.0E-04 3.5E•07 t.6E·07 
0.044 0.011 3.15 5.65 0.1 39 0.064 5 6.SE-04 3.2E-04 2.SE-07 1.3E-07 
0.039 0.007 3.1 5 5.65 0.1 23 0.042 5 6. IE-04 2.1 E·04 2.5E-07 8.4E-08 
0,035 0.007 3. 15 5.65 0.111 0.038 5 5.6E•04 1.9E•04 2,2E-07 7.6E·08 
1.40 0.47 3 1.52 56.49 4.43 2.66 2.21 E-02 1.33E-02 8,85E-06 5.33E-06 

3.55€•02 1.42€-05 
0.5041681 0.47 1453 1 

70519.94 



At1achMCl'l1 #6 lncldcnt f f~ Al, Tmnsport Dose AssoMmcnt 



Attachment #7 Incident Free Ground Operations Dose Assessment 

Cargo Handling Dose Assessment Route #1 Cargo Handling Dose Assessment Route #2 

g E 
.; 

I ~ C C C li! 0 

~ I f 1? .. .. §. s, 0.. C 

0 i !! .. 
C 

., 
l 2 ~ c 0 

0 :::, C 

i E l ill " iii 
0 :, 8 .. 0 ... z ;:: a: ,_ 

g E 
ol .. 
C € 'r 
C ~ C 
0 E 0 

1? i ! £ .. .§. s, 0.. C 

0 ~ .. .. .. 
C 

! 2 
;; 'i: 0 

0 a: :::, C n E ~ : " s 
0 :, 0 .. ::. ... z ;: 0 a: 

4 1 0.70 17 0.003 4 1 0.70 17 0.003 
4 1 1.10 8 0.004 4 1 1.10 8 0.004 
4 1 0.88 20 0.004 4 1 0.88 20 0.004 
4 1 1.26 9 0.005 4 1 1.26 9 0.005 

Burnt Mountain 4 1 1.50 1 0.006 Burn1 Mountain 4 1 1.50 1 0 .006 
4 1 4.10 14 0.016 4 1 4 .10 14 O.Q16 
4 1 1.70 10 0.007 4 1 1.70 10 0.007 
4 1 1.59 18 0.006 4 1 1.59 18 0.006 
4 1 0.78 19 0.000 4 1 0.78 19 0.003 

Averaoe 1.51 Averaoe 1.51 
Total 0.054 Totat 0.054 

Fott Yukon 4 2 1.50 all 0.012 Eielsoo AFB 4 2 1.5 1 all 0.012 
EielsonAFB 4 2 1.50 au 0.0 12 Creech AFB 4 4 1.51 all 0.024 
c,ooch AFB 4 4 1.50 all 0.024 To1aJ Dose 0.036 
Total Dose 0.048 

Location Operations 
Number of Dose Rate Exposure Total Exposure 
Personnel (mrem/h) Time (person-rem) 

Number of Dose Rate Exposure 
Total 

Location Operations Exposure 
Personnel (mrem/h) Time 

(person-rem) 
Removal and Dose at 1 4 hours per 

Burnt Mountain, AK loading ol RTG 4 meter for each 
unit 

0.054 
11initc:. unit 

Removal and Dose at 1 4 hours 
Burnt Mountain, AK loading of 4 meter for 

per unit 
0.054 

RTr. nit• each unit 
Fort Yukon, AK Unloading and 4 hours Unloading 2 hours 

Loading of RTG 4 1.51 (2 hours at 0.024 
Eielson AFB, AK units each 

Eielson AFB, AK and Loading 4 1.51 0.012 
of RTG units 

location\ 
Fort Yukon AK Temporary Temporary 

Eielson AFB, AK 
Storage of RTG 360 hours 
Units (Security) 2 0,04 (5days at 0.029 

Creech AFB, NV 
each site) 

Eielson AFB, AK Storage of 240hours 
RTG Units 2 0.04 (5 days at 0.019 

Creech AFB, NV 
(Security) site) 

Unloading and Unloading 

Creech AFB, NV Loading on 4 1.51 4 0.024 
Ground 

Creech AFB, NV 
and Loading 4 1.51 4 0.024 
on Ground 

Vehicles Vehicles 
TOTAL 0.13 TOTAL 0.11 
LCF 5.27E-05 LCF 4.40E-05 
Inverse 18991.38 Inverse 22739.68 



TES-3206 

ITEM NO. 1 

October 28, 1965 

MARTIN MARIETTA CORPORATION 
APPLICATION FOR BYPRODUCT LICENSE FOR MARTIN 

LOW COST THERMOELECTRIC GENERATOR 

NON-PROPRIETARY INFORMATION 

(1) Cover letter 

(2) Form AEC-313 submitted on 8/13/65 

(3) Martin Radiological Safety Program 

(4) Resumes for Theodore R. Barker II; H. E. Bexford: 
Richad J . Brisson 

(5) Specification for SR-90 Heat Source MN- 10139 

(6) Safety Evaluation for a 25 watt Sr- 90 Low Cost 
Generator MNSP-RE-5073 . 

MARTIN PROPRIETARY INFORMATION 

(1) Appendices for Safety Evaluation for a 25 watt 
Sr-90 Low Cost Generator MNSP-RE-5073 

(2) Shield Plug and Shield Body 

(3) Fuel Capsule Assembly N0013108 

(4) Fueling Instructions and Module Installation 

(5) Generator Assembly N0013100 

1 . 
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however, procedures that must be followed to properly handle and transport an 

RTG and these procedures a r-e outlined in new Appendix E: "Oper-ating 

Procedures. " 

ACCEPTANCE TESTS AND MAINTENANCE PRCX.iRAM 

Again, the NRC Regulatory Guide, under- the heading of "acceptance 

tests" requests that the applicant discuss those tests to be performed prior 

t o the fir-st use of a package. All of the Sentinel-25 series packages were 

fabricated and inspected many years ago. Even though t ests were performed to 

assure that the radioisot opic heat sources were leak tight and that the 

radiation shielding is adequate to meet the requirements of 10 CFR Part 71, 

no additional units may be built and therefore this section is not 

applicable. Additionally, an RTG is designed to be maintenance free such 

that the only maintenance required is related to the shipping pallet and the 

associated attaching hardware, these items are discussed in new Appenedix F: 

"Acceptance Test and Maintenance Program. " 

* U.S. NRC letter SGTB:MGB 71-4888 dated 04 November 1991 from Charles E. 
MacDonald to John F. Vogt (TES) with enclosure. 

R2 
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PREFACE '.IO REVISICN 2 

Revision 2 is in response to a NRC request* to supply additior,ial 

information to include specific specific sections on operating procedures and 

maintenance program. The applicability of these two sections is addressed 

below. Drawing No. 001-70057, Rev. D, also specifically requested is 

attached to this report. (This drawing was included with Rev. l - see Pg. v . } 

OPERATING PROCEDURES 

The intent of this chapter in the NRC Regulatory Guide 7. 9 "Standard 

Format and Content of Part 71 Applications for Approval of Packaging of Type 

B, Large Quantity and Fissile Radioactive Material" is apparently to provide 

procedures for use in the loading and unloading of a typical "package" such 

as a shipping cask used to transport radioactive materials. A radioisotope 

fueled thermoelectric generator ( RTG), however, is designed to convert the 

energy given up by the radioisotope's dec~y directly to electdci ty and 

hence, is useful only when loaded. 

The Sentinel-25 series packages (RTGs) have been loaded or "fueled" at 

Oak Ridge National Laboratory (ORNL} and each RTG will remain "fueled" or 

loaded throughout its useful lifetime. If, and when, at the end of the RTG's 

useful life, the decisiqn is ma.de to "de-fuel" or unload the RTG, procedures 

will be developed based on the facilities to be used. Obviously, it is not 

possible to ship and ''empty" package for these same ceasons. The pcocedures 

for loading, unloading and transport of an empty package as described in the 

Regulatory Guide, therefore, ace not applicable to an RTG. Thece ace, 

R2 
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With r egard to t he generator housing (shield vessel), the Top Assembly Dwg . 
for SN- 001 cites Dwg . N-0013113 whereas the Top Assembly Dwg . for SN-004 
cites Dwg. N0013213. Whether or not there were actua lly two drawings is 
unknown - the difference could have been a drawing error or a change in the 
part numbering system. Neither N0013113 nor N0013213 could be l ocated. 
However, we believe t ha t a l l cast iron housings were cast in accordance 
with Dwg. 001-70036 and were then machined to f i na l dimensions to Dwg. 
001-70033 with one exception . 'l'he lifting lug shown on 001- 70033 to be 
r emoved applies for 25D units only (see note - "remove this ear"). These 
lugs were retained for both the 25A and 25B units. All castings were in 
accordance with · t he shield body casting specification 001- 80005 ( included 
herein in Appendix D). 

The generator housing (shield vessel) l i d for SN-004 was construc t e d t o 
Dwg. 001-40000. The lid as sembly drawing for SN-001 c i t ed as N-13107-009 
(Module Assembly) on Top Assembly Dwg. N0013100 could not be l ocated . 

.. · . .··. 

Rl 
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SENTINEL (LCG) -25A (Continued) 

SN-004: 

COMPONENT/ASSEMBLY DRAWING NO. REMARKS 

Top Assembly OOh-10000 Included w/Rev. 1 

Shield Body 001-70024 Included w/Rev. 1 

Shield Plug 001-70025, Detail 001 Included w/Rev . 1 

Shielding Specification 001-80003 Included w/Rev. 1 , 
(Tungsten Alloy) (Appendix D) 

Generator Housing 001-70036 Included w/Rev. 1, 

(Shield Vessel) 001-70033 see text regarding 
removal of lifting lug 

.. · . 

Generator Housing Lid 001-40000 Not Available, see text 

Cast Generator . 001-80005 Included w/Rev. l, 
Housing Specification (Appendix D) 

Our cucrent investigations indicate that SN-001 was constructed in 
accordance with Top .ll.ssembly Dwg. N00113100. This drawing was the one 
submitted with the original license application (circa 1965). A 
distinctive feature of this first unit is that the T/E elements were 
installed into the generator housing lid assembly (as shown on N0013100). 
For SN-004, the design was revised such that the T/E elements were 
installed in a separate assembly with a bellows seal. The lid assembly was 
then modified to accept the new module assembly (T/E elements within 
bellows). The module assembly fit within a recessed portion of the lid 
assembly - see Top Assembly Dwg. No. 001- 10000. 

In August 1968, the Martin Marietta Nuclear Division was acquired by 
Teledyne. Subsequently, many of the Martin Marietta series N and PN 
drawings for the Sentinel ( LCG-25) units were reissued as Teledyne series · 
001- drawings. Not. all dcawings were reissued; one example being the Top 
Assembly Dwg. for SN-001 (N0013100). However, our curcent investigations 
indicate that the tungsten alloy shield body and shield plug for both 25A 
units were constructed to (reissued) Dwgs . 001- 70024 and 001-70025, Detail 
001, cespecti vely. The shield matedal is in accocdance with shielding 
specification 001-80003 (included herein in Appendix D) . 

Rl 
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ORIGINAL 
UNIT 

SERIAL NO. OWNER 

SENTINEL (LCG) - 25A 

CURRENT LOCATION 
CONSTRUCTION 

DATE 

vii. 

001 U.S. Navy Fairway Rock, _Alaska Early 1966 

004 U.S. Air Force Burnt Mountain, Alaska Mid 1968 

SN-001: 

COMPONENT/ASSEMBLY 

Top Assembly 

Shield Body 

Shield Plug 

Shielding Specification 
(Tungsten Alloy) 

Generator Housing 
(Shield Vessel) 

Generator Housing Lid 
(Shield Vessel Lid) 

Cast Generator 
Housing Specification 

DRAWING NO. 

N0013100 

001-70024 

001-70025, Detail 001 

001-80003 

001-70036 
001-70033 

N-13107-009 

001-80005 

RENARKS 

Included w/August 1986 
submittal 

Included w/Rev. 1 

,·included w/Ret< 1 

Included w/Rev. 1 
(Appendix D) 

Included w/Rev. 1, 
see text -regarding 
removal of lifting lug. 

Not availabl e - see text 

Included w/Rev. 1, 
(.Z\ppendix D) 
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PREFACE TO REVISION l 

Revision 1 is in response to a NRC request* to supply component drawings 
for each of the Sentinel 25 series generators for the following components: 

Shield Body 
Shield Plug 
Generator Housing (Shield Vessel) 
Generator Housing Lid (Shield Vessel Lid) 

There were only two Sentinel (LCG) - 25A units constructed. The first, 
SN-OOL was built in early 1966 for the Navy and was installed on Fairway 
Rock, Alaska. The unit is still at this location. The second, SN-004, was 
built in mid 1968 and is currently located at Burnt Mountain, Alaska. It is 
currently owned by the U.S. Air Force. For SN-004, the construction details 
of the thermoelectric (T/E) module were modified (as described below). In 
response to the NRC request, a summary of the information provided herein 
follows: 

* U.S. NRC Letter FCTC:CEW 71-4888, dated 23 September 1986 from Charles E. 
MacDonald to John W. McGrew (TES) with enclosure. 

Rl 
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The application dated September 15, 1969 by Isotopes, Inc . provided the 
response to specific inquiries from AEC: Irradiated Fuels Branch regarding 
certain properties, hydrostatic testing and Quality Control procedures for the 
Hastelloy fuel capsule of the Sentinel 25 units . This submittal, along with 
explanatory notes prepared in April 1985 is provided in Appendix B. 

.· . 
.::·. 



TES- 3206 

Prepared by: 

..... ,,,. _.---- - --------

I TEM NO. 2 

SAFETY EVALUATION 

FORA 

TWENTY-FIVE WATT STRONTIUM90 

LOW COST GENERATOR 

MODEL LCG-25A 

MNSP-RE-5073 · 

April 15, 1965 

R. D. Emrick 
Nuclear Safety Unit 

'' 
MARTIN MARIETTA CORPORATION 

NUCLEAR DIVISION 
BALTThfORE, MARYIAND 21203 

- ··- - ·· .... - ... .. .. .. .. ... .. . . .• .. - ... .. 

2 . 

Approved by: 

fJca~i~ 
D. C. Ancierson, 
Supervisor 
Nuclear Safety Unit 



TES-3206 

L 

IL 

m. 

IV. 

V. 

TABLE OF CONTENTS 

Introduction • . . .. ·• . . . . . 
Safety Philosophy and Design Criteria . 

System Description . . . 

• rt. Genera~cr Assembly • • • • • • C • • • e • • • • • • • 

B. Biological Shield 

c. Heat Source . . . . 
D. Radioisotope Fuel 

E. Quality Control 

Hazards Considerations 

A. Licensing Regulations 

B. · Hazard Environments 

c. Radiation Analysis 

. . . . . . . . .. : ... 

. :.:·. . . . . . . . . .. . 

. . . . . . . . . . . . . . . . . . . . 

D. Tampering 

References . . . . . . . . . . . . . . . . . . . . . . . . 

I-1 

II-1 

m-1 

III-1 

m-a· 

m-s 

III-6 

III-8 

IV-1 

IV-1 

IV-3 

IV-5 

IV-6 

V-1 

3. 



I 
! 

I 

. .. . - ·- . - ---;--~~ - - . --·- - - -- --- . 

~ ..... 

TES-3206 4 . 

I. INTRODUCTION 

· This report presents a description and nuclear safety evaluation of the LCG-25A 

model of a low cost radioisotope thermoelectric generator. It establishes the Low 

Cost Generator ~s a·n inherently safe device and further, that. its radioisotope heat 

source can be treated essentially as a sealed source during handling, shipping and -

operation. · 

The environmental conditions, for which the sealed source is designed, are pre­

sented to establish the minimum acceptable site conditions for any operational site. 

Therefore in the future it should be possible to establish the acceptability of the 

. generator for use at any particular site by a limited investigation of possible site 
•, .. ·. 

effects on the radioisotope containment. · 

It is further shown that the radioisotope source is uneffected by modifications in 

the energy conversion subsystem. 

' ' I-1 
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Il, SAFETY PHILOSOPHY AND DESIGN CRITERIA 

In complying with the nuclear safety philosophy of protecting the general public 

from any undue hazards, the most desirable approach is to achieve a design provid­

ing absolute fuel containment under all normal and accidental shipping, handling, 

and operating conditions. 

Coincident with this general phiiosophy, the LCG-25A heat source has been de -
• 

signed as a sealed. source that is highly resistant to: 

(a) mechanical loads and shocks, 

(b) elevated temperatures, 

(c) tampering. 

Specifically the LCG-25.A has been designed to t he followi~ requirements: 

1. Fuel compatibility with containment structure. 

2. Sufficient biological shielding to comply with current ICC and AEC shipping 

and handling ;-egulations. 

3. Negligible radiation effects on the s tructural integrity of the generator 

materials. 

4. Fuel containment under the .following conditions without increasing the dose 

rate at one meter from the surface of the source by more than a factor of 

100: 

a. Free fall from a he ight of 30 feet onto a rigid non-yielding surface, 

b. _Drop from 40 inche s onto a steel cylinder~ 

c . Exposure to an accident fire of 1475°F for a period of 30 minutes, 

d. Immersion in water for a 24 hour period. 

II-1 
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. 6 . 

To insure integrity of the safety features designed into the fuel containment. 

strict quality control and assurance of materials and workmanship during 

manufacturing and assembly will be maintained. · 

. I 
' ' 
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Module Rc1d1c1tor Fins. c1nd Terminal $top 

f .. 

FIGURE I 
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III, sYSTEM DESCRIPTION 

'l;'he Low Cost Generator is 3: radioisotope thermoelectric generator designed 

for terrestrial applications. The 'model LCG-25A will be fabricated and tested as 

a prototype of this class of generators. !he ton and a half generator, utilizing 

strontium titanate as a heat source, i.S designed to produce 25 electrical watts 

after 7. 5 years . 

Basically, the LCG consists of a nuclear heat source, energy conversion unit, 

and biological shielding. The entire assembly comprises a sealed source container 

which guarantees fuel containment under the adverse mechanical and theriµal con­

ditions which might be experienced in a transportation accident (Reference 1) • . 

A. GENERATOR ASSEMBLY 

From the center out, the generator consists of a beat source contained in ~ 

cylindrical Hastelloy-C capsule which is in turn surrounded by a tungsten alloy 

shield block providing part of the biological shielding (see Figure 1). This shield 

block is encased on its sides and bottom with Johns-Manville "Min-K" thermal 

insulation. · The assembly is further contained in an outer shell of cast iron pro­

viding the remainder of the biological shielding. The thermoelec.tric mcxlule is 

attached to an aluminum lid which positions it directly over the fuel block. This 

lid is bolted to the cast iron shell With "0" rings between to minimize interchange 

of the internal argon atmosphere with the air outside. Fins on top of the lid serve 

to reject the waste ~eat from the thermoelectric system to the ambient air. Al­

though assembled and fo.ieled in an upright position (axis of the cylinder perpen­

dicular to the ground), the generator is operated and shipped on its side to pro­

mote good convective flow over the cooling fins on t}w lid. This necessitates a 

m-1 
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set of legs on the side as well as on the bottom of the generator. 

The appr~ximate total weight of the generator will be 3000 pounds, . the bulk 

of this weight being accounted for by the cast iron shell weighing approximately 

2500 pounds·, with the lid, fins, module, and insulation adding about· 200 pounds. 

The balance of the weight is attributable to the tungsten shield block. . . . 

1. Fuel Block SupQ2rt 
. '• 

The fuel block (fuel capsule and internal tungsten alloy shield) i~ supported . 

through the surrounding Min-K insulation. This insulation fits cfo?ely around the 

fuel block bottom and sides, but there is a gap between tlie top of the block and the 

module to permit heat transfer between the two and to allow easy removal of the 

module. To support the fuel block against upward directed loads and to keep !t 

from slamming into the module and injuring it, a steel ring is attached to the top of 

the block. This ring extends into the side insulation and is canted to direct upward 

loads on the fuel block through the Min-K toward the "corner" formed by the lid and 

the outer shell of the generator. This is necessary since the 'Iree n surface of the 

Min-K along the side .. wall of the module might flake and crack if the load were 

directed along the generator ax.is. The lid performs the function of fuel block hold 

down in this configuration. 

2. Thermoelectric Module 

The disc-shaped thermoelectric module, which will convert the heat of decay of 

the Strontium-90 fuel into electricity, is located directly above the fyel block -plug. 

Using lead telluride as th~ conversion material, the module incorporates 2~ thermo­

couples which are surrounded by Min-K insulations to reduce thermal losses. 

Final installation of the module will be J)E;rformed either at the fueling facility 
. . I 

or at the Martin Company facility in Baltimore. ' ' 

m-2 
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3. · Lid and Fins 
I 

The fins and lid are made of aluminum to obtain high thermal conductivity at 

reasonable cost and weight. A terminal strip is attached to the top of one of the 

fins to allow electrical connections.without disturbing the module output feed­

throughs. This serves as a quick disconne ct feature to facilitate replacement 

during maintenance activities . 

4. Insulation 

All thermal insulation is Johns-Manville Min-K 1301, except for a strip at .the 

bottom of the fuel block. The module insulation and the ring o( insulation that sup­

ports the fuel block agains~ upward loads will be fabrica~d as separate pieces. The 

insulation around the sides and bottom of the generator will be formed into the outer 

vessel or fabricated in layers from sheets. The insulation in immediate contact 

with the bottom of the fuel block must have a higher temperature capability .than 

Min-K 1301 to satisfy the high beginning-of-life fuel block temperatures which will 

be in the 1500-1600°F range. Johns-Manville Superex has been selected to satisfy 

this requirement. 

B. BIOLOGICAL SHIELD 

1. Inner Shield Block 

The tungsten alloy internal shield consists of a cylindrical shield body.to which 

a top plug is bolted and locked in place. Th.is casing is designed to provide sufficient 

biological shielding under credible accident conditions. For instance, if the gene)."ator 

w.ere subjected to the 1475°F accident fire, the aluminum lid could melt and the fuel 

block conceivably fall out. It also may be possible 'for the cast iron shell to cr~k 

or break away under adverse shock or impact c9nditions. A tungsten base alloy, 
, • I 

exhibiting desirable mechanical properties under elevated temperatures, will 

fil-3 
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provide the necessary reserve containment should the cast iron shell fail. Some of 

.the· physical properties of this type of material are listed below. 

TABLE i 

Typical Properties of 
. Tungsten-Copper-Nickel Alloys 

Density, gm/cc 

· Corrosion rate in 20% H C 
at 9~°C, gm/cm2/hr . 

Oxidation resistance in still air, 
weight gain mg/cm2 after 100 hr 

Ultimate tensile strength, psi 

Yield strength (. 2% offset), psi 

Elongation {% in 2 '') 

Short time tensile at . 
elevated temperature, psi 

Ultimate compressive i:;trength, .psi 

750°F 
930°F 

1110°F 

1200°F 
1500°F 
1800°F 

. ' · ·-

17. 00 (min. ) 

0.00053 

nil 
0.65 
7.~o 

12q,-000 

:.'88 , 000 

2-15 . 

70,500 
55,000 
31, 000 

167,.000 

Due to the excellent gamma absorption characteristics of this alloy, under an 
. . 

accident condition the shield will limit the dose rate to a tolerable level (low enough 

for a man to approach sufficiently close to perform emergency operations) •. 

2. Cast Iron Shell 

The outer shell of t)le shielded generator is a class 40 gray cast iron bowl­

shaped vessel which provides a large portion of the necessary biological shield­

ing and has integrally cast legs and lifting brackets necessary to handle the gener­

ator. Galvanic corros ion between the cast iron and the aluminum lid i s avoided by 

several procedures in the manufacturing and assembly of the generator. These in-

• " ' 
elude priming the aluminum and iron with zinc chromate , filling interfaces with 

epoxy sealer, and using cadmium plated steel bolts, 

m-4 
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C. HEAT SOURCE 

7'he ~rime fuel containment for the titanate fuel is pr?vided by a cylindrical 

Hastelloy-C capsule similar to the fuel capsules of the SNAP 7 series. The fuel 

~ be further encased in a stainless steel liner(s) within the capsule to facilitate 

fuel loading and decontamination of the capsule. Approximately 120,000 curies of 

this strontium fuel will be loaded into the capsule to meet t he beginning- of-life 

power requirement of 70~ therm al watts. 

Table 2 presents a list of the phys ical dimensions of the capsule and Table 3 

. i.S a summary of the material _properties •. 

TABLE 2 

Fuel Capsule Dimensions .. · . 

Inside Diameter, in. 

Outside Diameter, in. 

Wall Thickness, in. 

Overall Length, in. 

Top Cap Thickness, _in. 

Bottom Cap Thickness, in. 

3.120 

3. 620 

o. 250 

9.484 

.37~ 

' 
.250 

The selection of Hastelloy - C as the capsule material was prompted primarily 

because of its compatibility with the titanate fuels (Reference 2), In addition, it 

exhibits excellent sea water corrosion resistance. Studies conducted by ~ter- · 

national Nickel Company and Martin. Company (References 2 and 3) obtained .. 

average corrosion rates ·of. 0001 in/year and 3-100 micro-inches/year, respec­

tively. These characteristics , plus the high tensile str engths in the temperature 

range of the operating generator, guarantee fuel. containment to a point well beyond 
, I "'' 

the present design r equirements for the LCG-25A. 

m-s 
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For a more extensive treatment of the use of Hastelloy-C material with strontium 

titanate fuels, · and of its ability to satisfy design requirements more stringent than 

those defined for the LCG, refer to the final safety reports of the SNAP 7 .series 

(References 4, 5, a~d 6). 

TABLE 3 

Physical Properties of Fuel Capsule Material 

Density, lb/in3 

Melting Point Range, °F 

Thermal Conductivity, BTU/hr-ft-°F 

Coefficient of Thermal Expansion, 
per °F (32-212°F) · ·,:· · 

Specific Heat, BTU/lb-°F (32-212°F) 

Modules of Elasticity in Tension, psi 

Tensile Strength (annealed}, 1000 psi 

Yield Strength (annealed), 1000 psi 

Impact Strength (Izod, annealed), ft-lb 

Creep Strength (1 % ext. in 10,000 hr},. psi 

Rupture strength (1500°F), 1000 psi 

III-6 
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Hastelloy C 

0.323 

2318-2381 

9. 9(1100°F) 

8. 2X!0-6 

o. 09 

24. 8xl06(I000°F) 
19.5xl06(1500°F) 

99.3 (I000°F) 
56. 4 (1600°F) 

43. 9 (l000°F) 
37. 5 (1600°F) 

21-23 

18, 000 (1000°F) 
4,500 (1300°F) 

850 (1500°:F) 

26 (10 hr) , 
18 (100 hr) 
12.-5 (1000 hr) 
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D. RADIOISOTOPE FUEL 

strontium was selected as the fuel for the LCG-25 system because of its long 

half-life, availability, and ability to be processed into a highly insoluble compound. 

The fuel form will be of the strontium titanate series of compounds, of which SrTi0
3 

or Sr 2 TiO 4 is the most probable choice. The titanate fuei will be either step pressed 

or pelletized at the Martin processing plant at Quehanna, Pennsylvania. The fuel 

form selected y,ill be dependent primarily upon the thermal energy and physical 

characteristics most desirable for the LC~ system. 

Strontium titanate is a chemically stable compound effectively insoluble in natural 
. . - . 

reagents. The titanate forms an eutectic with titania and solid solutions with the 

titanates of.parium and calcium • . The predominate form is the meta-titanate although .. 

an orthotitanate can be prepared.-

In the radioactive disintegration of Sr -90 the daughters Yttrium-90 a_nd Zir­

conium-90 are formed. Since the valence of the cation increases, there is an 

oxygen deficiency. Consequently, Yttrium and Zirconium may eXist in the fuel in 

an uncombined state. At the present time there are no available data concerning the 
,. -· 

effect of fuel composition variation on solubility. This should be of no consequence 

to the generator system, however, since the fuel is, in effect, a sealed source of · 

unquestionable containment integrity. 

The physical properties for SrTi0
3 

are well established while those for the 

Sr 2 TiO 4 form are not as complete. Pr_incipal properties of the SrTi0
3 

form ai:e. listed 

below. 

' . 
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TABLE 4 

Properties of Strontium Titanate 

Molecular Weight 

Melting Point 

Crystal structure 

Theoretical Density 

Actual Density 

Thermal Conductivity, 
BTU/hr-ft-°F 

Specific Heat 
BTU/lb- 0 R 

- 183. S 

- 1920°C 

- Cubic (persovskite) 

5.11 g/cc 

- 3. 0 g/cc 

4 at 550°F 
1. Sat 730°R 

• 080 at 250°R 
• 166 at 2500°F 

Coeffici~p.t of Thermal Expansion - 9. 4x10-S per °C (21 °C) · 
11. 2x10-6 per °C (700°C) 

E. QUALITY CONTROL 

15. 

To insure containment integrity of the generator unit, adherence will be made to 

rigid q~ality control procedures during and after assembly of the various pomponents. 

Generally, quality control system requirements as defined in .Military Specification 

MIL-Q- 9858a are followed as ·procedure guidelines. ' 

Martin quality control procedures applicable to such system as the LCG are as 

follows: 

1. Periodically inspect and calibrate all gages and precision meas.uring instru­

ments used in manufacturing. 

2. Materials are ordered as specified in the drawings • . Alternate materials 

are specified, when feasible, to reduce costs and improve delivery schedules 

and all substitutions must be approved by Engineering. All incoming ma­

terials, parts, or units are checked for· dimensions , physical conformity, 
' ' 

workmanship, and shipping damage. 
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16. 

Visual and dimensional inspection as well as chemical and physical tests 

are performed where necessary. Dye penetrant tests per Process MIL-

1-6866 and MIL-I-6868 and radiograms are performed is required. 

Special consideration is given to welded asse~blies requiring absolute 

containments and seal welds are helium leak tesU:d according to 

specifications. 

4. Quality Inspection Log Control is maintained t o document in-plant inspec-

tion steps during manufacturing, assembly, and tests. 

The specific quality control and assurance procedures defined for the fuel cap­

sule and shield block are conducted according to specifications of the applicable 

drawings • 

.1 ' . 
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IV, HAZARDS CONSIDERATIONS 

For the tran~fer of the LCG generatoi;-, and for storage and operation, it is 

necessary to insure compliance with r egulations of the appropriate a_gencies for 

the shipment and storage of radioactive materials. This necessitates that various 

analyses be performed of the thermal, structural, and containment integrity of ~he 

generator system subjected to potential transportation hazards. 

A. LICENSING REGULATIONS 

U. S. Atomic Energy Commission and Interstate Commerce ·commission re­

quirements include the followin~ design criteria for the transportation of a package 

containing Strontium 90 fuel: 

1. Radioactive materials that present special hazards must be packed inside 

metal containers approved by the Bureau of Explosives (BOE) in addition 

to prescribed Interstate Commerce Commission packing. 

2. The cask must be designed such that the gamma radiation will not exceed 

200 mr/hr at the surface of the cask or 10 mr/hr at a distance of one meter 

·perpendicular to the long a.xis of the source. 

3. At all times during transport, the surface of the cask must be less than 180°F. 

4. No material within the system must approach within 300°F of its failure 

temperature during transpor:t. 
. . 

5. Lead shielding or other equally effective shielding material must be encased 
... 

in steel or other suitable material such that shielding will neither flow away 

nor lose its efficiency if in a fire. The casing material must be 1/8 inch 

thick for 6 inches or less of shie lding and 1/4 inch thick for more than 6 

inches of shielding. 
, I . ' ' 
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6. Ma~rial which might be damaged by a standard fire must be insulated fro~ . 

fire effects, if used. 

7. A means, either'·direct or indirect, for measuring internal cask wall 

temperature at all times during transport must be provided. 

8. Outer. containers, where practicable, must have joints 100% welded or 

brased, with closure secured by a positive fastening device capable of 

withstanding severe impact without failure. · 

9. Sections of the shield must be designed such that the radiation cannot be 

beamed at joine d points. 

10. The shielding must be internally supported such that it can neither change 

position nor open under any ordinary conditions. · 

11. _The container must be designed to withstand any vibration normally inci­

dent to transportation. This is defined by the Association of American 

Radilroads to be equivalent to· a four-foot fall. 

12. The cask, as a simple beam, m_ust support 10 times its own loaded weight 

without exceeding its ultimate tensile strength. 

13. Any lifting device must be of sufficient strength to lift 6 times the.loaded 

cask weight without exceeding the yield strength of the lifting device 

material. 

14. Containers of more than 500 lbs must be fitted with skids or designed so 

as not to create excessive pressure on small areas of carrie r decks. ... 

Gross weight must be marked on containers destined for water shipment 

if loaded weight exceeds 500 lbs. 

The generator system has been designed to m,eet these criteria. 
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B. HAZARD ENVffiONMENTS 

In satisfying the mechanical and thermal r equirements of part A above, four 

accident conditions simulating the most severe environm~ntal threats to the LCG 
. .. 

system have been recommended by the AEC for examination. 

1. Flat Drop - A free fall through a distance of 30 feet onto a flat essentially 

unyielding horizontal surface, striking the surface in such a position aa 

to suffer maximum damage. 

2. Puncture - A free fall through a distance of 40 inches striking, in such a 

position as to suffer maximum damage, the flat horizontal end, with edges 

rounded to a ·radius of not m~re than· one-quarter inch, of a vertical cylin.­

drical mild steel bar, 6 inches in diameter. The bar shall be of such a 

length as to cause maxim.um damage to the package and shall in any event 

be not less than 8 inches long. It shall be mounted on a flat essentially 

unyielding horizontal surf ace. 

3. Thermal - Exposure for 30 minutes within a source of radiant heat having 

a temperature of 1475°F and an emissivity· coefficient of o. 9, assuming 

that the package bas an absorption coefficient of o. 8, the package shall 

not be cooled artificially until after the 30 minute test period has expired 

and the internal temperature bas begun to fall. 

4. Immersion - Immersion in vt'ater so that the package (i.e. generator) is at 

least three feet below the surface for 24 hours. 

Subsequent to these conditions , the system must r etain sufficient shielding 

properties such that the radiation level at 1 meter from the surface of the gener­

ator will not exceed 1000 mr/hr (Reference 7). ,. 
'' 
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The following paragraphs examine the ability of the Low Cost Generator design 

to meet these specific require11:1ents. 

Structural - Should the cast iron outer shell crack or break away in an accident, the 

tungsten shield block is des·igned to keep the radiation at an acceptable accident level 

of 100 times the normal permissible level. Analyses of the structural integrity of 

the internal shield in the 30 ft. free fall and the drop from 40 inches onto a steel 

cylinder have been performed. It is sho'WU that the potential energy of an end drop 

from 30 feet is approximately 10,000 ft-lb, while the energy necessary to rupture 

the tungsten-alloy shield ·block is over 22,000 ft-lb, a margin of safety of 1. 225. 
. . 

In examining the shield block for the puncture drop, the· 6 inch diameter of the 

steel cylinder is comparable to the dimensions of the shield block. Thus the shock 
. ..·' 

load is similar to that of a drop onto a flat horizontal surface, _and it is found that 

the potential energy available from a 40 inch height is only 11 % of that from a 30 ft. 
. . 

height. Thus the shield block will survive this condition with an even greater degree 

of safety ~han that for the 30 ft . drop. 

It may the ref ore. be concluded that even if the outer cast iron housing were to 

break away, offering no structural support to the gen~rator, the inner shield block · 

would withstand the shock forces of the accident mechanical envirom:pents. 
. . . 

Thermal.:. An examination of the gener_ator in the 1475°F accident fire bas been 

performed. Conservative res ults indicate that, sho1:1ld the generator be subjected 

to the fire while in an upright position, the melting point of the aluminum lid ... would 

be r eached in 15 minutes and a partial ~eltdown and subsequent ?ollapse of the lid 

could occur. With the normal heat rejection path destroyed, it has been determined 

that the energy from the beat source can s till be rejected while keeping the temper­

a ture well below the melting temperat~es of ~he 'critical components, namely; the 

fuel, the fuel capsule, and the internal shield block. 
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Immersion - The excellent corrosion resistance of the outer cast iron shell, inner 

shield block, and fuel capsule bas been discussed in sections III-Band C. Further­

more, the fuel capsule alone is designed to withstand hydrostatic pressures charac­

teristic of ocean burial at depths greater than 3000 feet, Therefore, the design of 

the system precludes any possi~ilio/ of l~akage or fuel release due to water .. 

immersion. 

C. RADIATION ANALYSIS 

A radiation analysis was made of the LCG-25A generator in which the inner 
. . 

shield material was considered to be mallory 1000*. The inner shield, on the 

side and bottom of the cylindrical fuel capsule, was sized to prevent the radiation 

at one meter from exceeding l _r/hr in .case the capsule and inner shield were de -
. . : · . 

tached from the cast iron outer shield during an accident. This conforms to the 

standard recommended in Reference 7, which requires the radiation as a result of 

an accident not to exceed 100 times the normal dose. The plug covering the top of 

the capsule was sized to have the surface dose-rate to be less than 500.mr/hr. This 

low dose rate is required in order to permit the thermoelectric module to be changed 

in the field. The analysis showed that 1 - 3/4 inches of shielding is required on the 

side and 1 - 1/2 inche~of shielding ~s r equired on the bottom of the capsule~ r e -
. I 

duce radiation to 1 r /hr at one meter from the capsule center. The required top 

plug thickr!,ess is 3-1/2 inches. 

------ -------- -------- --- --- -------- -------- --9'--

* At the time of this analysis, Mallory 1000 had been the choice for the inner shield. 
However, little differenc.e in the s hielding characteristics of the tungsten ·alloys is 
expected due to the similar composition and densities. 

' ' 
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An outer shield of cast iron is included in the Low Cost Generator to reduce 

raidation levels to accep~~le limits during normal handling. These levels corre­

spond to the ICC regulations for shipping radioactive materials - 10 mr/br or less 

one meter from the center of the source or 200 mr /hr or iess at the surface of the. 

cask. A 5-1/2 inch thickness of cast iron is required on the side and bottom of the 

cask to reduce the radiation level to 10 mr/hr at one meter from the fuel center. 

T'.ni.s thickness of cast iron produces a surface dose rate of 80 ror/hr. 

D. TAMPERING 

Although the LCG will be in a controlled access area during operation, th.is alone 

can not prevent access by persons intending to tamper with the generator. Should the 

tinker be a saboteur, little defe~e is available. Sbould ,b~ be motivated by curiosity 

or mischief, however, it is nearly impossible to endanger himself or others by 

radiation exposure. 

Assuming that he is equipped with the proper tools to facilitate removal of the 

heavy aluminum lid and module , and can work without being affected by the heat 

radiated from the hot generator surface - this in itself is quite a feat fol'. the average 

tinker - attempts to get any closer than this to the fuel block will be ,futile. To get to 

the heat source would require burning through the locked shield block plug. Only a 
, I 

person bent on sabotage would pursue the matter to this extent. 

Since the radiation at the top surface of the inner shield block plug is less than 

500 mr /hr, one would have to keep his hand on the hot surface for more than :t...7 

hours before reaching the maximum permissible normal quarterly dose of 18. 75 

rem for the hands. 
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VI, APPENDICES 

A. INNER SHIELD STRUCTURAL ANALYSIS* 

1. Free Fall From 30 Feet 

The generator internal shield is designed to meet the emergency radiation re­

quirements without the use of additional shield material. That is, this material 

only will provide 2.dequ.a.te shielding to iimit the radiation level to ~ess than the 

maximum allowable specified after a 30-foot free fall drop. Thus, the 30-foot 

drop criteria shall have been met if the fuel block internal shield can survive the 

resultant impact without suffering gross deformation and/or fracture. 

Assumptions for Analysis: 

a. No energy dissipation shall be accounted for though deformation of: the . 

cast iron outer shell, cask fittings and projecting components, internal 

Min-K insulating material, and target material. 

b. The internal shield shall be treated as a solid body. This assumes that 

the capsule and fuel fill the shield center void such that for IXU'poses of 

analysis the shield may be treated as a solid cylinder subject to dynamic 

compression only and no local bending. 

c. The cast iron outer shell and Min-K insulating material provide support 

for the fuel block such that only uniformly distributed loads, acting on 

the shield proj~ct~d area perpendicular to the target plane, are imposed 

due to the shield's own inertia forces, 

*By R. Gjertsen 
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Internal shield geometry · r:· . : . 12M 
3. 25 . . ·. -i-1 1--·---~-- -- 1 i 

. I 
; 

13. 75 8. 75 Fuel Capsule 

.t 

----- ·- ·-·-·· ·- .. 
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It i s conservatively assumed that the shie ld is a -solid cylinder made from 

Mallory - 3000 material. 

w = shie ld weight = ~v 

where 

p = density = . -6125 lb/in3 

V = volume = ~ {7. 125>2 {13. 75) 

thus 

w = 337 lb 

U
8 

= available energy = Wh 

where 

h = drop height = 30 ft 

thus 

U
8 

= 10,100 ft- lb 

= 550 in3 

Properties··of Mallory - 3000 mater-ial {Refere\)pe P.R. Mallory & Co, Booklet, 
"High Density Metals", 1962 
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Room Temperature Properties: 

s 
cu = ultimate compressive s~rength 

s = yield compr~ssive strength = cy 

Stu = ultimate tensile strength = 

sty = yield tensile strength = 

Thus the room temperature stress ratios are: 

s cu -s = 1.39, 
tu 

Properties at i500°F:. 

Stu = 55, 000 psi 

1.19, 

Using the room temperature stress r~tios • 

sty = • 733 x Stu = 40, 300 psi 

s = 1.19 X Sty = 48,000 psi cy 

s = 1. 39 x Stu = 76,500 psi cu 

Also, ·· 

(1) 

= 

• 733 

e . = tensile or compressive deformational ultimate u 

= • 03 in.. /in. 

27. 

167. 000 psi 

1051 000 psi 

'120. 000 psi 

_ss. ooo psi 

(l)In reference only .t he tensile elongation is given at temperature. But com­
parison of t he room temperature tensile strain for Mallory - 1000 with the room 
temperature ultimate bearing compressure s train shows the compressive strain 
to approximately equal the tensile strain. Hence, it is assumed that the com­
pressive strain and tensile strain are equal at operating temperature. 

.. - - - ··-

. I ' ' 
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.·. 

Determination of energy available in the shield material: 

A. End drop: 

For an end drop it is assumed that a uniformly varying load distribution will 
.. 

occur along the shield length as shown below: 

T.he energy per unit volume (- ~) up io the material's ultimate strength is: 

(tf) 
V u 

* e 
= _!!_ 

6 

for a conservative approximation the volume of a hallow cylinder, as below, shall 

be used as the effective volume to resist the impact load. 

x1 = 7.125 in. ,--r x2 = 3.25 in. 

',,, I y • 13. 75 in. 

y 
V = 

V = ~ "'·~ 
hence>using the properties given for Mallory-3000 yields 

U = ultimate energy = 22,450 ft - lb u 

.IL {X 2 
4 1 

432. 5 in. 3 

X2)}' 
2 

*The value 1/6 eu as opposed to 1/2 eu comes from the fact that the energy per unit 
·- volume when the maximum stress is equal to or less than the material yield stress 

for the uniformly distributed load fs· 1/3 that pt"oduced by a concentrated load. 
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Comparison with the energy available (Ua~ produces the following margin of 

sa.f.ety (M. S. ): 

M.S. - 1 = 1. 225 · 

B. Side drop: 

Target 

)7 
For this evaluation a ori'~:..inch wide strip of the end cover sha.~l be considered. -, ~1'' I Strip 

J.----- ----

7.125 

J _____ ..:.__~ ...... ---

V =volume= 1(7.125)(2.5) = 11.s1n8 

W = weight 2 o ·v = • 6125 (17. 8) = 10. 9 lb 

Ua = actual energy • Wh = 10. 9(30) = 328 ft - lb 

Considering now the material ultimate energy and the properties of 

Mallory- 3000 at 1500°F, 
'. 
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Uu = ultimate energy = i eu 
.. 

(S + S ) y u 

· U = 11080 in - lb = 925 ft - lb u 

which yields the following margin of safety 

M.S. = uu -1 = 
.Ua 

1. 81 

2. Puncture Free Fall 

30 . 

For the 40-inch drop onto a 6-inch diameter rod it is very likely that the rod will 

not fracture the 6 1/2-inch thick cast iron outer shell. But, in the event that failure 

of the casting does occur this failure should be in the form of cracking and not a clean 

shear puncture due to the brittle nature of the material. Hence it is felt that penetra-

tion of the rod into the cask is very unlikely. .-'·-,:- · 

The energ:y developed by the inner shield block for the 40-inch drop will be 11. 1 % 

of that developed by the 30-foot free fall and since, in previous calculations, the shield 

block was shown to s~vive the free fall impact it is concluded that the 40-inch drop, 

being much less severe, shall not damage the shield block. 

B. SYSTEM INTEGRITY IN AN ACCIDENT FIRE* 

Two conditions were studied to determine the behavior of the LCG system when 

subjected to a fire. The first case was the transient heat up of the fuel capsule dur­

ing the fire. The second case was the determination of the equilibrium tempe:('ature 

of the fuel capsule after destruction of the normal heat path. 

1. Transient Heat Up Of Fuel Capsule 

Because of the e~ormous weight of this system, sufficient heat capacity is pre­

sent to prevent large increases in temperature when subjected to a fire at 1475 °F. 

A preliminary analysis showed that if the outer S)lI"face-of the cast iron shield was 
. ' , , 

kept at 1475°F for 30 minutes, the inner surfa ce (next to the insulation) would. 

*By V. Truscello VI-6 
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increase from 200°F up to 800°F. Despite this fact, an even more conservative 

approach was taken to investigate the transient heat up of the fuel capsule. 
. . 

The as~umption was made . that the fire had forced the inner surface of the cast 

iron shield immediately to 1475°F (the maximum possible temperature).· Also, it is 

assumed that the inner shield which is made of Mallory-3000 was also at the temper­

ature of 1475 (under !lCrmal conditions it would operate between 1300 and 1570°F). 

With this assumption made, beat generated within the fuel capsule can no longer be 

transferred to the surroundings. This means that the fuel capsule and surrounding 

Mallory shield will undergo an adiabatic ri~e in temperature for a period of 30 

minutes. It will now be shovm that because of the large heat capacity of the capsule 

and. shield assembly, the temperature rise in 30 minutes is about 150°F •. 

The fuel capsule generates beat at the rate of 700 watts or 2380 Btu/Hr. The 

appropriate equation to determine the temperature increase of the capsule is given 

by 

Q = MCP -6...'.!: 6t 

where 

Q = total heat input = 2380 Btu/Hr 

M = weight of the capsule • shield assembly = 234 lb 

Cp = specific heat of shield material 

= 0. 034 Btu.,1.b-0
~ 

6T = associated temperature rise °F in time d t 
. . 

The rise in temperature in 30 minutes (maximum duration of fire) is then 

· T .= 150°F 

The critical component of the shield.as sem~y Q_owest melting point) is the 

Hastelloy-C capsule with a melting point of 2318°F. Under the above conditions , 

VI-7 · 
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the capsule. will rise in temperature from its maximum normal operating temper­

ature of 1740°F up to 1890°F, well below its me lting point. · 

2. Equilibrium Temperature Of The Fuel Capsule After Destruction Of Normal 

Heat Path 

The previous case considered the maximum possible increase in temperature of 

the fuel capsule during which the fire prevented heat from being rejected in the normal 

manner. In this section, we study the case in which the fire bas stopped, but ha.s 

permanently damaged the normal beat path from capsule to surroundings. Specifically, 

the heat i.S normally transferred by radiation from the. inner top shield to the aluminum 

plate and subsequently dissipated to the surrounding atmosphere . It will now be shown 

that under the conditions of the fire, that the aluminum plate will reach its melting 

point within 15 minutes. The following model is used: 

Fire 
(1475°F) f , / Insulated v Surface 

k-uJ 
A heat balance is made at the surface of the plate over a time increment A t 

and unit area, (heat input) ::; (heat rejected} + (heat stored). 

The rate of heat input by the fire is given as 

~ = 
4 

ac~Tg 
' 

Btu/Hr:_ Ft~- 1 
' ' 
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where 

a = Stefan Boltzman Constant = 0.17 x 10-S Btu/Hr-Ft2 
- F

4 

c = emissivity of the flame wall = O. 9 

a. .;,, absorptivity of aluminum surface for the flame radiation = O. 8 

T = gas temperature = 1S35°F g 

33. 

The r ate at which heat is rejected by the aluminum plate is dependent upon its temper­

ature and is given by 

A 

q = ota.T "" 
out s 

Btu/Hr-.Ft2. 

= plate temperature (a function of time) 

= plate emissivity = o. 8 

The amount of beat stored within the plate is given by 

Q = MC p 
2 

6T = Btu/Ft 

M = weight of aluminum plate/Ft2 = 14.5 lb 

CP = specific heat of aluminum = o. 23 Btu~-°F 

tl T = temperature rise of. aluminum plate 

Us ing expressions (I), (2) and (3) we obtain the following expression, 

6 t (1. 71 X 10
4 

- 0.136 X 10-
8 

T/> = 3. 35 6 T 

(2) 

.(3) 

With this expression; the rise in temperature as a function of time can be deter­

mined. Assuming that the ·initial temperature is 187°F (normal operating temper­

ature of aluminum plate) t he aluminum plate will reacl:\ its melting point after 15 

minutes in the fire. Once the melting point has been achieved, the plate will re­

main at 1195°F until it completely absorbs its la~nt beat of fusion. The time re-

quired to do this is found from the relation 

Q = <luet 6 t 

VI-9 
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where 

~t. = the net rate of heat transfer into th7 plate. This is equal to the 

· · difference between the heat trans! erred into the plate from the 

1475°F name and rejected by the plate at a temperature of 1195°F. 

Q = heat absorbed at constant temperature = MhF · . 
? 

M = mass of plate = 14. 5 lb/Ft-

hf = heat of fusion = 17 8 Btu;lb 

~et= 
.d. 4 

otCIT - - 0€ T g s 

Tg is the fla me temperature (1475°F) and Ts the plate temperature (1195°F). 

All other nomenclature have been previously defined. 

This analysis indicates that an additional 22 minutes will be required to completely 

melt down the plate once it has reached its melting point. Therefore, a total time of 

(15 + 22) = 37 m inutes is required to completely melt down the plate. Since the 

fire will last only 30 minutes, this indicates that the plate will not completely melt 

down. However, it is possible that the plate will not hold togeth_er at 1195°F and 
. . . 

may flow under its own weight and thus be completely destroyed. Tb.is case bas 

therefore been assumed in order to determine the maximum wssible capsule 

temperature. 

With the removal of the aluminum radiator, the beat generated by the fuel cap­

sule (under steady s tate conditions) must now be r ejected by a now reduced surface 

area. Two conditions are now possible. The first assumes· that the T/E module 

falls out of the generator after destruction of the aluminum plate which holds it in 

place. In this ca se (least severe) the heat is rejected directly from the i~er shield 

top surface . The steady state temperature will then be found by the relation: 

' \ 
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q = 555 watts (the remainder of the 700 watts is rejected through the sides) 

C = 0. 8 
2 . . . . 

A ·= o. 36 Ft (total area of the top surface of the fuel block) 

This results in a surface temperature of 940°F which iS well below its normal operat­

ing point of 1Z90°F. 

The second case assumes that the module does not fall out of generator but re­

mains within the generator thus preventing the heat from radiating directly from the 

top surface to the environment. I.n this case, it is ver_y likely that the elements will 
. . 

melt and flow out of the Plodule. The heat can then be radiated directly from the °fuel 

bloc~. to the hot plate and then directly to the environment through the holes left in 
. . . . 

the insulation. T~s case was found to give steady state temperatures well below the 

melting point of any material within the fuel block. 

The most critical condition arises if one considers that the T /E elements, even 

though mo~ten, still remain within the hole~ • . The heat must now be c_onducted through 

the elements and the insulation. The properti_es of .the Min K 1301 are such that when 

exposed to a 1700°F environment there is a material shrinkage of 20% while the thermal 

conductivity of the insulation increases due to the higher temperatures. Since the in­

side surface of the generator case has been assumed to be at l475°F, the temperature 

of the Min-K will range between this value and 2000°F .:!: 100°F. It can therefore be 

certain that at least 5% shrinkage will be experienced by the insulation. This implies 

that a radiation gap will be. opened up between the tungsten shield and the insulation, 

the tungsten shield and the module, and the insula~ion and the generator case. In 

addition, there will be a gap between_ the layers of insulation so that the tungsten shield 

can radiate directly to the 1475°F cold wall (Figure 1). The mathematical model for this 

VI-11 
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condition becomes: 

A 
q = k L 

A 
6 T) insulation + K L 6 T) module+ 

q - Heat to be dissipated from fuel capsule, 700 watts 

k - Thermal conductivity, • 0088 watts/ft -°F for insuiations and. 4103 
watts/ft -°F for melted T/E elements 

A/L - Heat conduction area divided by heat path length, 10. 22 ft for insulation 
and 1. 83 ft for T /E elements 

6 T - Temperature differential, cold side temperature, .T wall is 1935°R and 
hot side , T tt• t o be determined . . . • . 

-8 2 0 ,i 
CJ - Corista.nt, • 0503 x 10 watts/ft - R -

e: - Combined emissivity of shield and case, O. 3 

F - View factor , tungsten to steel case, o. 1 

AG - Area of insulation gap, 0. 129 sq. ft. 

T HS - Temperature of shield, 0 R · 

while the beat radiation between the shield and the insulation and the insulation and 

the generator case follows; 

q' = u6. FA (TH/ - TH 
4

) 

q' · - Heat radiated to insulation, v.-atts 

(; - Emissivity, o. 4 

F - View factor , 1. 0 

A - Surface area, tungsten, 2. 93 sq. ft ; generator case, 5. 07 sq. ft 

The radiation view factors were determined from the NACA Technical Note 

2836, ''Radiant-Inter change Configuratiqn Factors." 
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The solution of these equations yields a temperature of the tungsten shield 

of 2244 ° F while the bot side of the insulation and modt:.le becomes 223 O °F. This 

temperature is well below the 2318°F melting temperature of the Hastalloy-C. 

This analysis has not considered heat now from the bottom of the tungsten shield 

through that insulation, and it is therefore conservative by that am~unt. 

The LCG-25A is normally designed to sit in the horizontal position since 

the cooling fins are designed to operate most effectively in this position. If, how­

ever, the generator were stored in the vertical position before a fire be~n, then 

some of the melting aluminum would run into the generator which ·can only increase 

the thermal conductivity of the insulation and hence reduce the maximum· temper­

ature of the fuel block which was previously discussed. The fuel block would be 

supported on the bottom insulation which would give excellen.t contact with the insula­

tion and in combination with the insulation shrinkage it would give a good beat path 

for heat dissipation which has not previously been accounted for~ Even if a gap 

didn't open up around the perimeter of the fuel capsule, this factor alone would 

oniy allow the tungsten shield temperature to reach 2305°F. 

Since it has already been pointed out that the maximum temperature which 

the cast iron inner surface would reach is 800°F, and here the insulation could not 

shrink so that no gap exists between the layers of Min-K-1301, the resulting tungsten 

temperature w_ould only be 1700°F. This assumes that the insulation is not in con­

tact with the tungsten. 

Therefore, it is certain that a fire will not result in a ca~strophe which 

will-destroy the integrity of the fue l capsule nor will the fuel, which melts at 1900°C 

(3452°F), be in any danger of melting. 
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.C. RADIATION ANALYSIS* 

A radiation ~nalysis was made of the Low Cost Generator in which the 1nne7 
shield is to be made of Ma.llory-1000. Mallory-1000 is a compacted and sintered 

composition consisting of apprmdmately 90% tungsten with copper and nickel used 

as binding material. 

The beat is s~pplied by t-wo peliets of strontium dititanate each containing SSO 

watts. The pellets are pressed in stainless steel liners O. 060 inches thick and 

loaded into a single capsule. The capsule is made of Hastelloy-C and is approxi­

mately 1/4" thick. 

The side and bottom of the cylindrical inner shield was first size'd to allow the 

radiation at one meter f;rom the fuel center to be 1 R/hr or less in case the capsule 

and inner shield were detached from the cast iron outer shield as a rest.µt of an 

accident. This criterion conforms to the standard recommended by the IA.EA. 

The top thickness of the inner shield was sized to have the surface· dose rate to be 
. . 

less than 500 mr/hr. This lower dose rate is required in case the thermoelectric . . 

module must be changed in the field. Figures 1 and 2 show the v~r!ation of dose rate 

with Mallory-1000 thickness at the surface of the shield and at one meter from the 

center of the fuel. 

An outer shield o~ cast iron is included in the Low Cost Generator to reduce 

radiation levels to acceptable limits during normal handling of the generator. These 

levels correspond to the ICC regulations for shipping radioactive materials - 10 mr/br 

* By A. M. Spa.mer 

' ' 
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or less from the center of the source or 200 ~r /hr or less at the cask surfa·ce. 

Figures 3 and 4 show the variation of side and bottom dose rates With cast Iron 

thickness for inner shield thicknesses of 1 and 1-3/4 inches of Mallory~ 

Figures 1 thru 4 were used to obtain tentative sizes for the inner and outer 

shields. The tentative and final thickness are given ~ Table 1. 

Mallory-I 000 

Top 

TABLE 1 

Tentative and Final Shield Thicknesses 

Tentative Thickness Final Thicknesses 
~~~~~~~..._inchesJ..-~~~~~-

, •. 

3-1/2 

1-3/4 

.1-1/2 

3-1/2 

2 . ' Side 

Bottom 

Cast Iron· 

Side 

Bottom 

5-1/4 

5-1/4 

1-1/2 

5-1/4 

5-1/4 

Dose poirit locations at one meter from the fuel center are shown in Figure 5. 

and surface dose point locations are shown in Figure 6. Dose rates are shown in 

Tables 2 and 3 . . 

Examination of dose .rates in the\ = 1-3/4 inch columns of T~bles 2 and 3 

shows that at angles between 35 and 50 degrees from the axis the dose rates at one· 

meter are higher than the allov.rable 10 mr/hr. The surface dose rates however are 

well below the 200 mr /hr allowed. Additional material 1s thus required to reduce 

dose rates at one meter to allowable limits. Two approaches were investigated. 

' ' 
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For the first, the side thickness of the Mallory was increased to two inches, and for 

the other approach, the height of the outer. cast iron shield was increased (t
2 

in 

Figure 6). 

The additional 1/4" on the side thickness of the internal shield reduced the higher 

dose rates to acceptable limits (see column t1 = 2" Tables 2 and 3). An increase of 

.3/4" (t2 on Figure 6) in the height of the cast iron outer shield did not reduce the dose 

rates to acceptable limits (Table 2). This approach was the·refore abandoned as 

additional increases in height required for furthet" reduction would introduce com­

plications in the installation of tb_e thermoelectric module. 

,-
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TABLE II DOSE Ri\Ti!;S (MR/HR) ONE METER FROM 
CEJ~ 'fEH . OF FUEL 

(SEE FIG. 5) 

DOSE x(in) z(in) 1L\LLORY 1000 ON SIDE tl 
POINT · t = l 3/4" tl a: 2" 

l t., 

l 0 39 :17 fLh h . h 

2 6.84 138. 77 5.5 5.5 

3 10.19 I 38.o3 4.2 · 4.2 

4 13.46 37.00 2.8' 2.8 -

5 16.64 35.58 2 .0 1.7 

_6_ J~-.~~-- 34.09 4.0 1.8 

~ 25 .5.8 3.2 . 25 11.1 4.6 . -· 
8 23.14T31 . as 12.9 5.4 

I 14 .R ~ ?. ~9.~ ....2.3~69_!_3l. 44 ,· . 

Lll)--t;;, 2~02 16.5 7.1 

j JJ ~~a.Si 18.2 
. 

Rn 

,--12- -2s •. 3.L _3_0_~6 I 19.6 R.7 

Lll ? 5 ... -8.3_r29_._69 2_Q_.8 9.4 

14 ?h :14 2q _2~ 21 .n 1 Q RR 

l -" I ?f;.. ,Re; ? . .R .RO 21 (}2 9.Qn . . 
ln 2 7 -~5 2.8_._3.2 21.87 10~0 

17 ? 7 ,R.d 27 84 21.3 9.9 

l .R ?.R :1? 17 :'\!'i 20.2 · c:L? 

,a 'JR '?Q ?h Re; , ., Q .R ., 

')A ?Q ?." _2?; "ti!. 1 c;- Q 7.9 

?1 ? Q 71 -~5. 83 l~.5 6 .7 

9? :m 1 fi 2/'i. ~ 1 lo. 7 !'i. !'i 

., :'\ '.'\.1. ()Q 1 Q. l=;,R 2.4 1 • ~ 

?.1. ~7 ()() 1~.46 c; ~ ~.o 
') c; "tQ "t., " a ~ !"in 

L-2.6 () ~.9 :17 l()_() 1n.o 

. I " ~ 

. -'· . •.(. ,, 

42 . 

.. l 3/4" 
• 3/4" Cast Iron 

fi. Fi 

5.5 
4.2 

2.8 

2.0 
. 3.8 

"9.8 

11.2 
1 2 r; 

13.6 -
1 .1.. 4 

1 !"i 1 

15.2 

14 Q 

l 4~(\ 

12.4 · 

11 .0 

9 .2 
? !'i 

. 
fL2 

5.0 

~ Q 

2.4 

5.~ 
a f\ 

10.0 

.. 
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TABLE III DOSE RATES (MR/HR) AT GENERATOR SURFACE 
(SEE FIG. 6) 

DOSE x(in) 3 (in) 
MALLORY 1000 ON SIDE 

POINT . tl • l 3/4" tl • 2" 

30 0 18.54 34.3 34 . 3 

31 2 31.5 31.5 

32 3 28 . 2 28.2 

__i>3 4 ?~.8 ?.~.8 

- ~4 5 19.0 19.0 

35 - --- 6 14 . 5 14.5 · 

- ~H> 7 10.5 10.5 

_ 37 8 7.fi 7.4 

38 9 7.0 5.3 ~ - .. 
'---3_9 10 · 10 . 4 !'; . l 

_AO 11 ·v · 1.Ro 7 .:'\ 

41 12 . 8 18. 54 40.3 16.6 

,_1~ ~2 .h 17.54 57.6 24.4 . 
._4~- 16.54 

. 79 :. fi ~4.8 -. 
44 - - 15.54 103.0 46.8 

45 14 .. 54 120. 0 56 . 5 
. . 

107.0 46 13.54 I 52 .l ,,___ .... 

47 · ,-.... 12.54 68 . 3 34 . l 

48 11 . 54 36 . 9 18.9 
49 10 . 54 15 . 6 8 . 2 

50 l ' 9.54 9.5 5 . 1 

51 2z .~ 0 77 . 1 44 . 2 

52 0 --38.9 81.8 81. 8 

53 0 - 8 . 43 329 . 0 329 . 0 

54 0 9 . 55 227.0 227.0 
I 
I 55 1.77 164.0 164.0 

56 3.54 53.9 53.9 

57 4.55 54.1 23.4 

58 5.55 210.0 87 . 5 

59 6.56 .. 437 .o ' 195 . 0 
~(\ 7. fi6 ' 668.0 311.0 

61 8.61 310.0 151 . 0 ----·-·· . -·-· . ·-· 
62 9 . 67 134.0 67 . 6 

-6.3- .1.0.22 ,v 56 . 7 2Q . ~ 

64 11.78 ~ ------· 9.55 23,3 1 2 . 3 
.. 

.. i-;: ·-
•,"', t • .. 

. ---~ ~ ,-:~~-~:· 

43 . 

,. 

. 



,. TES~-:3-;m·e:; . . . . . . • . . ... :., . ··: ·.·.·! 
• 
l--.~----. ..... ------.... ...--
~---t--+-H-+-+'-!I. "t--L-!-+-++:-+-+-1:'1 
g 

1 
,, ; ' 

~ . s 

4 

' f:: 
z 

! 

1. ,l , i 

' 
5 

4 

' 
t 

lJ'J 9 fJ •v• 
' - :-i , 

5 

() 

·--- ............ ..... - .. 1-. 
; TH I C KNES'S 



TES-3206 ·----- . ·- - ·- ····-·' . - .. . .. 

3 

· ..... _ _. 

. 'I.- -· -· . "'C ... 

( I~~ ~-~S). 

- . . ·~ ... . ..... . ... ...... - ·-· .... ··-· 

45. 

4;- ··· 

. . • 
i' 
i . 
I 

I 
i, 
{ 



TES-3206 

.. 

.) 

···- · --· ·· · :.• . ··: : .;,-
: '• . . . : ~· 

.' •• ... .;....,· ~ ·." • .r ! ·~ · : · . . 
• r · , .... , . 

46. 
···--- .. .. · : - - ---·-----·· . - . --~- . . . ·~: .· ·-~-- --, -· . : .~ • .. ,;;~ .. :.:;.-: ·! .·_: · .. 

.. . . : . . .. . _:_~, ··· ·- ·- .. ... 

I --++.a...;.:.;.+.-+-!..;;.,-~...;.;.~H'"'c."-i-!-+-+-,.,...,H-!--P."c!---:-~~+.;,-;-::r-;-~-,±~;-+...._.:;,..1,.,.;,°*'~;.;:+--,+-+.-H++.-:....,.,;'*'.:+-,......;..;!,,,;-....;-;, .... .;...a1 
7 .. 

'--+""-'-'-;-~+-''-!-,-o;.,;,,.-i-~~~-E'~,....,~.;:,.,;c!-'-i~:..+-'""!,~.;..':r~'lc--;,,:r-~~H,....,.T"ii"'-!'+~~~~~~±~~~F.=.-:-;.;;...:.;.;.;:....:_,;..:.a.;.:.:.:i 

S--i-;;:;...;;_;....;...:;..:..:;..::;.:=;;:..:+~:;=...;:;.:~c:;;;,;...:..~...:;..:;:.µ;c..:::..;,:.;;.:.:....;.....,.;..+;;.,::;+.;.,-.;..~R;.=.;~;:.;.;,~;;..;;;,+;;;;;..;.;;;,:.;;.;;:...i~:;..,.:;~~~-:;;;.;:,.;:;:;A=.;:..:;.:~.:.:.:...;.=:..:.:.:...i 

' -""1:"~+H±~±f:tiW.':i::!'-t;,t,;:t~-r:1~:'!-:"r-i:+.:t+:t-r:+.7.=H-::t:,ir-fr::-r:::~+;;7'+::H.+.H,±-t:-tf+'f.-f'::t-'r.t~;-tH".±:-,H':-f>!!-c:'+itt 
1-+-:-:-i-+~:..,.;..;;.a;..-;:-,.l,.....;;.-H+.H+H::-f-:-:.i-'-+'~H-.,;-.;+H*-t-..;;:':r.-:'lf-=r.-!:-4+.H~;.:..;..+~:-r-i4~-+--H-+-H+H+.i-+:+-:;;.,+,:;:,;..~ 
'--t:=+:-+"'i-1-::-~:-+*;-:=;:':-:-'-~~r.:..-:;:.t-=.+-=-=*~"7.:'::-i~-:a:-f:--H+.r.-r::'i-:=-=*+-:i-ei::~~:-P.::=+.+:-f.':-::'-:~+.t:-!:~n+?.~;;.. 
•-+~+4.,.;.:.:;:,:;.;~~T:'!-:--=R:'::':=-+=-:;..:,+-3-:it-:+.:;.,.;.,,f',.;-=+~~~i=-:':.;;:,:+,H-~~+.::;,::;.:.:e;~;-;:;~~::.;;.:.;.:..;..:...,,~:-i::-;:+4=',-,L::;.:,:;~ 

5-~l-i~~~:..q:~~~a.f.~~~~{$~~~~~~~~~JC~~~~~t!] 



TES-3206 47 . 
· ~· 'T •. ~ 

.l ,, 
}S 
i 

1• 
I 

J 

t 
l 
\ 

\ 
I 

~ 

C 

I 

I t 
~ 
~ 

--.. r:t ; 

r_ . 

• 
~ ' ~ 6 -· ~ s q>,: ~ 

O> . 
L') ! II C 1")~2 w . 1/) 

~ C> J 
':!o~ a xv .. 
:CC>< ~=- z C:" .. 
< ... ~ 
l.l • .. o.,u 
.J w .. . .. -.. :. :, 
u.., ..... 
V,J 

0 ' X a 
1 

' 
C 

) 

.,,,.\ 

., 



TES- 3206 , r-· -
i . . 

( 

f · . 

r -, 
I t I 

' 
I 

. I 
L 

e 

z 
1 

DM~ PotNT 

ON• Mf-Tf& 
C £ I.J TEt. 0/! 

C..~ e ..,_ Tl o o11.& 

F~oM 
Futt. 

X 
> 

48 . 



·-

1 

I 
I 
I , 

I 

TES-3?Q?'-------···-· -- --·---

ft~S 

. I 

- - ·-------- .. - - - _1~. 

~t.. 
,fl 

"1 

"' 4( 

41 

4S 

>---+-~~-~-~-~--------- 4, 
S-f A LVM/lvVM - . -f-

~~.,.__..,.__-0--6--3-4~--~-!!lT~-e--¢--4 $"C ---,- . 
~-...__s_r_·l'i_,_. .,, st .r,· 0 ,:s ~-o . Lt" 

SJ 

i-f'i 
I . 1~~-t, 
. I 

I I 

··· -' I 

' i 
I 
I 
I 

I I 
L_ - _:..J 

t 

0 
0 

_ _a. -

, l~SUL"TION 

at~T 
\RON 

F,6 . · V ~.s ~ ·po 11Jr 

G'EIV~l..l'l 'T'OQ 

··-·--· - "'---"'~- X 

,t. .c.lil 'TI oll £ lt-T 

S ·u,: f At:. C 

\.. . ... ~" ·-- --- ·· -- ·-·- ··--- ..... -·- ·-· · . . ~--. ... _ ... -'·· · . .. .. . 



. ' 
;;·: ·-#~ . ~· ..... t .. 
~·- • ·• TES- 3206 .:.;,..·.~~ 

(_ 

--: .~ . . 

.._• r. 

:.:-:;: . 

... ·., 
~ 

~ .. :• . 

ITEM NO. 4 

SPECIFICATION 

FOR 

STRONTIUM-90 HEAT SOURCE FOR THE LCG-25A GENERATOR 

:;-~ -.. ,,~ 
\.· ... 
. ": i, 

·:z;·_:-· -. 
·r. 

-

.. , -.. . , 
.:. , .. -

. -.':r .. _"-· .. 

.:, .. 
.,_ 

. -~ .. :·::· 

MN-10139, 

April 19 , 1965 

, 
WRITTEN BY 

~ 

APPROVED .sy ", 

APPROVED BY 

APPROVED BY 

APPROVt<'O DV 



. . ~ 

·.·· 

.... :· 

0 51. 

,_SHEEJ'_l_ OF 

( Insert Qpp. page l 

·: ;Jti)"f }ll!:i:t(:,( 
.:.~:· -:· :_~~~1.:::-;~ .... 

2 

·· ;_ , 
,, 

Applications 11 

·' · l .. .... ~. 

',.::, ' ... 

11 675 watts" 

- t~; . 
. ;:i~. 

l • 

. ... . 
. ·. ,•. •. 

::: : :,: . . .•• r ~·:: , • 

. :·:·:·.: 

) 

' ._) 



l rt3+f tilf If ~{~:Iif ~{~,: ·(::;'.,· ..... ·· 
ffi:i/ ... _., :~·· .. >:\§.?~:..:;~~Q/ /~~10139 . .. ..:::/ ·. 

.:...·. 52 . 
. . : : ~ . : ' 

' 
SPECIFICATION 

.FOR 
.. ·, ... 

,•_;; ·:.·· 
;. :.~--

t~,,/-. - :.:"·,,,~}il~:~r . -.,· __ ·. ~E - · This specification establiabes the requireluGnts 
;'.i · ·. : (E/1.:~>:·:!,'·~,~.t::;c{·?:!,ror . a Strontium-90 heat source (fuel capsule) for the 

!·. 

,. : : . 

. LCG-25A .. fatiioisotope t ·hermoelectric generator o 
: . . :"~ ··. ~~:·· ... 

·.,, _\f~.,l)· · :':··f'._. ~~:·~ ·ENERAL - No modificationa or deviat i ons from either 
.. ·.·- ~"\f'/~:::·:;.: .:.~<--.. this specification or referenced documents shall be -

. -al·lo'.w~d: uµless author.1.zed by Engineerlng in writingo 
.. ··:: .. -~. : .. ~J::7 .. t:':ii:'=-tt::: .. :·:~:, ,·;: .... -· . . . .. ' 
. . J;f;t::8~i(j11::·.: .. -~~PJ.h:CABLE DOCUMENTS - The .follo·c,.;ing dccum~nts fore: ii part 
, '·-·:·;iiVi'?iit .·-:.?·:·: '·.r9( . 'this specification to the extent specified here1n·o. 

• ~ • .::~:=~_1(··i_-... · • . • _. ~--,. \• .. ;·: •• :.. ·,.,x .... - · .~· ,, · • ___ • _.. • 

·2~i ;·. \~ MARTIN SPECIFICATIONS 
. · /:3~1fr.\1;''.*:?· 

.,,·.~;'.:, ·:MN-10137 llastalloy C Fuel Capsul0 Welds 

MN-(To be issued) 
• ! · 

' .r;: .: ,::: ···e: 

Sr-90 Fuel For Terrest~ial 
Applications 

2o2 .-.. if(::': f :: c oC TARIFF 2 - i;>angeraus Articles 2'.&:~{~ct,~~~,~~ ,-B;if[°sion Resistant Steel 

3o·O · '-' ·. ·\ ·f.·REQUIRalENTS · · 
·. ;:{;)-;;::\, :-... ·.· : '. . . -

3ol ·._-.: 1-::\Sr-90'..:.FUEL The Strontiumc:.90 fuel shall be in the 
- · _ ·.,,,r::::·:)r1ta'iiiHe torm and shall meet the requirements of 
MN-(to ·se'")Jisned-)'-,'_. Strontium 90 Fuel ,Co·f'. Terres trial .Applications 0 . . : . ~;·~~·:t\;t·~~-\?~~~t::. . -. . ' -·J:_ ·:. . . ·. ~ ·~·:. 

3o2 .· \:::·rSOURCE THERMAL .REQUIRlltENTS 
_;, . . ·. . .... :..-.:: . .<\ .:'! ;~:·_' ~··r:".·:·:; :. ~-. </:.:?<~·· . . . . . . . . ! .' . ·::·. . . . 

,·, · .... :~~- ·:,;.f':_:1~:f{~>~.o.:t ::~;-( ) \ Tim~. ·~f Encapsulation .... 'At the t.ime of::,,,·:.:< · 
·· '. :\{/';f:: _".- . ··;,;~}!~!. :~:n:capsuI·~ii'.C?:11 9 t~e ~herma:l . :invento~y.:· ~n the ··:!. ,. ·' · .. 

. : _;-: fuel ·capsu1;~·.:'.sti~.l :l . :1;>e no~· •ore. than 700 .·watts nor_ less tha;~ · .. t/-r./ 
. . ~. 

• ... .. 
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.. , ,, ; /.:·'.,.;.;" .. ··_.From Encapsulation - For the determination of Sr-89 

.... ~ 

· > ·: ;,.· .. ·. content .limitations, the thermal inventory seven and 
one half . (7.5) years after encapsulation shall be 
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_ ... ... · · ~~f~~:At,.;.11. .. i.5 -:J~ars_ ~oJD . Encapsulation - For the 
:nflffla'tJSnt.~·S't::~r~-9 ··co'i1teni-:'.iiai1tati'ons ·_p· er·· 

"~fJil.slils~ir.:§~tt~oo.'·:·I,jiit:.~tQ'r'.:~t~rfe-strial_' .Apthieati ons} t.~; 
· l ~.nti.~,~~~.~

1 
.. !Pl4.,:·,q!}e half";·:t1 .. ~~l,·_y~ars_. after ··--:,_,~.. . 

"• .- .. . . 1,l'\1*J ~§tJ.l 'es.s ·:,ba[!:,_sso;;,w~~ts .. z~:or·-. m~re ,than 

i!t~t~; . . , .,,,,,;:Jll'f '!;7!kf 'Jff r:'} ''>'f re::~ :?A·:~·1'('':?J'' ? "'' ... •·• . . 
~~ }~\:-! .... ·'.i<f:.;., . .. .... -S~E ... SUIWACE CO!l.1TAMIN~u.I0n - ~~~rior radioactive 
~~it ./.:'-'\f/t;: :,~-·-;;~, ,f;:;,'$_Oiitamination of the c ompleted fuel capsule ~ af'. 
~ ~},.;{ :·.::·\{'.iit;~ _ij'.!µ,~!~~.t~y::··w'ipe · test, shall .r:ot exceed 0 .. 005 microcuries per 
?~ ·_;-: _ .. __ L';on~.J~undr~~ -(100) square centimeters o 
Fi.it~··:~:~~::~ .. :~~~:;~tt\~1~t.i?{:t~' -:·~~· ·~· ~~;}~~?::~{~);)< · · · ·: ·. 

·-\ t .. =J;,f\:}?~J~.:};.~:.0~ :; . }?;:SHIPPING CONTAINER CONTAliINATION - Following the 
~~-.:.::t~};;,'[1,Y:tf;i1:§~1.\t\,..i-;_;':-)[j'lOading of the fuel capsule into the shipping contE.iuer 

. ~~'·" ·(/i;.)X:::(~fJ!i!(;/ ~'-);e,n~rator or a gener ator body with a shipping lid) t 
·;;.).--:\·:ft ·liif fr.ad!oac,tive contamination of the exterior surfaces shall not 

~~-- '.;}?\ '-?:'_~::{_:;i~~J).ii':°-'.'tho's·i( ;:SPecified in the Intersta te Commerce Com~ission i;.~{t(~~-:\:Jr~?:!t~r~!f,~~-~,,.: ro~ shipping radioactive materialso (L,CcC-~ Tariff 2) 

JfJ;)·'/.: .. :~t,·:·.3~:if.{W~fi"Ji/ FUEL CAPSULE LINERS - Fuel capsule _ liners may · be used 
,::: · · · :,.~-:i.ff;~::~~-i-a.t the discretion of the fueling facility to aid in 

the fuel processing and the f ue J. ing of the LCG-25A heat source o 
- I£ such_. liners are used, they shall be fabricated fro L'! ASTM-321 
. stainless.· .. ~.ateel. 
~:~~--.;.,;_:_:~.':,· .... • • .,,_~_·,: !._ - · ; • • _::~; .. ::· -,. ~,;..'. • •• ~::. - \ ·.;" ) • • :-;,.:,,,.: , ' .. 

. ~ .. ~ . . .. ';:;~t.f:J/ . .:f .. }.;t~ .. :t.::· ... 
~t}:;: . .-~ . ·,.,,. 3 06 ·::JJ.(*tkjCAPSULE WELD P..EQUIREME.l\JTS - All !uel capsule outer 
~~(.-: .. :~\•\> ·:/ ·,~:,:t'{ . ··Lt~~;' '.j;elds shall ~meet the requirements ot MN-10137 o t/\:{~~:- . '7: :' •; ':Jt _'.ff . ·"i1~i}.1. . . . :~·f.f.. , ., ,:i_:/;::p . . . 
~}f:S-:.:-:.:_~\; -:.:.,/~~-?.,.:,;]~ 1~?&C.APSULE~~~1:ERIAL CERTIFICATION - A certif~ed 
:·'·" ' ,·.': · · .. . -~: ·,: ··:·\~\:· .. ,A)v{\~aQ?ratoty analysis sha ll be obtained for all materia ls t:~/:_· .. · · .used·_:::Jtf ~\b"• :·ratr'i'<;ation of capsule components and test specimens 

· · 'exceptr(:tbif7.··.tueio'~~/Tbe analyses shall be obtained trom the Suoplier 
~'.~.r ... }~_;_; .. _/i'- . ·. : .. :' ·c,.r tb~ir~i~'.rii:tfif1'.Qr' alternately by chemica l and/or spectrograpbic 
. . . . · · .. _analy~J1(j$t,fl'o.ri~if by the Martin Company o Any deviation .rrora 
:?·t :··-.',.' governiJ?.g···/ap~cifications specified by procurei.llent .documents 9 

J /{f;< · --~- ':'·.a r,ul/pi_, _e~ln~.-~.t~9g·· ·drawings shall be cause for rejectiono 
-~~t;~·:~~-:. , ~_..: ~ ~·j··· ~ t:·i,·~~;,t~·,\; ··-~{ir);;. ~~,:ij~:~~:~st~;i}:~~~,]tt:'l.tt..t'.: ;~·::t~ :~ .. ~.·: · ... · . ·.. . : · . . . -· . . · · · · :: .. < . ··. · · . . ·; · -~ · ~ _. 
:r~i'·Y··:.:{( .\~I3::·g -.J .. ;' --::>;;2~1.FUEV·~CAPSULE- OPERATING ·ENVIRONMENT - .The Fuel . Capsule .. -,: · 
'~····· .l, •. - ..... . . , . :\· ·..:..., . -.rt:! ••• .:t, .... ,.. ........ .. . ~-- .~ . .,. . •. . ... ·. . . . . . ' : . . :. 
bll~~):;;:/.,;:jf?{~}ft'I-f!.::;, ·l?;}) .hifll.'·:~Jf. _des_ign~d wi th ... -the objective ·9f opera ting in 
rld{If .. ~.\itr :~~l -~lier.}ot':::1;.li~>\t:~i~:ow1,.ng environments ··ror the time _spe_c1r1ed 
'?t~:;: ... ,:,){ .. :··"witbout''i-}breacbi#.g ' or · the !ue.l capsuleo .... ·:/-~ .. :' . . 
rJiit;1ft"r:,i}fi.-e}=:?Jir#fJJt1Ji~-~~~J,~t ~1r:::·2t:.:::~ . \i·-\ . . .,:; ·.. . ·y_ ·: . .. -'._., f· /~"\>: .. ?··: . . . 
,~t:/\; .·;;f:~~;:,_\i::; .c ::;.;;:i_-;*~-,:~r,~':E:•~i£?:~'3l 8} :t:· -' ... NORMAL ·ENVIRONMENT ~ \.t"'hen . 'the fuel capsule ia 

. .- : ... · . . -.:·;~~:.?·:, :,';·./~µs~li~.d in the gen~ratof' t"be environmental 
parame.~eri( -~~e-=-·:·._:·, ::. - ·. ' i /':, 

, -•· ~·- .:·}.,t~;~ .. ·~.·~ ·. :·.~·.,. ', : ·:··. : . . .' . . . .. . . . ·-'.·~ . 
.. · ',' -, ___ ··~· · .. ·TempE:,ra_ture :..· Fuel caps~le surface 1400 to l800°F o 

. . . . " ..... :~ .. ··t· : _:· ·.(· · . :"< ~-- ' . -.. : .. _' ·'· . . . .. 
· · :Pressure··~ · .. · ~ 1·:o to 1 o 5 atmosphere o 

. . 
·.: · · 

: ·\::}:·:-:.. · . 

T.ime ~ 300 years · 
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SPEC NO. MN-1013£_ 

Atmosphere - Air and hydrocarbon combustion 
products,, 

Time The · above condition& will exist 
£or a maximum of one houro 

. •',, 
. . ·· ..... ::. Following the fire, the capsule will be 

subject to 300 year .. s exposure to ~alt air 
at 125°F 'with the capsule surface temperature at 1000°F~ 

... 
~. ... ... 

3oSo2 o2 -Submergence - The capsule ~ay be subme~ged 
in sea wa ter at a depth of 3000 ft. o 

(1500 psi) for 300 years~ 

3 ,. 9 ID&WIFICATION - All heat sources a..'ld teat pie-ces shs.11 
be assigned an identifying number end shall be cl~~rly 

marked \vit~ · that numbe~ o Test pieces may be permanently marked si 
btit ~eat s9urces s~all be identified only by tags or other non­
permanent methods o ·~'L:if:. 'f< . .. ,.;,,,,. 

4 o0 QUALITY · ASSURANCE 

4 ol I _NSPECTION SYST.El.f REQUIREMENTS - A system of quality 
control and inspection shall be set up to verify 

contoraance with. the requirements ot this speciticationo A 
complete quality control record shall be maintained and one copy 
of all required documents shall be trans!Di tted to the Martin Company ,. 
The records shall: include as a minimum but not be limited to the 
following ite~~---= ~.,.:_·': ·<'• . ·· · :':Y'; ,; 

. .. .. .. ·./ .. : .. ·;·::l)ij: :jf~P~U~ MA;ER~.~~ CERTI~.C~T-ION - A certified 
·. citemfcal analysis of all materials used in. the fuel 

capsule and fuel capsule liner, exce;:>t th.e ~uel o 

. : .· .·. (/~ "' 
401~·2. · FUEL - Quali·fication test data and equipment 
log books and individual run test data to demonstrate 

~ the conformance to paragraph 3ol of this specification o 
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-·· SPF.c NO. MN.-J..OJ3.~ .·il\\lt:,··~·"'.···1,, .. ,., .. ,- 4o 

f#);,< · . <· • :~Ue~,;,:;;(~fri~~i1~:~1~~l PROCESS CERTIFICATION - Qualification 
,;:.±":.'!';· . . ; · ·,·,;;:-;,:::,,::'· ·\.:~:~··;fo~!y.:-~A"~t,.$.J;~?aiil·a :, :;;:~~ld. ·photo micrographs and equipment log 
i;·;, ·:···.:.;-:_ . ': : ;: .. '' b.ooki')in'd/qµiilili?c\,ntrol\ teat data to deraonstrate conformance with 
};,,~ .... · _ .. ·: ·.::, .. -~a~a]HitG·lf.6./incfr4·~!2:-:ot-( this specification (that is as required 

1~.iy.. ·, . :·. ··. ~,;1.:I;~}i itlf !Jt;(.:.::,:··fili~~l]ti~I~}{? · . ·; · ... ;~ i-~ ... · · .,_;; · ,. ·· ·i •· • · ~ 
,.. · '. J'i <.:·.,::-:' ,"r11t·:·4:,.;'lo·4~··:··'· RADIOCONTAMINATION WIPE TESTS - Test da ta 

'· ···:···· ·> .. ·.,:· . .-.: .. ,denu:>'n.strating conformance to paragraphs 3 o3 ~ 3 o4 and 

·'. 

-

·- ····· .. - ·. 

4o3 of this ~peciti~ation tor each heat source o 

4olo5o CALORIMETRY TESTS - Test data demonstrating 
confo~ance with paragraph 3 o2 and 4a4 of this 

specification tor each heat eource o 

-.-:::. . 401 060 PART IDENTIFICATION - Each beat sour-ca and test 
. ·,. · . piece aha_ll be assigned an identifying number and shall 
be clearly marked wi~h that number o Test pieces may be stamped 
with dye or ir..k or may be scratched grooved or otherwise · 
markedo Heat sources shall not ba marked in .anyway but .shall be 
identified by tag or other non-permanent methodo 

4o2 WELD QUALITY VERIFICATION - All capaule we lds shall be 
tested according to the teats a nd inspections required in 

paragraph 306 or. this specification (that is a s required in 
MN-10137) o -. . . . 

.· ,' . ' . .. 

4 o3 ':r ·:·?:np"e TESTS}~ Radiocontamination Wipe T~sts shall be 
. . \;:. : : performed·_::9-n ' the . fuel . capsule exterior after the final 

decontaminatipn :;ag~j:in tbe shipping cask . or generator exterior 
after heat sourc:e .,·inatallationo In ei tber case radioa ctive 
conta mination · .. eJi'af.t'.;',iio·t exceed 00005 microcuries per 100 square 
centimenterao.·:i,{Ir .. :_:§.:ontamination exceeds this level 9 the 
decontaminati_oii "process will be repeated until the above level is 
reached o· · . I1' · .. ·t _h_e · sp·ecitied level is not obtained, t h e capsule or 

. generator will; ~be rejectedo 
- · . ;· r/•lf!iL,~-: ·.~ · 

4 o4 ·. .. CALORlM.ETER .CHECK OF HEAT .. SOURCE - The fuel capsule . 
. " .. · :/<: ·.··r91J:o'!.}ri.s.'. t,1i~ .'f'!nal seal _weld and d~co1;1'taminatioJ\ sha ll' 

. be· ~ested '.b;\ .means_·:(;)t ··a cf,llorimeter· for conformance to paragraph 
3 o2ol o I! the tue·1 capsule thermal inventory exceeds 700 watts or 
is less than .-__ §~~ ·'!att.~ 9 · t~~ capsule ahal:,l be rejectedo . . 

. . :.· .. , ) . ·/1i.::i.l}:i'.d1~\:=,). ·. :·~ .. :.:·, .. ':' ,,~:*. ''.): :·/ 
. .,, w, )', , 

: ·· ..• *;· •. . •,. . ., • 

"> .... ,: 
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FUELING INSTRUCTIONS AND MODULE INSTALLATION 

INSTRUCTIONS FOR LCG-25A 

CONTENTS 

I. General 

I I. Applicable Documents and Drawings 

II L G enerator Assembly Steps Prior to Fueling 

IV. Fueling Ge nerator Without Module 

V . Installing Module 

VI. 

.YI~; . 

Outgassing Generato r Insulation 

Module Performance D ata and Limitatiions 
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I. GENERAL 

The LCG:..25A {N0013100) is to be fueled with approximately 120; 000 * 

curies of Sr-90 in the titanate form. Prior to the insertion of the fuel in 

the generator, it will be sealed into a Hastelloy-C fuel capsule (N0013108} ~ 

The insertion of this fuel capsule into the generato·r is the subject of this 

instru ction. The fuel capsule is t? be inserted into the heavy metal inner 

shield {PN 1000003-003) of the generator and the shield plug emplaced on 

top of .the capsule (PN 1000003-001). 

Following the insertion of the top plug it is safe to approach the genera­

tor because the biological shielding is complete. At this time, either a 

special shipping cover (N0013017-019} or a thermoelectric module {N0013107 

or · NOO 13116) is to be placed on the generator. I£ the shipping cover is used, 

th·e module wi~l be installed later. Following any of these operations, the 

·, ' 

gener.ator is to be outgassed to remove oxygen ·and water vapo'r from the in-

terior and/o·; to outgas the thermal insulation. 

Caution should always be taken to ins_ure the minimization of oxidation 

of the heavy metal inner shield, in handling' the thermoele~tri.c modules so as 

not to injure them, and to insure that the interior · of the gener~tor .is properly 

outgassed. 

* See paragraph 3. 2.·1 of Reforence (1) . 

38597 A CHG 
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I I. APPLICABLE DOCUMENTS AND DRAWINGS 

A . Martin Specifications 

B. 

(1) Fuel, Fuel Encapsulation and Fuel Capsule Specification for 
LCG-25A. MN 10139·? 

· Martin Drawings 

N0013 100 

N00 13107 

N00 13113 

N0013116 

N0013108 

NOO 13125 

N0013126 

LCG-25 Generator Assembly 

Module Assembly, Spring Loaded 

Shield Vessel 

M odul e Assembly, 28 Coµple LCG 

Fuel Capsule Assembly 

Retaining Ring 

Insulation · 

.. ·. 

N0013017-0l9 Radiator Assembly (Shipping Cover) 

PN1000003 Shield Plug and Shield Body · 

. 
. ' 
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III. GENERATOR ASSEMBLY STEPS PRIOR TO 

FUELING 

A. General 

B. 

Prior to fueling the generator and installing the module several 

operations must be performed to prepare the generator. 

?.refueling Procedure 

1. Coat all bolts required with Electrofilm i/1000 per N0013100 Note 7. 

2. Install generator insulation (NOO 13126) in the shield vessel 

(N0013113} per drawing N0013100. 

3. Place the Inner Bfologkal Shield (PN 1000003) into the generator 

and measure the distance from the top of PN 1000003 to the top of 

N0013113 . {Surfaces A and Bon Drawing N0013100} 

4. Shim with 321 SS sheets under biological shield until distances 

. -
and tolerances required by Drawing N0013100 are met. 

· 5. Install thermocouples on Biological Shield Top plug per NOOI3131. 

6. Install Fuel Block Retaining Ring (N0013125}. 

7. Install top ring of thermal insulation, N0013126-023 or -0~5. depend­

ing on whether the generator is to be sent to the fueling site with the 

s~ip~ing cover (N0013017-019) or a module._ 

8. Install shipping cover or module, being careful not to nick or mar 

"011 Rings or seal surfaces. At this time there is no need for the 

gerierat.or t~ be sealed. Therefore the cover {or module) need only 

be secure. No leak check is n~eded. · 

CODE IDENT NO. S 
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A. 

9. Install the generator on the shipping pallef for shipment to the 

fueling site. 

IV. FUELING THE GENERATOR WITHOUT MODULE 

G eneral 

The LCG-25A wili be shipped unfueled to the fueling facility. As re ­

ceived at the fueling facility the heavy metal inner shield body and plug (see 

Dwg. PN 1000003) will be installed in the generator outer housing {see Dwg. 

N0013100). · The generator cover, top in~ulation, retainlng ring and the inner 

shield_ plug will be removed. The fuel capsule will be inserted and the shield 

plug replaced in a hot cell. ·The gener~tor cover will then be in~talle~·and the 

generator purged (or the insulation outgassed if a module .is installed). This 

section will describe the fueling operation for the ge?era_tor with shipping 

cover only. The modifications introdu~ed for generators with modules w_ill · 

be presented in subsequent sections . The procedures· of Section III of this 

p rocedur e should be compl eted before the generator is sent to the fueling 

facility. 

B. Procedure for Fueling Generator 

1. Place ·generator1 as received, in hot cell to b~ used for the fueling 

operation. 

2 . Remove generator cover, being ca·reful not to nick or mar the '. '0" . 

Ring seals or seal surfaces. Lightly _grease-the 110 11 rings with 

38597 A CHG 
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vacuum grease. Set "0" rings aside. 

3. · Remove inner shield bolts and lock washers and insert lifting eye 

bolts in the inner shield top plug. · Set bolts aside in accessable 

4. 

5. 

location. ·. lnslall locating ·studs in shield body (PN1000003-003). 

Remove top rin·g of thermal insulation, retaining ring and shield 

top plug. {N0013126-023, N0013125, PN1000003-001) . 

Attach outgassing cart to cover outgassing port with sufficiently 

long vacuum hose to permit removal and re~installation of the lid. 

Leak check these connections. (Leak rat~ shall not. be detectable 

with a sensitivity of l0- 6cc/sec of he·li~m on .. leak detector. ) 

6. Install Fuel Capsule 

7. Install shield top plug usi. ng loca ting studs. 

8. Monitor cell radiation. 

9. Enter cell and check radiation levels and contamination at top of 

generator. If they meet the requirements
1 

proceed. If not, remove 

fuel capsule, return it to storage and notify the Project Engine'er= 

and Project Manager. (Requir ements are that the radiation level 
. . 

be 10 mr /hr a~ a meter from the center of the g_enerator and . 05),L- . 

curies per· 100 ·cmz}". - ···. ·. : .... · .. ·. 
.... ··· -:· ..... -. . . : ~ J·:. ·- ; 

t,• :· ~ • • 

10. Install .fuel block r ~taining ring and top thermal insulation ring. 

11. Install bolts and lock washers into inner shield that were removed 

·: in Step 3. Tighten with ::.45 :ft •. ~. lbs: torque. 

CODE I DENT NO. 
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12. _Remove lifting eye bolts. 

13. Place cover on generator. B e careful not to pinch, nick or mar 

. 14. 

15 . 

16. 

"0" Rings or seal surfaces. B It l"d d N -> o 1 own, per ote c. on Dwg. 

NOO 13100 • 

Eva c u ate g e nerator to Soop_ pressure and backfill generator with 

cold trapped (dry ice and acetone) helium to 40~ l inches Hg pres -

sure (absolu te}. 

Lea k check the generator. L e ak rate shall not be dete ctable in 

60 min·.:- with sensitivity of 10-7 cc/sec. of helium on the leak 

detector. 

CAUTION 

Steps 6 through' f3 should be performed as quickly as possible but 

in no· case shoufd more than 30 minutes be spent. If trouble is 

encountered, remove fue l capsule before correcting the difficul ty. 

This is necessary to minimize oxidation of the heavy metal inner 

shield. If the fuel capsule must be l eft in the generator and the 

cover removed from the generator a fter fueling, a cold trapped 

argon purge tube will be inserted at the lowest available point in 

the generator to r e tard diffusion ·and eddying of air into the gene rator. 

Evacuate and backfill the generator as folfows: 

a. evacuate for 10 minutes 
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b. 
. + 

backfill with cold trapped helium to 40- 1 inches Hg pres sure 

absolute . Let stand for 10 minutes after attaining pres sure. 

c. repeat Steps a. and b . 5 times, leaving helium in generator 

after last :.gas fill. 

! 7. ·Prepare the generator for shipping. 

' . 
Required Equipment to Fuel Generator 

a. ge nerator body including vessel, inner shield, insulation, 

fuel block retaining ring, bolts washers, etc. per Dwg • 

. NOO 13100. 

b. locating studs 

c. lifting eyebolts for shield top plug 

d. evacuation cart 

e. fuel capsule without fuel 

f. helium bottled gas and regulators .. 

g . fuel 

h ; dry ice and acetone 

i. plumbing necessary to connect ·generator outgassing 

tube to vacuum cart 

j. 

k. 

leak detector and calibtated leak 

suitable wrenches and other tools . 
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V. INSTALLING MODULE 

A. G e neral 

The procedure for fueling a generator when a printed circuit mod~le is to 

be ins talled is virtually .identical to the procedure used when a shipping cover 

only is installed. However , a fter the insta lla tion o f the module c e rta in addi-

ticnal steps nmst be taken to check the module a nd outgas t he g e nerator insula-

tion. The procedure given b e low will b e followed in installing a module in the 

generator at a loca tion other tha n the fue ling facility, when the generator is 

ehipped fr om the fueling facility with the special shipping cover, or at the 

fueling facility if a module is installed with the. cove:r • 
. ·: 

B. Procedure for Installing Module 

At the Fueling Facility 

Follow Fueling Procedure (Se ction III) through Step 12. Then proceed 

as follows: 

13. Place finned radiator, with module attached, on generator. Be 

careful not t? nick, _ mar or pinch "0" Ring or seal surfaces . Daub 

all hold down bolts with epoxy s ealer EC801. Ina'ert bol ts and 

t.orque finger::. :tj.ght;; p~e ssurize g e nerator to 35 in Hg Helium 

pressure; ch.eek for hiss of escaping H elium; this .indi<;=ate s a 

pinched "0" Ring. If the 11 0 11 Ring is seated.properly, torque down 

bolts to 150 in. lbs per Note Z on Dwg. N0013100. 
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14. 

15. 

16. 

69. 

Evacuate generator to 500 }L pres sure and backfill generator with 

cold trapped {dry ice and acetone) helium to 40! l inches Hg 

pressure (absolute). 

Leak check generator. Leak rate shall not be detectable in 60 min 

with sensitivity of 10-G cc/sec of heHum on leak detector. 

Liberally cover all bolt heads with epoxy sealer EC80 l so that 

no portion of the ·bolt is exposed and so that the epoxy touches 

the lid all around the bolt head . . Liberally cover the joint between 

the lid and the shield vessel also. 

" . 
17. Outgas generator insulation according to outgassing procedure 

described in Section VI·' ~! this procedur~~ii~rr!e.d{:;:.t~f}~······t · · .. : ·,.~ 
. ·-------- . 

18. Check module performance !or conform.an·ce to the requirements 

of Section VII of this procedure. If module fails to meet require­

ments of Section' VII notHy the 'P.rpje~t_ Engih ·~er •. i } ··:. The module 

will be replaced. 

At a Si.te Other Than the Fueling Facility 

1. Attach outgassing cart .to outgassing po.rt on finned radiator with . . . 

n:iodule attached. · Attach another line to outgassing port on shipping 

cover. Prepare an argon purge line • . 

2. Evacuate generator for 10 minutes. Backfill with cold trapped (dry 

· ice an<facet~n~) .argon ~o 35! . 1 inch~s Hg pressure_ {absolute). 

3. Remove shipping cover and top insulation ring (used with special 

shipping cover). 
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4. 

5. 

6. 

7. 

8. 

9. 

10 . 

11. 

12. 

Place argon purge line on ·top .of fuel:block .(PN 10Q000 3r.· . .:. .n·"'·:,1 ~0 :.- . 

Attach fuel block instrumentation, ; : ·,., .. ·, to generator radia tor 

feed throughs . 

_Install top insulation ring N0013126-025. 

Remove purge line . 

Place module and radiator on gen e rator. Be careful not to nick, 

mar or pinch the "0" Ring or seal surfaces. Daub all hold down 

bolts with Epoxy Sealer EC 80 l. Insert bolts a nd torque finger - ·--
tight::- Pressurize generator to 35 in Hg. Helium pr essure. 

Check for hiss of escaping helium. This indicates a pinched "0" 

Ring. If the "0" Ring is sea ted properl y·;· ·torque down b olts to 

150 in. lbs per Note 2 on· Dwg. N00 13 100. 

Evacuate generator for 5 minutes and backfill to 40! 1 inches Hg 

pressure with col.d trapped helium. 

Leak check the generator. Leak rate shall not be d etectable in 

60 min. with sen~itivity of 10-6 cc/sec. of helium on l eak detector . 

Liberally cover all bolt heads with Epoxy Sealer EC80 l , that no 

portion of the bolt is exposed, and so that the epoxy touches the 

lid all around the bolt head. Liberally cover the joint between th.e 

lid and the shield vessel also. 

Outgas generator insulation according to outgassing procedure 

.described in Section VI of this procedure • 
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Check module performance for co_nformance to the requirements 

of Section VII of this procedure. If the module fails to meet the 

requirements of Section VII notify the Engin~ering Manager. The 

module will be replaced. 

CAUTION 

Steps 3 th:.ough 9 should be performed as quickly as possible 

but_ in no case should it require more than 30 minutes. If trouble 

is encountered, re-install the shipping cover, evacuate and backfill 

with argon or helium and correct the· deficiency without exposing 

the inside of the generator to the air any more than possible. 

YI. GENERA TOR OUT GASSING PROCEDURE 

until the · module :'. hot plate or diaphragm temperature:-: reaches 

0 
600 F. 

:.·: ~ 

2. Fill with argon or Helium (at the .El?~oje.ct: E~lri.eergs:r 's direction) 

to +35 in. Hg absolute pressure. Cold trap the gas with dry f.ce 

and acetone before feeding it into the generator. 

3. Pump down !or IS .minute intervals every hour until the _generator 

internal pressure reaches 100.1-<-, After every 15 minute pump 

down, backfill with argon· or helium. Repeat as often as necessary 

to get gen~rator internal pressure down to lOO)A,-after 15 minutes. 

CODE I DENT NO, E 
J--~--.-~,----,:..,.....--:---c,:..,--,.--,caa,----IC"'""-----t 

38597 A CHG 
AL SHEET PAGE I 

I 



. .... . ~:: ' 
~ ~. ::- . . '.: . 
. . • ... 
. ::· '• 

. ,, . . . .,••, ·.·· :. 

· . .: · ·:.}:~:' . 
: . . . , 

... ·,·:. 

TES- 3206 

• 18 ( .C• SI) 

.-;jJiJ, 
72. ~f, 1 

:---------------- 11?. 

Note: If a module has been installed at a site other than the fueling 

facility, only Step 3 applies. · 

VII. MODULE PERFORMANCE DATA 

To be written at a later date when module test data are available • 
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1.0 SCOPE 

1.1 Purpose - This specification establishe6 t h e require­

ment ! or the design and manufacture of the bi ol ogi cal 

shield for a radioisotope !'Ueled thermoelectric power 

generator . The shielding will be fabricated i n two 

pBrts, --001 shield plug and -003 the shield body. 

The shielding is required t o limit t h e radiation from 

the generator e~sembly. 

2.0 APPLICABLE DOCUMENTS 

NONE 

3.0 REQUIREMENTS 

The design and constr uction of the shield shall be i n 
•. 

accordance with the requirements or this speci'.fication a·nd 

any referenced specifications or other documents specified 

herein. 

3.1 Configuration - The ~eld configuration shall agree 

with the dimensions shown in Figures land 2 pageslO 

a nd 11 for t he shield plug and body respectively 

after applicati on of the protective coating described 

in paragraph 3 . 4 . 

3 . 2 Material - The shield pieces shall be fabricated from 

a t ungsten alloy consisting primarily of t ungsten 

with small additions of copper and nickle, or other 

metal s as binding agents. The material shall be 

formed by powder metallurgy techniques. 
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3.2.1 Density - The shield pieces shall have a density­

at room temperature of -not less than 16. 9 gram., ---· 

per cubic centimeter (.611 pounds per cubic 

inch). 

3.2.2 Mechanical Properties. The material in the 

shield ahall have the following mechanical 

properties. 
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~.2. 2 .1 0 .2% Tensile and Compressive Yield 

Strength - The material shall have not 

less than 75,000 ps i 0 . 2% tensile and 

compressive yield strength at 70°F 

and not leas than 30,000 ps i 0.2% 

tensile and compressive yield strength 

at 1500°F. 

3.2.2 . 2 Ultimate Tensile a nd Compressive 

Strength - The material shall have not 

less than 105 , 000 psi ultimate tensile 

and compressive strength at 70°F a nd 

not less than 45,000 psi ultimate and 

compressive strength at 1500 °F . 
.. 

3. 2 . 2 . 3 Elongation - The material shall have 

not less than 10% tensile or com­

pressive elongation at fracture at 

70°F and not less than 5% tensile or 

compressive elongation at fracture at 

1500°F. 

3 . 3 Tolerances - Tolerances not specitied herein shall be 

held and limi t;·a.· to good commercial standards. 

3.4 Oxidation Retarding Coating - The surfaces of t he 

s hield pieces shall be coated , plated or otherwise 

treated so that they will be able to withstand .exposure 

to air at 1800°F f or at least 200 hours with no more 

than 1% loss in weight after removal of loose oxides . 
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The air will be slowly moving .over the s h ield in the 

assembled condition. 

The protective coating will protect the 

shield pieces after normal han~ling during generator 

assembly • . The shield pieces will not be required to 

meet the other requirements of this specification 

following exposure to air as described above . 

3. 5 Method of Assembly - Martin will provide Ni base 

super-alloy bolts to hold the shield plug onto the 

s hield body and will assemble the shield in a hot cell 

f ollowing insertion of a radioisotope filled fuel 

capsule (Ni base super-alloy) into the shield body . 

3.6 Environment - The normal operating environment of the 
· . . · . 

shield p ieces will be as follows 

Temperature 

Atmosphere 

1200°F to 1600°F 

Argon - 99% 

Balance - co2 , o2 , B
2

, N
2

• 

The shield pieces will .be operated in a sealed 

chamber. Under emergency conditions the environment 

of paragraph 3.4 may be experienced. 

4.0 QUALITY ASSURANCE PROVISIONS 

4.1 Dimensions - The dimensions of the shield pieces will 

be checked for compliance with paragraph 3. 1. 

4.2 Integrity of Oxidation Retarding Coating - The shield 

pieces will be inspected to determine the freedom of 

the oxidation resistant coating from nicks, mars or 

other blemishes t hat may cause its failure. 
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measured by water displacement and weighing and 

recordttd . The ave rage density of the pieces, individu­

ally.,· . shall be not less than · 16 . 9 grams per cubic 

centimeter. If the average 1enaity of the piece is 

less t han 16. 9 grams per cubic centimeter, the part 

s hall be rej ected. Tbe data shall be transmit ted to 

the Martin Company along with the shield pieces. 

5 , 0 ?P...EPARATION FOR DELIVERY - Preparation for delivery shall be 

i n accordance with beat commercial practices with particular 

care taken to insure that the oxidation retarding coating is 

not nicked or marred during transportation . 

5 . 0 NOTES 

6.1 Definitions 

6.1 . 1 Manufacturer or Vendor - The manufacturer or 

vendor sball be the industrial organization 

awarded the procurement agreement of which this 

specification becomes a part. 

5.1 . 2 Mar tin - Martin shall be the Nuclear Division 

of the Martin Company, the Aer ospace Division of 

the Martin Marietta Corp ., Baltimore, Maryland 

21203. 

6 .1.3 Shield Plug - That piece described by Figure 1 

o! this ~pecification . 

6 .1.4 Shield Body - That piece described by Figure 2 

o! this specification. 
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6 . 1.5 Shield Piecea - The sh~eld plug and the shield 

body . 

6 . 1.6 Shield The assembled ~hield pieces. 
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In answer to your questions on materials use~ in the 

LCG- 25.A. generator tho attache·d data and repo.r·i:is are sub­

mitted . The ~ollovn.ng · comm.ents should be considered alont 

with the data . 

... 
• , 

l . The a~tached report r~~D-3169-45 on the 
s·ti~ength of MIN-K at eleva·ced tempera·Gures 
should an.sv:re~ Question 1. Note that ·the data 
goes only to 1000°F. Note e.lso conclusion 

·· · (5) on Page 24 o:? ·che ::;:-epo1."'·;:;. O:p~.ra-cin.g 
e:;,:pe:cience wi·i;h VITN- K a:~ still bigb.0r temperc.:.­
·i;u r es indicates that ·chis conclusion holds 
·co at; least 1300°F. 

2. JJ:ne at·liach~d- rcpo:r·i; from ·i;he supplier of the 
t-;;J.ngs"i:;en shield is submi·i;·;;ed in 2J:),St7er ·Go 
Question 2 . No·i;e -cha:c the ·iiGs·i;s are such tha·i; 
·they . closely duplicate ·the s.c·cual tt~ngsten 
shield co11di·G".lons in Jd2a·;; ·;;he ma-terietl nas 

._. :subjec·ted ·co a com:pressivG loac1 of 9 psi r-Jh..i.ch · 
· · is equi valen·i:; ·co the mz.x:imum pressu.re ·ch0 

ma·c~rial in the LCG- 25 shield will $00 clue to . 
i·ts o:;:m weigh·c . No defoma:cioD. was no·ced 
below 2350°:B' . 

3. The a·c-tach0d calculation inc.J_cates tha·i:; -t.:he 
·tun,s::;ten shield 'Hill reach a ma:;::izrma ter:1:9e:;:-a­
tu:ce less ·1:;han. 2285°:F? '.ibicb is w0ll bclo-:::r ·i;he 
sof·tening poin·i:i o.f ·che shield m~·i:;erial . 

4. Lit·cle or no direc·i; da·i:;a is available 0:,.1 e.n .. v 
o.f the s-c;:ro:a.tiura ·i;i·i:;am~:i;es a·c terr:.:pe:t::-i:i:iv.res ~ 
above l000°F. ·The ~elt;in5 :poir.rc oi ·the fne;;l 

. is \"Tell aboye the ms.xb:nur.1 fuel ·t;errroera:ru:i.:-0 
ezpec·ced, 2800°F, t~ud.0r. 1:'.!G.J:im:2.m capsv.le ·ce!il.pGra­
ture condi·cions . Mechanical s·;;G.bili·cy a·t tb.ese 
tempe.ra·rures hes no·i; be0n varified by e'.4--:pcri­
ment bu·c· ·che .fuel is so far b0lo-a i-cs mel·ci:ar; 
poi.n·c (3l1.90°F) that no problems are eY-pcc·cecl. 
I·c is known tha·t e. pr8ssed pelle·c . of s-trozrcium 
tifama·lies \'lill crack in·to several large piecGs 
af'i;er long te:r:·m . exposure at 1000°F ., appe.re:u:tly 
du.e to thermal stresses, but ·chat is all -that; 
happens . 

5. Da-ta shee~s on ·i;he bolt ma-i:;0rial are enclosed. 
Th~ bolts mec ... G spocif5.cation /!MS-5735B a ::::!.d a2~13 
in "ths heat; ·i:;rea·c c ou.di·cion .fox- v1hich t;ho 
mechanical properties on Page 2 o:f ·i.;he A236 
data shee~ apply . 
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LEGAL NOTICE 

Thi·s report was prepared as an account of Government sponsored 
work. Neither the United States, nor the Commission, nor any person 
acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, 
with respect to the accuracy, comple teness, or usefulness of the in­
formation contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owne d rights; or 

89. 
ii 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or proc­
ess disclosed in this report. 

As used in the above , "person acting on behalf of the Commission" 
includes a·ny employee or cont ractor of the Commission, or employee 
of such contractor, to the extent that such employee or contractor of the 
Commission, or employ e e of such contractor prepares,. disseminates, 
or provides access to , any information pursuant to his employment or 
contract with the Commission, or his .employment with such contractor. 
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FOREWORD 

This report has been prepared for submittal to USAEC, as part of 
the work done under Contract AT (30-1)-3169. The work was com­
pleted by the ~1:artin Nuclear Division. 
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SUMMARY 

Structural properties of Min-K 1301 with a 20-lb/rt3 density were 
investigated . Compression tests were conducted on the material in 
unbaked and baked conditions at 7 5°, 500° and 1000° F to determine . 
temperature effects; in restrained and unrestrained ·conditions to 
determine restraint effects; and dynamic t e sts conducted to determine 
dynamic properties such as modulus and damping. 

Results of the test program indicate the following structural proper­
ties: 

(1) Modulus of elasticity, E, 'is estimated at 5400 psi in the X 
direction. 

(2) The appa'.rent yield point is approximately 200 psi in the X 
direction. 

(3) The average ultimate strength is 290 psi in compression in 
the X axis; 135 psi in the y · axis; and 185 psi in the Z axis. 

(4)· T~mperatures to 1000° F have no significant effect on the 
compression modulus. 

(5) Unrestrained and restrained test results indicate no signifi­
cant effect on the compression modulus. 

(6) The material creep or load relaxation properties are stress 
dependent; high rates occur at high stress levels of 130 to 
1 70 psi, insignificant rates at low stress levels of 70 P?i. 

(7) Static and dynamic moduli are essentially the same--within 
8"/o; on the average, the material has a structural damping 
of 1%. 

Based on these results , it is recommended that Min-K 1301 be used 
as a structural material within the limits shown in this report • . 

.MND-3169-45 
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l 

I . INTRODUCTION 

Min-K 1301, manufactured by Johns Manville Corporation, is used 
in the SNAP 19 thermoelectric generators as a thermal insulator and 
as a structural e lement. Because of this, it was necessary to have data 
on the structural properties. The manufacturer's structural properties 
data were r ather limited, particµla.rly in the area of dynamic character- . 
istics such as dynamic modulus and damping, and little was known regard­
ing thermal effects on structural properties, either static or dynamic. 
In view of this, a test program was undertaken to generate structural 
properties data·. 

The test prog r a m was initiated as outlined in Ref. 1 and was revised 
as the testing progressed . The revisions were based on initial results 
and changes in technical requirements. 

Results of the testing essent ia lly determine the static and dynamic 
structural properties of Min-K 1301 as a function of temperature and 
restraint. · · 

Ref. 1 Thomas, D. R . and Buxbaum, R. S., 11 Program Plan for In­
vestigation of Structural Characteristics of Min-K Material 
Used in SNAP 19 Gene rators, 11 Martin Company, June 1964. 
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IT. DESCRIPTION OF TEST SPECIME NS AND FACILITIES 

A. TEST SPECIMENS 

The material tested was Min-K 1301 which has a density of 20 lb/rt3 • 
All test specimens were right circular cylinders, two inches high and . 
approximately 2. 5 inches in diamete r. Most of the specimens were 
tested in the as-received condition, or unbaked . However, before the 
test progra m was revis ed, seve ral of the specimens were baked at 
1000° F for a period of 24 hours prior to testing. All of the specimens 
t ested afte r the tes t program was r evised were baked prior to testing. 

. Specimens were taken from a single 18 by 36 by 2 inch production 
s heet. This produc tion sheet wa s given geometric designation as in­
dicated in Fig. 1 so that the test specime n fiber orientation character­
i s tics could be determined. The Z axis was along the 36-inch side, 
the Y axis along the 18-inch side and the X a xis normal to the surface. 

.··. B. TEST FACILITIES 

Compression t e sting during the initia l pha se of the test program 
was accomplished using a Baldwin-Lima-Hamilton Universal Test 
Machine. The deflection of the Min-K 1301 test s ample was determined 
by using a dial gage wit h a resolution of O. 001 inch. 

For elevate d temperature conditions, the samples were heated us­
ing a Lepel Induction Heater. . 

Compression testing late r in the program was accomplished by us­
ing lea d weight s. Each weight was 11 by 13 by 1 inch and the average 
w e ight was approximately 54 pounds . Compression stresses up to 110 
ps"i were attained with this method of loading. T est sample deflection 
was determined with a dial gage with a resolution of O. 0001 inch. 

Data for the dyna mic tests were obtained using an Endevco Model 
2212 accelerometer and Endevco Dynamonitor, Model 2702B. Data 
were recorded on a Consolidated Electrodyna mics Corporation (CEC) 
Model 5-124 oscillograph. 

The Lepel Induction Heater was used for the elevated temperature 
tes ts. 

.MND-3169-45 
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Min -K 1301 
production sheet 

X 

Fig. 1. M!n-K 1301 Test Specil:len Orien~tion Designs.tion 
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4 

ill. TEST PROCEDURES 

All testing was conducted with the test specimens mounted in a test 
fixture designed for use at temperatures up to 1000° F. The test fix­
ture consists of a water-cooled, cast alum'inum base (Fig. 2) with pro­
visions to insert an induction heating coil and thermal insulation mate­
rials (Figs . 3 and 4). The specimen loading head is a 2. 5-inch diameter 
aluminum cylinder with provisions for water cooling {Fig. · 5). 

A sectional view sketch showing how the test specimen is mounted 
in the fixture is shown in Fig. 6. The dotted lines in the sketch show 
the modifications necessary to convert the fixture for compression 
testing with the lead weight s. This_ arrangement is shown pictorially 
in Fig. 7. 

A . STATIC TESTS 

The Min-K spe-~imen was placed in the test fixture as indicated in 
Fig. 6 . If the test environment required a restrained condition, the 
sample was inserted into a stainless steel cup or cylinder; load was 
applied by inserting the loading plate inside the cup. For an unrestrained 
condition, the sample was positioned on a stainless steel base plate and 
the loading plate positioned on top of the specimen. 

The load was applied to the sample using a BLH-Universal Test Ma­
chine. The deflection of the sample was obtained by positioning a dial 
gage, capable of resolving O. 001 inch, between the loading head and the 
base of the test fixture. .. · 

For the elevated temperature tests , one thermocouple was positioned 
in the geometric center of the specimen to determine· specimen tempera­
ture and one thermocouple was placed against the stainless steel cup or 
loading plate to monitor the specimen surface temperature. 

Unbaked specimens of Min-K, of equal projected area, were subjected 
to temperatures of 75°, 500° and 1000° F. One sample was subjected to 
each temperature environment in the unrestrained condition and one 
sample was e:~posed to each temperature in the restrained condition. 
The unrestrained samples were loaded to failure (fracturing of the sam­
ple). The restrained samples did not fail as in the unrestrained case 
but the material packed together. These samples were loaded until a 
25% sample deflection was obtained. 

The sample was stabilized at the desired temperature within a tol­
erance of± 5% for at least 15 minutes prior to the start of testing. The 
thermocouples positioned in the geometric center of the samples were 
used to determine temperature stabilization • 

MND-3169-45 
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Fig. 7. Min-K 1301 Static and Dynamic Test Configuration B:i.se e.nd Lead Weight 
Loo.ding 
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To determine the stress-strain c haracteristics of cross ax is-oriented 
samples,. three sa mples of unbaked Min- K were subjected to the unre­
strained stat ic test , at room temperatur e , in each of the Y- and Z-axes 
(see Fig. 7). 

Each of the samples used for static testing was subjected t o an initial 
preload of 5 psi. The deflection of the test fixture, up to a 5000-pound 
load, was determined as a tare reading. 

1. Relaxation Tests 

The relaxation rate of the Min-K specimen was determined by plac­
ing a fixed load (using a BLH-Universal Test Machine) on the specimen. 
The test machine was then s to pped a nd he ld at a consta nt pos ition. Load 
readings were taken at var ious t ime intervals throughout the tes t periods. 

B. T ESTS TO D ETERMINE SCATT ER EFFECTS 

1. Static Loading 

Six test specimens , baked at 1000° F for 24 hours, were subjected 
t o com pression loads up to 110 psi to determ ine variations in the stress­
st r ain characteristics of unrestrained Min-K 1301. All t est specimens 
came from the same production sheet. 

Compression loads were applied in increments of 11 psi us ing the 
lead weights previously described . This testing .arrangement is shown 
in Fig. 7. Differential displacement and load data were recorded, Pre­
load fo r these t ests was 12. 57 psi. 

2. Dynamic Loading 

Loading for the dynamic testing was accomplished as described for 
the static loading except that the m aximum load was 6 7 psi. 

Dynamic testing consisted of exciting free vibration of a spring 
(Min-K 13 0 1) mass (lead weights) system at each load increment, A n 
accelerometer was bonded to the load ing head with denta l cement, and 
it s output recorded on an oscillograph . From the recorded accel erom ­
eter output , frequency and damping were determined. 

Free vibration was induced by striking the lead weights near t he 
center of gravity with a rubber hammer. 
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C. RESTRArnT TESTS 

Tests to determine the effect of resfraining the Min-K were con­
ducted on one sample. Tests were conducted on Test Sample 6 which 
had been first fested in an unrestrained condition. The test sample 
was placed in the restraining ·cup as described in Section m-A;. Static 
and dynamic loading tests were again conducted as described in ·sec ­
tions B -1 and B -2 . 

D. TEMPERATURE TESTS 

Temperature tests were also conducted on Test Sample 6 in the re­
strained condition. Static and dynamic loading was accomplished as 
described in Sections B-1 and B -2. · 

A Lepel Induction Heater was used to heat the test sample. The 
induction coil is shown in Fig. 4. Test t emperature was 1000° F. The 
test fixture base and loading,. head were water-cooled during these tests. 

E. Mill-K FIBER ORIENTATION TESTS 

Dynamic tests were conducted on two test samples to determine fiber 
orientation effects on damping and spring constant. One test sample was 
Y-axis oriented and the other, Z-axis oriented. This designation is 
shown relative to a production sheet in Fig. 1. 

Dynamic loading was accomplished as described in Section B-2. 
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IV. RESULTS AND DISCUSSION 

A. STRESS-STRAIN VARIATION FROM SIX-SAMPLE TEST 

Stress:..strain data was taken from sLx baked, unrestrained Min- K 
1301 test samples at room temperature (75° F) to determine variance 
from sample to sample. These data are shown in Fig. 8. By use of 
small sample statistics, an estimate of the mean strain at each stress 
level v.ras made and the best fit curve drawn. T his curve determines 
the modulus of elasticity, E, to be 5400 psi. Also shown on the curve 
a re the 90% confidence limits of the estimate ·of the mean. The upper 
confidence limit yields an E of 6 000 psi and the lower limit of ~000 psi. 

B . TEMPERATURE EFFECTS 

To determine the effect of temperature, stress strain tests were 
conduc ted on baked Min-K a t room temperature (75° F) and 1000° F . 
Thf.se tests were conducted on the same specimen over the linear range 
of E, These data are shown in Fig. 9. As can be seen from the curves, 
temperature has no significant effect on the stress stra in characteristics. 

C. RESTRAINT EFFECTS 

Stress-strain data were taken on the same baked ·Min-K specimen 
in an unrestrained condition and then in a restrained condition, using 
the restraining cup. This stainless steel cup completely restrains the 

· test sample over the two- inch height . Results of these tests are shown 
in Fig. 10. As can be seen, there is no significant variation in the 
stress-str ain characteristics over the range considered, i.e. , up to 
110 psi. 

. . ·-·· 

D . STATIC TESTS· 

Initial static testing included tests of unbaked Min-K, unrestrained 
at 75°, 500°, and 1000° F and restrained at 75°, 500°, and 1000° F . 
Since it was shown previously that temperature and restraint had no 
significant effect on the stress strain characteristics, these data were 
grouped and plotted as shown in F ig. 11. The mean strain was com­
puted at each stress level and the best-fit curve drawn. The best-fit 
c urve gives an E of 5500 psi over the linear range; i. e . , between 30 
and 200 psi. This, of course, if very close to the estimate of E from 
tests of baked Min-K. By deduction, it has been determined· that it 
makes little difference in the compression modulus if the material is 
baked or unbaked. 
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Further examination of Fig. 11 indicates that the modulus decreases 
abov~ 200 psi. In all probability the material yield point is in the vicinity 
of 200 psi, based on the change in slope of the stress-strain curve. 

All of the samples were taken to failure; these data ~ndicate that the 
mean ultimate strength is 290 psi. The 90% confidence limits were also 
computed based on 18 samples tested to failure; these limits are 303 
psi and 277 psi. It is noted here that the restrained specimens contin­
ued to show linear stress-strain data above 300 psi up to 1000 psi in 
some cases. The test samples were, in effect, being compressed into 
the restraining cup and did not recover their ·original shape. For ex­
ample, at 1000 psi the test samples compressed O. 5 inch and 50% re­
covery was noted after the load was released. 

The unrestrained specimens failed in shear in a plane nearly paral­
lel to the cylinder faces. First, pieces popped out of the side and then 
the specimen fractured. Figure 12a depicts typical failures, encountered 
for X axis loading. 

E. MATERIAL FIBER ORIENTi\TION ... ST.l\TIC TESTS 

All test results reported thus far have been for compression loading 
in a plane normal to the surface of a production sheet, or the X axis. 
Tests were also conducted with loads parallel to the surface of the sheet, 
namely the Y and Z axes (see Fig. 1 ), to determine effects of fiber 
orientation on loading. Results of these t~sts were inconclusive. There 
·was a wide scatter in the modulus of elasticity from low va1u·es of 3700 
psi to high values of 7000 psi. Of greater interest, however, is the re­
duced level of ultimate strength, 135 psi in the Y axis and 185 psi in the 
Z axis. 

Typical failures were in a plane nearly perpendicular to the faces .of 
the cylindrically shaped specimens for both Y and Z axes, indicating 
definite fiber orientation characteristics. Figures 12b and 12c depict 
typical failure patterns. 

F. LOAD RELAXATION TESTS 

Load relaxation characteristics of one baked· and one unbaked sample 
were determined with initial loadings of 170 and 130 psi, respectively. 
Deflection at these loadings was maintained constant and changes in 
load recorded as a function of time. These data are presented in Fig. 
13, For example, extrapolation of these data indicates that after a 
period of one year the pre load is only 7 5% of its original value under 
these particular conditions • 
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During the load weight compression tests, creep tests were conducted 
on one baked specimen at 67-psi constant load. After 64 hours, there 
was only a O. 04% change in specimen length. This indicates that the 
creep, or load relaxation, characteristic is definitely load-sensitive, 
based on these limited tests. 

G. DYNA MIC TESTS 

.A, summary of the dynamic test data is shown in Table i. The aver­
age dynamic modulus is 5100 psi and the average damping is 1%. These 
averages were obtained from the same six specimens used for static 
tests. The average dynamic modulus is within 8% of that determlned 
statically. · 

Dynamic tests were conducted on the same spec·iinen to determine 
effects of restraint and temperature on the modulus and damping. These 
results are also reported in Table 1. As in the case of static testing, 
no significant changes in damping and modulus were detected due to 
either restraint or temperature. 

Dynamic modulus was determined by measuring the free vibration 
frequency under various loads. (See Fig. 14 for typical vibration data.) 
From the frequency data, the material spring constant, K, .is deter-

mined fr~ll f = !1r a, where Mis the vibrating mass. Then the 

modulus E is determined from the geometry of the specimens and the 
spring constant as follows: 

·R 1 
E=~ 

where 1 is the specimen length and A is the cross sectional area. 

The damping is determined by measuring the rate of decay oi vibra­
tion of the spring mass system from 

where 

1 AO 
G = ill loge x; 

G = .structural damping 

N = number of cycles 

A O = initial amplitude of vibration 

AN = amplitude after N cycles of vibration 

.MND-316 9-4 5 
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TABLE 1 

Min-K 1301 Dynamic Properties 

Average Average 
Spring_ Structural Average 

Spec imen Constant, K Damping , Modulus. 
Numbe r (lb/in.) G (%) E (esi)· 

l 12., 255 0.007 4 992 

2 · 12,148 o. 011 4948 

3 11,674 0. 011 4755 

4 14,641 o. 011 5964 

5 13,404 0.010 5460 

6 10. 928 0.00 7 4457 

E a verage = 5096 psi = 5100 psi 

K a vera ge = 12,510 lb/in. = 12,500 psi 

G avera ge = O. 0095 = 1 % 

Average Average 
Spring_ Structural Average 

Specime n Constant, K Damping, Modulus , 
No . 6 (lb/in.) G (%) E (esi) 

Room .tern-
perat ure, un-
r estrained 10,928 0.007 4457 

I 
; 

I 
i 

' I 
! 

Room tern-
perature, 
restrained 10,780 0.008 43 9 0 

T = 1000° F; 
r estrained 11 , 963 o. 011 4875 

{ 

l 
I 
I 
! 
i 

! ! I 
' \ 

. I 
! 
: 

; l .. I' • ! 
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V. CONCLUSIONS .A ND RECOMMENDATIONS 

From the test conducted the following is concluded: 

(1) Min- K 1301, 20 lb/ft3 density, modulus of elasticity is 5400 
psi for design purposes . This modulus applies over the linear 
range of the stress -strain curve from 30 to 200 psi, in the 
X direction. 

(2) The apparent yield point is approximately 200 psi in the X 
direction. · 

(3) The average ultimate strength is 290 psi in compression in 
the X axis. 

(4) Min-K 1301 should not be employed structurally in either a 
Y- or Z-axis application due to its inconsistent behavior and 
low ultimate strength. 

( 5) Temperature a·nd restraint have no significant effects on ·the 
compression modulus within the range evaluated. Complete 
restraint does prevent material fracture but the material 
compacts (plastic range) and does not return to its original 
shape. Further, the modulus of elasticity decreases above 
200 psi. 

(6) The material ·creep and load relaxation properties are stress 
dependent. At low stress levels, 70 psi, the creep charac- . 
teristi.c is almost insignificant (0. 04% in 64 hr). · At 130 to 
170 psi, the load relaxation characteristics show a significant 
change with time. 

(7) For design purposes, there is no significant difference between 
the static and dynamic modulus of elasticity. The material is 
lightly damped, 1 % on the average. 

It is recommended that Min-K 1301 be used as a structural material 
u sing the limits shown in this report as design guides. 

MND-3169-45 
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ITEM NO. 10 
l~c1,11;,,·,1ctr;l In ·.; .. 
l.a, robe .. Po . 

By: ~. Slr.:on 
D~Lc: Octob~r 22 , 1965 

117. 

O~ject: !o d.:;torwfoo thtt cJufonruuion or w .. 10 wvr:;us tcwpvrature at o 
<Ji von load.· 

51,'-: 1; .t:-?, ~~; 
z...-C ·, ShitJ 

A :;r,.}c!i;:,cn, 0,4"' diru .. aH·:,r x l" lnn•J .. l'.:,s loacic(] t0 9 ~-:; L ... 111~ lo ne wa s 
c;1lculated es rnxim111n lono at ti·.1) be!;c oI t.;;,! si,lcld L'O d j'• ln.:;tu,:1 ,,c;: t::,, 
shield plug we1oht . . . 

Sprcl.rn1~n 1·ias di rcctly 11 )titod O}' l.r,ou,-;doi1 ir, an ;H'<;;Oi1 ,.~.; .. ~s;,L.:;ro ".1 c; 
dia: c;_wugc r~arlit1{li tr.l.'.t"~n ol. ·;ulous i.cL',i>~r;;turc:.. Tccpcn,:.ure 1·1os ronr! t;· 
opticol moails .. 

To n ti,n;,eraturP. of 235')°F eo 2385°r. on1y oxp,:rnsior, 1;; !-i s no!.otl on <li al 
gOUQ0. 

Tc,"?Jli:? r a t.u re 

·23SO to 2;-05 

23115 to 2395 

2425 to 24!)0 

2960 to 3065 

Holtl ·.ric.:.c 
.J]j_ri~t_QL 

13 

l<> 

9 

:3. 5 

!?.!.~.\ _G nu g S 

0 

.0002 

,023 

.03D 

25.S X 10-4 

86 0 0 X 10-4 
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ITEM NO. 11 

Ca 1 cu. l a:tf . .Q.'Q. o .f Ma::dr,:,~_Fu c 1 

LCG-25A 

Co:r·e '.t'emn 0:::-a·cv.:;:·2s --~ .. 

Under the worst conditions described in the safety 

report, it is remotely possible that; the .fuel ce.peulc vlill 

come to wit;hin 25 °F of the lower end of its mel·ting range 

(2310°F to 2450°F). If i·i; is assumecl ·cha-i, the }~wl capsule 

culated as .follows .. 

Fuel Capsule Temperature = T 
C = 2310 - 25 = 2285°£ 

""'-"O.,.. ·F.t1e I~ue_1 ... ,,,. . ._ .... e..,l;ne · ··--.-,""r.. ..... :;, ·'-".,...~ - V v.;;...U.V .!., - V~=.!:'-.:, ... -lJV . .l.\;; ~ :c.ot;e tha:t ·che 

capsule is filled primarily -with helium and the li!:!.sz-s fi ·i:; 

close -to the capsule wall . Thus tb.o equation 

nT = 

will apply. This is ·i;he eQua'i:;ion giving t;he ·tempera-cure 

di.f.fer<:mce between ·i;he cen'i:;er and su:r.face of an i nf'in.i t0ly 

long cylinder producing h0a·c uniformly thro1.1.ghout i tB 

volume .. We me.y conserva·cively assume the .following values 

then 6T = 514°F 

s = 1. 0 ·~.s.·;:;t/ cc 

r = 1.75 inches 

k = 1 . 0 BTU 
fu-..-]'·i:; - v:n• fm ... the f\101 
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Max. Fuel Temperat"'l.1re = 2795°F 

.Even if we a l low 100°F drop between the liner and i'ucl 

capsule, the i'uel cen·t;erline tempera-cure is still well belO\'/ 

' the fuel melting temperature oJ: 3l~90°F . 

For the i:;ungsten shield temperatu.?e we can conse:rv&.-

ti vely consider that the tungsten piccr::s are at ·tbe s~!P.e 

tempera·rure a s the i't:ol capsule, 22B5 '-'F . F1:·0m 'i.:b.f.: .Kenc27;;:i.t:.n 

VJ-10 creep de:c .. "' , it C8.ll be seen thls is 108"1' belol7 t;he 

softeui.ng poin:t o·f the mate:cial so tha·c· :.-cbc shield will no·c 

slump due t;o its oyr..a. weigh·t; . 
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ITEM NO. 12 

/Jr.11enter A-286 

C j Mn ·1 Si 
j Cr Ni / Mo , 1 1 V ! Al . B I Fe 

. . I I 
typo analysis, 

· !-·· " ···· -- --1 'i -- ··--- --·-- ...... 
13.;,0/ I 24.00/ I 1.001 ! 
Hi.0<1% I 27.00% 1 1.75% '. 

- ·j ·- -- --,- - - ---· --
1.'Hl / : 0.10/ 1 0.:15 . , .00:l / j Dal. 0.0-'1% l.00/ 0.40/ 

mnx. 2.00% I l.OO?'o 

OESCRIPTION1 

C:irpcnlr.r A-280 i.~ an :illo>· d esigned for scrvic~ 11p to 
1J00° F on jobs rcq11i ring hii;.h strength :ind goocl rnrrosion 
rcsistanet' nt tht" opcrat111g 1c-111f1crnlure . It offers h igh 
duculitr in notc-l1rd sec tions-in .\cl. the- not<·l,1·d n,pturc 
strc-n~th of J\-2/{0 is sup<' rior to any oLiH'r {'OnHncrdnl a l­
loy with romp:m1hlr high tc-mpcr::iturc prnpNti1'.s . A 
11niq11e ad\'antage of th i~ all0)' i.~ that it r:in be predpila -
lion hardenl"d, 11nrl slrrngthc11rcl hy he-at lrc-atmcnt. "11iix 
makes poHiblc n high ,lt-grrc of uniformity in dc\'<'lopinJt 
muinmm s trcngtJ,, which can be duplkntt-cl on jnh aftn 
job. 

l'\o. J\-2R6 is tCt'\immcnrll'd for parts t liat mmt provide 
m:uimum strength and corrosion rcsi.~tnncc at lt·mp<"rn· 
t11rcs up to 1300° F. It i.~ ust"d in jct engine-.~ nnd i.11per· 
chnr~crs for vnriou~ high tcrnp<-r,,n1rr. 11pplica tiom surh 
ns turbiM whf'el, nnd hladc, , fraf1!C3, casings, aftcrh11mcr 
pans and bolts. 

PHYSICAL CONSTANTS1 

Mrlting R:ingl' . . .. . . . ... .. ......... . 
· Sp<'cific izravi ty .. . .. . ... . .. •. . ..••. .• 
lJc-nsity-111.~. p<.'r cu . in .......... .. • .. . 
Mugncli<- Pcrrnc.1bili1y 

2500/2(,00 ' F 
7 .9·1 
0.280 

Solution TN'att-d . . .. . ... . . .... ... . . 1.010 
1.007 Solu tion Trrnt<'d and A!.:c-d . . .. .. ... . 

Electrical Hc~islivit-v 
T cmpc>rat,,rc 'F · 

87 
Micrnhm-cm. 

9 1.0 
M icrohm-in. 

3S.R 
4~.5 
'10.8 
47.3 
48.2 

JOOO 
1200 
1-350 
1500 

J 1.5.R 
j 18.8 
120. 1 
122.4 

Specific llrat, 10-1 IO :2\J!J<'F, lffV: lb.; 'F O. il 

TI1cm1nl Conduc tivity 
Temprraturo °F 

302 
1112 

DT U/sq ft/in/"' F/hr. 
l 0-1.2 
105.0 

' 
2.:,cr,.. I 0.50% I mu. f .0 I 0'7o I 

coC'fficient of tl,rrmul t.'ljl:lnsion 

80" F to j Coefficient in/in/° F x l Q-6 

- ---·· . .. --·---'·---- . ·---
2oo·F 9.17 
100 9.15 
GOO 9.17 
ROO 9.<l I 

1000 9.78 
lWO D.53 
)300 9 .9·1 
HOO 10.32 

Tcrnpn;,111rr. <' f Mod11 l11~ .,f Ebl.qicity, 
j).s.i. " I 0" 

_.:-o ~.es.~ 
1000 ~:'l.7 
I I 00 22.~ 
1200 ~1.9 
1300 21.1 
l ·IOO· W . l 
1500 18.7 

HEAT TREATMENTt 
,olut.ion lrc :ilmcnt, 

Tw(1 mc-U10<L~ nf he.ii trcatmt·nt nrr rccommcndrJ for th i.~ 
nlloy: 

1. llcat to 1600° F. hold I hour Jt he-a t and cool r.,p­
itlly. 

'.!.. 11 .. a l tu lo SW F . ht,ld 2 hmm o t I w:i l and cool 
rapidly. 

Tlw first ( 1) solut ion trC':ttmc-nt n·s11l1s in highrr ha;dnr~s 
.rn<I innrascc1 rup!11rr. ~tr<·11~1h aft r r il),(ing, wilcrc:u the 
sc<:'Ond (2) treatment rt·sul ts in l.><'1 tcr Juctility. 

prt'cipitation harclcnini;: trcR tment: 
! h:.n to 1300/ 1400"F, !,old 12 to 10 hnurs at hcnt, nncl 
11ir cool. Hardness appro~imatcly 300 fl!IN. 
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Carpt:nta A-286, Cont in11cd 

CORROSION RESISTANCE, WORKABILITY! 

hot ,,·orki11~: 
Carpr11!t'r t\-!'.!HG is mllrd or forj!<'<I from tcrnp,•rntun·s of 
1 !)OO · zo:;o · F min~ n short ~n11ki11;( p<-riod, It Is ~li1thtlr 
m1•rr r<',istant to 01•forrnatio11 lhnn tlar austr:nitir ~tain!C'ss 
i;tt'ch clnring hot working. Do not forge hdow !700°F. 

(;nrrnsio11 rrsislancc is rxerllr.nt 11p In 1.1oo·F nj!:iinit nll 
atmosphN<'S rncmmtrrccl in jct cn~inc 5C:n'irC' . (h.iclation 
rcslsta1H·1· is ,·q11ivnl<•nt to th;at of 'i'n)(' 310 St11i11lc\s Strc-1 
up to !HOO J-'. 

FORMABILrTYi 

In tlac ~1,l11lion ll"C'ntc-d t·nn<liti(in, <::o1q~·ntc-r A-VW Catt b<' 
s:t!isf.,rl<•rih· colt! 1lrnwn mid forrnrd . It ~~ som(•what );tjf . 
(c-r than ~,.i.inl<'ss stN:ls s11t·h ns T)'(x:J 316 nml :JI O. 1111d il 
wnrk h:mlrn~ rapidly. 

FORMS AVAILABLE: 

Billet.~ 
\WJ:'I n OJ f"! • 

Readily welded by the- ,hiddcll-rarc' or incrl-j!:is-:m: mr.th­
od.s. It is rccomrncnclcd tlu1t the 11lloy be in tlw ~olution 
trcoted condition for wcldinE;. 

Hot wllc·d ;and col<l li11islic.-d bars 
\Vire 

Tc-~t 
TC'TTlprrature 

"F 

Cold rolled 5trip 
Special sh:i~·s 

MECHANICAL PRO.PERTIES: 

Tcmile Propcrtic~ 
Trit:; on 111" diamc-tcr b~r ~10d, 

Solution lr<·atNI Jf;(){l ·F, l li1111r, oil quenched, o~<·<l l0~-5~F, l<l liours, ;,ir cool(!d 

0.0~% OfTH·t ! 0.2-Z.. ()jf~<'I I 
p .s.t. p .s.1. 

Yi<-ld Str.1·11,1;th l Yield Str_<'n~th T,·n, il<' % Ef,,n ~af.i•m 
~lfl'ngth j in:!"' · 

1 

- -·-•I~ :·---·-···~~:~:~~----1. -~i~:~g~--· --·-· :::~:~:~~;--1,j---;;.:{-·. ·· 11 

800 i;.;,()00 n1.ooo I :3H.OOO i li.:. 
1(>00 02,000 X7.-'3<l<l J .1 J ,000 I l H.5 
11 (){) fi-1,:'iOO IJO,ooo 12~.0<l(i 

1200 Ci2,500 8H,000 Io. l,!,OO 
1300 C,8,500 H(UJC>() fi(i.:,()() 

1400 44 ,:>00 I . OZ.000 
1500 31.000 I 3:l,()00 

0-1.000 
'.JH,.'iCHl 

StrcH Hu11t11rc l'rorcrtit'~: 
Solution Trrnll•<i I HOO F. 1 h1111r, oil qu<'n<'hc-cl, 

ngcd 16 hours 1125"F. air roolt"d 

21 .0 
I :J.O 
11.0 
iH.:i 
6K5 

Strc~s (p.!1.i.) for rnpturc . Stn·~s (p.s.!.) for mpturP. 
Test -- , 

Temp. °F lOO l. --!--% Elo;1~~: -:- · · ---%-Elim~:i· ·-- --· .. io~~-'- tini:!11 ~_!?.- .j. ·-~~>O ho11r$ __ i ___ ~n in .m 
1000°F 99,000 I 3.,, ' i,:,,q ooo . . :J.O 

a • 

1100 Hl,500 I :J.O 71 .500 
1200 61.000 !'i.O •Hl,000 
1300 44.500 12.0 2!1.000 
1350 3.5,000 29.0 ~ 1.000 
1500 rn.ooo 55.0 1.,00 

Creep Strcnhth: 

:J.O 
8.5 

30.0 
35.0 

RNI, art.ion 
of Ar<.~;° % 

•l .'i.0 

52.0 
:3:3.0 
:; 1.0 
2:1.0 
l-1.:, 
l 0.0 
2-'1.0 
3i.5 

V-Notcli C,'hwrpy Impact $(T'e1;i:th1 

Test Tcm;wr:iturc °F Ft. lbs. 

57.0 
fiH.0 
(i,1 .0 

59.0 
51.5 
•15.S 
44.0 
35.0 
44.0 

Trsl T 1·m· i Stn·~~ (p.s.i.) l<>r cr,·,·p ;,l 

· -310 
- 100 

70 
400 
600 

I 000 
1100 
1200 
1300 

p('r;1t11re - ·o·""' ' ·-1·-1 {l"' . -l. ·,) ., ,;: . ···, - ... ' -. . .. F .. , ,,. m . Ir Ill .. , :r m l _(j .... , in 
_ _ .... __ • l 00 lm. • l 00 hrs. . . _ l_OOO hr~: I.! 000 ht:.:._ 

1000 81.00{) . 92.000 I 78,000 j 
0

1'\S,OOO 

1100 76.000 80.000 I 6.'!.000 i0.(){){) 
} 200 5.'1,000 fi(),000 .'l.S.000 41,000 
I 300 30.000 35.500 

I' -- . 



~ ,Yi-;;,:·: ,::~·\f~lniiit~~!~-M~tj~~-f{',;.,,.~·3 In N 

~:«;:;:,' ·:·:-... ~ .... ,fl;;:;'.,,.,. ·.thlti'···= •. -,~;-.,_ . .:,:· . ., "; -:--:: ..., -............... b . 
,,~..:;.~:f, -;.;t::.r,•:....,,,f1was ·· gtao "f.ID •. ,,c. 2054s . · 

li;:i)~)~}/i~liif:S~l@~:lify1[~iJ%~-\ ·. ·::-. :·.:; ·. . ·_. 
~=l~::,C:1:\)·::::::6:.~~Utl9P: .:;-)i·~..r.· ·wilHnm H. Rrry ff.;.1:.;---..: ~,=-' . ··-1!'[~:_;:"!-.""!'~"i';'.. - r·~ ... ··:~;:: :?e~-;.~,:);., - · ,.,....\ . . . 
,s~··.::, :~'·, ··---~S':'..;!;iti-~,:~',/~-;~~:;.•.~:.:;:,:-.. radiated Fuel ~~ch 

I• 

{f ~Ji?f /\:f~im}!~rir;tj?ir~/(\·}/ . \' .... ; . ··: r . 

u,;;;,- ., .::,::· ~ ... ,-... .,. ... , ~£erence· ·-:~,AEC Ltt. oared !'.a.arch s. l9GS from w. H. Ray to c. w. Keller 
~ :.~ -...·:·: ... .-~~:.~!, ;'::,-:.,:,.. ~: ..... _....i.:;. :;.:.:;.;: :~ ·._._;-~, .. ~.:.,.,.,: • " . • • 
~ ·if:+·''·: ·.,~'.7 ··.i?;-~;;}~~r'.'t;£th-'1•,}r1··{DM L: IFB: WHR) ·._; :·. 
iJfi~·_y:-~>·:-~~H~\f~:,it:~t~~~tJf~i/·\. v '._- .. ·.-t -:? . 
~ : .. ;·.:~-.- . ..}~.i~.¢.1:. :~;;.:.:·:,,1) ~&:Jitionat In!ormD.Uon 

' . I 

.. ,· . . ,, · 

Bypr~c't License 19.:-1398-34 
.. ;, ' ... 

_, 

: .. ·· . tP· 't·· iitfJt~;11r1;!~J;tr: ~-· '·)''··· .. ;:;, . 
. ? ·, . .. : }t}/. We are happy to supply the nddi!iocsl informu.tiou requested m the 

122 . 

iitJ> ::1~~~tit1M~t;;i,i;f,,!!'ttf > ·_, . , ,. 
,'-:·"','·"·.1:· ·,,'"'' "-':';, ,J. _,./~~uJ~ .. 9Ssigo_ph.-e for_ tl!C !t,.art1n LCG-.2.,, 11.- :::n[\';ty of the u~it W(t'.;l dc[b~d 
f~f,!/:.J:/t;,··~;_}J/'.;:'•·)·:{by\ tl~ 'COnts1nmf'nt-of the fuel \•;ifui.'1 the 'ino.e!· shiold bbck t:.nd tl;~ o:.itel' r.-·on0 .!'.'t t::Jl' 

tZ.;){\}:=.·.· ~-.:J(<{f{fJ{UJf?(t~i:~:d}i;ui;~~t-precli~.a~:d on any contribution from tbe thermc-elect~lc 1~a~~lc 
.... ,.-·~. · ~ . -. . . ·- ....... - :,._ . . , ... ··.J'-~· ... .. ....... .. . . . 

?· }:.:;: ,: .. ;i::·: . . ; ::.~::.= \?or :qo?llµg 'fin:;/ !;; It .ts tl.n ticip;1ted th.at the fL.1.J WO'.lld be dn:!:r{;ed .flll d t!!.2t the 
tlieffuqe(~_ctrlc c~vers1on pack.g:;) will become 1J1vper:1ti<;a :1.-3 ~ re8t.tlt o.f e. four 

... ;..·.., .·,· .~ !, . .. :. • ' • • •.. ,;<•t";' ,, 

· ·\.:.: ·.::· :f~t -4rqp bn _the fi!lJ;·. : However, thi~ will cau.:.i.e no rac:livlo[;.ic:il h::.z~.rd Gincc no 
_ ·; ; . • •;. • .· . ;:···· ·.:'!" ;"Y~: •.,,: ~;"/r, ·, • · :l ~:. 1 ,.,:,.<""•: :- :: 1 ' , · . ' • • • • 

:·-·:,~ '>-<".?:':.h~V9. ~~¢>)~ in. o~f_p~no.u3ty Si,!b:.~1itted an.'.llysis tlw.t no h~z3rds re:m1t fro:u t1~c 
. . ~ .. , .. .. ,. .- . ., ··~ ~ .... ~ · .. · .,t.· _. . . . -. . ....... .· .. · .. :.( :>·''· facrehso ln temperature following~~ fire which met~ the Cln'i and t.1:.o thcr:::o -

. : . ;··,_.·.::-,:}:,:~l9Ctri~'¢9}i#~s.: ; .. ~ven li ~he 'rfo_, are alle.1rcd fror?l _the gcn~rr,tor the hc~1t 
~:~.- . ':' .. i_';{r,.-):·: i:o}ect.{o.i'.:fre1.{;,.~i'.ti~ ~ .. ·~a:i-ie:- U.; n th:it rc.;iµting fu pu;- Fl:evloµ;.$ly analyzed 
••• ·• \ ·:~ '··.17'·-~:. ·, .. ·;,.,:· :· . . · .- ·1 .. . ,'I~ \ •;:,'.,,4 .· : • ' · ·~": ', · : : : . ... ._~·· • • • • • • .... ·:. . . .... • • • • .' .~. • • • • 

r·/.:;·:,.::(=. .f ?,':.:L -''=·~1:~,,v.cc:tdent .condlt:ions ·-e.nd .wollld. not c~u;;;p' .s clan ize.rou { l ie at. ri ·)·e · in tbc :.:yz teui. 
\;,:?/ft.···t::,{~1-lti~t!t{#rrtifi\(tlt;.;;;J;t}t?.~l1tt·?ttit~·({~i:Iff.:\;'f:t\}}/~:·::~i{,:;::,,{Vi!fi?:~~r\·5't::]·_It~<f}:·!;i.1'f ~_:.,; 
? .j\._\i .. \::_tt::2·~ '\'P¢pe_tifilt,i'.~fo1f th~ -~t~.i;'l,ty .or :fue r9ductlon ol ~fr ilo·,v ru-ound the-ganoh~t.)r t!:::? 

:··-

.- .. ·~~:~~:<-·:-\}~&{lt:#!.~f~~J~.S~i'ic:it9r\.~~,~/~!~Il,:~y4tefn. ~~oci~tcd with :t~s ,M"ar;!u LCG ll?~Y or m:::.y 
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t·.£ to extensive teeting and inapecUon, we cannot · 
.·.· _,:;:;_.- .:-,,... enrleton any problem arising after our !inaJ check-

,, 

·'-:!t .. ,:: : .. ·· -out ol ati •y•tem• at our Martin facilities·. Specific 
procedurei, to be followed in the very unlikely ev~nt: 

. of any malfunct:ion o! the LCG-25 will~ in large 
measure, . ~epend on the nature of ~e problem. . 
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1966 and we reque•t preliminary TW~ or telecon verification or the 
grant~i o! the ameiidien! to Byproduct: License J.9~ i 3<,8-34 authori.c;­
ing the tzan•port, display ·and demonetration 0£ the Martin LCG-25 
thermoele c~d.c ·.g~nez:i ~o.~,/:_~nk you for your usual fine cooperation 
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APPENDIX B 

Supplemental Caps ule Data - Sea Water Corrosion 
of Hastelloy C; Quality Control Procedures Used in 
Fabrication of Fuel Capsules ; Hydrostatic Pressure 
Testing on a Sentinel 25 Capsule 

(April 1985) 

B-1 

Isotopes, Inc. application dated September 15 , 1969 (a reference to the current 

Certificate No. 4888, Rev. No. 5) was submitted in :response to specific inquires 

from the Licensing Agency (then, U.S. Atomic Energy Com.mission: Irradiated Fuels 

Branch). Included with this submittal were the following. 

a. Excerpts from report :MND-SR-1676. 

::: . b. Sample quality control log with data pertaining to fuel capsule detail , 

assembly drawings , inspection sheets and fueling specification. 

c. Report INSD-3015 on hydrostatic pressure testing of the Sentinel 25 

capsule. 

Item (a) was submitted in response to a request for additional data on sea-water cor­

rosion of "as welded" Haste lloy C. The excerpts consist of the report cover page and 

pages 31, 42, 43, 44, 46, 48 and 56 from report l'.1:ND-SR-1676, "Strontium 90 Power 

Project, Final Summary Report, 11 March 1960, The Martin Co. , Nuclear Division. 

These pages are included as part of this appendix. 

Item (b) was also submitted in response to a request for information which 

would provide more insight into the quality control procedures used in the fabrication 

of the fuel capsules. The cover letter for the September 15 , 1969 application included 

a summary description of the quality control procedure which is reproduced verbatim: 
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Fuel Capsule Quality Control 

(15 Sertember 1969) 

B-2 

"A sample quality control log is also enclosed. This log contains copies of 

the fuel capsule detail and assembly drawings, the inspection sheets that apply to each 

drawing, and the fueling specification. The :finished components are inspected accord­

ing to the requirements of the drawing plus any additional requirements noted on the 

log sheet. Note the specific items which must be checked. The log is prepared this 

way to avoid possible oversights. All components are checked by Isotopes Quality 

Control department regardless of whether the parts are made in-house or by an out­

side source. The finished components are forwarded to the approved fueling facility_.­

(Oak Ridge National Laboratories for all SENTlliEL capsules produced so far). The 

fueling facility re- inspects the capsule components , and fuels the capsules in accord­

ance with the fueling specification, NSD-10161. As the various steps are performed, 

they are initialed by the fueling facility to indicate compliance. This specification 

sheet is then returned to Isotopes along with a copy of the fueling facility quality con­

trol sheet which shows fuel form, fuel quantity, fuel analysis , decontamination, ther,­

mal inventory, and weld penetration. This data becomes part of the permanent docu­

mentation. When the fuel capsule is :installed in a generator, the fuel capsule log ·will 

become part of the generator log. 11 

Item (c) was submitted as being information of general interest. The report, 
. . 

"Hydrostatic Pressure Test , SENTINEL 25 Fuel Capsule, " INSD-3015, December 

24, 1968, Isotopes, Nuclear Systems Division described external hydrostatic pressure 

tests performed on a SENTlliEL 25 fuel capsule. The fuel capsule was like that shown 

on Figure 2 of this report and was constructed of Hastelloy C. A lava plug was inserted 
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into the test capsule to simulate fuel pellets. The capsule was then seal welded 

according to procedures for fueled tmits. Testing consisted of a series of pressure 

cycles to 12,500, 15, 000 and 17, 500 psi · respectively. After each pressure excursion, 

physical measurements and _a dye penetrant check were performed. Dye penetrant 

checks showed no evidence of cracks in the capsule. Dimensional checks showed little 

or no evidence of permanent material deformation. A conclusion drawn from the re­

sults of the testing was that the unit would not rupture when exposed to pressures in 

excess of 15,000 psi (the design pressure). This report also presented a very con­

servative piastic stress analysis which predicts a failure pressure of 16,900 psi. 

The information presented in this appendix is considered applicable to all 

SENTINEL (LGC) units. 

END APPENDlX B 
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III. SUBTASK 1.3--CLADDING OF THE HEAT ELEMENTS* 

This subtask included the investigation and determination of the 
cladding requirements for the Strontium-90 heat elements. The require-
ments are: · 

(1) Chemical compatibility with strontiu·m titanate. 

(2) Resistance to fresh or sea water corrosion. 

(3) Suitab_ly high melting point. 

(4) Thermal shock resistance. 

(5) Reliable fabricability. 

Selection of a suitable cladding material was governed by the same 
requiFements that hol.d true for the other metal parts of a Strontium-90-
fueled generator for land or sea use. Tungsten, molybdenum, tantalum, 
nickel and other metals were investigated with respect to the above itemized 
qualities. All exhibited suitably high melting points and all have good ther­
mal shock resistance. However, tungsten, molybdenum and tantalum pre­
sented a problem in sealing, since none can be welded with a rod of the 
parent material. Each oxidizes in the presence of air or in liquids con­
faini~g oxygen. Nickel, though it is readily fabricated and welded, showed 
pitting tendencies in sea water. The same held true for Inconel. Hastelloy 
C, on the other hand, can be welded with Hastelloy C w~lding rods, has a· 
suitable me.Hing point and does not pit in sea water, In this medium it 
corrodes less than 0.0001 in./year. A cladding made from Hastelloy C can 
be expected to contain helium at the required helium pressure throughout 
the useful life of the generator. Therefore, this alloy was chosen as the 
cladding material for the strontium titanate heat elements. The corrosion 
resistance of Hastelloy C is itemized under Subtask 1.4. 

When ceramic or cermet material is encased in a metal block, there 
is a possibility of reaction, so tests have been run in a constant argon 
atmosphere at 800° C for 120 hours. Cobalt cermets and chromium cermets 
of strontium titanate were placed on pieces of titanium, Hastelloy C, 
nickel, Inconel and KT silicon carbide. There was no reaction with any 
of the materials except the silicon carbide. Therefore, during the active 
life of a Strontium-90 generator at operating temperatures or less, there 
will be no side reaction that might accelerate, through compound trans­
formation, the known properties of either the strontium titanate heat ele­
ments or its cladding material. 

*J. McGrew 
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2. Containment Material Investigation 

A number of metals and a lloys were studied for applicatio~ to the 
principal component s of the generator. Some of these metals were In­
conel, nicket titanium. Illium G and Hastelloy C . Inc on el and 
nickel \Yere eliminated because of their known susceptibility to pitting 
in quiescent sea water. which is one of the two more probable environ­
ments. Titanium was eliminated because of the poor quality of the weld 
metal. Illium G was eliminated because of its poor fabricability. 

Hastelloy C was chosen for the outer corrosion resistance wall, the 
fuel cladding and the heat accumulator for many reasons. The most im­
portant reason is the excellent resistance of Hastelloy C to sea water 
corrosion. Also, Hastelloy C exhibits all of the other desired proper­
ties such as fabricability, weldability. and high density (good shielding 
characteristics), and it is a standard ·item of commerce. It does not 
suffer pitting or general corrosion in sea water, stagnant or moving, and 
it retains a high luster even after prolonged exposure to a marine atmos- ·;:. 
ppere . 

Hastelloy C was exposed in sea water for 10 years at Kure Beach, 
North Carolina. Actually, two specimens were exposed; one had a 
rolled and sandblasted surface and the other had a cast and ground 
surface. The following data is reported in the 11Catalogue of Speci- . 
mens, Kure Beach- - Harbor Island Museum, Harbor Island, North 
Carolina": 

Weight Loss 
Surface Condition (gm) 

Rolled and sand-
blasted 2 

Cast and ground 8 

*Milligrams/ sq decimeter/ day 

Corrosion Rate 

Test Period 
(days) · (mdd}* (ipy) 

3646 · 0. 1 0.0001 

3618 0.23 0.0001 

Pitting 

None 

None 

A general summation of the resistance of Hastelloy C to sea water 
is contained in the Catalogue which says: 

"The superiority of the Hastelloy C composition is 
clearly demonstrated. The apparent pits in the cast 
Hast elloy C are actually casting defects originally 
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present. The rolled Hastelloy C is abso~utely free 
from pitting or crevice corrosion and its weight loss 
during the exposure was no more than the experimental 
error of cleaning and weighing. This alloy is ·highly 
resistant to erosion by sea water at high' velocity and 
for critical services in sea water under any conditions 
that may be encountered is probably the most reliable 
of all commercially available compositions." 
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,Another exposure test to a marine atmosphere at a location 800 feet 
from the ocean at Kure Beach, North Carolina demonstrated its ability 
to withstand the severely corrosive atmospheric environment. Polished 
Hastelloy C, along with other materials commonly used for sear~h­
light mirrors, was exposed for 18 months. Reflectivity measurements 
were made upon removal from exposure. The di:!-ta are as follows: 

Material 

Reflectivities 
(%) 

Before Cleaning 

38.9 

After Cleaning 

53.6 

Thus, the specimen retained about 73% of its original reflectivity. A 
duplicate specimen remains on test today and after 17 years still re­
tains a luster equivalent to that of the specimen removed after 18 

· months. 

Based primarily on this data, Hastelloy C was selected as the 
alloy to be used throughout the Stronfium-90 generator design. Ori 
the basis oi the reported 10-year studies, the life of a Hastelloy C 
corrosion resist on a submerged generator can be calculated from the 
thickness of the resist itself providing there is no substantial increase 
in the corrosion rate due to surface heating from within in an operating 
generator. Simulated tests with electrically heated Hastelloy C models 
in sea water were begun at Harbor Island, North Carolina, to learn 
whether the elevated skin temperature increases the corrosion rate. 
Figure 10 shows the design of the test unit. Figure 11 shows the unit 
before making the final weld. The exposed surface finishes are as 
indicated in Fig. 10. Two units were fabricated; one was exposed 
between the maximum low tide and the bottom of the inlet, the other 
was buried in the silt on the bottom. The surface temperature of the 
suspended unit will be maintained at about 20° F higher than the sur­
rounding water temperature. Twenty degrees Fahrenheit is the cal­
culated temperature differential on the outer surface of an operating 
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Thermocouple leads ----~ ... 
(2 pairs) a.--- No. 14 wire (insulat ed) 

>ULICI.~ ~_...,. 

----- 5 / 8-0D tubing (Saran) 
1---..a......--- MS 20819-10 Haatelloy c 

..._--AN 818-10 Hastelloy C 

i-...--AN 315-10 Hastelioy C 
~-+--~" (rework as shown) 

Hastelloy C 

Thermocouple 
iron-cons tan tan 

Heater, 
400 watts 

4-
(Ref.) 

As cast surface 

~ · / + \•I• -Dlametrlce.l clearance 
3. 75 o. 002 · j (Ref.) \_ 

Fine ground finish, o. 618 + O. 001 
remainder abrasive saw cut 

Fig. 10. Underwater Corrosion Test Generator Housing 

I 
I 
J 



46 

generator in sea water. The units were calibrate_d and a Variac was 
used to control the heat input. The units will be inspected 2.t the end 
of one year. At this time, the silt-test may be discontinued, depending 
upon. the results, but the suspended unit will continue test for an addi­
tional four years or to heater elem·ent failure. 

With the decision to fabricate the corrosion resist oi Hastelloy C, 
it appeared advantageous to use Hastelloy C for the electrical leads 
also, provided the anode is not of the sacrificial type. If it should 
happen that the power connector were damaged in any way. which would . 
permit sea water to contact the anode; an electrolytic cell would result.· 
An experiment was conducted to determine what, if any, corrosion would 
result. An electrolytic cell with Hastelloy. C anode.and cathode in sea 
water was assembled as shown in Fig. 12. An attempt was made to dupli­
cate the power. conditions of the 100-watt generator, i.e., 12 volts and 8 
amperes. At 12 volts, the initial current flow was only 1 ampere; this 
increased to 3 amperes after 2 hours when the test was concluded. 
In this short time. the anode suffered considerable damage, quite obvious 
with visual inspection. The anode corrosion rate at 12 volts and an 

-. .-. . average 2 amperes was 1 gm/ sq in./hr. The cathode was unaffected. 

Platinum anode and cathode were inserted into the cell and, after 2 
hours at 12 volts and a steady 2.4 amperes, neither electrode suffered 
any detectable weight change or visually apparent damage. Continuing 
the investigation, a platinum anode and Hastelloy C cathode were in­
serted into the cell and, after 2 hours at 12 volts and a steady 3.2 
amperes, neither electrode suffered any detectable weight change or 
visually apparent damage. 

Hastelloy C has a very low electrical conductivity, making it 
undesirable for the cathode material. Platinum for both the anode 
and cathode is pr~f erred. 

Several tests were run to evaluate the susceptibility of Hastelloy 
C to crevice corrosion and air-to-water interface corrosion on 
welded and unwelded specimens. Information from the Harbor Island 
Test Station of the International Nickel Company showed that Hastelloy 
C does not suffer general corrosion or crevice corrosion in quiescent 
sea water at ambient temperature. However, no information on the 
corrosion resistance of Hastelloy C at somewhat elevated temperatures 
was available. Likewise, no information on the corrosion resistance of 
Hastelloy C weldments to sea water at any temperature was available. 
These tests were run to provide some insight into what might occur in 
the areas where data were unavailable. However. they do not simulate · 
the internal heat effect of an operating generator. 
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A crevice corrosion specimen {two washers clamped together) 
with no weldment, a fully submerged specimen with weldment, and a 
half submerged specimen with vertically oriented weldment were 
exposed to sea water in individual containers at room temperature and 
at 180°F. The test time was 1872 hours. Table 18 lists the pertinent 
results. 

TABLE 18 

Hastelloy C Specimens in Sea Water at 180° F 

Weight 
Change 

Specimen Location Temperature (mg) Appearance 

Crevice Submerged Ambient -1.4 Unchanged 
corrosion -1.0 Unchanged 

Crevice Submerged 180° F +2.4 Iridescent film 
corrosion +2.3 Iridescent film 

Weldment Interface Ambient -0. 7 Unchanged 

Weldment Interfa~e 180° F +6 .6 Iridescent film 

Weldment Submerged Ambient -0.8 Unchanged 

Weldment Submerged 180° F +8.9 Iridescent film 

No attempt was made to clean the specimens after exposure because 
the weight change due to the test is so slight that cleaning would cause 
a greater weight change than was incurred by the test. This refers to 
those specimens which gained weight. None of the specimens which 
lost weight needed any cleaning treatment other than rinsing and dry­
ing . To illustrate the very low rate of attack, one of the pair of 
washers from the ambient crevice corrosion specimen which lost 

- 6 . 
1. 4 mg corroded at the rate of 6 x 10 ipy. In some cases, the re-
ported weight change is close to the accuracy of the balance, so it 
is judged that no significant corrosion occurred even at· 180° F. 

B. RADIOACTIVE TRACER CORROSION STUDIES 

For the tracer corrosion studies, a box was built to contain six 4-
liter battery jars. Several turns of heating tape were made around 
each jar to heat the water in the jars. The current through the tape 
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E. COR1l0SION OF IRllADIA TED HAST.ELLOY C 

Three sarnplc8 of Hastclloy C measuring 1.3 x 4 .5 cm were 
irradiated in the Brookhaven National Laboratory reactor. The samples 
were washed thoroughly to remove any radioactive particles that may 
have been picked up during the handling and irradiation. The samples 
were then suspended, on glass rods, in four liters of natural sea water 
at a temperature of 65° C . The water was continuously stirred with 
electrically .driven stirrers . Samples were removed weekiy, evaporated 
to ·dryness and counted to determine if any correlation as to time versus 
corrosion could be made. The amount of activity found in each. sample 
was negligibly small. : .At- the end .of the study, .three samples were taken 
from .each vesseL Th·e sampl~s· were counted and the average of the 
three·.counts .was used for. the calculation.. <:<\\:. :·:-:: 

A·monitor ·of each Hastelloy· pampl~ :was.:weighed ·and dissolved. 
The :resulting sohitio'n .was properly :diluted and an aliquot of each 
counted in · duplicate .. This. aciivity was equivalent· to a specific weigl1t 
oLHastelloy; . Knowing. ~his,. the·.activity·obtained from the water samples 
could ·then be translated to micrograms .of Hastelloy. By using a standard 
formula, the .weigqt was converted . to inches per year . 

. The .final .corrosion data showed that two of the three samples had 
the same amount of. corrosion while .the· thir.d showed approximately 12% 
less~-. However# the higf!_est data was.used in .the calculation. 

Il .was found that HasteUoy ~ fn· sea ·water .at 65° C c·orroded 5.4 
7 ·· .. ·-: : ., :. ·: .. 

x: :10~ inches p~r Yf?a-r;:. .. ·,.:'·· ... 
- .•• - ! 

. : . ~ .. •· .... _ -·--
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APPENDIX C 

Modification of Shipping Package for SENTINEL (LCG) 
Generators to Eliminate the Protective Cage 

(April 1985) 

C-1 

Isotopes, Inc. application dated September 16, 1969 (Isotopes Letter SEN­

CNY- 323) requested deletion of the protective cage portion from the transportation 

package. This letter, along with attached report and drawing, presented evidence 

th.at, with respect to safety criteria, the protective cage portion of the transport pack­

age was not required. The single exception to .this statement is the use of the pro­

tective cage with a speci:fic unit , the SENTINEL 25C3, to limit radiation dose rates 

to meet the then applicable DOT regulations for shipment of the generator as general 

cargo. 

Prior to the September 16, 1969 reque.st, the transportation package for all 

SENTINEL (LCG) generators consisted of the generator- mounted to, a pallet assembly 

(Dwg. No. 001- 90039}* enclosed by the protective cage (D91g. No. 001-90040} which 

was attached to the pallet assembly. The combination of the protective cage and the 

paJlet assembly was as shown on D91g. No. 001- 90041 entitled "~hipping Pallet 

Assembly. " Subsequent approval of this request , then, redefined the transporation 

package as a SENTINEL (LCG) generator (any model} attached to the pallet assembly -

Dwg. No. 001-90039. Mounting instructions, peculiar to specific models, are stated 

on the 001-90039 drawing. The .user has the option of including the. protective cage 

when necessary or desirable to limit e:id:ernal radiation dose rates. 

Originally, at the time of design of the shipping pallet assembly, 00- 190041, 

it was thought that cooling fins used in the generator must be protected to satisfy 

* This drawing included in Appendix D. 
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safety criteria. Consequently , the rather elaborate protective cage was built to fi t 

over the generator which would absorb the ·total energy during normal handling incidents 

such as the four foot drop. Subsequent thermal analysis demonst rated that an over 

heat situation does not exist even if the fins were to be totally lost . 

The remainder of this appendix provides a summary of the thermal analyses 

and suppo!"ting information :ra:feranced in er submitted ·,.;,ith the Septembar 16 , 1969 

application, and two subsequent applications dated March 30, 1970 and April 20, 1970 

which were actually supplements to the Setptember 16, 1969 submittal. 

Two possibly detrimental effects may result from mishaps such as the four 

foot drop. The first, cited above, is the possible damage to the generator external 

cooling fi~·. Additionally, the shock ±nay act to produce an electrical open circuit. 

The norm.al mode of transportation for the generator is for the series connected elec­

tric circuit to be placed on short circuit. This is the condition for which, given a 

fixed· set of e:>..iernal ambient conditions, temperatures within the generator unit are 

the lowe st. On the other hand, an open circuit with the same fixed external conditions 

is the configuration for which the internal temperatures are the highest. 

Two generators were selected for detailed thermal analysis. One, the SENTINEL 

25D, was selected as representive of those members of the family constructed with 

cast iron steel housings (SENTINEL, LGC - 25A , SENTINEL, LCG- 25B, SENTINEL-

25D, SENTINEL 25E). The second, the SENTINEL-25C3 was selected a s r epresenti­

tive of the. units with aluminum housings (SENTINEL, LGC-25C , SENTINEL -25C3, 

SENTINE L-25 F}. 

Thermal analysis for the 25D unit is described in report, "SENTINEL 25D 

Transportation Fire Analysis , " INSD-3035, 25 July 1969, Isotopes, Nucle ar Systems 

Division. One of the analyses reported therein was for the 25D unit, on open cir cuit 
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with cooling fins removed, 130° F ambient air and solar heating. The results of this 

analysis became the initial condition for a transportation fire analysis. T1-1e trans­

portation fire environment specification for this analysis was similar to the current 

specification (10 CFR Part 71. 73 (3) ). The thermal environment specification at the 

time of the analysis, however, allowed for artificial cooling for times greater than 

three hours after the cessation of the one-half hour thermal environment. The prior 

environments in the accident sequence (30 foot drop, puncture) were postulated to leave 

the steel housing and lid intact: the thermal configuration during the fire and post fire 

period was an intact generator on open circuit minu·s cooling fins. 

A survey of the initial (steady state) temperatures and temperature.histories 

produced during the fire and for the three hour period following the five revealed that 

there was no melting of any component of the generator over this period. Hence, the 

main heat transfer path from the strontium titanate fuel through the capsule, tungsten 

shield, thermoelectric module, module heat sink and (unfi.nned) steel lid remains intact. 

During the thermal environment (first half-hour), te1:11peratures in the steel body and 

lid rise rapidly. Internal temperatures, however, rise slowly indicating relatively 

little beat transfer to interior components. After the thermal environment, the hous­

ing cools rapidly but interior temperatures continue to rise. At the end of the three 

hour cooling period most of the interior temperatures have begun to decrease. Those 

components which cont:imle to rise in temperature at this time appear to be quite near 

their peak value and their rise rate in less than 5°F per hour. 

Maximum temperatures for components of primary concern are presented in 

Table C-1 along Vlith time of occurrence and critical (melt) temperatures for the 

component. 
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TABLE C-1 

SENTINEL 25D P eak Temperature~ Due to a Transportation Fire 

Comoonent 

Fuel Capsule 

Biological Shield 

Module Heat Sink 

Lid 

Housing 

Time After Start 
of Fire (mb1utes) 

240. 

240. 

34.6 

30 . 0 

30.0 

Temperature 
Peak{°F) Critical(OF) 

1494. 2318. 

1395 . 6170. 

751. 1220. 

777. 2750. 

711. 2790 . 

Detailed thermal analysis for the SENTiNEL 25C3 was performed and reported 

in "Senti_nel 25C-3 Transportation Fire Analysis in Support of AEC License Amend­

ment Application," INSD-3037, 8 September 1969, Isotopes, Nuclear Systems Division. 

This unit has an aluminum housing and is very similar in construction to the 25F. 

A comparison of the thermal analysis for the 25D (from INSD-3035) and for the 25C3 

(LN"SD-3037) for a common condition - that of normal generator operation with cooling 

fins in an ambient air of 70°F - shows that the 25C3 unit runs somewhat cooler. From 

this comparison, it is inferred that, if the fins were removed from the 25C3 unit, the 

temperatures would not be highe r than the 25D unit under the·same conditions. Hence , 

given a four foot drop of the 25C3 unit which may result in cooling fin damage and 

electrical open circuit, it is inferred from the 25D analysis tha internal temperatures 

would be well below any temperature which could result in either loss of fuel contain­

ment capability or loss of integrity of the radiation shielding. 
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Transportation fire analysis for the 25C3 unit assumed unit temperatures 

consistent "With an 130°F ambient air temperature and solar heating but assumed an 

·intact finned lid. Obviously, the prior envi.rori.ments (30 foot drop, puncture) in the 

accident sequence could have resulted in damage to t he cooling fins. A review of the 

analysis , however, indicates that the somewhat higher initial temperatures resulting 

from fin damage is probably inconsequential t o the major findings of the fi re analysis . 

For the 25C3 unit it was found that tlie entire aluminum housing (assumed finless dur­

ing the fire period) had attained the aluminum melt temperature and the aluminum 

lid and module beat sink were within 100 ° F of the melt temperature, after the first 17 

minutes of the 30 minute radiator period. At this point the ther:nal model was revised 

to a configuration which assumed that the alumimim component and the thermoelectric 

materials had been removed by melting. Insulation was left in place. The analysis 

continued with this configuration through the remainder of the "fire II period and through 

the three hour post fire period. The post fire period assumed 130°F ambient air and 

solar input. Additionally, a steady state analysis was conducted to. determine the 

surface temperature of the tungsten shield for rejecting the 2500 Btu/hr fuel inventory 

to the fire (assumption that all the insulation was removed at 17 minutes into the fire). 

Following the fire , the tungsten would then be exposed to 130°F and and sun.. 

Principal results from the computer thermal model are given in Table C-2. 
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Component 

Fuel 

Fuel Capsule 

Biological Shield 

TABLE C- 2 

SENTINEL 25C- 3 PEAK TEMPERAT'CJRES 

DUE. TO A TRANSPORTATION FIBE 

Time After start of Fire 

Max. Temp. Initiation of Melt 
(min) (min) 

210 

210 

210 

C-6 

Temperature 

Peak Melt 
.r.EL (°F) 

1565 3470* 

1255 2318** 

1125 6170** 

* Rimsha·w, s. J • . and Ketchen, E. E., "strontium-90 Sheets, "ORNL-4043, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee, Nov. 1966 (Confidential). 

** Materials Engineering, Materials Selector Issue, Oct. 1968. 

The more conservative II steady state" fire analysis yielded a maximum fuel capsule 

temperature of 1640°F. From this result it may be inferred that maximum fuel and 

biological shunt temperatures may be on the order of 400°F higher than the values 

of Table C- 2. However, maximum temperatures for critical components are still 

well below the melt temperatures for the components. Hence, the transportation 

fire has compromised neither fuel containment system nor the radiator shield 

integrity. 

During normal conditions of transport, including a four foot drop of a package 

without the protective cage, the above analysis supports the conclusion that the housing 

would not be damaged to the extent of compromise of the package function. Damage to 

the cooling fins of any SE:NTINEL (LCG) design to the extent of complete loss is not 
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critical. Furthermore, fin damage is not critical for consideration of the hypo­

thetical transportation fire. 

· · For the case of the 30 foot drop, structural analyses for the various member 

of the SENTlliEL generator family conservatively assumed no benefit from the shipping 

pallet assembly or protective cage. 

This completes the evidence presented in the September 16, 1969 application 

to delete the protective cage portion of the shipping pallet assembly from the trans­

portation package (but retaining the right to use the cage to limit personnel access 

and hence, external radiation dose rates, if desirable). 

Subsequent to the September 16, 1969 application, questions were raised by 

the reviewing agency (U. S. AEC : Irradiated Fuels Branch) as to whether or not the 

thermal analysis (summarized above) did represent the worst case. It was postulated 

that damaged fins may pose a more severe environment than the "fins removed" case. 

TES response to this inquiry was additional thermal analysis which was the subject of 

the Isotopes, Inc. application dated March 30, 1970. The bulk of this submittal is 

reproduced (almost) verbatum below: 

Subsequent Thermal Analysis 

(From letter SEN-CNY-429) 

(March 30, 1970) 

A question was subsequently raised as to whether or not having the fins com­

pletely removed would be the worst case. There i s a possibility that having the fins . 

bent over might present a greater thermal impedance. Since the bent fin case cannot 

be readily defined, it was decided to look at a limiting case where no heat was trans­

ferred from the top surface of the generator. A computer run was made on this limiting 
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case using the SENTINEL 25F, and the results are sho~tn in Figure C-1. The data 

shows that the generator has no critical temperatures. These temperatures reflect 

the short circuit conditions for the generator which is the normal shipping configura­

tion. If the generator should go open circuit during the accident, no node would ex­

perience a temperature rise of more than 120-140°F. These would still be well within 

safe limits. This analysis is considered very conservative for the follov.-ing reasons: 

1. The thermal inventory used for the SENTlliEL 25F represents an upper 

fuel inventory limit (850 watts) which is larger than the actual inventory 

on any existing SENTINEL 25 generator. Thus, because of fuel inven­

tories and geometries, we would expect any other SENTINEL 25 to have 

correspondingly ·lower temperatures. 

2. Even if the generator should fall inverted i.n:to mud or loose sand, some 

heat transfer from the fins would exist. 

3. A conservative heat transfer coefficient was used. The coefficient was 

based on a surface temperature of 150°F. Since the temperature of the 

surface is much higher, the heat transfer capability is much higher, and 
... ~,.;: 

the actual internal temperatures would be lower than those indicated. 

Isotopes, Inc. application dated April 20, 1970 (apparently) was in response to 

additional inquires from USA EC :IFB. This application consisted of Isotopes letter 

SEN-CNY-443 dated April 20, 1970, which identified the computer program used for 

the March 30, 1970 thermal analysis (above) and prior (JNSD-3051) analysis and pro­

vided information on thermal properties used for the analysis. The body of this letter 

is reproduced below: 
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Computer Program Identification, Thermal Properties 

for the Therm.al Analysis Report in the March 30, 1970 Submittal 

(April 20, 1970) 

t:-10 

l 
This letter is to supply supplemental data to our letter SEN-Cl\'Y-429 dated 

30 March 1970. The steady-state analysis presented in the above reference used the 

Linearized Matrix Program (LIMP) which is an Isotopes proprietary program.. The 

problem was run on a CDC 6600 computer. This is the same program used to obtain 

the steady-state analysis presented in INSD-3051. 

The convective heat transfer coefficients used varied according to position 

2 on the generator surface and ranged from O. 65 to O. 68 BTU/hr ft °F. (Eq. 7. 46, 

McAdams, w. H., Heat Transmission, McGraw Hill, New York 1954). A solar load 

of 340 BTU /hr :ft2 
° F was applied to the exterior top (actually bottom of the inverted 

generator) and side surfaces. The surface solar absorptivity was assumed to be o. 4. 

Table C-3 is a listing of the thermal conductivities used. Two values are 

listed for Min-K 1301. These values are based on experimental data from several 

generators. The thermoelectric modules use an argon gas fl.IL Sometimes krypton 

may be used in the ·housings to reduce the parasitic heat losses. The use of the lower 

thermal conductivity gas results in higher temperatures for the generator internals. 

Hence, the values shown in SEN-CNY-429 are even more conservative by this factor 

since it is planned to use argon as the fill gas on the SENTINEL 25F. 
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TABLE C-3 

MATERIAL THERM..~L PROPER TIES 

Iten1 

Fuel 
Capsule 
Biologi cal Shield 
Insulation (Hoa s ing Min-K 130 l with Krypton) 
Insulation- (Module Min-K 1301 with Argon) 
Ins ulation (Glassrock) 
}viodule Hot Plate 
Module T /E Elements 
Bellows 
lvfodule Heat Sink, Lid and Housh1g 
Insulation H.·.olddown,. .Ring · 

END APPENDIX C 

Thermal Conductivity 
(BTU /HR-FT-°F 

0. 95 
10.50 
75. 00 

• O 17 
• O 19 

0. 08208 
13.20 
l. 13870 
9.30 

99.0 
13. 7 
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PREFACE 

(April 1985) 

i. 

I 
By this submission, Teledyne Energy Systems (TES) hereby requests approval 

for transport of its Sentinel 25F Radioisotope Thermoelectric Generator (RTG) under 

the classification Type B (U) (as defined in 10 CFR Part 71, January 1, 198 5). 

This report: ,:;onsists of the inform:::;.ti.on previousJy snb2riited for ~he 25 F RTG 

and additional information specific to the new designation Type B (U). The 25F mlit is 

currently licensed for transport as a Type B package under Certificate of Compliance, 

Certificate No. 4888, Revision 5 issued by the U. S. Nuclear Regulatory Commission 

(NRC) dated September G, 1983. 

Certificate No. 4888 is license for trru1sport of the several TES RTGs generally 

desig11ated Sentinel 25 or the former designation LCG-25 with suffixes for the various 

models (A, B, C, C3 , D, E, F for Sentinel ru1d A, B, C for LCG). The certificate 

cites a11 original application dated August 13, 1965 and several amendments with 

supplements. This report contains the information originally provided in the amend­

ments which applies specifically to the Sentinel 25F w.1it or is generally applicable to 

all Sentinel units (ru1d, hence, applies to the 25F). Specifically, the information con­

tained in the foll°'ving amendments and supplements cited on the certificate is provided: 

1. Isotopes, Inc. application dated March 27 , 1970; with supplement 

TES- MlH-1403 dated : January 25, 1978. 

2. Isotopes, Inc. applications dated : September 15 a_r1d 16 , 1969; and 

March 30* and April 20, 1970. 

Item 1 pertains specifically to the 25F. Item 2 provides general information and 

addresses a revised sl1ipping configuration for all Sentinel 25 models. 

* The date on the certificate is wrong : reads March 3, should r ead March 30. 
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The format of this report is such that all relevant information is contained 

within the body of the report. Furthermore , future submittals (if required) will be 

such that they are in the form of replacement pages for the report and will be identi­

fiable as new information by inclusion of the date (month and year of the submittal). 

This r eport has been prepared in t:bis maimer. Unless spe cifically identified by a date 

~11d -.. ertical bar in tho right hand margin by the title of the secti.on (as above for this 

prefac~), the: information l s Irorrt tl1e or.ig i.n al submittal fo1· the 25F uni.t: ' 1 .:5ent i.nel 

25F, Structural and Thermal Evaluation, 11 INSD-3051, Iviarch 26 , 1970 , Teledyne 

Isotopes ,"' Nuclear Systems Division, 110 ,vest Timoniwn Road, Timoni.um., Maryland 

21093. The chapter titles of illSD-3051 have been retained. Subsequent subrn.ittal 

information has been inserted into the appropriate chapter or included as a new' appen­

dix. 

To facilitate future updates , the page numbering system has been modified to 

reflect the individual chapters. For example, Chapter II, Generator Description i.s 

numbered II-1, II-3, etc. The last page of each chapter, section or appendix is 

identified by the mark II END .•.• • ••.•• 11 following the last portion of te:\.i:. 

Information specific to the peculiar requirements for the new designation Type 

B {U) is included in the te:,d:. 

END PREFACE 

* Now TES, same address. 
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I. INTRODUCTION 

The SENTINEL 25F is basically the same generator as the 

SENTINEL 2 5C3 . Certain minor modifications h a ve been made which 

reduce the radiation levels and improve the generator mounting brack~t~. 

The r eduction in radiatinn has be 0 n accomplished by small increa s es in 

, 

the tungsten shield thicknesses . The mounting brackets have been s im ­

plified so that shims are no longer r equired when attaching the generator 

to the pallet. The housing is construct ed from a forged aluminum tube 

rather than two welded half-secti ons as before . The wall thickness has 

been i n creased from 0. 7 5 to 0. 88 inch. T he weight of the complete 

generator , including the finned shipping heade r , is 1397 p ounds . The 

S E N T INEL 25F assembly i s shown on dra\ving OOlFlOOOO (Appendix D). 

A complete evaluation of the SENTINEL 25F follows . 

END CHAPTER I 
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II. GENERA TOR DESCRIPTION 

Figure 1 is a cutaway sketch of the SENTINEL 25F sho-.v i ng 

the generator configuration and the materials of the structural compon ents. 

The thermoelectric module is not shown in d e tail si11ct 

it does not substanti?Jly effect either the mecha,.-ii.cal 

or thermal anal ysis . Mechanicaliy, the generator is designed to car ry 

the loads resulting from the tungsten shield thr ough the t h ermal insubtio:1 

with the help of the r e taining ring . Thermally, the effects of the module 

are considered in the post accident fire analysis, but the module has little 

effect on the critical temperature . 

The fuel is strontium 90 in the titanate composition. The fuel 

pellets are loaded in a stainless steel liner to facilitate contamination 

control. The liner cap is pressed in place. The liner is then loaded 

into a Haste lloy C - 276 (or Uniloy HC) capsule. The capsule lid is threJ.ded 

for strength and welded to provide a positive seal. The fuel capsule is 

inserted into the tungsten shield, and the shield plug is bolte d in plac e . 

T he shield is so designed that the bolts are actually requir ed onl y in case 

of a static inversion. The space between the hous ing and the shield is 

filled with Johns Manville Min-K 1301 except for the spa c e occupie d by 

the thermoelectric module . A glass rock insulation is added under the 

shield to increase the compression allowable on the insulation. On tl1e 

uppe r end o[ the shield a retaine r ring has been added to give additional 
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1. Auxilliary Radiator -6061 - T6 Aluminum 
2. Electrical Power Outlet (Shorting Plug) 
3 . Radiator Attach. Hrdw. (2024-T4 Bolts , Nuts ) 
4. Lid Assembly-606i T6 Aluminum 
5 . Housing Assembly - 6061 T6 Aluminum 
6. Retaining Ring - CRES- A-286 
7 . Shield Bolt- CRES - A-286 (Plated) 
8 . Biological Shie ld-Tungsten Alloy 
9. Fuel Capsule Assembly 

l O. Mounti ng Pad-6061 T6 Al.uminum 
1 1. Thermoelectric Module Assy 
12 . Lid Attach. Hrdw (2024-T4 Bolts, Nuts) 
13 . The rma l Insulati on (Min-K 1301) 
14 . Load Bearing Insulation (Glass Rock) 

FIGURE 1 

SENTINEL 25F GENERA TOR 

II-2 
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bearing area. The insulation directs the heat upwards throug h the 

thermoelectric module where a p o rtion is converted directly to electr i cal 

energy. The aluminum lid forms a heat sink for the module. The 

aluminum housing completes the generator. A finned header is us e d to 

reduce the temperature of the module heat sink during shipping and 

stor age, and also for certa i n ins::2.llatio:r:s . T he finned heade r is rPqnir.-=. ri 

for proper thennoelectric performance, but it is not required for safety. 

The generator is bolted to a pallet for transportation using four 

3/4-inch bolts. 
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A. CHANGE OF FUEL FORM TO STRONTIU1'd FLUORIDE 

(January 25 , 1978) 

IJ-4 

The tmavailability of the strontium titanate fuel form has made it mandatory 

to use the strontium fluoride c9°srF 0 ) fuel form for fub1rP. production of the Sentinel 
L, 

25F generator. Substitution of a Hastelloy C-276 liner for the previous stainless 

~lE-,,1 liner i!l the fue l cap sule ls sh o,n1 to satisfy the requi r ements for a C'crbficrite 

of Compliance to transport the 90srF
2 

Senti.nel 25F. 

I 

B. UNIT lVlAXIMUM lNTEBNAL PRESSURE 

(April 1985) I 
The new designation Type B(U) (10 CFR 71. 4, Package (2)) restricts maximtm1 

normal operating pressure of the package to less than 100 psi and prohi.bits the use of 

a pressure relief device which would allow the release of radioactive material under 

the tests specified in paragraph 71. 73 01.YPothetical accident conditions). The Sentinel 

25F has no pressure relief devices and, as evidenced by the discussion below, exhibits 

internal pressure well below the 100 psi limit under environments associated with 

normal conditions of transport. With respect to internal pressure and pressm·e relief 

devices , the wiit qualifies for the B (U) designator. 

During the generator assembly process , all spaces internal to the generator 

housing (:i.nclucling fuel capsule, module assembly within the bellows seal, and insulation 

void within the housing) are charged with a mi1,.1:ure of inert gases. The nominal pres­

sure at the time the seal is effected is about one atmosphere (absolute). Even tmder 

adverse conditions of high ambient air temperature and insolation, the pressure within 

any of the internal regions cited above will be no more than a few psi above atmospheric. 
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C. SECURITY SEAL REQ UlREl\IENT 

(April 1985) 

This section addresses the requirement of 10 CFR Part 71 (January 1, 1985), 

paragraph 71. 43 (b). 

'I'he joint between the RTG lid and RTG housing is sealed with a ''bead" of 

\i'i'e?t]1Prban-J 01 sc:1l:.:1t. Th8 o;.~:.ihnt ic: !l 3M Compr.ny i)rudue:t that chemically cures 

when e}.1)oscd to moisture to form a firm, rubbery waterproof seal. Removal of the 

RTG lid would effect complete (360°) rupture of this sealing compound and present 

positive evidence of RTG opening. An essentially intact seal, the n, would be evidence 

that the package has not bee1;1 opened by unauthorized persons. 

D. U:NINTENTIONA L OPE-TING 

(April 1985) l 
This section addresses the requirement of 10 CFR Part 71 (January 1, 1985) 

paragraph 71. 43 (c). 

The RTG lid to housing attachment bolts are concealed in coLmterslU1k boles 

beneath the finned radiator assembly (see Figure 1). Access to the se bolts can only 

be obtained by completely removing the finned radiator assembly. In view of the 

relative difficulty , any attempt at opening the unit mu st be regarded as a deliberate 

act (as opposed to an unintentional opening) . 

END CHAPTER II 
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Ill. FUEL CAPSULE 

The fue] capsule as s embly (sec Figure 2) consists of the fuel a . ' 

liner, and the capsule. The liner is used only to facilitate contamination 

control, and no credit is taken fo r either strength or corrosio;1 i...unsidera-

tions . The fuel capsule cons i sts of a body machined 0·.1t of b;:i.::- stock d.nd 

a cap . The cap thrcadc; into the bndy a1"!d the threads are capablP l"lf car -

rying the design loads . The weld is r equired to furnish a seal and also 

is the limiting corrosion barrier. The fuel capsule and cap a re made 

fr om Hastelloy C-276 (or Uniloy HC) . If a highly conservative seawater 

corrosion r ate of O. 000 l inch per year ( l) is used, the O. 0 55 minimum 

weld thickness will provide a capsule seal for 550 years . At that time , 

t h e remaining activity of the strontium titanate fuel will be well below 

one curie. This is based on a license r estriction of 12 5 , 000 cur i es 

initial i nventory. Actually, the initial loading will be approximately 

111,00 0 curies. 

sure. 

The capsule is design ed for 10,000 psi external hydrostatic pr e s­

It has been pressure - tested to 11, 000 psi(Z) without evi dence of 

yielding, and then tested to a final pressure of 17, 500 psi without com­

pro:nise of the containment and only minor deformation . The analysis 

which follows is based completely on 11worst case" conditions. Capsul e 

material is accepted based on i n d ividual material certification. 
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3. 735 Min Dia . Ref. 

. 92::> Min. 

F uel 

Liner t == 347 M . ,,__ _ _ . - 1n. 

Fuel Capsule~ 

Min. 

L = 8. 625 Max 

·. 710 Min . 

FIGURE 2. 
FUEL CAPSULE ASSEMBLY 
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1. 

A. DESIGN CRITERIA 

Pressure: 10, 000 psi (exte rnal) at 100°F 

All owable Primary Membrane Stress: Sm::: 0 . 9 Fty 

Local Primary Membrane Stress: 1. 35 Fty 

Secondar y Membrane Stress: 2 . 7 Fty 

B. MATERIAL PROPER TIES 

0 ty ::: 51, 500 psi (minimu:n acceptable - room temperatur e ) 

E ::: 28. 5 x 106 psi 

V ::: 0 . 3 

C . STRESS CALCUL..<\TIONS 

Bucklino (9) o 

. 2 

Very long cylinder : ( ; · ) > ~r 

2 

( ~) = 2 5 . 7 

r, ::::: 0 . 3 

0 er = ri.0 .25E 

(1 - Ve~ 

Sr 
t 

0 er t 
per= -­r 

= 20, 000 

P==O.SPcr = 10,000 

= 24. 5 

= 98, 2 00 
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2. Primary Membrane Stress 

3. 

(Equivalent stress at center of wall) 
2 2 

a = l.732ro ri p=41,000 
eq 2 2 2 

r {r 
O 

- r i ) 

0. 9 (51,500) = 45,900 >41, 000 

( l O) 
Discontinuity Stresses at Bottom Head 

a . L, cyli:1der 

CJ = + 6 Mo Pr 
z - --r 

tc ~ 2 tc 

( 
-2 {3

2 
r + 6 v ) Mo + 

(Jh = t - ~ 
C C 

2 f3 r V0 

t c 

Pr 

tc 

Pr2 

8 >-. 

2c >-. +c >-. (l-v}T2(2-v}(l+v) 
[ 

3 3 4 2 . 

2 C 3 /1. 2 + /1, [ C 4 (1 - V } + ( 1 + v} J + C ( 1 - V 2) J 

[
c 3 A 3 +2c3 >..(2-v)+2(2-v)(l+v} J 
2c3\2 +>-. [ c4 (1 -v) + (1 +v}] + c(l - v2) 

y = Pr 
0 4 

t 
C =_c_ = . 489 

th 

4 2. 
{3= ~ 3 (1 -V } 

rZ t 2 
C 

= 2. 85 

= = 1.675 
r 

M 0 = 2, 090 in lb /in V O = 5, 6 8 0 lb / in · 

Clz (outside) = +79, 500 

<Yz {inside } =-128 , 500 

ah (outside ) = +17, 10 0 

crh (inside) = -45, 500 

2.7 {51,500) = 139,000 >128,500 

1. 35 (51,500) = 69,500 > 45,500 
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b. Bottom 

(1 6Mo 3 Pr 2 (3 m + 1) V o :: + + 
2 - 2 

th 8 m th th 

l 
m :: -

V 

CJ {outside) == -.40, 000 

cr (fo:;ide) == +24, 000 

l. 35 (51, 500) == 69, 500 > 40 , 000 

4. Discontinuity Stresse s at Top H ead 

a. Cylinder 

Analysis same as in {3) above exce pt: 

C :: 0. 320 >..==3.08 /3=1.81 

M 0 = 1, 520 V
O 

:: 4 , 920 

oz (outside) ==+75, 300 

az (ins ide)= - 132,700 

ah (outside ) :: +18, 800 

ah (inside) = - 43, 700 

2.7 (51,500):: 139,000 > 1 32 , 700 

1.35 (5 1 ,500):: 69,500 > 43, 70 0 

b. Cap 

a {outs ide) == -57, 900 

a(inside) == +47, 300 

1.35 (51,500) = 69,500 > 57,900 
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c. S eal Weld 

;:---rLa.~ss_a\:l 
' ~ J 

W eld pene tration 0. 055 in(min) 

Mo . 
Pw =--

68 
= 1,980 lb/rn. 

0. 7 3 

aw= P,v = 35, 800 p s i 

tw 

5. 

I 0.9 (5) , 5 ()0 ) = 45,900> 3 5 , 800 

_I - 0 . 7 68 3 

FIG URE 3 
Capsule S e al Weld 

Primary Membrane Stress at In s ide Wall 

(based on Von Mises criteria) 
2 

= 1. 7 32 Pr ..o 
ueq 2 z = 51,400 

r o - ri 

Fty = 51,500 > 5 1,400 

D. QUALITY ASSUR../\.NCE 

All fuel capsule material is purchased with a c e rtification require-

ment . The actual properties a r e examined against structural r equirements. 

The individual com.ponents are inspected to quality control log sheets ( 3) 

w bi~h are maintained for a perinanent record. These sheets are pre-

pared fr om engineering drawings , specifi cations, and procedures . The 

fuel loading and final seal weld are in ace or dance with a written fuelin g 

procedure (
4
). Included in this specification are the requir e ments for 

loading, w e lding, inspe c tion , and shipment of radioisotope heat sources. 

Weld quality i s assured by the use of w e ld te s t s pecime ns befor e , during, 
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and follo\\dng the welding of the fuel capsules. In addition to the weld samples , leak 

tests are performed on the finished fuel capsule. 

E ~ INFORl\1A TION lN SUPPORT OF THE CHANGE TO 

Tfl.1;<.; l::>TJ10NTIUM FLUORIDE FTTEL FORM 

(January 25, 1978, Sections E. 1 through E. 4 below) 

E. l IN.r.HODUCTION 

-, 

The Teledyne Energy Systems Thermoelectric Generator ]\fodel Ni..unber 

Sentinel 25F has used strontimn titanate (SrO ·Ti02) as the fuel form. The 90sr was 

recovered at the Hanford facility in Washington from \.vastes generated by reprocessing 

reactor fuels. Because of waste management considerations, the wa·stes are now being 

converted to strontium fluoride (90srF 2). The availability of the tita11ate has been 

reduced to negligible levels, and the equipment used for its preparation has been 

largely clisma11tled. Therefore , the encapsulated 90srF 2 store~ at the Waste Encap­

sulation a11d Storage Facilities (\¥ESF) is the only major source of 90sr available for 

use in heat source applications. 

The purpose of this section is to evaluate the feasibility of using strontitun 

fluoride instead of strontium titanate as the fuel form in the Sentinel 25 F heat source , 

a11d to provide the technical a11a.lyses to support the request for a revision to the current 

Certificate of Compliance to ship the Sentinel 25F. 

E. 2 MODIFIED LINER DESIGN DESCRIPTION 

The fuel capsule assembly (Figure 2) consists of the fuel, a fuel liner, and the 

capsule. The strontiwn tita11ate fue l capsule , fabricated from Hastelloy C-276 , and 

having a minimum thickness of . 347 inch, was shown (above) to satisfy the provisions 
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of 10 CFR 71 for the packaging of radioactive materials for transport. A non1inal 

• 055 inch liner of stainless steel AISI 304L was used to facilitate contamination control 

during fueling. No credit was taken for either strength or corrosion considerations of 

the liner aiter the fueling operations. 

In order to accommodate the strontium :fluo1,ide fuel form, the . 055 inch foel 

li~1c1. ,dll l.,e fabricated from Hastellnv C'-27t:; inc::f·"~rl d c:-t" i 1! ec:,c:- s!:c;: ~. T o : :- ko 

adva11~ag<::; of the additional fuel containment capability afforded by the C-27G mate rjal, 

the fueling procedure has been modified to include TIG welding of the liner lid to the 

liner. No other changes in the Sentinel 25F generator or the previous fuel capsule 

design are contemplated. A more detailed discussion of fuel compatibility with con­

tairunent materi~ls is presented in the ne:Kt section of this report. 

E. 3 MATERIAL COMPATIBILITY 

The Battelle Pacific Northwest Laborato1ies initiated a program under ERDA 

sponsorship in 1973 to develop the technology needed to support approval of 90srF 2 

fuel heat sources. The Teledyne analysis of the latest PNL data is contained in Ref. 13. 

It is concluded therein that Hastelloy C-276 is a satisfactory substitute for the stain­

less steel liner used previously because of its superior compatibility with stroni.um 

fluoride. 

The stainless steel liner was incorporated in the original Sentinel design to 

facilitate decontamination operations so that the strength member could be assembled 

and welded in a II clean II hot cell. The prasence of the liner was not considered in 

safety tests or analyses of the heat source. The liner was considered to be sacrificial 

ru1d long-term compatibility with strontiw11 titanate was not required. The purpose of 

the Hastelloy C- 276 liner with the strontilun fluoride fuel form is similar, but , in 

addition, the test data show a significru1t contairunent ability. For a nominal 
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thickness of . 055 inch (the srune as for the stai.nless steel liner) the 90srF 
2 

will be 

contai.ned within the li.ner for many years. This prediction is based on the long-term 

tests with nonradioactive strontium fluoride which show that penetr.t ion is constant 

aiter about 6000 hours and the long-term tests with radioactive strontitm1 fluoride 

which sho\V that the penetrations at 6000 hours are essentially the same as at 1000 

hours. Accnrclingly, PNL has recommended the uc::e nf l-i'tstc llo-.- C-27r, R ~ riv:. foeJ 

c lad <lindPr) in their heat sour ce pr ogram (Ref. 14). 

E. 4 FUELING AND QUALITY CONTROL 

The requirements for the radioisotope fuel , fuel form, fuel encapsulation, 

quality assurance provisions , a11d preparation for shi.pment of strontium 90 radio­

isotope heat sources for application in the Teledyne Energy Systems 25 Watt(e) Sentinel 

series thermoelectric generators are presented in the Heat Source Specification, 

Ref. 15. The Quali.ty Plan, Ref. 16 , describes the quality assurance activities at 

Teledyne Energy Systems in support of the 90srF 2 fueled Sentinel RTG program. 

The plru1 meets the intent of MIL-Q-9858A , entitled" Quality Program Requirements" 

and applicable Military Specifications and Standards, 

END CHAPTER III 
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IV. HEAT SOURCE 

The biological shield forms the primary structure to protect the 

fuel capsule from damage during hypothetical accident conditions, as 

well as performing the basic function of providing radiation shielding 

during both nor m~l and a ccid~n :: :::oncliti r,ns . 

The m a xin, um radiation levels have been calculated to be: 

On surfa c e of generator 148 mr /hr 

3 feet fron, surface of generator 8. 3 mr /hr 

3 feet from surface o f e x posed shi eld 183 r:1r /hr 

These calculations have been compared ,vith the calculated and actual 

r adiation l ev e ls on the similar SENTINEL 2 5C3 generator . Nominal 

design dose rates have been chosen to insure that the actual measure-

men::s will not exceed 10 mr /hr at 3 feet from the gene r ator a:cd 200 mr /hr 

at the surface of the generator . 

RADIATION LEVELS FQR UNITS FU~LED WITH STRONTIUM FLUORIDE 

(January 25, 1978) 

The Sentine l 25F with the strontiw11 fluo1ide fuel form will comply with the ex­

ternal dose rate regulations of 49 CFR Part 173, as does the present Sentinel 25F with 

the strontium titanate fuel form. 

1 
'\Yhile some uncertainty exists r egarding the exact eAi:ernal dose rates of the 

Sentinel 25F ,,ith the strontium fluoride fuel form, substantial changes are not anticipated. 
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Relatively small dose rate variations may be introduced because of (a) increased 

Brcmsstral1lung production in the fluoride fuel form as compared with the titanate, 

(b) variations in bulk f11el ·c1ensity and fuel power density , ai~d (c) possible effects of 

hard gamma entitting fission product impurities in the fuel. Also, the fuel loading 

procerlur<:> (placement of filler mai1::dal ·within the capsule) can cause additional varia-

tions in actual dose rate s. 

lf testing of Scnti.nc] 2!iF i:;trontitn!1 fl~oride fuckJ units indicate a requirement 

to reduce external dose r ates for compliance with 49 CFR 173, this ca.11 be accomplished 

by limiting access (shipping cage) and/or additional shielding. Integral nnit shielding 

can also be increased to provide operational dose rates consistent with the actual 

intended application of the unit. 

Structural Analysis 

The most sever e structural case for the generator is the 30 foot free drop as 

specified in 10 CFR , P art 71, Appendix B. It is conserYatively assmned for the pur­

poses of this analysis that the shipping container i s not present. It is further assumed 

that no structural benefit is gained from the housing of the generator other than to hold 

the thermal insulation in place arom1d the shield up to the time of impact. The follow­

ing analysis shows that the tungsten shield will remai.n intact , ai1d thus the integrity of 

the fuel capsule is assured as well as the radiation limitations of Part 71. 36 (a)(l). 
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A . IMPACT ON SHIELD BODY 

In order to e val ua te the impact or shock r es istance of the shi eld, the 

critical impact v e locity r esul ting fr om stress wave propagati on i s 

determined. T his value is t hen compared to the shie ld velocity as it 

meets a n on-yielding surface . The geometry i s shown in Figure 6. 

T h::: snidci 1s ma<1e of tung s ten (Ke nne rtium Gr ade W -10 , o r 

equivalent) h a vi:ig the foll owing streneth properties at the anticipate d 

shield soak tempe rature of l 300°F. 

Ultimate streng th 

Yield str ength 

Elastic 1nodul u s 

% E longation 

Density 

c; (psi) 

l.i 
3 1, 00 0 1- -· - - . ---

1 F 
I r---

2s. 500 j- _
1 
_____ 

I -/ 
l E / 
j i 

1/ I ; 
11 '--- - - - - -------- -·- -· 

Propertie s at 

1300°F 

FIGURE 4 

. 0 4 

31,000 psi 

25, 500 ps i 

38 X 10
6 

psi 

4% 

0. 61 lb /in 3 

.-- E" (in/in) 

I DEALIZED KENNER TIUM W - 10 S TRESS- STRAIN CUR VE 
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To examine the stress wave resulting from impact, the general 

differential equation is: 

p a2
u = o a 

at 2 ax (Eq. 1) 

whe re u i s the particle dis1,Jlc1cement and cr is the stress magnitude. 

For an idealized stress- s~rain curve , figure 4, where elastic-lin°ar 

s :..ra.iu hardt:ning is assumed, the solution is: 

(Jy 
Ver=-----

where: 

+ (Eq. 2) 

Ver = Impact velocity associated with ultimate failure 

E = elastic modulus 

F = plastic modulus 

a u = ultimate strength 

er Y = yield strength 

p = mas s density 

From figu:-e 4: 

F = 31, 000 - 25, 500 
. 04 - 25, 500 

= 1 . 40 X 10
5 

38 X 106 

the mass density of the tungsten W -1 0 is 

P = ( . 61 lb/in 3) ( __ 1 __ _ 
(12) (32) 

S ubs ti tu ting into equation (2) 

V er 
= 25, 500 

J(l.59x- l 0- 3)(38~ 106) 

V = 472 in/sec (39. 3 ft/sec) er 

2 
Sec ) 

in 

+ 

-3 2 
= 1. "59 x 10 lb s ec 

. 4 
lD 

5500 
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The weight of the fuel capsule and shield is 919 lbs. The energy 

available from a 30 fo ot drop i n 919 (30) = 27,570 foot-lbs. A portion 

of this energy is absorbed by the Min-K 1301 insulation . . The minimum 

energy absorption will occur when the minimum amount of insulation 

i::, crushed, which wili be the end-on case for this configuration . T1-,c· 

crushed area is 95 sq. in. and the depth of the insulation is 4 inches . 

The crushed height of the insulati on is taken as 1 . 45 inche s , which 

is twice the solid height associated with the basic fib er density. 

300 

4. 00 - 1. 45 
4.00 

a (psi) 
I 
/ 

= . 63 in/in strai n 

:.L..------------- --- --------;;;:,- E( i n /in) 
. 068 . 630 

FIGURE 5 
Min - K 1301 STRESS - STRAIN CURVE 
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Neglecting all of the energy absorption capability of gE:nerator 

housing , pallet, s uppo rting framework, etc. and using a shock rise 

N - 7 

tim e of one millisecond (rigid steel against concrete per referenc e (5) 

act11;:il shock rise time \·:ould probably ut:: at least one magnitude highe 1·). 

G = 72 
l 

,J (30)(12} = 1367 ~ < 1380 g 1 s 

C . LID ATTACHING BOLTS 

The shield g e ometry is_ such that the lid attaching bolts are only 

r equired for handling of the shield in a tilted or inver t ed position such 

as might occur in case of an accident. The following analysis shows 

that no dynamic loads are imposed on the bolts, and this has been fu:::-ther 

substantiated by a scale model. 

It is assumed that the shield assembly i mpacts on the edge of the lid 

(Point 0) \Vith the center of gravity of the shield body in line with the path 

of motion as shov:n in Figure 6. Although the edge of the shield plug has 

been cut back as shown , the point of impact may be considered to lie on 

the line AO. This is because the shi eld plug is immediately a gainst the 

Min-K insulation which will allow the sharp edges to sink in making the 

effective point of impact on the line of action . 

In the following analysis the shield plug is treated as a free body as 

shown in Figure 6. The analysis is based on static equilibrium, since Lhe 
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,, 

/ 

-----···---1 ···------- --~ 

Shield 
Body 

745 lbs 

6. 1 

, .,/ 
./ 

F4 

C 

1 1. 0 

T 

--1 
r Ca sule 

24 lbs. 

CG of Body 

! 

3. 2 

I 

-1 . I 
I F3 
I 

,, y I 
'! I. 1 \ 9 . 5 

___ J __ _J / \ Fl 

I L---~--t c 

B 
Cf_ Bolt 

FIGURE 6 
SHIELD GEOMETRY 
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distribution would be linear proportional for hig her G loa dings . In 

order for tension, T , to exist in foe bolt there must b e a s e pa r a ti o n 

between the body and the lid such that contact exists only at poing C. 

OA = 10. l inches 

F 1 = 745 lbs 

Fz = l 4 9 l bs 

2 

F3 = 24(~) = 21. 2 lbs 
10 . 1 

Taking moments about point 11 0 11
• 

f"v - 9 

I:M = (745) (1. 1) (149) (4.0) - (21.2) (3.2) .!. F (6 . 1) = 0 

F4 = - 25 . 4 lbs. 

The negative sign i ndicates that the face i s in cor.1pression, and there-

fore there i s no load in the bolt at impact . 

D. IMPACT OF SHIELD ON RIGID CYLINDER 

For the hypothetical case where the generator falls through 40 inches 

onto a 6 inch diameter rigid cylinder, the velocity at the ins tant of impact 

is: 

V = (2) (32) {40) = 14. 6 ft/sec 

12 

Penetration equations will not apply with a shielding material of rather 

brittle nature and a very lo'w impact velocity. The stresses induced will 

be in the sarne mode as for the previous impact evaluation, that of stress 
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wav e propagation. It is obvious that a velocity of 14. 6 ft/s e c is far 

b e l o w a critical velo city . These as s umptions are extremely conse r­

vative since it is doubtful tha t any appreciable damage would occur 

to the aluminum housing and thus the shield and capsule would receive 

a negligible perturbation . 

END CHAPTER IV 
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V. GENERA TOR HOUSING 

The generator housing and lid are made from 6061-T6 a luminum . 

The structural properties (6) at ambient temperature are : 

7 su = 27 , 000 psi 

Ftu = 42,000 psi 

Fty ::::: F cy 
= 35, 000 

6 
E = 9. 9 x 10 psi 

V = 0. 3 

psi 

In addition , the housing will be subjected to sea wate r corrosion and 

hydrostatic pressure and the following allowances (7) are made: 

Corrosion rate: 1. 48 MPY 

Yield strength: - 1. 0% 

These reductions are applicable to the housing hydrostatic analysis 

only. 

A . GENERA TOR MOUNTING 

The generator housing is provided with four fittings at 90° intervals. 

These fittings are bolted directly to the pallet with four 3/4 inch diameter bolts. 
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FIGURE 7 

GENERA TOR MOUNTING 

From Figure 7, the maximum load on a single fitting for a l OG 

horizontal load i s: 

FY = (13 97) {10) (1 5 .72) = 9 , 800 lbs 
22 . 5 

F = (1397) (1 0) = 3, 500 lb s 
X 

4 



Since all fitting welds are full penetration, the minimum area 

will be in the parent material. The shear stress where the fittin g 

joins the housing is: 

'T = 9 800 = 1510 psi 

(2) (. 50) (3. 25) + (. 72) (4. 50) 

The b e nding moment at the housing interface is: 

M = (9,800) (1. 37) = 13,400 in lb . 

Referring to Figure 8: 

2 
A y Ay Ay I 

0 

1. 3.25 2. 34 7.60 17. 80 2.86 

2. 3. 24 . 36 l. 1 7 . 42 o. 14 

6.49 8 . 77 18. 22 3.00 

y = 8. 77 = 1. 35 

6.49 

C = 3. 97 - 1. 35 = 2. 62 

18. 22 + 3. 00 - (6. 49) 
2 

9 . 39 I = ( l. 3 5) = 

(J' = Mc - - = (13,400) (2. 62) = 3,740 psi 

I 9.39 

V-3 

I 

The bending in the fitting end pad is determined in the following manner (
3

) 

(refer to Figure 8): 

r. = 0.265 
l 

a 

b 
a 

p (2d - tb) 

t 2 a e 

= 1. 47 K
3 

= 0. 550 (Fig. 8, Ref. 8) 

9800 (5. 00 - 1. 13) 

(0. 72) 2 (3. 06) 
(.550) = 13,200 psi 
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r· .. 
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. 88 

3. 06(a) 

1. 37 

r. 78 Dia . 

" ~ I I\. \.I _l 
. 72 (t ) 

C r 
~ . 8 1 Dia. 

(r.} 
1 

FIGURE 8 
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I 

I 
I 

__j_ 

4. 50 (b}._~~ 

81 

. 50 ( t,) 

3 . 97 

~ 
j 

1 f) 

I c .. , 
l l 

C ' 
t 

<' ' I 
~ 
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Shear of the end pa d i s : 

f :: 9800 
:: l, 430 psi 

s (9. 50) )0. 72} 

Plug type tear out of the bolt is: 

7 = 
9,800 = 3, 530 psi 

1r ( 1. 23) {. 720} 

B. HYDROSTATIC PRESSURE 

The generator is designed for normal operation in sea wate r with 

external pressur es up to 500 psi. The housing is designed for a proo f 

pr essure of 750 psi without benefit of internal support. 

The housing has an outside diameter of 19. 750 inches and a 0. 875 

inch minimum wall thickness . The w a ll thickness is incr eas e d locally 

at the bottom (see Figure 9) to 1. 135 inches . This increas ed thicknes s 

compensates for the stress induced by the lower closure head . 

1. Circumferential Stress 

The ratio of the housing diameter to the wall thickness is of 

sufficient magnitude to warrant thin wall shell e quations . 

where: 

:: .e.B:.. 
t 

p = 750 + 25 psi {proof pressure) 

R = 19.375 = 9.688in(meanradius) 

2 

t = 0. 875 -(5} (. 00148) = 0 . 868 (wa ll thickness ) 

= (775) (9. 688} = 8650 psi 

. 868 
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. 870 Mio. 

1. 50 

1. 06 
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FIGURE 9 
H OUSING CONFIGURATION 
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2. Buckling stability 

= (20. 6)
2 

= 51 < 100 U h 
. (9) 

sc s ort eguahons 
( 9. 6 88) ( . 868 ) 

2 

Cf (J = Kr. Et 
er 2 12(1 - \J. ) 

where: E~ = E =9 . 9x10 
6 

-

L = 20 . 6 

K = f (ZL) 

V = 0 .3 

from Figure 35b , Ref. 9 

(J 
er 

= 9(1r/(9. 9xl 0
6
)( . 868? 

12 ( . 91) (20 . 6)
2 

(tang-ent mn<lnipc::) 

(cylinder length) 

(buckling coefficient.) 

(Poisson's ratio) 

= 142 , 000 psi 

Since this value i s considerably higher than the yield stress limit 

(35, 000 psi} , the implication is that the housing would yield.before it 

would buckle . 

V-7 
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3. Dis continuity Stress es at Lower Closure Head-Cylinder 

V 
0 

M 
0 

where: 

= 
-pR 

4 

= K 
BA 

t 
C 

C =--

t h 

[ c
3

A
3 

+ 3. 4c
3

A + 4.42 
3 2 4 

2 C A + 11. (. 7c + 1. 3) + . 91J 
[ 3 3 4 2 

.., 
2 c A + . 7 c 11. + 4 . 42 

J 3 2 4 
. 91c 2c 11. + 11. (. 7c + 1. 3) + 

V-8 

In t e r fac e . ( 1 O) 

The d i scontinuity plus membrane s t ress i n the longitudi nal directio n is, 

a 

is , 

6 Mo 
Uz = t 2 

C 

+ 
em 
2 

The discontinuity plus membrane stress in the c i rcumferentia l dir ection 

o e 
V + m 

0 
t 

C 

where : 

Examining the stresses at the interface between the side wall and t:i c 

l ower closure wall: 

R = 9. 31, tc = 1. 13, th = 1. 75, c = 0. 645, ,\ = 3. 69 

V
O

= - 2910 lbs/in, M
0 

= 5690 in-lbs/in . 

0 
=31,l25psi 

z 
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The allowable bendin 0° stress i s (35 000) (1 25) - 43 750 · , . - • psi. 

{3 = 0. 396 

(j = 
9 12, 350 psi 

The preceding analysis has nPglected the weld fillet which would further 

reduce the stress values computed. The ~~t~::uatic,n iength ic: l / f3 • 

approximately 2. 3 inc:1e:;. so at the point where the ·;;all is decreased the 

. ( 11) 
stress 1s greatly reduced. In fact, if the thinner wall were carried all 

the way to the base, the stress would just equal the maximum allowable 

stress. 

4 . Stress in LO\t,1 er Closure Head 

The lower closure head may be considered as a clampe d circular 

plate with a 9 inch radius. The maximum stress occurs at the edge of the 

plate and is , (l 2) 

a = 3pa2 
r 

4t2 

(J 
r = (3) (775) (9) 2 

= 15, 400 psi 

(4} (1.75) 2 

5. Stress in Lid 

The lid boundary condition is between the limits of a simply supported 

edge and a clamped edge . A conservative approach is to assume a uniform 

circular plate 2 . 5 inches thick . The maximum moment occurs at the cente:-

where the radial and tangential moments are equal. 

Mr : Mt =( 3 : 
6
v ) pa 2 
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The corresponding maximum stress is, 

2 a = 3 (3 + v) p a 

= 

8t
2 

(3) (3. 3) (77 5) (9) 
2 

(8) (2. 5)
2 

= 12,400 psi 

EKD CHAPTER V 

V -10 
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VI. SHIPPING P ALLET 

The shipping pallet used for the Sentinel 25F is the same as used with all othe r · 

Sentinel 25 generators. This pallet is in accordance with Drawing No. 001-90039, 

(Appt:'ndi.x D). Since this assembly has been used with generators weighing 

three times as much c1s the> gcncrato:r tmcler c0risirlPratin11, oT'JV th::; c:p~~ic:.l ;,,vi.iD~ing 

p:;,·oyi.si.oru: are cli~ct1ssed here. 

The generator is attached to the pallet with four AN12 bolts as shown in 

Figure 10. Each bolt is rated for 33 , 730 lbs tensile yield and 33 , 150 lbs single shear. 

In ChapterV it was determined that the maximum tensile load would be 9, 800 lbs 

and the shear would be 3, 500 lbs. Therefore, the attaching bolts have a large margin 

of safety. 

The detail of the generator attachment is shown in Figure 11. It is obvious from 

the geome.try and materials that the pallet is stronger than the previously analyzed 

generator fitting. 

NOTE : (April 1985) 

The protective cage , shown in Figure 10, is no longer used for 

shipment of the Sentinel 25F generator. The package for shipment 

consists of the ge11erator mounted to the shipping pallet. Justifica­

tion for deletion of the protective cage from the package is proYided 

in Appendix C of this report. 

END CHAPTER VI 

I 
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VII . HYPOTHETICAL ACCIDENT FIRE ANALYSIS 

A. SUMMARY OF FIRE ANALYSIS* 

VII- 1 

The SENTINEL 25F Generator is shown to be capable of experi-

er1cing a standard transportation fire without disruption of its structura I 

integrity. Temperatures reached by the biologica1 shield and fu,;, l r-?p -

sule are \·vell belov,, the ir res pective s of~ening po ints thereby assuring 

fue l containment . However , the aluminum hous i ng , lid , and module 

heat sink melt after about 18 minutes of fire exposure . 

For this analysis , digita l computer c odes were used to predict 

the SENTINEL generator therrna 1 response to steady state a nd transien~ 

environmental conditions . Code runs were made to determine short-

. 0 

circuit steady state (equilibrium) temperatures in 130 F a mbient air 

with solar heating, and then to find the temperatures du ring and up 

to 3 hours afte r a standard transportation fire (radiation from a 14 75°r 

source for 30 minutes ) . Therma l inertia effects and internally generated 

heat cause generator interna l temperatures to continue rising after the 

end of the fire. Considerable conservatism has been introduced by 

assuming the maximum possible fuel inventory (850 watts thermal) and 

fire impingement over the tota l generator surface . An additional highly 

conservative hand c a lculat ion was performed to determine the highest 

possible temperature should the fire last indefinitely . 

* Fire analysis prepared by R. Hanna and V. Lougheed 
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Significant component tempera tures are presented in Table l : 

TABLE 1 

SENTINEL 2SF TEMPERATURES 
3 HOURS AFTER A TRANSPORTATION FIRE 

Comoonent ~~~~-T_e_m~perature ~~:r~)~~~ 
Criuca i 

Fuel Capsule * 1396 ** 1G39 2318 

* ** Biological Shield 1359 1489 6170 

* Computer code predictions for housing , lid and module heat sink 
meltdown . 

** Supplementary hand calculations assuming everything but biological 
shield , fuel capsule and fuel are destroyed . 

Substantial margin is indicated in Table l, thus assuring satisfactory 

containment . 

B. DESCRIPTION OF ANALYSIS 

l . Thermal Model 

A projection of the half-plane containing the central axis of the 

cylindrical generator divided into 86 nodes is shov.m in Figure 12 . 

Nodal volumes are obtained by calculating the volume occupied by a 

360° ring whose cross-section equals the nodal area in Figure 12 . The 

compone nts of the generator are constructed of homogenous isotropic 

materials . In order to limit the nodes require d to a rea·sonab le number, 

the module is approximated by lumping the elements into two groups : 
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an inner ring and an outer ring of elemen ts . Three nodes we re pro­

vided for each group; one node of eac h group represents the inte r­

e lement Min-K insulation , while the other two represent the hot and 

cold eleme nt junct ions, res pectively. 

Heat transfer fro m the fue l to the biological shie ld and from 

the lov,•er lip nf th e lid to thn h0u s ing is a~surried to be b:,1 r:ic:i2tio :--, 

and conduction through argon gas. Other surfaces of the lid touching 

the housing , the lid and module hold-down, together with the biologica 1 

shield top plug and body, are assumed t o exchange heat a cross a 

therma l interface resista nce . The resi stance is represented by addi­

tional thic knes s of mate rial, a nd is predicted from either thermal joint 

resistance tes t data or SENTINEL generator operating experience . No 

thermal resistance is assumed for the interfa c e s between the in sula tion 

and housing or biological shield . 

The analysis model enables representation of fins attache d to 

the head as in the normal c onfiguration , and als o e nables remova l of 

the fins for studying accident c onfigurations. The fin ned he ad was 

assumed re moved immediately prior to the fire. 

The generator thermal inve ntory use d he rein was 850 watts for 

additional conservatism, and the the rmoe lectric module was c ons idered 

to have additional e lement area so as to maintain tolerable hot junction 

operating temperatures. 
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2 . Computer Codes 

The computer cod·e used for transient response analysis was a 

central finite difference heat transfer program from the Isotopes Computer 

Library. Written in Fortran IV, it accounts for heat transfer by conductio n, 

cr,:1•.res:i::; , a,,d ;-c;d iati0n . ooth posiu ve a:id negative inte rnal he at gPnPra -

tion are po ssible . Material properties can be put in as variables with 

respect to temperature . Ani sotropic therma l conductivity can be accepted 

for a limited number of materials . 

Nodal prope rties, such as volume, de.1sity, conductive distance s, 

areas, etc . , are required inputs . Therma l properties , such as conductivity, 

spe cific heat, emissivity , etc ., must also be put in . Boundary conditions, 

such as a co;1stant conveciive heat transfer coef:icient, external air tewpe:-a­

ture , exte rnal radiative heat source temperature , etc . , can be loaded into 

the code , as required . 

A steady state heat transfer code was used to predict the pre- fire 

generator equilibrium temperatures . This code establishes independent 

linear equations thermally describing the system and solves them by ma~ri>: 

inversion . Heat conduction, convection , and radiation are considerec by 

the code, as well as internal heat generation . Material p:aperties must b e 

input a s constants . Noda l property and boundary condition inputs are 

similar to those in the transient code except that bo undary conditions are 

constant. 
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3. Supplementary Analysis 

In addition to t_he computer code analysis, a hand calculation was 

performed to conservatively estimate the maximum capsule and biologiccl 

shield temperatures in the event that the J'l.1in-K ho using in sulation and the 

complete module assembly disinteg rated up0n hr,~si':g :71el~co ·.-.,T1 , or that 

the ffre shou)rl la~t indefinitely . The surface tempera tur"! of the biological 

shield was found assuming the total fuel inventory dissipated by radiation 

0 
to the 14 75 F fire environment. The corresponding temperature was deter-

mined for the fucd capsule . This extremely c o nservative approach further 

' 
demonstrates thct c ontainment is not violated by a transportation fire. 

The calculatio ns are presented in the Appendix . 

4 . Boundary Conditions 

The steady state code was used initially to obtain equilibrium 

temperatures of the generator with fins in 13 o°F ambient air ;ith solar 

heating. For this c ase , a constant convective heat transfe r coefficient 

was applied to the heat rejection surfaces . The heat flux equivalent to 

solar heating was adde d to external surface nodes . 

For the transient code run simulating the fire, the convective heat 

transfer coefficient was assumed zero . Radiation to all surfaces of the 

generator was assumed from a source at 14 75°F. No convective cooling 

was allowed, and no e nergy was dissipated from the module in order to 

simulate an open circuil condition. When the first aluminum node melted 
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(hous ing side at 18 . 55 minutes after fire s tart ), the code model was 

modi fied by removing the housing , lid and module heat sink nodes . The 

o uts ide of the module and i nsulation now d i rectly faced the radiative 

heat i nput . At the end of thirty (30) minutes total fi re exposure thP. radi-

ative heat input was decreased to zero and natural convection reston=•d . 

C 
':£';-; c a ;,1bic:nL a ir wa s again assume d t o be 13 0 F, a nd sola r hea ti :ig v,·a 5 

applied . Open circuit module chara cte ri s t ics we re u sed . 

C . RESULTS AND CONCLUSIONS 

The temperature histories at important locations within the 

SENTINEL 25F generator are shown in Figure 13 . These nodes do not 

necessarily reach the highest temperatures , but were chosen as typical 

' 
o f each component . The i nitial points of the c urves (temperatures at 

t i me z ero) in Figure 13 represent the equilibri um temperatures with the 

0 
genera tor short ci rcuited (normal shipping practice) in a 130 F ambient 

a i r environment with solar heating . The first half hour of time shows 

the effect of exposure to the standard transportation fire . During this 

time, all tem;:>era:ure s rise because of the exterior radiation heat input 

and the intern a 1 isotope decay heat . About halfway through the fire , the 

aluminum housing , lid , and module heat s ink melt away . At the end o f 

th e first ha lf hour, the fi re ceases but the generator internal temperatures 

c ontinue to rise at a dee re a sing rate . 
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The thermoelectric element temperatures, as calculated from 

the predicted module temperatures, will not completely melt out . Con-

sequently, the conductive heat path from the biological shield to the 

outside ambient air remains intact . Temperatures predicted for three 

hours after the end of the fire are compare d to cri tk al t'?. mpe ratures in 

Table l . !n eve:--; case , a substuiitial rr,ar; i r, exis~s betwc::er, the pre -

dieted value and the critical temperature, thus assuring fue l contain-

ment . 

Additional data are presented in AppendLx A for compalison to 

these results. The temperature of each of t he 86 nodes is given for: 

1 . Normal full load operation at thermal equilibrium with 

0 
finned head in 70 F ambient air . 

2 . Short circuit operation at thermal equilibrium (with 

0 ' 
finned head) in 130 F ambient air, with solar heating . 

3 . Sa me as Case 2 above (except without finned head) 

immediately after a standard transportation fire . 

4 . Same as Case 2 above (except three hours after the 

end of a standard transportation fire and without 

finned head) . 

It is apparen t that the initial point assumed for the fire accident, Case 2, 

exhibits higher tempe ra tures than the normal shipping condition or the 

norma 1 operating condition . 
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Th e supplementary analyses prese nte d in Appendix A show 

that loss of both the module and the Min-K coii1cident with the melting 

of the aluminum housing does not compromise containment integri ty. 

Vll-10 
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D. THERMAL ANALYSIS FOR UNITS FUELED 

WITH STRONTIUM FLUORIDE 

(January 25, 1978) 

The highest temperatures within a Sentinel 25F heat source containing the 

strontium fluoride fuel form were determined for both normal and hypothetical fire 

For a given desig11 and thermal inventory of fuel, the substitution of the stron­

tium fluoride for the strontium titanate fuel form, a11d the substitution of a Hastelloy 

C-276 liner for a stainless steel liner do not affect temperatures of the capsule surface 

or any components e}..-ternal to the capsule. For the Sentinel 25F design, the liner / 

fuel interface and the fuel certerline temperatures are given in Table 2. 

Locntion 

Line r / Fuel Inter face 

Fuel Centerline 

Liner /Fuel Interface 

Fuel Centerline 

TABLE 2 

SENTINEL 25F FUEL TEMPERA.TURES 

Temper ature, °C 
Str ontium Titanate 

Steady State Operation 

756 

949 

End of Tr ansportation Fire 

849 

1067 

Str ontium Fl uorjcle 

756 

1024 

849 

11!>0 
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The highest temperature for the strontitm1 fluoride is 1150°C at the fuel 

centerline after the transportation fire acc:ident. This is well below the fuel melt 

temperature of 1450°C. In steady state operation, the strontiwn fluoride temperatures 

are 1024°C at the centerline and 75G°C at the liner/fuel interface. 

The preceding results show that the Sentinel 25F will employ the fluoride fuel 

point even for accidental conditions and the fuel-liner interface temperature is near 

or below the conditions of the compatibility tests (800 to l000 °C). 

END CHAPTER VII 
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APPENDIX A 

Tabulation of nodal te mperatures for spe cific generator conditions : 

Case l : Normal gene rator operation (with finned head) i n 7 0°F ambient 

ai r. 

Ca~,, 2 : 

ambient air and with solar hea ting . 

Case 3 : Open circuit gene rator operation (without finned head ) after 

a one- half hour t ransportation fire . 

Case 4 : Three h our s after the end of the fire in 130°F ambient air and 

with s olar heating (open circuit) . 

Temoe ratures (°F) 

Node Case 1 Case 2 Case 3 Case 4 

l 1812 1817 1866 2031 

2 1910 1916 1975 2155 

3 1793 1799 1848 2016 

4 1213 1218 124 7 1370 

s 122 9 1235 1260 1387 

6 124 3 124 9 1266 13 96 

7 1239 1245 1259 1392 

8 1220 1226 12 3 7 13 71 

9 1164 1169 1224 134 0 

10 1170 1176 1224 134 3 



TES- 3202 A-2 

Temoeratures fr) 

Node Case 1 Case 2 Case 3 Ca se 4 

11 1208 1214 1225 1359 

12 1170 1175 1224 134 2 

13 1176 1182 12 23 1344 

l1 l , Q, 
.... J ..__. ~ 

, 1 :, .., 
.I.~ t J / 12'.:. 3 l ~1 7 

15 1192 1197 1225 1353 

16 1200 1206 12 26 13 58 

17 1205 1211 12 25 1359 

18 1205 1211 12 23 135 7 

19 816 849 1270 4 83 

2 0 660 705 1330 333 

21 1081 1095 1126 124 1 

22 l 031 104 9 1066 1177 

23 1026 1045 1060 1168 

24 1029 104 9 1062 117 0 

2 5 973 9 98 104 0 116 7 

26 993 1017 1029 113 8 

27 763 806 814 909 

2 8 497 563 607 632 

29 23 6 326 1386 304 

3 0 4 18 4 82 2099 45 3 



TES-3202 A-3 

Tempe ratures (°F) 

Node Case l Case 2 Case 3 Case 4 

31 727 768 93 7 84 8 

32 · 641 690 800 755 

33 619 670 780 73 0 

34 614 568 777 72 8 

35 586 64 3 754 722 

36 567 62 7 734 70 0 

37 4 66 535 690 598 

38 323 4 05 651 4 72 

39 184 278 1289 300 

40 188 269 1015 229 

4' l 262 34 0 13 06 302 

42 2 76 354 1303 306 

43 272 351 13 03 305 ! 

44 269 351 1303 305 

45 260 344 13 03 304 

46 250 337 1300 3 00 

47 2-23 311 1300 296 

48 180 273 1250 292 

49 138 236 959 2 OS 

so 906 938 958 917 
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Tempe ra tures (°r) 

Node Case 1 Case 2 Case 3 Case 4 

51 370 449 1523 350 

52 716 764 810 822 

53 307 391 J 54 0 35 l 

54 872 9 ()7 !067 970 

55 355 4 35 1512 418 

56 1092 1097 1233 131 8 

57 1119 1124 1229 132 6 

58 620 666 1122 470 

59 631 676 1064 4 72 

60 1029 1038 124 0 1297 

61 187 274 12 73 970 

62 1054 1063 1233 13 07 

63 183 269 124 1 938 

64 511 566 1185 1321 

65 14 8 235 

66 14 2 228 

67 132 217 

68 139 226 

69 136 221 

70 131 217 
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Temperatures (°F) 

Node Case i Case 2 Case 3 Case 4 

71 · 125 211 

72 1171 1177 1216 1325 

7 " '..) 135 0 .. ·, 
t... ...... 

74 131 216 

75 124 210 

76 124 210 

77 124 210 

78 123 212 

79 122 213 

80 121 215 

81 120 215 

82 119 216 

83 1210 121 G 1245 1368 

84 11 8 217 

85 118 218 

86 118 218 
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Calculation of biological shield equilibrium surface temperature in a 

standard transportation fire: 

q = aAE 
4 4 

(T2 - T 1 ) 

= H .. :i. . ~ d BTU q ea. 1ss1pa.e --
' H? 

a = Boltzmann ' s constant , 0 . 174 x 10- 8 BTU 
HrFt2 0 R4 

A = Net surface area, Ft2 

E = Effective emissivity , dimensionless 

T 1 = Fire temperature , 
0

R 

T2 = Biological shield surface temperature , 
0

R 

2898 . 5 = (0 . 174 X 10- 8)(5.25)(0. 734)(T/ - 14 . 02 X 10 12 ) 

d 
T2- = 14. 45 X 1012 

Tz = 1949°R 

= 14 89°F 

The c omputer runs indicate that the temperature difference in 

equilibrium be tween the biological shield and the fuel capsule is less 

than 150°F. Therefore, the peak capsule temperature is less than 1639°F, 

and containme nt integ rity is assured. 

END APPEND1X A 
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APPENDIX B 

Supplemental Capsule Data - Sea Water Corrosion 
of Hastelloy C; Quality Control Procedures Used in 
Fabrication of Fuel Capsules; Hydrostatic Pressure 
Testing on a Sentinel 25 Capsule 

(Ap1il 19B~) 

B- 1 

Certificate No. 4888, Rev. No. 5) was s ubmitted in r8sponse to specific inquires 

from the Licensing Agency (then, U.S. Atomic Energy Commission: Irradiated Fue ls 

Branch). Included with this submittal were the follo\\ing. 

a. Excerpts from report MND-SR-1676. 

b. Sample quality control log with data pertaining to fuel capsule detail, 

assembly drawings , inspection sheets ru1d fueling specification. 

c. Report INSD-3015 on hydrostatic pressure testing of the Sentinel 25 

capsule. 

Item (a) was submitted in response to a request for additional data on sea-water cor­

rosion of II as welded II Hastelloy C. The excerpts consist of the r eport cover page and 

pages 31, 42, 43 , 44, 46, 48 and 56 from report ivIND-SR-1676 , 11 Strontium 90 Power 

Project, Final Summary Report , 11 March 1960, The Martin Co., Nuclear Division. 

These pages are included as part of th.is appendix. 

Item (b) was also submitted in response to a request for info:;:-mation which 

wo,J.ld p]~ovide more insight into the quality control procedures used in the fabrication 

of the fuel capsules. The cover letter for the September 15, 1969 application included 

a summary description of the quality control procedure which is reproduced verbatim : 
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Fuel Capsule Quality Control 

(15 September 1969) 

B - 2 

"A sample quality control log .is also enclosed. This log contains copies of 

the fuel capsule detail and assembly drawings, the inspection sheets that apply to each 

drawing, ru1d the fueling specification. The finished components are inspected accord-

log Rheet. Note the specific items whi.ch must be checked. The log is prepared thls 

way to avoi.d possible oversights. All components are checked by Isotopes Quality 

Control department regardless of whether the parts are made in-house or by an out­

side source. The finished components are forwarded to the approved fueling facility 

(Oak Ridge National Laborato1ies for all SENTINEL capsules produced so far) . The 

fueling facility re-inspects the capsule components, and fuels the capsules in accord­

ru1ce with the fueling specification, NSD-10161. As the various steps are performed, 

they are initialed by the fueling facility to indicate compliance . This specification 

sheet is then returned to Isotopes along with a copy of the fueling facility quality con­

trol sheet which shows fuel form, fuel quantity , fuel analysis, decontamination, ther­

mal inventory, and weld penetration. This data becomes part of the permanent docu­

mentation. When the fuel capsule is installed in a generator, the fuel capsule log will 

become part of the generator log. 11 

Item (c) was submitted as being in.formation of general interest. The report, 

nHydrostatic Pressure Test , SENTil{EL 25 Fuel Capsule, 11 INSD- 3015 , December 

24, 1968, Isotopes, Nuclear Systems Division described e:;,,..i:erna l hydrostatic pressure 

tests performed on a SENTINEL 25 fuel capsule. The fuel capsule was like that shown 

on Figure 2 of this report and was constructed of Hastelloy C. A lava plug was inserted 
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into the test capsule to simulate fuel pellets. The capsule was then seal ,rnlded 

according to procedures for fueled w'lits. Testing consisted of a series of pressure 

cycles to 12, 500, 15 , 000 and 17,500 psi respectively. After each pressure excursion, 

physical measurements and a dye penetrant check were performed. Dye penetrant 

checks sbo,rnd no evidence of cracks in the capsule. Dimensiona.l checks showed little 

()r 110 evjrlence 0f permanent material deformation. A conclusion drawn from the ro­

s ults of the testing was that the mlit wonid 11Qi: r11ptnre w'hE;n exposE:d to pres3u10s iu 

excess of 15 , 000 psi (the design pressure). This report also presented a very con­

servative plastic stress analysis which predicts a failure pressure of 16, 900 psi. 

The information presented in this appendix is considered applicable to all 

SENTlliEL (LGC) U11its . 

EKD APPENDIX B . 
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BURNT MOUNTIAN RTGs - AREA SURVEY Lo 

Action Site: BM01 Site: BM02 Site: BM03 Site: BM04 Site: BM05 
READING TAKEN AT: BM Limit: 5 July 13 8 July 13 8 July 13 8 July 13 5 July 13 

(mR/hr} 

RTG Serial Numbers: 017 020 009 001 014 010 018 019 004 

30' from gate (BACKGROUND} (mR/hr} 0.05 .024 .027 .024 .018 .023 

Outside entrance gate (mR/hr} 0.5 .031 .016 .045 .045 .031 

Outside building door mR/hr} 1.0 .126 .119 .161 .137 .100 

Outside inner cage (work area} (mR/hr} 2.0 .373 .303 .343 .437 

1 meter from generator end (mR/hr} 10 .704 .878 1.26 1.70 1.59 .779 1.97 

1 meter from junction of generators (mR/hr} 20 2.36 3.34 3.33 2.81 

On contact with side (mR/hr} 50 20.6 17.3 18.7 17.1 17.0 18.3 19.3 

Highest Unrestricted Area (mR/hr} · 1.0 .147 .147 .153 .170 

Readings Corrected: N orY N N N N N N N N N 

RTG Surface Temp in degrees F 87.5 94.5 94.1 91.9 109.6 89.3 91.8 76.0 81.0 

Ambient Air Temp in degrees F 65.5 74.1 66.0 71 .2 56.1 

**BKG has been subtracted** 

Meter type: ADM 300 

Meter serial number 
S/N: 12072820 

& 20140516 
cal due date: 

DATE: 5-8 July 2013 

NAME: SSgt Jonathan Bahr / Sr A Paul Smith 

REASON FOR VISIT: Summer Mx and Leak Test 

*Public will not be exposed to greater than 2 mrem in one hour. It's not anticipated someone would continuously occupy any area for 
more than 5 days (24 hours a day), therefore the public will not be exposed to greater than 100 mrem in a year. 

t-61 e5tficial Use Qnl~ 
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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS UNITED STATES AIR FORCE 

WASHINGTON DC 

/ i"f 
l l.,. 
'' 

18 April 2002 

MEMORANDUM FOR HQ US NUCLEAR REGULATORY CO:M:MISSION 
ATTN: DIRECTOR 

FROM: AFMONSGZR 
110 Luke A venue, Room 405 
Bolling AFB, DC 20332-7050 

SUBJECT: Termination Request for Transportation Quality Assurance Program for Radioactive 
Packages No. 0587 

On behalf of the Air Force Radioisotope Committee, I respectfully request the termination 
of the Transportation Quality Assurance Program (QAP) for Radioactive Packages No 0587 
maintained under the USAF Master Radioactive Material License (MNll..). 

We have determined that a Transportation QAP under the USAF MN1l.. is not needed. 
Generally, the only movement of Type B quantities are end-of-useful-life-type movements and the 
materials are transferred on-site to a contractor who has an NRC-approved QAP before any 
transportation actions are taken. 

As stated in Air Force Instruction 40-201, "'', individual USAF iv1ML permittees may apply 
for a Transportation QAP if a need is identified. The Air Force Technical Application Center 
(AFTAC), for example, maintains a broadscope Transportation QAP (No. 0772) primarily for the 
transportation of Radioisotopic Thermoelectric Generators (RTG's). 

If you have any questions, please contact me at (202) 767-4308, telefax (202) 404-8089, or 
E-mail: kali.mather@pentagon.af.mil. 

cc: 
USNRC, Region IV, Mr. Tony Gaines 

KALI K. MATHER, Lt Col, USAF, BSC 
Chief, Radiation Protection Division and 
USAF Radioisotope Committee Secretarfat 
Air Force Medical Operations Agency 
Office of the Surgeon General 
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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS UNITED STATES AIR FORCE 

WASHINGTON DC 

QI- D5~7 

19 February 2002 

MEMORANDUM FOR HQ US NUCLEAR REGULATORY COMMISSION 
ATIN: DIRECTOR 

FROM: AFMOA/SGZR 
110 Luke A venue, Room 405 
Bo11ing AFB, DC 20332-7050 

SUBJECT: Extension Request for Transportation Quality Assurance Program for Radioactive 
Packages No. 0587 

Per my conversation with Thomas Matula today, I respectfully request an additional 30 
day extension in order to clarify the Air Force's position on maintaining a Transportation Quality 
Assurance Program under the USAF Master Radioactive Material License (M}.ifL). 

During my discussion with Mr Matula, it was determined that a Transportation QAP 
under the USAF MML is not needed if Type B quantities are always transferred on-site to a 
contractor who has an NRC-approved QAP before any transportation actions are taken. A QAP 
under the USAF M1vll.. will only need to be maintained if the Air Force determines the existence 
of or desires coverage for potential transportation activity requirements as defined by 10 CFR 71. 

Individual USAF MML perrnittees may appJy for a Transportation QAP if a need is 
identified. An example of th1s is the Air Force Technical Application Center (AFf AC) which 
maintains a broadscope Transportation QAP (No. 0772) primarily for the transportation of 
Radioisotopic Thennoelectric Generators (RTG's). 

Thank you for your consideration. If you have any questions, please contact me at (202) 
767-4308, telefax (202) 404-8089, or E-mail: kali.mather@pentagon.af.mil. 

cc: 
USNRC, Region IV, Mr. Tony Gaines 

~ Col, USAF, BSC 
Chief, Radiation Protection Division and 
USAF Radioisotope Committee Secretariat 
Air Force Medical Operations Agency 
Office of the Surgeon General 
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1. Introduction 

QAP FOR TRANSPORTATION 
OFRTGs 

·,.__,,,. 

a. Under the provisions of United States Air Force Radioactive Material (USAF RAM) 
Permit No. 09-30272-IAFP issued pursuant to the Air Force's Nuclear Regulatory Commission 
(NRC) Master Materials License No. 42-23539-IAFP, the Air Force Technical Applications 
Center (AFT AC) is authorized to acquire, receive, store, use, or transfer Radioisotope 
Thermoelectric Generators (RTGs). 

b. The purpose of this document is to outline the pro~edures which will be followed to 
comply with Subpart Hof Title 10, Code of Federal Regulations, Part 71 (10 CFR 71) for 
transportation of type B quantities of radioactive material and to insure compliance with NRC 
General License requirements of 10 CFR 71.12 through 71.14. 

c. NRC Regulatory Guide 7.10, Establishing QAPs for Packaging used in the Transport-Of 
Radioactive Material, Annex 2, was used as a guide in developing this plan. 

d. Opening the RTGs to replace thermoelectric modules or perform other repairs is not 
covered under this program. 

e. Packages currently used under NRC approved QAP are listed in Attachment .I. Sources 
are speci~l form radioactive material. 

f. Activities performed relative to transportation of RTGs include: 

( 1) Handling; 

(2) Shipping; 

(3) Storage. 

2. Quality Assurance Organization. The final responsibility for the QAP rests with the 
AFT AC Radiation Safety Committee (RSC). The QAP is implemented using the organization 
outlined in Attachment 2. 

3. Quality Assurance Program. 

a. The RSC will implement the QAP through the organization described in paragraph 2. 
QAP revisions will not be made without committee approval. Implementation of the QAP will 
insure that all transportation activities involving the RTGs are performed in accordance with 
(IAW) applicable NRC, Department of Transportation (DOT), and Department of the Air·Force 
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Regulations, USAF RAM Permit No. 09-30272-lAFP and the specific provisions of the 
appropriate Certificates or Compliance (COC) and USAF NRC Master Materials License. 
The QAP emphasizes control of the administrative and operational matters which are critical to 
safety. Controls have been established to insure that transportation activities involving the RTGs 
are conducted IA W the regulations, permits, licenses and approvals mentioned above. 

b. Prior to engaging in any activity important to safety, all personnel will have had 
indoctrination or training in that activity. . 

4. Design Control. This organization is not involved in the manufacturing or fabrication of 
packages. RTGs are designed, and manufactured/fabricated by the manufacturer under an NRC 
approved QAP. RTGs shall be maintained in their original design configuration as specified in 
the manufacturer's drawings and documents. AFT AC shall hold the COCs and maintain all 
existing drawings, manufacturer documents, and procedures approved in the COC. AFT AC 
responsibilities are limited to responsibility for completeness, accuracy and maintenance of 
Safety Analysis Reports, drawings, design records, calculations and operating instructions for 
transportation packaging with Certificate of Compliance numbers 4888 and 5862. 

5. Procurement Document Control. This organization is not involved in the manufacturing of 
packages or packaging. Procurement documents shall reflect that RTGs are authorized by a 
COC, USAF RAM Permit, and have been manufactured under an NRC approved QAP. This is 
limited to hardware items for package maintenance. 

6. Instructions, Procedures and Drawings. 

a. Preparation of package for use prior to and after shipment: 

( 1) Packages are visually inspected for damage; 

(2) Required sealed source leak tests and radiation surveys are performed; 

(3) Eye bolts are removed or inserted; 

(4) Package security on pallet and pallet security on vehicle is verified. 

b. Repairs, Rework and Maintenance. Packages are supplied by the manufacturer. 
Maintenance of the RTGs will be limited to hardware items (nuts, bolts, slings, eye bolts and 
pallets) and corrosion control measures to the exterior of the package only. Opening the RTGs is 
not authorized. 

c. Loading and Unloading Contents. This organization does not load/unload radioactive 
material i11ti) or out of RTGs. / 

d. Transportation of Package. See paragraph 14. 



---- . 

7. Document Control. All documents related to the RTG package (e.g., COCs, Shipping and 
Receiving Procedures, etc.) will be controlled and maintained by the Radiation Safety Officer 
(RSO). All revisions and changes will be processed through the RSO. He/she will ensure that 
the latest versions of the documents are on file. 

8. Control of Purchased Material, Equipment and Services. Design and fabrication ofRTGs 
are not conducted under this QAP. Procurement of replacement parts important to safety will be 
reviewed to ensure appropriate technical and QA requirements are. included in purchase orders. 
Replacement parts shall be purchased from the original vendor or an equivalent qualified 
supplier. Replacement parts from suppliers not previously identified as qualified sources will 
meet requirements equal to the original criteria. 

9. Identification and Control of Materials, Parts and Components. Repairs or rework of 
RTGs will not be conducted under this QAP. 

10. Control of Special Processes. RTGs should require no major repairs necessitating the use 
of special processes. USAF RAM permit No. 09-30272-lAFP does not authorize repair ofRTGs. 

11. Inspection Control. The RSO shall use a checklist to insure inspections are performed to 
verify that packages have been marked and labeled, and shipping papers are completed IA W the 
latest requirements. 

12. Test Control. 

a. RTGs are not fabricated under this QAP. Packages will be visually examined to insure 
that they conform to the COC package description and that they are in sound condition. Any 
other tests prescribed by the manufacturer's operation and maintenance manuals will be 
completed. 

b. Following any maintenance to the package and prior to offering the RTG to a carrier for 
transport, radiation surveys will be completed to verify shielding integrity. 

13. Control of Measuring and Test Equipment. USAF RAM Permit No. 09-30272-IAFP 
requires that all radiation survey equipment be in calibration during use. 

a. Calibration of instruments is performed by either: 

(1) An Air Force Precision Measurement Equipment Laboratory (PMEL) under NRC or 
agreement state license. 

(2) Manufacturer according to procedures approved by the NRC. 

b. All instruments are calibrated at intervals not exceeding twelve months. A calibration 
label is affixed to all instruments indicating the date calibrated, due date and calibrator's 



certification stamp. Air Force reference standards are certified as traceable to the National 
Institute of Standards and Technology (NIST). 

14. Handling, Storage and Shipping Control. Safety procedures concerning the handling, 
storage and shipping of RTGs will be followed. These procedures are performed IA W applicable 
NRC, DOT and US Air Force regulations, and the manufacturer's operation and maintenance 
manual. Work instructions will be provided for handling, storage and shipping operations. 
Shipments will not be made unless all tests; certifications, acceptances and final inspections have 
been completed. The manufacturer's operation and maintenance manual will be used as a guide 
to insure that the requirements of 10 CFR 71.85 and 71.87 are met and that packages are in good 
condition, adequately secured on the transport vehicle, marked and labeled IA W DOT 
regulations and identified by model and package identification numbers. 

15. Inspection, Test and Operating Status. Inspection, test and operating status of the RTGs 
will be IA W manufacturer's recommendations and conditions specified in USAF RAM Permit 
No. 09··30272-lAFP. 

16. Non-Conforming Materials, Parts or Components. RTGs are used as provided by the 
manufacturer. Any non-conforming materials, parts or components important to QA will be 
identified and returned to the vendor or set aside for discard. 

17. Corrective Action. The RSO or his designated representative will conduct annual 
evaluation visits to RTG use or storage locations authorized IA W USAF RAM Permit No. 09-
30272-IAFP. The vvritten results of these visits will be provided to applicable headquarters, 
parent and subordinate units. The report will note any deviations or discrepancies, office of 
primary responsibility (OPR) for corrective action and abatement date, if applicable. Written 
response from the OPR is required to provide details of abatement. In addition, the RSO will 
report significant findings of staff visits to the AFT AC Radiation Safety Committee. 

18. Quality Assurance Records. Records of package approvals (including references and 
drawings, relating to the use of the packaging) tests, audits, personnel training and qualifications, 
RTG shipments, and compliance inspections will be maintained by the RSO, or his alternate. 
Descriptions of RTGs, manufacturer's operation and maintenance manuals, and procedures 
pertinent to RTG activities will also be maintained. Records will be maintained and kept in such 
a manner as to be identifiable and readily retrievable. Record types and retention items will be 
kept IAW 10 CFR Part 71.91(a) and (c). 

19. Audits. Individuals performing the audits will have no responsibility in the activity being 
conducted. Audits will be conducted using prepared checklists. Results of the audits will be 
maintained. Audit reports will be evaluated and deficient areas corrected. 

/ 
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MANUFACTURER MODEL NUMBERS 
AND 

CERTIFICATE OF COMPLIANCE 

l\'IANUFACTURER AND MODEL NO . . CERTIFICATE OF COMPLIANCE NO. 

Teledyne Energy Systems 
Radioisotope Thennoelectric Generator 
Sentinel Model-25 Series 

Teledyne Energy Systems 
Radioisotope Thermoelectric Generator 
Sentinel Model- I 00 Series 

Attachment 1 

4888 

5862 

/ . 



Air Force Technical Applications Center (AFT AC) 

Radiation Safety Committee 

The Committee is convened quarterly by the Commander, Technical Operations Division (TOD), 
and reviews the Radiation Safety Program to include: 

a. Adequacy of operation procedures, facilities and equipment. 

b. Procedures for control and inventory of radioactive material. 

c. Procedures for proper receipt and transfer of radioactive material. 

d. Maintaining records of training of qualified users. 

Records of significant actions of the committee are maintained and copies sent to the AF 
Radioisotope Committee (RIC). 

At a minimum, the Radiation Safety Committee is comprised of the following members: 

Commander, TOD (Chairperson) 

Chairman, Environmental Protection Committee, TOD 

Director, Occupational Safety and Health, AFT AC (Command RSO) 

Chief, Radiation, Industrial and Environmental Safety, TOD (Alternate Command RSO) 

McClellan AFB Radiation Safety Officer, 77 AMDS/SGPB 

Director of Laboratories, TOD 

Director of Laboratory Support, TOD 

Director of Logistics and Engineering, TOD 

Chiefs of Applied Chemistry, Gas, and Applied Physics Laboratories, TOD 

Chief, Current Operations Division, AFT AC 

Attachment 2 
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1. Introduction 

QAP FOR TRANSPORTATION 
OF RTGs 

o. Under the provisions of United States Air Force Radioactive Material (USAF RAM) Permit No. 09-
30272-0IAFP issued pursuant to the Air Force's Nuclear Regulatory Commission (NRC) Moster Materials 
License No. 4 2- 23539 - 0IAFP, the Air Force T echnicol Applications Center (AFT AC) is authorized lo acquire, 
receive. store, use, or transfer Radioisotope Thermoelectric Generators (RTGs). 

b. The purpose of this document is to outline the procedures which will be followed to comply with 
Subpart Hof Title 10, Code of Federal Regulations. Port 71 (10 CFR 71) for transportation of type 8 
quantities of rodiooclive material and lo insure compliance with NRC General License requirements of 10 CFR 
71.12 through 71.14. 

c. NRC Regulatory Guide 7 .10, Establishing OAPs for Packaging used in the Trans port of Radioactive 
Material, Annex 2, was used as o guide in developing this pion. 

d. Opening the RTGs to replace thermoelectric modules or perform other repairs is not covered under 
this program. 

e. Packages currently used under NRC approved OAP ore listed in Attachment 1. Sources ore special 
form radioactive material. 

f. Activities performed relative to tronsportotion of RTGs include: 

(1) Handling; 

(2) Shipping; 

(3) Storage. 

2. Quality Assurance Organization. The final responsibility for the QAP rests with the AFTAC Radiation Safety 
Committee (RSC). The OAP is implemented using the organization outlined in Attachment 2. 

3. Quality Assurance Program. 

o. The RSC will implement the OAP through the organization described in paragraph 2. OAP revisions will 
not be mode without committee approval. Implementation of the QAP will insure that all transportation 
activities involving the RTGs ore performed in accordance with (IAW) applicable NRC, Deportment of 
Transportation (DOT). and Deportment of the Air Force Regulations, USAF RAM Permit No. 09-30272-0IAFP 



and the specific provisions of the appropriate Certificates or Compliance (COG) and USAF NRG Master Materials 
license. 

The OAP emphasizes control of the administrative and operational matters which ore critical to sof ety. 
Controls hove been established to insure that transportation activities involving the RTGs ore conducted IAW the 
regulations, permits, licenses and approvals mentioned above. 

b. Prior to engaging in any activity important to sof ety, all personnel will have hod indoctrination or 
training in that activity. 

4. Design Control. This organization is not involved in the manufacturing or fabrication of packages. RTGs 
ore designed, and monufoctured/fobricoted by the manufacturer under on NRC approved OAP. RTGs shall be 
maintained in their original design configuration os specified in the manufacturer's drawings and documents. 
AFTAC shall hold the COCs and maintain all existing drawings, manufacturer documents, and procedures 
approved in the COC. AFTAC responsibilities ore limited to responsibility for completeness, accuracy and 
maintenance of Safety Analysis Reports, drawings, design records, calculations and operating instructions for 
transportation packaging with Certificate of Compliance numbers 4888 and 5862. 

5. Procurement Document Control. This organization is not involved in the manufacturing of packages or 
packaging. Procurement documents shall reflect that RTGs ore authorized by a COC, USAF RAM Permit, and 
hove been manufactured under on NRC approved OAP. This is limited to hardware items for package 
maintenance. 

6. Instructions, Procedures and Drawings. 

o. Preparation of package for use prior to and after shipment: 

( 1) Packages ore visually inspected for damage; 

(2) Required sealed source leak tests and radiation surveys ore performed; 

(3) Eye bolls are removed or inserted; 

( 4) Package security on pallet and pallet security on vehicle is verified. 

b. Repairs, Rework and Maintenance. Packages ore supplied by the manufacturer. Maintenance of the 
RTGs will be limited to hardware items (nuts, bolts, slings, eye bolts and pallets) and corrosion control 
measures to the exterior of the package only. Opening the RTGs is not authorized. 

c. Loading and Unloading Contents. This organization does not load/ unload radioactive material into or 
out of RTGs. 

d. T ronsportotion of Package. See paragraph 14. 

7. Document Control. All documents related to the RTG package (e.g., COCs, Shipping and Receiving 
Procedures, etc.) will be controlled and maintained by the Radiation Safety Officer (RSO). All revisions and 
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changes will be processed through the RSO. He/she will insure that the latest versions of the documents ore 
on file. 

8. Control of Purchased Material, EQuipment and Services. Design and fabrication of RTGs are not conducted 
under this OAP. Procurement of replacement ports important to safety will be reviewed to ensure appropriate 
technical and QA requirements ore included in purchase orders. Replacement ports shall be purchased from 
the original vendor or on equivalent qualified supplier. Replacement ports from suppliers not previously 
identified as qualified sources will meet requirements equal to the original criteria. 

9. Identification and Control of Materials, Ports and Components. Repairs or rework of RTGs will not be 
conducted under this OAP. 

10. Control of Special Processes. RTGs should require no major repairs necessitating the use of special 
processes. USAF RAM permit No. 09-30272- 0IAFP does not authorize repair of RTGs. 

11. Inspection Control. The RSO shall use a checklist to insure inspections ore performed to verify that 
packages hove been marked and labeled, and shipping papers ore completed IAW the latest requirements. See 
Attachment 3. 

12. Test Control. 

o. RTGs ore not fabricated under this OAP. Packages will be visually examined to insure that they 
conform to the COC package description and that they ore in sound condition. Any other tests prescribed by 
the manufacturer's operation and maintenance manuals will be completed. 

b. Following any maintenance to the package and prior to offering the RTG to a carrier for transport. 
radiation surveys will be completed to verify shielding integrity. 

13. Control of Measuring and Test EQuipment. USAF RAM Permit No. 09-30272- 0IAFP requires that all 
radiation survey equipment be in calibration during use. 

o. Calibration of instruments is performed by either: 

( 1) An Air Force Precision Measurement Equipment Laboratory (PMEL) under NRC or agreement state 
license. 

(2) Manufacturer according to procedures approved by the NRC. 

b. All instruments ore calibrated at intervals not exceeding twelve months. A calibration label is 
affixed to all instruments indicating the dote calibrated, due dote and calibrator's certification stomp. Air 
Force reference standards ore certified as traceable to the Notional Institute of Standards and Technology 
(NIST). 

14. Handling, Storage and Shipping Control. Safety procedures concerning the handling, storage and shipping 
of RT Gs will be followed. These procedures ore performed IAW applicable NRC, DOT and US Air Force 
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regulations, and the manufacturer's operation and maintenance manual. Work instructions will be provided for 
handling, stornge and shipping operations. Shipments will not be mode unless all tests, certifications, 
acceptances and final inspections hove been completed. The manufacturer's operation and maintenance 
manual will be used as a guide to insure that the requirements of 10 CFR 71.85 and 71.87 are met and that 
packages ore in good condition, adequately secured on the transport vehicle, marked and labeled IAW DOT 
regulations and identified by model and package identification numbers. 

15. Inspection, Test and Operating Status, Inspection, test and operating status of the RTGs will be IAW 
manufacturer's recommendations and conditions specified in USAF RAM Permit No. 0930272-0IAFP. 

16. Non-Conforming Materials, Ports or Components. RTGs are used as provided by the manufacturer. Any 
non- conforming materials, ports or components important to QA will be identified and returned to the vendor 
or set aside for discard. 

17. Corrective Action. The RSO or his designated representative will conduct annual evaluation visits to RTG 
use or storage locations authorized IAW USAF RAM Permit No. 09-30272-0IAFP. The written results of these 
visits will be provided to applicable headquarters, parent and subordinate units. The report will note any 
deviations or discrepancies, office of primary responsibility (OPR) for corrective action and abatement dote, if 
applicable. Written response from the OPR is required to provide details of abatement. In addition, the RSO 
will report significant findings of staff visits to the AFTAC Radiation Safety Committee. 

18. Quality Assurance Records. Records of package approvals (including references and drawings, relating to 
the use of the packaging) tests, audits, personnel training and qualifications, RTG shipments. and compliance 
inspections will be maintained by the RSO, or his alternate. Descriptions of RT Gs, manufacturer's operation 
and maintenance manuals, and procedures pertinent to RTG activities will also be maintained. Records will be 
maintained and kept in such o manner as to be identifiable and readily retrievable. Record types and 
retention items will be kept IAW 10 CFR Port 71.91(0) and (c). 

19. Auiliis. Individuals performing the audits will hove no responsibility in the activity being conducted. 
Audits will be conducted using prepared checklists. See Attachment 4. Results of the audits will be 
maintained. Audit reports will be evaluated and deficient areas corrected. 
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1. Introduction 

QUALITY ASSURANCE PROGRAM FOR 
TRANSPORTATION OF RTGs 

a Under the provisions of United States Air Force Radioactive Material (USAF RAM) Permit No. 
09-30272-0lAFP issued pursuant to the Air Force's Nuclear Regulatory Commission (NRC) Master 
Materials License No. 42-23539-0lAFP, the Air Force Technical Applications Center (AFTAC) is 
authorized to acquire, receive, store, use, or transfer Radioisotope Thermoelectric Generators (RTGs). 

b. The purpose of this docwnent is to outline the procedures which will be followed to comply with 
Subpart Hof Title 10, Code of Federal Regulations, Part 71 (10 CPR 71) for transportation of type B 
quantities of radioactive material and to insure compliance with NRC General License requirements of 
10 CFR 71.12 through 71.14. 

c. NRC Regulatory Guide 7.10, Establishing Quality Assurance Programs (QAPs) for Packaging 
used in the Transport of Radioactive Material, Annex 2, was used as a guide in developing this plan. 

d. Opening the RTGs to replace thermoelectric modules or perform other repairs is not covered 
under this program. 

e. Packages currently used under NRC approved QAP are listed in Attachment 1. Sources are 
special form radioactive material. 

f. Activities performed relative to transportation of RTGs include: 

( 1) Handling; 

(2) Shipping; 

(3) Storage. 

2. Qualitv Assurance Organization. The final responsibility for the QAP rests with the AFTAC 
Radiation Safety Committee (RSC). The QAP is implemented using the organization out lined in 
Attachment 2. 

3. Quality Assurance Program. 

a. The RSC will implement the QAP through the organization described in paragraph 2. QAP 
revisions will not be made without committee approval. Implementation of the QAP will insure that all 
transportation activities involving the RTGs are performed in accordance with (IA W) applicable NRC, 
Department of Transportation (DOT), and Department of the Air Force Regulations, USAF RAM Permit 
No. 09-30272-0lAFP and the specific provisions of the appropriate Certificates or Compliance (COC) 
and USAF NRC Master Materials License. 

0 
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. The QAP emphasizes control of the administrative and operational matters which are critical to -safety. 
Controls have been established to insure that transportation activities involving the RTGs are. conducted 
IAW the regulations, permits, licenses and approvals mentioned above. 

b. Prior to engaging in any activity important to safety, all personnel will have had indoctrination or 
training in that activity. 

4. Design Control. This organization is not involved in the manufacturing or fabrication of packages. 
RTGs are designed, and manufactured/fabricated by the manufacturer under an NRC approved QAP. 
RTGs shall be maintained in their original design configuration as specified in the manufacturer's 
drawings and documents . AFT AC shall hold the COCs and maintain all existing drawings, 
manufacturer documents, and procedures approved in the COC. AFT AC responsibilities are limited to 
responsibility for completeness, calculations and operating instructions for transportation packaging with 
certificate of compliance numbers 4888 and 5862. 

5. Procurement Document Control. This organization is not involved in the manufacturing of 
packages or packaging. Procurement documents shall reflect that RTGs are authorized by a COC, 
USAF RAM Pennit, and have been manufactured under an NRC approved QAP. This is limited to 
hardware items for package maintenance. 

6. Instructions, Procedur es and Drawings. 

a. Preparation of package for use prior to and after shipment: 

(1 ) Packages are visually inspected for damage; 

(2) Required sealed source leak tests and radiation surveys are performed; 

(3) Eye bolts are removed or inserted; 

(4) Package security on pallet and pallet security on vehicle is verified. 

b. Repairs, Rework and Mainteriance. Packages are supplied by the manufacturer. Maintenance of 
the RTGs will be limited to hardware items (nuts, bolts, slings, eye bolts and pallets) and corrosion 
control measures to the exterior of the package only. Opening the RTGs is not authorized. 

c. Loading and Unloading Contents. This organization does not load/unload radioactive material 
into or out of RTGs. 

d. Transportation of Package. See paragraph 14. 

7. Document Control. All documents related to the RTG package (e.g., COCs, Shipping and 
Receiving Procedures, etc.) will be controlled and maintained by the Radiation Safety Officer (RSO). 
All revisions and changes will be processed through the RSO. He/she will insure that the latest versions 
of the documents are on file. 
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·g_ Control of Purchased Material. Equipment and Services. Design and fabrication of RTGs are not 
·conducted under this QAP. Procurement of replacement parts important to safety will be reviewed. to 
ensure appropriate technical and QA requirements are included in purchase orders. Replacement parts 
shall be purchased from the original vendor or an equivalent qualified supplier. Replacement parts from 
suppliers not previously identified as qualified sources will meet requirements equal to the original 
criteria. 

9. Identification and Control of Materials, Parts and Components. Repairs or rework ofRTGs will 
not be conducted under this QAP. 

10. Control of Special Processes. RTGs should require no major repairs necessitating the use of 
special processes. USAF RAM permit No. 09-30272-0lAFP does not authorize repair of RTGs. 

11. Insp ection Contr.Q}. The RSO shall use a checklist to insure inspections are performed to verify 
that packages have been marked and labeled, and shipping papers are completed IA W the latest 
requirements. See Attachment 3. 

12. T est C ontrol. 

a. RTGs are not fabricated under this QAP. Packages will be visually examined to insure that they 
conform to the COC package description and that they are in sound condition. Any other tests 
prescribed by the manufacturer's operation and maintenance manuals will be completed. 

b. Following any maintenance to the package and prior to offering the RTG to a carrier for 
transport, radiation surveys will be completed to verify shielding integrity. 

13. Control of Measuring and T est Equipment. USAF R.Ai\1 Permit No. 09-30272-0lAFP requires 
that all radiation survey equipment be in calibration during use. 

a. Calibration of instruments is performed by either: 

( 1) An Air Force Precision Measurement Equipment Laboratory (PMEL) under NRC or 
agreement state license. 

(2) Manufacturer according to procedures approved by the NRC. 

b. All instruments are calibrated at intervals not exceeding twelve months. A calibration label is 
affixed to all instruments indicating the date calibrated, due date and calibrator's certification stamp. Air 
Force reference standards are certified as traceable to the National Institute of Standards and Technology 
(NIST). 

14. Handling, Storage and Shipping Control. Safety procedures concerning the handling, storage and 
shipping of RTGs will be followed. These procedures are performed IA W applicable NRC, DOT and 
US Air Force regulations, and the manufacturer's operation and maintenance manual. Work instructions 
will be provided for handling, storage and shipping operations. Shipments will not be made unless all 
tests, certifications, acceptances and final inspections have been completed. The manufacturer's 
operation and maintenance manual will be used as a guide to insure that the requirements of 10 CFR 
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·71.85 and 71.87 are met and that packages are in good condition, adequately secured on the transport 
· vehicle, marked and labeled IA W DOT regulations and identified by model and package idc:ntification 
numbers. · 

15. Inspection. Test and Operating Status. Inspection, test and operating status of the RTGs will be 
IA W manufacturer's recommendations and conditions specified in USAF RA.tvf Permit No. 0930272~ 
OlAFP. 

16. Non-Conforming Materials. Parts or Components. RTGs are used as provided by the 
manufacturer. Any non-conforming materials, parts or components important to QA will be identified 
and returned to the vendor or set aside for discard. 

17. Corrective Action. The RSO or his designated representative will conduct annual evaluation visits 
to RTG use or storage locations authorized IAW USAF RAM Permit No. 09.:-30272-0lAFP. The written 
results of these visits will be provided to applicable headquarters, parent and subordinate units. The 
report will note any deviations or discrepancies, office of primary responsibility (OPR) for corrective 
action and abatement date, if applicable. Written response from the OPR is required to provide details 
of abatement. In addition, the RSO will report significant findings of staff visits to the AFT AC 
Radiation Safety Committee. 

18. Qualitv Assurance Records. Records of package approvals (including references and drawings, 
relating to the use of the packaging) tests, audits, personnel training and qualifications, RTG shipments, 
and compliance inspections will be maintained by the RSO, or his alternate. Descriptions of RTGs, 
manufacturer's operation and maintenance manuals, and procedures pertinent to RTG activities will also 
be maintained. Records will be maintained and kept in such a manner as to be identifiable and readily 
retrievable. Record types and retention items will be kept IA W 10 CFR Part 71. 91 ( a) and ( c ). 

19. Audits. Individuals performing the audits will have no responsibility in the activity being 
conducted. Audits will be conducted using prepared checklists. See Attachment 4. Results of the audits 
will be maintained. Audit reports will be evaluated and deficient areas corrected. 
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AFTAC Radiatiou Safety Committee 

Membership 

Chairman: 
Commander, Technical Operations Division (TOD/CC) 
Colonel Arthur T. Hopkins 

Members: 
Directori McClellan Central Laboratory (TOD/DL) 
Mr. David W. Baker (GS-14) 

Director, Logistics and Engineering (TOD/LE) 
Lt Col Steve M. Maher 

Chief, Current Operations Division (HQ AFTAC/DOO) 
Lt Colonel joseph P. Ward 

Chief, Applied Chemistry Laboratory (TOD/DLC) 
Lt Colonel Kenneth T. DenBleyker 

Chief, Gas Analysis Laboratory (TOD/DLG) 
Captain Michael Howard 

Chief, Applied Physics Laboratory (TOD/DLP) 
Lt Col onel James Dorman 

Alternate AFTAC Radiation Safety Off icer (TOD/SE) 
~r . George W. McAlister (GS- 13) 

Director, Laboratory Support (TOD/LS) 
Lt Colonel Donald A. Huxtable 

77 ~~'1DS/SGPB (McClellan AFB Radiation Safety Officer) 
Lt James Ross 

AFTAC Radiation Safety Off icer (HQ AFTAC/SE) 
Major Mark Tiedemann 
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RADIOACTIVE :'>JATERIAL SHIPME:'ff CHECKUST P3ge 01 orO? Pagr(s) 

··· ········ ····················~············· ··············· ·········· ··· ······· ·· ················ ·· ················ ····· ···· ·· ··· ······:,.: 
SHIP.\CE.','T SUMMA.RY 
SHIPPED FROM: 

Namc-- ------------------------ --
SHIPME.','T NO·--------- --- --- - -------
DATE . -

Addre.u ______ _ _ _____ _ _______ ___ _ LR.NO:;-.- ------------- ------- --~--
City ________ _ _ _ State ___ U p ____ _ 

UCENSE AurHORlZATION: 

SHIPPED TO: TO ARRIVE NLT: ------
Shipper's A.FR Permit No. 
Recipient's Llcen,e: --------_-_-0::--n"°'F=l-:-le-------------------

Name 
Addre:,.s-------- - ----------------- ___ Wlthin Expir2tion Date 

City _____________ State ____ Zip _ _ ___ _ _ ___ Aulhoruu R..A...\t B<:ing Shipped 

Shipping to Llcen.u No·-------------------------

DESCRIPTION OF RWIOACTIVl: ~!ATERIAL= ___ ==~=:-:::::=-::-:=-.::-:-:-=:::-::-::--:----- ---- ---- - - ------
(CHECK SOURCES, SPECIAL F ORM, Etc.) 

SHIPMENT TOTALS: 
Total Number orConbine.-. lhls Ship~!nt _ ___ _ __ _ LID II> this Shipment·------------- --------------- - -

Iudlonuclldes Curies Phy,lc::>l Form Chemlc3l Form 

Total __________ _ 

PROJECT OFFICER:-------------
DMSlONIDOU:CTORATE RPT _ _ _ _ _ _ _ _ _ _ 

Date: --------Dote: _______ _ 
DCVCHIEF: 

COORDINATION': DIRECTOR-,- -----
••....••• ...•... ••..•.••...•.•.•.. .• .•....••••........•.••.•.•....•.... .•.... .•.. ... ......•...... ........•.. ...........•....•...•..•.....•. 

,\'ON-FISSILE MATER.IAL 
==FlSSILE ~L\. TERL\L - - - - FISSU,E E.'<Dfl'T 

__ Clos., I Totol Gr:sms ____ _ 
Clas, II 

__ Sp«:iol Form, A
1 

Umit (Ci) ____ _ Physial Form. _____ _ 

_C!:us m Toul Curie, _ ___ _ __Normol Form,~ Umit (Ci) ___ _ _ Ch<mic-:,1 Form _____ _ 

Sum of Fr:sctio11s Rule Met _____ l:' u Hotard Clas.s 7 

PROPER SHIPPL"IG NA.ME; UN NO._;&: R.A.M. QUA.'ITITY TYPf: 
__ ludioactive M•t.erial, E,:eepud P2ck:i§e-Ar1icle,, ~!anu(actu red from natur.ol or deplete<! U or na tu r:sl Th, UN 2910 
__ R.-idio•cdve Moteri:21, E r cepted P,ck:>ge-Empry P,ck:>ging, u":'f ~910 
__ '!odiooctfre ,\loteri2l, Excepted Pocloge-In,lrumentJ or Articles, UN 2910 AM Quanti ty T)'J>"' 
__ iudioactive ::Vlateriol, Excepud Pack:oge-Limi!.e<I Quantity or!\.huri2l, l'.JN '.?910 
__ ludiooellve Mauriol, Fis,i le, n.o-.s., UN 2918 
_ _ R.adioactive Maurial, Low Specinc Activity, LSA. n.o-.s., UN 2912 
__ R:ldio.ctive Moterial, n.o..._, UN :?982 
__ R.:,dioactlve Materi31, Spe<:iol Fom1, n.o.s., UN'.?974. 

_Lid Qty 
__ Type A 
_ _ TypeB 
__ Other. 

__ Oth•r-------- - - --- - - --- - - --- ------- --- - - --- - - --- - - --- - - ----------
• • • •• ••• •••• ••••••••••••••••••• •• ••••••••••• •• ••• •• • •••••• •••• • ••• • • ••• ••• •• ••• •• ••••••• ••• • • •• •••••• ••••••• ••• ••••••••••• • ••••••• ••• •••••• • • 
SHIPPJ,,;G COL',tA.INER OAT.A.: Co_nuin•r No. ____ _ _ DOT Specinc:>tion No. _ _______ ; marked on outer conu incr. ________ _ ___ _ 

R.A..\f. LA.BEL APPLIED: 
___ R.>dioact.ive Wbite I 
___ Radioactive Yellow II 
___ ludiooctive Yellowm 
___ Empey 
___ ,'<o la~! requ ired 

_Strong, tight package 
__ l'•cl.age certincation on nle. 

OT.HER MAR.KINGS APPLIED: 
___ Con•ignec's or consignor's name & oddrns 
_ _ _ Prnper shipping name/UN no. in block letten 

OlHER L-\BELS APPLIED: 
_ ___ Car-go Alrcnn Only 

----Pockage Onenbtion Morldng 

_Pock:ige meets sundard pack:oge n:quirement.s or 49CFR173..24 
__ Pack.>ge meets gener.il pacl.::lge requirements or -19CFR173.411 
_E,ach T~ A pacl.::>ge meotJ the design requirements o(-19CFRl73.41:? 

_ _ _ Container Gro,s Woight ___ ll.ls. 
__ Other: _______________ _ _ 

INNER PACKAGE: 
_ _ ___ Marked "Radioactive" 

__ Tamper ,nl number(•) applied to conbiner: ____________ ________ ________ ___ _____________ ___ _ 

_ Tnnsport index for thu container: --------- ------------------------------------------

······················· ······ ········ ····················· ··· ······ ·· ·· ······ ······~·· ············· ··········-·························· ·· ·ft· 
GE..'1-.e:RAL CE.RTinCATIONS & INFOIU,fATION: 

__ Shipm<nt meet> quality control requirements-19CFR173.-174 end 173.-17S. 
__ Shipment iccured in order to prevent ,hinlng during norrnal lnnsporutlon requirem<nt.s.. 
__ Vehicle plao rded __ No ploording roquirtd. 
__ Dnver(s) briefed on noture or shipmen t. gener:sl route, emergency re>ponse procedure, 

shipping pape.-.. shipping paper ,ccu.ibili ty requiremenu (49CFRl 77.817(•)), maintenance on exclwive use on shipmtnt. and plac::arding 
requirtmtnu (provide spare,, i( required). 
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······:······~········ ······················ ·········· ················ ···················· ·· ···································· ·· ··········· 
RADIOACTIVE M'.An:RIAL SHIPMENT CHECKI.IST (COl','1) 

·········································· ············ ··················· ·········· ··· ··········~···· ······································~· 
·· ························ ··········· ····· ············································ ················ ···················· ··················· 

__ Consignee notHled of departure time and ETA. 
__ DD Fonn 1800 completed. 
__ Sep• ntlon disunce requirement ot49CFR177.84:Z(b) meL 
__ DO Fonn 836 compl~led ,nd driver(s) briefed. 
__ Shipment within limits preacribed for ___pas.,enger __ c:srgo-only 3ittr:1t\. 
__ Shipment contains radlo•ctive material intended for u.., in, or incident to, re.e-srch, medical diagnosis or treatment. 
__ Shippen Decl:1r:1tion or Dangerous Goods completed 
__ Psck:lge containing RA,',1 must be at least 3 feet from p•=ngers.. 

SHIPP.ING PAPERS: 
Shipping Popers Conbin: 

__ Pro~r Shipping Name 
__ H:>urd Ctu .. 

UN Number 

__ Cat.egory o( label applied 
__ T!"3nsport Index 
__ Fiuile E:t•mpt 
_ _ Exclusive u.., of vehicle Total Quantity orMo.terial 

__ !'lame or each Radionuclide 
__ Phy,ic,il and chemic:,! (onn 
_ _ Activity Jn each pacbge 

__ 24 hour emergency resporue number 
. __ -'9CFR17:?.204 Shipper's Cert.iliotion 
--~9CFR173.,421-1 sl:ltement 

Follo..,ing provided with ,hipping pa~n: 
___ Instructions for m2int:aining e.xclusive use or "Vehicle. 
___ Eme~ency re,ponse pion. 
___ Rtceipt letter. 

MODE OF SHIP'.\.IL',T: 
Common Climer truck Contnct c:amer truck. Exclusive U>e 

_Pu,e nser aircrall Ca~<>-0nly •ircran (attach >p<'cial l3bel) 
__ Feder•l vehicle Printe vehicle 

__ U.S. :O.foil _Other:- ---------------------------------- --------
DOCtl~IE."'T i'>'u~IBE:R: ___________ _____ _ Shipment Dote:----------

SHIPPf','G R.E.PRESENTATIVE: Date:-------------

RADUTIO!'I SUR.VEY DATA: 
FOR RADIOACTIVE :'-,{ATER!A.L BEING SHIPPED (before being placed fn the shipping conuiner): 
__ Total milllremihr@ contact _________ __________ _ 

__ Tot.:>I millirem/hr@ 1 foot-------------------
__ Tot.:>( gamma n>illlrem/hr@ l foot ______ _________ _ 

__ PRE-PACKAGii.'fG conbin<r cont:imin:ilion survey completed .. . AJpha ___________ dpm/lOOcml <2:?0 

. . . BeWGamma dpm/100cm2 <2200 

FOR F{[U.Y LOADED AND CLOSED CONTAINER NO.------------­
--~fax.imum toul millirenv'hr@extemal sunace. ·-------------- ---­
__ :',!ax.imum total milliremihr@ 1 meter ....• ··-------------------
__ Removable surface cont3minatlon: . .. Alpha __________________ dpm/100crn2 <2ZO 

.. . B<:ta!Gamma dpm/lOOcmZ ,-zzoo 

__ ?RE-LOADCNG tr:in,port vehkle cont.:imination Jurvey completed 

__ POST -LOADCNG transport vehicle contominatlon survey completed 

POST-LOADING traMport vehicle r:,dlation Jurver. 

. . .. JJpha _____________ dpm/100cm2 <2::0 

... BcWG•mma dpm/100cm2 <2200 

.. . AJph• dpm/100cm2 <220 
•.. &,ta/Gamm• dpmll00cm2 <2200 

__ :-.b.timum toUI millirem/hr@ ony point on the vertic:>I pl•nd projecW from the outer tdge, o( t.be vehicle .. ___ ._<200. 
__ :-.fu /mum tot.ti milllr<-mlhr on the upfkr surf•ce of the load. . . • . . . . . . • • . • . . . . . . . . . . . • ~00. 

;\fox.imum toul millirem/hr on the lowt r external Jurfact of the vehicll!............. . ...... -COO. 
=.\btimum total millirem/hr@ any point 2 meter, from the vertJc.al plane, projecud by the outer edges of the 

vehicle ...•.........• . . .•. ... .. . . .. . . . .. •..••.•..• , • . . . . • . . <I 0. 
__ :'vfa.timum total millirem/hr if any normally occupied ,pace... . . . . . . . • • • • . . • . • . . . . . . . . <2. 

RSO/RPTIDRIYER: ________________ Date: -------------



I 
J 
i 
? ; 

---"-'- ·------
A' PURPOSE CHf:CKUST 

1----------------'''---'.---------------
,rn.~sU3-!~CrtAC'ilVfi'{/FUNC710NAL AF.£). 
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All rstersnces are trom CcNR 161-1, dated Feb 89, unless otherwisa specr.iec. 

'1. Hes the RPT completed a ba.s!c hS<>lth physics rechnician course with certific.2te? (oara 
1~aj ' u 

2. Are supelYisors familiar with procedures to ·tallow If ona of their wcrkers suspects tha~· she 
may be przgnant? (para 1 • ~ 1) 

3. Ara all female radiation workers famiiiar with procedures to fol/ow when they suspea 
pregnancy? (1 • '12c) 

4. Do all female radizrion workers have a ·Risk Acxnowlsdgemerit•.Jsner on file.1.vnl1.the RS07 
para 1·90 

.5. Are all radiation workers briefed a'1rn2a!ly on radiation exposura including ropics in paia 
1-9h? 

6. Are at lease 2 of each type of Calibrated radiation instrument available at any time? (para 
5-i a and subjec:lve) 

7. Are all rooms .whern radioisotopes are used sur;ayed momhiy? (para 5-2) 

8. Is ,he d isposc.J cf all radioactive lcib W2Si8 such eS glassv1c1re, CJnta!ners, C;tG. surveyed, 
docurnantad, and disposed of property? :(Chapter. i O) · 

9. ls an inventory of oil radioa~ive sources performed 8ach quarter? (para 7-2) 

i o. Are ail radioactive sources propedy iden@ed and labeled? (para 7-2) 

~ i. Are all radlcac!ive sources controlled to p:evsm theft, loss, damage, er urmeces~ary 
human radiation exposure? (chapter 8) 

12. Are ;;.If receipts of radioactive material dcc~mented on Cen Ferm S3? (para 6-2) 

13. Are all wad< :::..mas properly posted for radiation hazards?.(para 12-4) 

14. !s the RSO immediateiy nctific:?d of lesses or a.cddents invoMng radioisocopes? (para 11.-6) 

15. Is protective clothing (suits, gloves, booties, respirators, etc.) immediately avaliab!e in case 
at ccmaminacad work areas or acci~arna 7 (pclfn. i 2°2D · 

16. Are all sealed sources leak-tested as required? (para 5-3} · 

i7. Do all purchase, disposal, and shipment actioc,s of Radio Ac:ive Material receive prier 
approval of rl1e RSO? (para 6-1 a, 9-3, i 0-2) 

i 2. Dees the RFT maintain proc8dures for each worst czse zc::idanc situation? (para 11-1) · 

19. Does ,he RPT maim2.in a series 161 Cl ~er.aining to his/her crgsnizacion? (para 1-9c} 

2G. Ooe.s ~ha RPT ma.int-a.in c:.rrr2m c:::::oies or acolic20:e :;:s,m,: '.::f~c~rr:en<s? (pc.ra 1-Sf} 
·..._,; . . . 
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· 2 , . Are NRC-3 forms pcsted for ;adi2,icn workers ,o review? (para 1-9g) 
=-

22,' Is the required nc.ation attached to tha NRC-3 forms? (para 1-9g) 

;:AG~ 1 

23. Dees the RPT provida initial orientation and annual recartUic2tion to all radiation workers? 
(para i-9h) 

24. ls radiation worker t;aining documented on AF ;:'orm 55? (para i -9h) 

25. ls there an active dosimetry program? (para 4-i) 

26. Are the dosimetry results review9d by the RPT? (para 4-5) 

27. Does tha dosimetry program contain provisions for briefing and monitoring visitors? (para 
4-i).. . ·-- ' . . 

28. Are NRC-4 forms (or equivalent) en file /or all assigned radiacion workers? (oara4.·3) 

29. Does ihe RPT have procedures to investigat~ radiation dosas above the presar 
' investigation leve1·? (para 4-5) 
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Sep-29-03 07:23 From-AFtl.OA COWiAND SECTION 202 404 6637 

DEPARTMENT OF THE AIR FORCE 
Air Force Mcd.ical Operations Agency 

Radiation Protection Division 
Radioisotope Committee Secretariat 

FACSIMILE TRANSMITTAL 

TO: Robert J. Lewis 
Transportation and Storage Safety and Inspection Section 
Spent Fuel Project Office 

SUBJ: QAP Approval 

PHONE NO: 

FAX NO: 301-415-8555 

NUMBER OF PAGES (including cover sheet): l 0 

COMMENTS: Original Copy to follow in the mail. 

DAVID L. PUGH, Capt, USAF, BSC 
AFMOA/SGZR 
110 Luke A venue, Suite 405 
Bolling AFB, DC 20332-7050 

VOICE (202) 767-4307 
FA}{ (202)404-8089 

T-086 P.001/010 F-176 

?t-()77~ 

"Do not transmit classified infonn.ation over unsecured 
telecommunications systems. Official DoD telecommunications systems 
are subject to monitoring. Using DoD telecommunications systems 
constitutes consent to monitoring. " 

. \Jrn~So/ 



From-AFIAOA COVW.MO SECTIOM 202 404 6637 T-086 P.002/010 F-116 
Sep-,9-03 07:23 

DEPARTMENT OF THE AJR FORCE 
HEADQUARTERS UNITED STATES AIR FORCE 

WASHINGTON DC 

MSMORAND'CJM FOR ROBERT J. LEWIS, CHIEF 
TRANSPORTATION AND STORAG.E SAFETY 
AND INSPECTION SECTION 
SPENT FUEL PROJECT OFFICE 
OFFICE OF NUCLEAR MAnnuAL SAFETY AND SAFEGUARDS 
UNITED STATES NUCLEAR REGULATORY COMMISSION 

FR.OM: AFMOA/SGZR 
110 Luke Ave Room 40S 
Bolling AFB DC 20032-70SO 

29 September 2003 

SUBJECI': RENEW AL REQUEST FOR QUALITY ASSURANCE PROGRAM API'ROV AL, NO. on2. 

Attached. you will find a Quality Assw-aocc Program for radi~ctive material paclcages for your review and 
approval. The current QAP Approval for docket number 71-0772 expires on 31 Oct0bcr 2003. If you ha.ve any 
questions rcgwing this QAP. you may reach me at 202-767-4307 or email. david.pugh@pentagon.af.miJ. 

Atch: 

DA. VID L. PUGH. Capt, USAF. BSC 
Health Physicist . 
Radiation Protection Division and 
USAF Radjoisotope Committee Secrewiat 
Air Force Medical Operations Agency 
OffiCG of the Surgeon General 

Quality Assurance Program For Transportation of R.aclioisotope Thermoelectric Oenerat0rs (RTGs), l 8 Sep 03 

<:e: 
HQ AFT AC/SE w/o atch 
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DEPARTMENT OF THE AJR FORCE 
AIR FORCE TECHNICAL APPLICATIONS CENTER (AFT AC) 

MEMORANDUM FOR AFMOA/SGZR 

FROM: HQ AFTAC/SE 
1030 South Highway Al A 
Patrick AFB FL 32925-3002 

18 September 2003 

SUBJECT: Request Submission of Radioisotope Thermoelectric Generator (RTG) Quality 
Assua.nce Program (QAP) to the Nuclear Regulatory Commission (NRC). Pennit No. 09-30272-
lAFP, Docket No. 030-90188 

1. The subject program is due to expire on 31 October 2003. Please submit the program ro the 
NRC on our behalf (Attachment 1). 

2. Please contact me at DSN 854-3870 if you have any questions in this regard. Thanks for 
your assistance. 

Attachment 

//SIGNED// 

JOY M. POWELL 
Chief, Occupational Safety and Health 
Pennit Radiation Safety Officer 

1. AFTAC QAP.18 September 2003 (7 pages) 
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QUALITY ASSURANCE PROGRAM (QAP) FOR 
TRANSPORTATION OF 

RADIOISOTOPE THERMOELECTRIC GENERATORS 
(RTGs) 

AIR FORCE TECHNICAL APPLICATIONS CENTER 
PATRICK AFB, FLORIDA 

18 September 2003 



Sep-29-03 07:25 From-AFV.OA COMIIJ.NO SECTION 202 404 6631 T-086 P.005/010 F-176 

'-.,/ 

1. INTRODUCTION 

QUALITY ASSURANCE PLAN 
OF 

RADIO THERMOELECTRIC GENERA TORS 

a. Under the provisions of the United States Air Force Radioactive Material (USAF RAM) 
PermitS No. 030-00409. issued pursuant to the >Jr Force's Nuclear Regulatory Commission 
(NRC) Master Materials License No. 42-23539-lAFP. the Air Force Technical Applications 
Center (AFT AC) is authorized to acquire, receive, store, use, or transfer Radioisotope 
Thermoelectric Generators (RTGs). 

b. The purpose of this document is to outline the procedures which wilJ be followed to 
comply with Subpart Hof Title 10, Code of Federal Regulations. Part 71 (10 CFR 71) for 
transportation of type B quantities of radioactive material and to insure compliance with 
NRC General License requirements of 10 CFR 71.12 through 71.14. 

c. NRC Regulatory Guide 7.10, Establishing QAPs for Packaging used in the Transport of 
Radioactive Material, Annex 2, was used as a guide in developing this plan. 

d. Opening the RTGs to replace thermoelectric modules or perform other repairs in not 
covered under this program. 

e. Packages currently used under NR.C approved QAP are listed in Anachm.ent 1. Sources 
are special fonn radioactive material 

f . Activities perfonned relative to transportation of RTGs include: 
(1) Handling; 
(2) Shipping; 
(3) Storage. 

2. Quality Assurance Organization. The final responsibility for the QAP rests with the 
AFT AC Safety Office (SE). The QAP is implemented using the organization outlined in 
Attachment 2. 

3. Quality Assurance Program. 
a. The SE will implement the QAP through the organization described in paragraph 2. QAP 
revisions will not be made without the Safety Office approval. Implementation of the QAP 
will insure that all transportation activities involving the RTGs are perfoxmed in accordance 
with (IA W) applicable NRC, Department of Transportation (DOT), and Department ot the 
Air Force Regulations, USAF RAM Permit No. FL-00409-00/00APP, Docket No. 030-
00409, and the specific provisions of the appropriate Certificates or Compliance (COC) and 
USAF NRC Master materials License. The QAP emphasizes control of the administrative 
and operational matters which are critical to safety. Controls have been established to insure 
that transportation activities involving the RTGs are conducted IA W the regulations, permits, 
licenses and approvals mentioned above. 

b. Prior to engaging in any activity important to safety, all personnel will have had 
indoctrination or training in that activity. 
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4. Design Control. This organization is not involved in the manufacturing or fabrication of 
packages. The RTGs are designed, and manufactured/fabricated by the manufacturer under an 
NRC approved QAP. RTGs shall be maintained in their original design configuration as 
specified in the manufacturer's drawings and documents. AFTAC shall hold the COCs and 

··..._/ maintain alJ existing drawings. manufacturer documents, and procedures approved in the COC. 
AFT AC responsibilities are limited to responsibility fonn completeness, accuracy and 
maintenance of Safety Analysis Reports, drawings, design records, calculations and operating 
instructions for ttansponation packaging with Certificate of Compliance numbers 4888 and 
5862. 

5. Procurement Document Control. This organization is not involved in the manufacturing of 
packages or packaging. Procurement documents shall reflect that RTGs are authorized by a 
COC, USAF RAM Permit, and have been manufactured under an NRC approved QAP. This is 
limited to hardware items for package maintenance. 

6. Instructions, Procedures, and Drawings. 
a. Preparation of package for use prior to and after shipment; 

(1) Packages are visually inspected for damage; 
(2) Required sealed source leak tests and radiation surveys are performed; 
(3) Eye bolts are removed or inserted; 
(4) Package security on pallet and pallet security on vehicle is verified. 

b. Repairs, Rework and Maintenance. Packages arc suppJied by the manufacturer. 
Maintenance of the RTGs will be limited to hardware items (nuts, bolts, slings, eye bolts and 
pallets} and conosion control measures to the exterior of the package only. Opening the 
RTGs is not authorized. 

c. Loading and Unloading Contents. This organization does not toad/unload radioactive 
material into or out of RTGs. 

d. Transportation of Package. See paragraph 14. 

7. Document Control. All documents related to the RTG package (e.g .• COCs, Shipping and 
Receiving Procedures, etc.) will be controlled and maintained by the Radiation Safety Officer 
(RSO). All revisions and changes will be processed through the RSO. He/she will ensure that 
the latest versions of the documents are on file. 

8. Control of Purchased Material, Equipment and Services. Design and fabrication of 
RTGs are not conducted under this QAP. Procurement of replacement parts important to saety 
will be reviewed to ensure appropriate technical and QA requirements are included in purchase 
orders. Replacement parts shall be purchased from the original vendor or an equivalent qualified 
supplier. Replacement parts from suppliers not previously identified. as qualified sources will 
meet requirements equal to the original criteria. 

9. Identification and Control of Materials, Parts and Components. Repairs or rework of 
RTGs will not be conducted under this QAP. 
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10. Control of Special Processes. RTOs should require no major repairs necessitating the use 
of special processes. USAF RAM permit No. FL-00409-00/00AFP, Docket No. 030-00409, 
does not authorize repair of RTGs. 

,__.... 11. Inspection Control. The RSO shall use a checklist to insure inspections are pedonned to 
verify that packages have been marked and label~ and shipping papers arc completed JAW the 
latest requirements. 

12. Test Control. 
a. RTGs are not fabricated under this QAP. Packages will be visually examined to insure 
that they confonn to the COC package description and that they are in sound condition. Any 
other tests prescribed by the manufacrurer,s operation and maintenance manuals will be 
completed . . 

b. Following any maintenance to the package and prior to offering the RTG to a canier for 
transpon, radiation surveys will be completed to verify shielding integrity. 

13. Control of Measuring and Test Equipment. USAF RAM Permit No. FL-00409-
00/00AFP, Docket No. 030-00409, requires that all radiation survey equipment be in calibration 
during use. 

a. Calibration of instruments is performed by either: 
(1) An Air Force Precision Measurement Equipment Laboratory (PM:EL) under NRC 
or agreement state license. 
(2} Manufacturer according to procedures approved by the NRC. 

-~ b. All instruments are calibrated at intervals not exceeding twelve months. A calibration 
label is affixed to all instruments indicating the date calibrated, due date and calibrator's 
certification stamp. Air Force reference standards are certified as traceable to the National 
Institute of Standards and Technology (NIST}. 

\~· 

14. Handling, Storage and Shipping Control. Safety procedures concerning the handling, 
storage, and shipping of RTGs will be followed. These procedures are pedormed IA W 
applicable NRC, DOT and US Air Force regulations. and the manufacturer's operation and 
maintenance manual. Work instructions will be provided for handling. storage and shipping 
operations. Shipments will not be made unless an testS, cenifications, acceptances, and final 
inspections have been completed. The manufacturer's operation and maintenance manual will 
be used as a guide t0 insure that the requirements of 10 CFR 71.85 and 71.87 are met and that 
packages are in good condition, adequately se.cured on the transport vehicle, marked and labeled 
IA W DOT regulations and identified by model and package identification numbers. 

15. Inspection, Test and Operating Status. Inspection. test and operating status of the RTGs 
wilJ be IA W manufacturer's recommendations and conditions specified in USAF RAM Permit 
No. FL-00409-00/00AFP. Docket No. 030-00409. 

16. Non-Conforming Materials, Parts or Components. RTGs are used as provided by the 
Manufacturer. Any non-conforming materials, parts or components important to QA will be 
identified and returned co the vendor or set aside for discard. 
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17. Conective Action. The RSO or designated representative will conduct annual evaluation 
visits to RTG use or staorage locations authorized IA W USAF RAM Pennit No. FL-00409-
00/00AFP, Docket No. 030-00409. The written results of these visits will be provided to 
applicable headquarters, parent and subordinate units. The repon will note any deviations or 
discrepancies, office of primary responsibility (OPR) for coneccivc action and abatement date, if 
applicable. Written response from the OPR is required to provide details of abatement. In 
addition, the RSO will repon significant findings of staff visits to che AFT AC Commander (who 
is the Pennitee). 

18. Quality Assurance Records. Records of package approvals (including references and 
drawings, relating to the use of the packaging) test, audits, persoMel training and qualifications, 
RTG shipments, and compliance inspections will be maintained by the R.SO, or his alternate. 
Descriptions of RTOs, manufacturer's operation and maintenance manuals, and procedures 
pertinent to RTG activities will also be maintained. Records will be maintained and kept in such 
a manner as to be idenfiable and readily renievable. Record types and retention items will be 
kept lA W 10 CFR Part 71.91 (a) and (c). 

19. Audits. Individuals perl'onning the audits will have not responsibility in the activity being 
conducted. Audit will be conducted using prepared checklists. Results of the audits will be 
maintained. Audit reportS will be evaluated and deficient areas corrected. 
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MANUFACTURER MODEL NUMBERS 
AND 

CERTIFICATE OP COMPLIANCE 

MANUFACTURER AND MODEL NO. CERTIFICATE OF COMPLIANCE NO. 
Teledyne Energy Systems 
Radioisotope Thermoelectric Generator 4888 
Sentinel Model-25 Series 
Teledyne Energy Systems 
Radioisotope Thermoelectric Generator 5862 
Sentinel Model-100 Series 

Attachment 1 
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Air Force Technical Applications Center (AFT AC) 
Radiation Safety Program 

The Safety Office (SE) is staffed by a Health Physicist who is appointed as the Radiation 
\,,.,_..;· Safety Officer (RSO). The RSO reports to the Commander. The Commander is recognized 

as the Pennitee for USAF RAM Permit No. PL-00409-00/00AFP, Docket No. 030-00409. 
The RSO reviews the Radiation Safety Program to include: 

a. Adequacy of operation procedures. facilities and equipment. 
b. Procedures for control and inventory of radioactive material. 
c. Procedures for proper receipt and transfer of radioactive material. 
d Maintaining records of uaining of qualified users. 

Records of significant actions of the RSO are maintained at AFT AC. When require~ copies 
are submined to the Radioisotope Committee (RIC) 

Attachment 2 



Simmons, Michelle 

From: 
Sent 
To: 
Cc: 

Subject: 

Bhat Ramachandra K av USAF AFMSA (US)l(b)(6) 

Thursday, September 17, 2015 4:39 PM ------------
Eusebio, Linda 
NSTSHelp Resource; NSTSFaxResource@nrc.gov; Whitten, Jack; Simmons, Michelle; 
Cook, Jackie; Bhat, Ramachandra K CN USAF AFMSA (US); Refosco, Craig A CTR USAF 
AFMSA (US); Talbert, Mark w av USAF (US); Morris, Belinda J av USAF (US); Cagle, 
Anthony J Lt Col USAF AFMSA (US); Abell, Clinton E Lt Col USAF (US); Lopez, Phillip M 
Capt USAF AFMSA (US) 
{External_SenderJ Password 

ie&writy Riliitid IRfQ~atiOR )Nitl:abold I fRdiF 10 CiR ~ 390 

Linda ( HQ. NRC Rockville MD), 

It was nice talking to you today. I sent the NRC From 7 48 on 3 Sep15 to NSTSFaxResource@nrc.gov and to 
the Region IV. I did not know your email address, otherwise, I would have sent you the NRC Form 748 on 3 
Sep 15. Today, I am sending the NRC From 748 to you and NSTSHelp@nrc.gov also. 

I will send the NRC form 748 on the encrypted email with in next hour and the password is given below: 

Note to Mr. Lon (NSTSHelp@nrc.gov): 

1. Please email me after you receive this email; 

2. Please email me the updated USAF NSTS inventory after entering the data from the NRC form 7 48 to your 
database. ,~~E: ::::ans reaarnioa t;is oennit clease cjo~".._l~ >~~- at ____.! at !(b)(e) 

https://kx2. afms. mil/kj/kx5/radiationprograms/Pages/home. aspx. 

The after hours / emergency phone number is ... !(b_)_(6_) -------
Please note that this number is for the Andrews Regional Command Post. When calling, inform them you are 
calling for the on-call member of the IRIC Secretariat and be prepared (if asked) t~ ·ill:M: 
phone number, location, and nature of emergency. 

l<b )(6) 

Senior Health Physicist 
USAF Radioisotope Committee Secr,etar~ 
AFMSA1SG3PB, 7700 Arlington Blvd St~ alls Church VA 22042-5158 

F0fit OFFl81s6.L l::ISE QPJLY 

This electronic transmission contains internal matters that are deliberative in nature, are part of the agency 
decision-making process, and/or are otherwise legally privileged, each of which are protected from disclosure 
under the Freedom of Information Act, 5 USC 552. Do not release outside of the DoD channels without 

1 
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t,IRC FORM 748 
... .. . ·u.s. NUCLEAR REGULATORY COMMISsiON APPROVED BY 0MB: NO. 31SC.0202 

.. ... 
EXPIRES: 1>1/3112018 

(~2) 
~bt9denpet"~ bcoft'411y..ihlii!i~ ~colldmtrequest 9.SIMlll!es.. NRC ...,.~~I!) 10 C1'R Zil.U07 
~ Ille Nd:llii1Sourct TlilClel'gSyslem ~ceitailR!dleclSOlllll!S. Seroco,vnemsll'Qa!ll'V bvrl!arl8St'lll$a10 Ille RecordS ll!'d 

NATIONAL SOURCE TRACKING TRANSACTION REPORT 
~Strllctsl!andl(l.5F531.US. tulw~ComllmDI.W~ton.DC20S55®1. Mlrtillemllt-malto 
~ . 31d ID h O...t a&;:,,,, ()lb ol ltdormAlan .1.-.dRtgJa'.:lry Alla"', NE08-10lll2. (31~ Ofllceof 
~ Bl Budge\ WasN,g!Dn. OC 20503. I a--4 lo ifflll""I! il<I mirlOIJticJn ~"-IIOI dtllllaY a cunen,, ad 
0118caatrol~. WI NKt ll'a, ~tCON!udoc ~ . and a penon IS not~ 10 l't$II0"3 to, Ult ""111!11a!Jan caiOCllon. 

1. LICENSEE INFORMATION 

A. LICENSEE NAME B. LICENSE NO. C. UCENSEESTru:ETADORESS iD- Cl1Y E. STATE. iF. ZIP CODE 
i 

Department of the US Air Force 42•23539--01AF 7700 Arlington Blvd St (b)(7)(F) I I Falls Chur<:h ~ 122042-5158 
USAF Radioisotope Committee 

2. TRANSACTION DATE 3A. TRANSACTIOM INFORMATION 38. TRANSACTION TYPE (Check all that apply) 

(Only transactions completed on the same 
date may be reported togett-er on this form) l8J NEW D CORRECTION [J REPORT SOURCE (8j TRANSFER D RECEIPT D DISPOSAL 

INVENTORY 
07/2812015 IF CORRECTION, PREVIOUS TRANSACTION OATE: D NEWSOURCE 

MANUFACTURED 
D lMPORT D EXPORT D DISASSEMBLE 

4. PREPARER INFORMATION 

A. NAME OF PREPARER B. DATE PREPA.~D C. PREPARER PHONE D. PREPARER E-MAL (REQUIRED FOR CONFIRMATICN) 

(b )(7)(F) I 08/25/2015 (b )(7)(F) I (b )(7)(F) I 
5. SOURCE INVENTORY DA TA (Note: On.ly use thls section for raportin.g Initial source lnventocy) 

A1. SOURCE MAKE 81. SOURCE MODEL C1. SOURCE SERIAL D1.ISOTOPE E1. ACTIVITY AND UNIT F1. ACTMTY DATE G1 . COMMENTS 
NUMBER 

See the Attachment 1 I I -
H1. SOURCE LOCATION ADDRESS 11. CITY J1. STATE Kl. Z!PCOOE L 1. SAME AS STREET 

Burnt Mountain Burnt Mountain r ADDRESS 

D 
A2. SOURCE MAKE 82 . . SOURCE MODEL C2.. SOURCE SERIAL 02. ISOTOPE E2. ACTIVITY AND. UNIT F2. ACTIVfTY DA TE G2. COMMENTS 

NUMBER 

I I 
HZ. SOURCE LOCATION ADORESS 12. CITY J2. STATE Kl. Z.IP CODE L2. SAME AS STRJ;ET 

I ADDRESS 

0 
WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CML AND/OR CRIMINAL PENAL TIES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SEC110N 1001 !'JI.AKES IT A CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 
STATEMENT OR REPRESENTATION TO ANY OEPARlMENT OR AGENCY OF THE UNITED STATES AS TO ANY MATIER 'MTHIN ITS JURISDICTION. 

NRC FORM 7'4e (S.2012) 

flHl BfHM HG£ Qiu!~ 
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NRCFORN 748 U.S. NUCLEAR REGULATC>flY COMMISSION LICENSEE NAME LICENSE NO. 
(~2} 

NA. TlONAL SOURCE TRACKING 10 CPR 2!L2W1 Department of the US Air Force 
TRANSACTION REPORT (continued) USAF Radioisotope Committee 

42·23539-01AF 

I 

5. SOURCE INVENTORY DATA (continued) 

A3. SOURCE MAKE 83. SOURCE MODEL C3. SOURCE. SERIAL 03.ISOTOPE E3. ACTMTY AND UNIT F3. ACTMTY DATE G3. COMMENTS 
NUMBER 

I I 
H3. SOURCE LOCATION ADDRESS 13.CITY J3.STATE K3. ZIPCODE L3. SAME AS STREET 

I 
ADDRESS 

D 
M. SOURCE MAKE 64. SOURCE Mooa C4. SOURCE SERIAL 04.ISOTOPE E4. ACTIVllY ANO UNIT F4. ACTIVITY DATE G4. COMMENTS 

NUMBER 

I f 
H4. SOURCE. LOCATION ADDRESS 14. Cf'TY J4.STATE K4.2JPCOOE L4. SAME AS STREET 

I ADDRESS 

D 
AS. SOURCE MAKE BS. SOURCE MOOEL C5, SOURCE SERIAL 05. ISOTOPE E5. ACTMTY AND UNIT F5. ACTIVITY DATE G5. COM~.lENTS 

I 
NUMBER 

I I 
HS. SOUR.cElOCATION ADDRESS 15. CITY JS. STATE KS.ZIP CODE l5. SAME AS STREET 

I 
ADORESS 

D 
NJ. SOURCE MAKE B6. SOURCE MODEL C6. SOURCE SERIAL 06. ISOTOPE E6. ACTIVITY AND UNIT F6. ACTMTYOATE G6. COMMENTS 

NUMBER 

1 I 
H6. SOURCE LOCATION ADDRESS 16.CllY JS.STATE K.6.ZIPCOOE L6. SAME AS STREET 

I 
ADDRESS 

D 

WARNING: FALSE STATEMENTS IN THIS CERTJACATE MAY BE SUBJECT TO CN!l ANO/OR CRIMINAL PENAL TIES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE. NRC BE COMPLETE ANO ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SECT(ON 1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 

. STATEMENT.OR REPRESENTATION TO ANY DEPARTMENT OR AGENCY OFT-HE UIIIITEQ STATES.AS :ro.ANY MATTER 'MTHIN n:s JIJRlSOICTJON . .. - . .. - • • • • - •• • * 

NRC FORM 748 (S-2012) r:AA A~~IAL liGE 9~l~ 
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··- -~ .. "'-· ----~ 

NRCFORMm U.S. NUCLEAR REOULATORY COMMISSJON LICENSEE NAME LICENSE NO. 
(S-;l012) 

NATIONAL SOURCE TRACKING 10 CfR 20.2207 Department of the US Air Force 
TRANSACTION REPORT (continued) USAf Radioisotope Committee 

42..23539-01 AF 

6. SOURCE TRANSFER DATA 

A1. RECEIVING LICENSEE NAME B1. RECBV1NG LICENSEE Cl. RECEIVING LICENSEE SHIPPING ADDRESS Dt.CITY El.STATE F1. ZIP CODE 
LICENSE NO. 

Los Alamos National DOE National Nuclear Security Administration Mercury r 89023 
Laboratory 

G1. SOURCE MAKE. H1. SOURCEMODB. 11. SOURCE SERIAL J1. 1SOTOPE K1. ACTIVITY ANO L 1. ACTIVliY M1. WASTE MANIFEST NO N1. CONTAINER ID 
NUMBER UNIT DAT~ {For waste ihltlment1 Mly) (fot wasle shipments only) 

See the Attachment 1 I 
01. ESTIMATED ARRIVAL DATE P1. COMMENTS 

07128(2015 

A2. RECBVING LICENSEE NAME 82. RECEIVING LICENSEE C2. RECEMNG LICENSEE SHIPPING ADDRESS 02. CITY E2.STATE F2.ZIP CODE 
UCENSENO. 

I 
G2. SOURCE MAKE H2. SOURCE MODEL 12. SOURCE SERIAL J2.1SOTOPE 1<2. ACTIVITY AND L2.ACTMTV M2. WASTE MANIFEST NO N2. CONTAINER ID 

NUMBER UNIT DATE (For waste sniprneniS only) (For wa11te shipments only) 

I 
02. ESTIMATED ARRIVAL DATE P2. COMMENlS 

WARNING: FALSE STATEMENTS IN THIS CERTIFlCA TE MAY BE SUBJECT TO GNIL AND/OR CRIMINAL PENAL TIES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SECTION 1001 MAKES IT A. CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 
STATEMENT OR REPRESENTATION TO ANY DEPARTMENT OR AGENCY OF THI: UNITED STATES AS TO AJN MA TIER WITHIN ITS JUR1SDIC110N. 

tJRC FORM 748 (6-2012) fBR 8ffl8tftl HM 8NtY 



NRCFORM7~ 
(5,,201~ 

LICENSEE NAME LICENSE NO. 

111 CFK Z0.2Z117 

U.S. NUCLEAR REGULATOR~SION 

NATIONAL SOURCE TRACKING 
TRANSACTION REPORT (continued) 

Department of the US Air Force 
USAF Radioisotope Committee 42-23539-01 AF 

6. SOURCE TRANSFER DATA (continued} 

M. RECEMNG LICENSEE NAME 183. RECEIVING LICENSEE I C3. RECEMNG UCENSEE SHIPPING ADDRESS 
LICENSE NO. 

G3. SOURCE MME H3. SOURCE MODEL 13. SOURCE SERIAL IJ3. ISOTOPE IK3. ACTMTY AND 
NUMBER UNIT 

I 
03. ESTIMATED ARRIVAL DATE. IP3. COMMENTS 

M. RECEIVING LICENSEE NAME I B4. RECEIVING UCENS8c I C4. RECBV1NG Uct:.NSEE SHIPPING ADDRESS 
LICENSE NO. 

I 

G4.S0URCE~ H4. SOURCE MODEL 1-t. SOURCE SERIAL 1.14. 1somPE IK4- ACTMTY AND 
NUMBER UNIT 

I I 
04. ESTIMATED ARRIVAL DATE P4. COMMENTS 

00.CITY E3. STATE IF3. ZIP CODE 

r--
L3. ACTMTY IM3. WASTE MANIFEST NO~ N3. CONTAINER ID 

DATE f(For waste sl'lpmen!$ only) I (For waste shiprnmls only) 

04.CITY E4. STATE l F4. ZIP CODE 

I 
l 4. ACTMTY IM4. WASTE MANIFEST NO.I N4, CONTAINER ID 

DA TE (For waste shipments oniY) {For waste Shipments only: 

WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CIVIL A.ND/OR CRIMINAL PENAL TIES. NRC REGULA. TIONS REQUIRE ,HAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SECTION 1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 

· STATEMENT OR REPRESENTATION TO ANY-DEPARn1ENT-OR AGENCY-OF THE UNffED·SfA~S AS-TO ANY ~TIER 'MTHIN ITS JURlSDlCTION.- .. . · .. - . -- . 

NRC FORL1748 (>2012) 

fBR BFflBIM: Hsc &mv 
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NRCFORM741 U.S. NUCLEAR REGULATORY COMMISSION LICENSEE NAME UCENSENO. 
(S-~0121 

NATJONAL SOURCE TRACKING ,n Cl'R 21UJ01 Department of the US Air Force 
TRANSACTION REPORT (continued) USAF Radioisotope Committee 

42-23539-01AF 

7. SOURCE RECElPT DATA 

A1. SENDING LICENSEE NAME 81. SENDt.lG LICENSEE C1. SENDtNG LICENSEE SHIPPING ADDRESS 01. CITY Et.STATE F1.ZIPCODE 
LICENSE NO. 

Department of the US Air 42-23539-01 AF Burnt Mountain Burnt Mountain r Force 
USAF Radioisotope Commit 

G1. SOURCE MAKE H1. SOURCE MOOE!. 11. SOURCE SERIAL J1. ISOTOPE K1. ACTNITY AND UNIT L 1. ACTIVITY M1. WASTE MANIFEST NO. N1. CONTAINER 10 
NUMBER DAlE (For waste shipments on!Y) (for waste shlpmerrts only) 

See the Attachment 2 I I 
01. SOURCE LOCATION ADDRESS P1. CITY 01. STATE R1. ZJPCODE S1. SAME AS STREET T1. COMMENTS 

Los Alamos Nationa~ Laboraloty Mercury 

I 
89023 ADDRESS 

DOE National Nuclear Security D 
Administration 

:Ai. SENDING LICENSEE NAME B2. SENDING LICENSEE C2. SENDING LICENSEE SHIPPING ADDRESS 02. CITY E2. S'TATE F2.Z1PC0DE 
LICENSE NO. 

I 
G2. SOURCE MAKE H2. SOURCE MOOEL 12. SOURCE SE.RIAL J2.1SOTOPE K2. ACTIVITY AND UNIT l2. ACTIVITY M2. WASTE MANIFEST NO. N2. CONTAINER ID 

NUMBER DATE (For waste shipments onty) (For waste shipments only) 

I I 
02. SOURCE LOCATION ADDRESS P2.CITY Q2. STATE R2.ZlPCODE S2. SAME AS STREET T2. COMMENTS 

I 
ADDRESS 

0 

WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TQ_9v,ll.A!'l0/0R CRIMINAL PENAL TIES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN All MATERIAL RESPECTS. 18 U.S.C. SECTION 1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 
STATEMENT OR REPRESENTATION TO ANY DEPARTMENT OR AGENCY OF THE UNITED STATES AS TO ANY MATTER V\ll'THIN ITS JURISDICTION. 

NRC FORM 74!1 ($-2D1Z) 

FBR Bffl~ ~$[ 8i1~( 
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NRCFORM 748 U.S. fl!UCLEAR REGULATORY COMMISSlON LICENSEE NAME LICENSE NO. 
(S-20121 

NATIONAL SOURCE TRACKING teCFRa.2ZG? Department of the US Air Force 
TRANSACTION REPORT (continued) USAF Radioisotope Committee 42-23539-01AF 

7. SOURCE RECEIPT DATA (continued) 

A3. SENDING LICENSEE NAME BJ. SENDING LICENSEE C3. SENDING LICENSEE SHIPPING ADDRESS D3.CrTY E3. STATE F3. ZIPCOOE 
LICENSE NO. 

I 
G3. SOURCE MAKE H3. SOURCE MODEL 13. SOURCE SERIAL J3. ISOTOPE K3. ACTIVITY ANO VNIT L.3. ACTIVITY MJ. WASTE MANIFEST NO. NJ. CONTAINER 10 

NUMBER DATE (For waste shipmenj.s only) (FOi" wH!e $hipme!lt$ onl'.)ll 

I I 
03. SOURCE LOCATION ADDRESS P3.CITY 03.STATE R3.ZIPCODE $3. SAME AS STREET T3. COMMENTS 

I 
ADDRESS 

D 

AA. SENDING LICENSEE NAME B4. SENDING LICENSEE C4. SENDING LICENSEE SHIPPING ADDRESS 04.CITY E4. STATE f4. ZJPCOOE 
LICENSE.NO. 

I 
G4. SOURCE MAKE H4. SOURCE MODEL. 14. SOURCE SERIAL J4. IS0'f0PE K4. ACTMTY AND UNIT L4. ACTMTY M4. WASTE MANIFEST NO., N4. CONTAINER ID 

NUMBER DATE (Far waste shipments only) (For waste lihipmeots only) 

I I I I 
04. SOURCE LOCATION ADDRESS P4.CITY 04. S'J'ATE R4. ZIPCOOE: S4. SAME AS STREET T4. COMMENTS 

I 
ADDRESS 

D 

WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CIVIL AND/OR CRIMINAL PENAL TIES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C: SECTION 1001 MAKES fT A CRIMINAL OFFENSE TO MAKE A WILI.FUU Y FALSE 
STATEMENT OR REPRESENTATION. TO ANY DEPARTMENT.OR AGENCY OF THE. UN-l~O ST~JJ;:S. AS. TO ANY MAUER WITJ-ilN ITS JURISDICTlON. . . .. 

NRC FORM 741! {S-~12) 

fHft flffleMt H~E ~~w 
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NRCFORM748 U.S. NUC~ REGULA TORY COMMISSION LICENSEE NAME: LICENSE NO. 
(5-~12) 

Department of the US Atr Force 10 Cflt 20.22Vl' NATIONAL SOURCE TRACKING 42-23539.01AF 
TRANSACTION REPORT (continued) USAF Radioisotope Committee 

8. SOURCE DISPOSAL DATA (continued} 

/1.3. WASTE MANIFEST NUMBER B3. CONTAINER ID C3. METHOD OF DISPOSAL 

03. SOURCE MAKE E.3. SOURCE MODEL F3. SOURCE SERIAL G3.lSOTOPE H3. ACTMTY AND UNIT 13. ACTIVITY DATE J3. COMMENTS 
NUMBER 

I I 
K3. SOURCE OISPOSAL ADDRESS L3. CITY M3.STATE N3.ZlPCOOE 03. SAME. AS STREET 

I 
ADDRESS 

0 

M. WASTE MANIFEST NUMBER 84. CONTAINER ID C4. METHOD OF DISPOSAL 

04. SOURCE MAKE E4. SOURCE MOOEL F-1. SOURCE SERIAL G4.ISOTOPE H4. ACTIVITY AND UNtT 14. ACTIVITY DATE J4. COMMENTS 
NUMBER 

I I 
K4. SOURCE OISPOSALAOORESS L4.CITY M4.STATE N4.21P CODE 04. SAME AS STREET 

l 
ADDRESS 

D 

WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CIVIL ANO/OR CRIMINAL PENALTIES. NRC REGULATIONS REQUIRE THAT.SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SECTION 1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 

· ... ffi:A1'EMENT-OR-REPRESEN'fA'FleN·TOAN¥-01:PAA'FMEl+T·GR-AGEN6V·~~li£9-&tM'eS-AS-·TO·AN¥ MA T'fER VWFHIN tTS·dURJSete'flO!lt: ·· · · ·· - .. · · ..... ' . ... ~ . .. 

NRC FORM 748 (S-2012) fBR Q'"RGlAt \if f r~!tf I , .. cht 
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NRC FORM748 U.S. NUCLEAR REGUI.ATORY COMMISSION LICENSEE NAME LICENSE NO. 
{i>-2012) 

NATIONAL SOURCE TRACKING Department cf the US Air Force 111Cl'l\20.UD7 42-23539-01AF 
TRANSACTION REPORT (continued) USAF Radioisotope Committee 

8. SOURCE DISPOSAL DATA 

A1. WASTE MANIFEST NUMBER B1. CONTAINER ID C1. METHOD Of DISPOSAL 

01. SOURCE MAKE E1. SOURCE MODEL F1. SOURCE SERI& G1. IS0l0PE H1. ACTMTY ANO UNIT 11. ACTIVITY DATE Jt. COMMENTS 
NUtABER 

I I 
K1. SOURCE DISPOSAL ADDRESS L1. CITY M1.STATE N1. ZIP COO£:: 01. SAME AS STREET 

I 
ADDRESS 

D 

A2. WASTE MANIFEST NUMBER B2. CONTAINER ID C2. METHOD OF OISPOSAL 

D2. SOURCE MAKE E2. SOURCE MODEL F2. SOURCE SERIAL G2.1SOTOPE H2. ACTIVITY AND UNIT 12. ACTIVllY DA TE J2. COMMENTS 
NUMBER 

I I 
K2. SOURCE DISPOSAL ADDRESS L2. CITY M2.STATE N2. 2JP CODE 02. SAME AS STREET 

I 
AODRESS 

0 

WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CIVIL AND/OR CRIMINAL PENAL TIES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SECTION 1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 

· STATEMEN'f-C>R REPRESENTATION·TO ·ANY OEPAFHMENT·OR A.GENC.Y OF THElJNIT-E0'5TAT-ES-ASTO ANY MATTER'Wll'HIN rTSJURISOfCTION:·- · · ·· · · ... .... .. . .... 

NRC FORM 1,a (5-2012) 

- n;~ ffilCl~t HU ftrJff -
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NRC f!ORM 743 U.S. NUCLEAR REGULATORY co'Gi.usslON LICENSEE NAME LICENSE NO. 
(S-®12) 

NATIONAL SOURCE TRACKING Department of the US Air Force 10 CFR 20.2207 
42-23539-01 AF 

TRANSACTION REPORT {continued) USAF Radioisotope Committee 

9. NEW MANUFACTURED SOURCE DATA 

/11. SOURCE MAKE B1. SOURCE UODEl C 1. SOURCE SERIAL 01. ISOTOPE El. ACTIVITY AND UNIT F1. COMMENTS 
NUM8cR 

I I 
Gt. SOURCE LOCATION ADDRESS H1. CITY 11 .STATE J1.ZIPCODE K1. SAME AS 

I 
STREET ADDRESS 

0 
A2.. SOURCE MAKE 82. SOURCE MOOEL C2. SOURCE SERIAL 02. ISOTOPE E2. ACTMTY AND UNIT F2. COMMENTS 

NUMBER 

l I l 

G2. SOURCE LOCATION ADDRESS H2. CITY 12. STATE J2. ZIPCOD€ K2. SAMEAS 

I 
STREET AOORJ;SS 

D 
A3. SOURCE MAKE 03. SOURCE MOOEL C3. SOURCE SERIAL D3. ISOTOPE E3. ACTMTY AND UNIT F3. COMUEITTS 

NUMBl;R 

I I 
G3. SOURCE LOCATION ADDRESS H3.CITY 13.STATE J3.ZIPCOOE K3. SAMEAS 

I 
STREET ADORESS 

0 
A4. SOURCE MAKE B4. SOURCE MODEL C4. SOURCE SERIAL 04.ISOTOPE E4. ACTMTY AND UNIT F4. COMMENTS 

NUMBER 

I I 
G4. SOURCE LOCATlON ADDRESS K4.CITY 14. STATE J4.ZlPC0CE K4.SAMEAS 

I 
STREET ADDRESS 

0 
WARNING: FALSE STATEMENTS lN nus CERTIFICATE MAY BE SUBJECT TO CIVIL AND/OR CRIMINAL PENAL TIES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SECTION 1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 

· --STATEMEN-1'. OR REPRESENTATION TO ANV·OEPARTMENT-OR·AGENGY -OF- THE UNITBJ-S=TA-TES AS -T.O ANY -MATIER-WIWINffS-JURISOICTION .... · · - ... 

NRC FORM 748 (5-2012) f818FRBfAl y~r f Pi!L 
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NRCFORM7'8 U.S. NUct.EAR REGULATORY C 

,u,.-
LICENSE NO. 

~12) 

NATIONAL SOURCE TRACKING Department of the US Air Force 1G CflUQ,2207 
42-23539.01AF 

TRANSACTION REPORT (continued) USAF Radioisotope Committee 

10. SOURCE IMPORT OATA 

A 1. FOREIGN COMPANY NAM£ B1. IMPORT LICENSE NO. C1. FOREIGN COMPANY AODRESS D1. CITY E1. COUNTRY 

Ft SOURCE MAKE G1. SOURCE MODEL 1-11. SOURCE SERIAL 11. ISOTOPE; ,11, ACTIVITY AND Ul'{IT K1. ACTIVITY PATE Ll. COMMENTS 
NUMBER 

I I 
M1. SOURCE LOCATION ADDRESS N1. CITY 01.STATE P1.ZJPCOOE 01. SAME AS STREET 

I 
ADDRESS 

D 

A2.. FOREIGN COMPANY NAME B2 .• IMPORT LICENSE NO. C2. FORBGN COMPANY ADDRESS 02.CITY E2.COUNTRY 

F2. SOURCE MAKE G2. SOURCE MODEL H2. SOURCE SERIAL 12. ISOTOPE J2. ACTIVITY ANO UNIT K2. ACTIVITY DATE L.2. COMMENTS 
NUMBER 

I I 
M2. SOURCE LOCATION ADDRESS N2.CITY 02. STATE P2.ZIPCOOE 02. SAME AS STREET 

I 
ADDRESS 

D 

WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CIVIL AND/OR CRIMINAL Pc.NALnES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN ALL MATERIAL RESPECTS. 16 U.S.C. SECTION 1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A VVILLFULL Y FALSE 

.-STATEMENT. 0~ REPRESENTATION .lO ANY DEPAAT.MENT.ORAGSIIGY Of THE U.NITEQ .§TA.T.J;S.A~:TQ ~'(.MATIER WlTHIN lTS JURISDICTION •.. ... . ... ······· .... -.,. 

NRC FORM 748 (~2012) nm AfnQ!AJ JS"i' n·in, 
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NRC FORM 74ft . .. u~s. NUCLEAR REGULATQRY COMMISSIO.N U9ENSEE NAME. . . . . . . . . . . ... . ' .. LICENSE ·No. 
($-20'12) 

1oaRlO.zaot NATIONAL SOURCE TRACKING Department of the US Air F~rce 42•23639-01AF 
TRANSACTION REPORT (continued} USAF Radioisotope Committee 

10. SOURCE lMPORT DATA (continued) 

A3. FOREIGN COMPANY NAME 83. IMPORT LICENSE NO. C3. FOR8GN COMPANY ADDRESS D3. CllY E3. COUNTRY 

F3. SOURCE MAKE G3, SOURCE MODEL H3. SOURCE. SERIAL 13. ISOTOPE JJ. ACTIVllY ANO UNIT K3. ACTIVITY DA TE L3. COMMENTS 
NUMBER 

II 
M3. SOURCE LOCATION ADDRESS N3. CITY 03. STATE P3. ZIP CODE 03. SAME AS STREET I ADOOE: 

M. FOREIGN COMPANY NAM!= 84. IMPORT LICENSE NO. C4. FOREIGN COMPANY ADDRESS 04. CITY .E.4. COUNTRY 

F4. SOURCE MAKE G4. SOURCE MODEL 114. SOURCE SERIAL 14. ISOTOPE J4. ACTMTY AND UNIT K4. ACTIVrTY DATE l4. COMMENTS 
NUMBER 

II 
M4. SOURCE LOCATION ADDRESS N4. CITY 04. STATE P4. ZIP CODE 04. SAME AS STREET I mo~: 
WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CIVIL AND/OR CRIMINAL PENALTIES. NRC REGULATIONS REQUIRE TliAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN All MATERIAL RESPECTS. 18 U.S.C. SECTION.1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A \NILLFULLY FALSE 
STATEI\IIENT OR REPRESENTATION To ANY DEPARTMENT OR AGENCY OF THE µNITED STATES AS TQ Mfi:.MATTER \MTHIN.ITS JURISDICTION. 

NRC FORM 748 (S.2012) ~ • .a·, 1~,,.s,i·.:1.~ YSE g~r~ _ .--- _. ~---tr ,-.1: nm ssntbu 
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NRC FORM 748 U.S. NUCLEAR REGULA'TORY COMMISSION LICENSEE NAME LICENSE NO. 
(S.20l;!'J 

NATIONAL SOURCE TRACKING Department of the US Air Force 16 CflU0.2207 
42-23539..01 AF 

TRANSACTION REPORT (continued) USAF Radioisotope Committee 

11. SOURCE EXPORT DATA 

A1. Ft>REIGN COMPANY NAME B1. EXPORT UCENS= NO. C1. ULTIMATE CONSIGNEEAODRESS 01. CITY E1.COUNTRY 

F1. SOURCE MAKE G1. SOURCE MODEL H1. SOURCE SERIAL 11. ISOTOPE J1. ACTMTY AND UNIT 1<1. ACTIVITY DATE L1. CONTAINER ID 
NUMBER 

I I 
M1. COMMENTS 

/>:J.. FOREIGN COMPANY NAME S2. EXPORT LICENSE NO. C2. ULTIMATE CONSIGNEE ADDRESS 02.CITY E2.COUNTRY 

F~. SOURCE MAKE G2. SOURCE MODEL H2. SOURCE SERIAL 12. ISOTOPE J2. ACTIVITY AND UNIT K2. ACTIVITY DATE L2. CONTAINER 10 
NUMBER 

I I 
M2. COMMENTS 

. . . 
WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CIVIL AND/OR CRIMINAL PENALTIES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE ANO ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SECTION 1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 

. . STATEMENT OR REPRESENTATION TO 1l.NY:OEPAR'J'MEITT. OR AGENCY· OF TI-!E .UNITED' STATES· AS:TO·ANY'.MATIEfOMTHfN ITS JURISorenON .. .. . .. ' . 

NRC FORM 746 (5-2012) tBR BffletM: use e&iv 
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NRC l'ORM 7"1 U.S. NUCU:A~ l'tEQULATOrtY C:OMMISS10N LICENSEE NAME: -- LICENSE NO. 
(~12) 

NATIONAL SOURCE TRACKING D~partment of the US Air Force fCICFRM.UOT 42-23539-01 AF 
TRANSACTJON REPORT {continued) USAF Radioisotope Committee 

12. SOURCE DISASSEMBLE DATA 

A1. SOURCE MAKE B1. SOURCE MODEL C1. SOURCE SERIAL 01.ISOTOPE E1. ACTIVITY F1. ACTMTY G1 . DISASSEMBLE H1.COMMENTS 
NUMBER AND UNIT DATE DATE 

I 
11. SOURCE LOCATION ADDRESS Jl. CITY Kl.STATE L1.ZlPCODE M1. SAME AS 

I 
STREET ADDRESS 

D 
"2.. SOURCE MAKE B2. SOURCE MOOS. C2. SOURCE Sl:RIAl 02. tsOTOPE E2. ACTIVITY F2. ACTIVITY G2. DISASSEMBLE H2. COMMENTS 

NUMBER AND UNIT DATE DATE 

I I 
12. SOURCE LOCATION ADDRESS J2. CITY K2. STATE L2. ZIP CODE M2. SAME AS 

I 
STREET ADDRESS 

D 
A3. SOURCE MAKE 83. SOURCE MODEL C3. SOURCE SERIAL 03.ISOTOPE E3.ACTMTY F3. ACTIVITY G3. DISASSEMBLE H3. COMMENTS 

NUMBER ANO UNIT DATE DATE 

I I 
13. SOURCE LOCATION ADDRESS J3.CITY K3.STATE L3.ZIPCOOE M3. SAME AS 

I 
STREET ADDRESS 

0 
M . SOURCE MAKE 84. SOURCE MOOa C4, SOURCE SERIAL 04.ISOTOPE E4. ACTIV1TY F4. ACTlVITY G<I. DISASSEMBLE: H4. COMMENTS 

NUMBER ANO UNIT DATE DATE 

I I 
14. SOURCE LOCATION ADDRESS J4. CITY K4.5TATE L4. ZIP CODE M4. SMIEAS 

STREET ADDRESS 

0 
WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CIVIL ANO/OR CRIMINAL PENAL TIES. NRC REGULA TfONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE ANO ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SECTION 1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A WllFULLY FALSE 
STATEMENT OR REPRESEl'fTATION TO ANY' DEPARTMENT OR AGf:NCY OF THE UNITED·STATES AS TO ANY MATTER WITHIN ITS JURISDICTION. 

NRC FORM 74a (5-2012) 

fdrL Witibtili: bet btStt 
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NRCFORM74' U.S. NUCLEAR REGULATORY COMMISSION LICENSEE NAME LICENSE NO. 
(~12) 

NATIONAL SOURCE TRACKING Department of the US Air Force 1QCl'R~lll7 42-23539..0iAF 
TRANSACTION REPORT (continued) USAF Radioisotope Corumittee 

11. SOURCE EXPORT DATA (continued) 

A3. FOREJGN COMPANY NAME 83. 8':PORT LICENSE NO. C3. ULTIMAll: CONSIGNEE ADDRESS 03. CITY E3.COUNTRY 

F3. SOURCE MAKE G3. SOURCE MOD8.. H3. SOURCE SERIAL 13.ISOTOPE J3. ACTMTY AND UNIT K3. ACTIVITY DATE L3. CONTAINER ft) 
NUMSER 

I I 
M3. COMMENTS 

A4. FOREIGN COMPANY NAME 84. EXPOR'r LICENSE NO. C4. ULTIMATE CONSIGNEE ADDRESS D4. CITY E4.COUNTRY 

F4. SOURCE MAKE G4. SOURCE MODEL H4. SOURCE SERIAL 14. ISOTOPE J4. ACTIVITY AND UNIT K4.ACTNITY DATE L4. CONTAINER 10 
NUMBER 

11 I 
M4. COMMENTS 

WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CIVIL AND/OR CRIMINAL PENALTIES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SECTION 1001 MAKES IT A CRlMINAL OFFENSE TO MAKE A WILLFULLY FALSE 
STATEMENT OR REPRESENTATION TO·ANY DEPARTMENT OR AGENCY OF THE UNITED..$'.fATESAS·TOANY MATTER-WITHIN ITS JURISDIC1'10N. · · -· .. 

. . . . 
. . 

NRC FORM ,.4.\ (6-2012) 

RR 9FRGIP.l Ur-£ "~r', 



-
~ -- --. ..,ecu • ..• ,-· 
~ ... ,_.10~.-- -.. ...._ 

.. 
NRCFORM748 U.S. NUCL'EAR REGULATORY COMMISSION LICENSEE NAME LICENSE NO. 
{~12) 

Department of the US Air Force ,o C1'Jt :Z0.2201 NATIONAL SOURCE TRACKING 42•23539-01AF 
TRANSACTION REPORT (continued) USAF Radioisotope Committ~ 

12. SOURCE DISASSEMBLE DATA (continued) 

AS. SOURCE MAKE 85. SOURCE MODEL C5. SOURCE SERIAL OS. ISOTOPE ES. ACTIVllY FS. ACTIVITY G5. DISASSEMBLE HS. COMMENTS 
NUMBER ANO UNIT DATE DATE 

I I 
15. SOURCE LOCATION ADDRESS JS. CITY KS. STATE L5.ZIPCOOE MS.SAME AS 

I 
STREET ADDRESS 

0 
MS. SOURCE MAKE 86. SOURCE MODEL CS. SOURCE SERIAL 06. ISOTOPE E6.ACTMTY F6. ACTIVITY G6. DISASSEMBLE HB. COMMENTS 

NUMBER AND UNIT DATE DATE 

l I 
~.SOURCE LOCATION ADDRESS J6. CITY 1<6. STATE LG. ZIPCOOE M6.SAMEAS 

I 
S1REET ADDRESS 

0 
A7. SOURCE MAKE 87. SOURCE MODEL C7. SOURCE Sf;R&AL 07. ISOTOPE E7. ACTIVITY F7.ACTMTY G7. DISASSEMBLE H7. COMMENTS 

NUMBER AND UNIT DATE DATE 

I , . 
17. SOURCE LOCATION ADDRESS J7.CITY K7.STATE L7.ZIPC0DE M7. SAM€AS 

I 
STREET ADDRESS 

0 
M . SOURCE MAKE BB. SOURCE MODEL C8. SOURCE SERIAL D8. ISOTOPE EB. ACTIVITY F.S. ACTMTY Ga. DISASSEMBLE HB. COMMENTS 

NUMBER AND UNIT DATE DATE 

I I 
18. SOURCE LOCATION ADDRESS J8. CliY KB.STATE l8.2!PC0DE Ma. SAME AS 1- STREET ADDRESS 

0 
WARNING: FALSE STATEMENTS IN THIS CERTIFICATE MAY BE SUBJECT TO CIVIL ANO/OR CRIMINAL PENALTIES. NRC REGULATIONS REQUIRE THAT SUBMISSIONS 
TO THE NRC BE COMPLETE AND ACCURATE IN ALL MATERIAL RESPECTS. 18 U.S.C. SECTION 1001 MAKES IT A CRIMINAL OFFENSE TO MAKE A WILLFULLY FALSE 
STATEMENT OR REPRESENTATION TO ANY DEPARTMENT OR AGENCY OF THE UNITED STATES AS TO ANY MATTER WITHIN ITS JUR1SD1CTION. 

NRC FORM 748 (S-2012) 
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INSTRUCTIONS TO NRC ANO AGREEMENT STATE LICENSEES FOR REPORTING HIGH-RISK SEALED SOURCE TRANSACTIONS 

The completed form Is considered to be Official Use Only- Security Related Information; it is not considered to be Safeguards Information. 
Use an addendum sheet for reporting additional sources. 

Note to Licensees: This form may be used to report source transactions in lieu of 
using the NSTS online application, Sections 1-4 on Page 1 of the form are required 
for all source transaction types. Sections S.12 should only be popuated for the 
associated Transaction Type (38) selected. For example. when reporting a Source 
Transfer and a Source Export, Sections 6 and 11 should be populated. Multiple 
Transaction Types may be selected if they occur on the same Transaction Date, and 
should be reported on NRC Form 748. Licensees reporting only one transaction type 
may use the condensed lonn for the Transaction Type. For example, when reporting 
a Source Receipt. NRC Form 748c should be used. 

1. Licensee lnfor~tlon - Enter the name, license number. and street eddrG&s ot 
the licensed facifity. 

2. Transaction Date - Enter the date the transaction occurred. which would be the date 
of the transfer, receipt. manufacture, etc. 

3. Transaction Information and Transaction Type - Indicate ir this is a new transaction 
or a correction. For corrections. select tl'1e date of the previously submitted 
transaction that the correction should be associated wilh. Select the Transl!Ction 
Type. Report Source should only be used for Initial inventory submlss,ons, or to 
report a source excluded ~om the initial Inventory submission. Dispose Source 
should only be used by a Disposal Licensee. If you are sending your source back to 
the manufacturer, or sending it to a disposal fadN!y, the transaction sht'lu!d be 
recorded as a Transfer. Multiple Transaction Types may be Sfllected if they oe<:Ur on 
the s.ame Transaction Date. 

4. Preparer Information -An email address Is requited ror a confirmation. For 
regulatory purposes. your sQurce transaction report Is not considered complete 
without a confirmation from the NSTS Help Desk that the transaction report has 
been received. 

5. Source Inventory Data - This section should only be used for initial inventory 
submissions. The Make, Model, and Serial Number refer to the Source, not the 
Device. All fields ere required in Section 5 EXCEPT G. Comments. If the licensee is 
reporting multiple sources on the Source Inventory transaction at the same Source 
Location Address, the location address information may be populated once, and 
referenced in the Comments block for the addttiooal sources. 

6. Source Transf&r Data- For Transfer transaction reports, all lields in Section 6 are 
required EXCEPT M. Waste Manifest Number. N. Container ID. and P. Comments. If 
the licensee Is reportlng mutllple sources on the TraJ\Sfer ~nsaction to the same 
Receiving Licen$ee, the receiving licensee information may be populated on<:e, and 
referenced in the Comments block fOt !he addltional sources. 

7. Source Receipt Data - For Receipt transaction reports, all fields in Section 7 are 
required EXCEPT M. Wasta Manifest Number, N. Cont.liner ID, and T. Comments. If 
the licensee is reporting multiple sources on the Receipt transaction at the same 
Source Location Address. the location address Information may be populated once, 
and referenced in the Comments block for the additional sources. 

8. Source Disposar Data - For Disposal transaction reports, all fields in Section 8 are 
required EXCEPT J. Commento. If the licensee is repol'ting multiple sources on the 
Disposal transaction at the !ilme Source Disposal Address, the source disposal 
address information may be populated once, and referenced io the Comments block 
for the additional sources. 

9. Now Manufactunid Source Data - For New Manufactured Source transaction 
reports, all fields in Section 9 are 1'8quired EXCEPT F. Comments. If the Ileen see is 
reporting multiple sources on the Manufacturer transaciion at the same Source 
Location Address, the location addre,ss Information may be populated once, and 
referenced In the Comments bloCk for the additional sources. 

10. Source Import Oaia - For Import Source transacllon reports, ell fields are required 
EXCEPT L. Comments. If the llcensee is reporting multiple sources on the Import 
transaction at the same Source Location Address, the locat!on address Information 
may be populated once, and refemnced In the Comments block for the addlUonal 
sources. 

11. Source Export Date - for Export Source transaction reports, all fields are required 
EXCEPT M. Comments. If the licensee is reporting multiple sources on the Export 
transaction to the same Foreign CompanytFcreign Address, the information In cells 
A-E may be populated once, and referenced In the Comments block ror the 
additional sources. 

12. Source Dlsasstmble Data - For Disassemble Source transaction reports, all fields 
are required EXCEPT H. Comments. If the licensee Is reporting multiple sources on 
the Disassemble transaction at the same Source Location Address, the location 
address lnfom,ation may be populated once, and referenced in the Comments block 
for the additional sources. 

OISTRIBUTlON 
For mo!;t timely processing, click the "Submit by Emall" button on page 1. 
You may also: 
> manually submit this form by emailto: NSISf..a~,.8~_u.ce,e@.rv.~-9.QY., 
> FAX to: 1-888-821-2534. or 
> mail to: NSTS Help Desk 

30 ~t Gude Drive. Suite 300 
Rockville, MD 20e.50 
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AIR FORCE. 
DEPARTMENT 

U.S. NRC 5040 42-23539-01AF 3028841 OF THE DANIEL SHAW 703:e31·7855 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

INVENTORY VERIFICATIONOF PA TRICK AND DOE RECEIPT OATEO 26 JUL 15 AND RAM'S VERIFICATION WITH EXCEL DATA SHEET 

CONCLUSIOK; ,-ATRICK'S AND RAM'S CACU\.ATION AGREE WIT~ IN 0.007 ".4. 

INITIAL 
ACTIIIITY 

INCi 

INITIAL RAIA'!i 

ACTIVITY COMPUTATION 
OA~ ASOF 

7110/:ZO'fS 

THE PATRICK AND DOE INVENTORY IS GOOD AND CAN SUBMIT THIS INveNTORY WITH NRC FORM 748 

RK. BHAT 
21 AUG ts. 

Teledyne Energy System Sentinel 1 OOF RTG1 
(b )(7)(F) 

328400.0 03101/1972 115692.46 
Teledyne Energy System Sentinel 25A RTG4 94000.0 04/01/1968 30138.02 
Teled~ne E."lergy System Sentinel 25E RTG10 105900.0 02101/ 1969 34644.80 
Teledyne Energy System Sentinel 25E RTG17 109300.0 04/01/1971 37664.92 
Teledyne Energy System Sentlnet25E RTG18 106500.0 04/01/197' 36700.04 
Teledyne Energy System Sentinel 25E RTG19 105700.0 04/01/1971 36424.36 
Teledyne Energy System Sentinel 25E RTG20 105600.0 04f01/1971 36369.90 
Teledyne Energy System Sentinel 25E RTGS 105200.0 02101/1969 34415.80 
Teledyne Energy System Sentinel 2SE RTG9 108300.0 OZ/0111969 354Z9.9S 
Te.'edyne Energy System Sentinel 25F RTG14 107600.0 12/01/1970 36853.07 

L -\SGZR\FlU: PLAN\7. MASl'ER MA lERIA!.S LIC91SE MANAGF.r..!EITT\7-03 MML-Master Malet'lals Ur:onil!IN<C INVENTORY OF SOURCES OF CONCE 2015\20160821 
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PATRICK CONCUR 
INVENTORY 
IN Ci 
ASOF 

7/1012.015 

7/10/2015 l(b )(7)(F) 
7/1012015 
7/10/2015 
7110/2015 
7/10J201S 
7/10/2015 
7/1012015 
7/10/2015 
7110/2015 
7/10!2015 
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AFTAC Transportation Plan for RTG 

APPENDIX A - Site Description and Pictures 

Site Description 

The Burnt Mountain Seismic Observatory is located in the Yukon River Valley south of the Brooks 
Mountain Range at 67.42° north latitude and 144.61 ° west longitude. The two nearest settlements 
are Arctic Village, approximately 50 miles to the northwest, and Fort Yukon, approximately 56 miles 
south of the observatory. Fort Yukon is also the principal staging area for Air Force service 
operations to Burnt Mountain. 
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Air Force Technical Applications Center 
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AFTAC Transportation Plan for RTG 

N 
BMOl 

• 
S.SKm 

0.3Km 

BM03 

Notto Scale BM04 

FIGURE A.1 Layout of Burnt Mountain Seismic 
Observatory Showing Distance Between Sites 

BM02 

The seismic observatory is made 
up of five individual sensor sites, 
which are identified as BMOl, 
BM02, BM03, BM04, and BMOS. 
Each site consists of a borehole 
for the seismic sensor and a 
wooden frame shelter for 
housing two RTGs and associated 
electronic equipment. For the 
purpose of data transmission, 
surface laid cables connect the 
five Remote Terminals (RTs) to 
the Remote Operating Facility 
(ROF), which is located near site 
BM03. Data from the RT sites is 
collected at the ROF and 
transmitted to Ft Yukon via 
line-of-sight UHF radio . Figure A.1 
shows the layout of the Burnt 

Mountain Seismic Observatory. Security fences surround each equipment shelter and the area 
around each site is cleared to a diameter of approximately 100 feet. Two additional shelters are 
located at the ROF near site BM03. One serves as lodging for maintenance crews and the second 
shelters the all terrain service vehicle based at Burnt Mountain. 

The terrain at Burnt Mountain varies from barren rocky ground to areas of considerable overhead 
and ground cover. Permafrost in the area is discontinuous, which requires detailed soi l surveys be 
performed before embarking on construction projects. The elevation at Burnt Mountain is 
approximately 2000 feet above mean sea level (MSL). The nearest weather observatory is at Fort 
Yukon. Typical weather characteristics recorded at Fort Yukon are: 

• Temperature: -71 °F to +l00°F 

• Precipitation: 17 inches annually 

• Wind Speed: Average< 5 kts (5.75 MPH), gusts to 35 kts (40 MPH), measured between Jan. 80 and 
Dec. 89. 

Air Force Technical Applications Center Page 2 of 5 
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AFTAC Transportation Plan for RTG 

Site Pictures 

Site 1 (RTG S/N 8 & 10) 

Site 2 (RTG S/N 9 & 20) 

Looking from Site 5 

Air Force Technical Applications Center Page 3 of 5 
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AFTAC Transportation Plan for RTG 

Site 3 (RTG S/N 1 & 14) 

Site 4 (RTG S/N 10 & 18) 

Site 4 Between the trees 

Air Force Technical Applications Center 
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Site 5 (RTG S/N 4 & 19) 

Air Force Technical Applications Center Page 5 of 5 
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AFTAC Transportation Plan f or RTG 

APPENDIX B - Radioisotope Thermoelectric Generator Descriptions 

The following paragraphs are general descriptions of Teledyne RTGs. Actual weights of the RTGs 
associated with this transport will differ sl ightly due to variances in the manufacturing process. 
The serial numbers include here are provided to assist in understanding RTG design, not to 
establ ish specific RTG weights and dimensions. 

1) SENTINEL 25A (S/N 004) 

The Sentinel 25A generator is comprised of the following components: the fuel capsule 
assembly or heat source; an inner radiation shield; thermal insulation; a thermoelectric module; 
pressure housing and lid; and a finned radiator assembly. It is designed to operate within the 
following range of environmental conditions: 

• Ambient air temperature -40°F to+ 120°F* 

• Ambient air pressure 20 to 32 inch Hg 

• Seawater temperature + 28 ° F to+ 90 ° F 

• Seawater pressure Up to 500 psi 

• Humidity 100% relative humidity in salt water atmosphere 

* Will operate at rated power up to approximately 80°F. 

The heat source for the Sentinel 25A is strontium-90, fabricated as SM03 and encased in a 
Hastelloy C capsule. The tungsten inner sh ield and cast iron housing reduce rad iation levels to 
less than 10 mR/hr at one meter from the generator's surface. Approximately 5 percent of the 
heat produced by the decay of the radionuclide is converted to electricity by the thermo­
electric module. The remainder of the heat is rejected as waste. Thermal insulation is used in 
the space between the inner shield and housing to channel the heat through the module. 

The generator is a right circular cylinder with a cast iron housing. Its principle dimensions are 
shown in a following figure. The housing has four lugs spaced at 50 degree intervals on its 
bottom. Each lug has a hole that serves as a lifting and/or t ie-down point. There is an 
additional lifting lug on the side of the generator. The generator will operate in either of the 
positions. Waste heat is partia lly dissipated through cooling fins which are an integral part of 
the generator's cover. The balance of the heat is rejected through the sides and bottom end. 

The generator's electrical power outlet is a sealed 4-pin connector located on the side of the 
housing. One positive and one negative pin are provided. The connector is keyed by non­
symmetrical pin spacing so that the shorting plug and RTG-PCU interconnecting cable cannot be 
mated incorrectly. 

Air Force Technical Applicat ions Center Page 1 of 17 
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AFTAC Transportation Plan for RTG 

A shipping pallet is provided with the generator to facilitate handl ing and to provide a means of 
securing the generator during transport. The generator is attached to the pallet by fou r bolts. 
The generator weighs 3000 pounds and its shipping pallet weighs 285 pounds. 
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FIGURE 0-2. SENTINEL 25A E:XTERNA L Dl:MENSIONS (IN INCHES) 

Air Force Technical Applications Center 
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2) SENTINEL 25E (S/N's 008-010 and 017-020) 

The Sentinel 25E generator consists of the following components: the fue l capsule assembly or 
heat source; an inner rad iation shie ld; thermal insulation; a thermoelectric module; a pressure 
container consisting of a housing and lid; and a finned radiator assembly. It is designed to 
operate within the following range of environmental conditions: 

• Ambient air temperature -40°F to+ 120°F* 

• Ambient air pressure 0. 9 to 4 atmospheres 

• Seawater temperature 28°F to 88°F 

• Seawater pressure Up to 10, 000 psi 

• Humidity Oto 100 percent in saltwater atmosphere 

* Will operate at rated power up to approximately 80°F. 

The heat source for the RTG is strontium 90 fabricated as strontium titanate and encased in 
nickel base superalloy capsule. (A fuel capsule using simulated fuel has successfully completed 
hydrostatic pressure tests to 17,500 psi.) 

A tungsten shie ld block, into which the fuel capsule is inserted, provides the bulk of the unit's 
radiation shielding. This inner shield, coupled with the shielding provided by the generator 
housing, reduces radiation levels to less than 10 mR/hr at one meter from the generator's 
surface. 

Approximately 5 percent of the heat produced by the decay of the radionuclide is converted to 
electricity by the thermoelectric module. Thermal insulation is used in the space between the 
inner shie ld and the housing to channel the heat through the module. The module is self­
contained and sealed with its own inert atmosphere. The housing and the lid form the 
complete pressure containment for all of the components previously mentioned. The housing 
is in the form of a right circular cylinder and is machined from forged carbon steel. Its principle 
dimensions are shown on a following Figure. Threaded holes are provided in the housing for 
the purpose of attaching the generator to its shipping pallet via mounting brackets. The lid is 
also machined from forged carbon steel and is fastened to the housing by 16 alloy steel socket 
head bolts. The lid is machined with a flange, 27 inches in diameter and one inch thick that can 
be utilized as a mounting interface. The lid to housing interface is sealed with two Viton 'O' 
rings. (The pressure housing assembly has been successfully tested at external pressures up to 
15, 000 psi with no detectable leakage.) Since only 5 percent of the decay heat is converted 
into electrica l power, the remainder of the heat must be rejected. To accomplish this, the 
Sentinel 25E is provided with a finned rad iator assembly. This assembly is fabricated from an 

Air Force Technical Applications Center Page 4 of 17 
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aluminum alloy and is bolted to the lid with 8 aluminum alloy bolts. 

The electric power and instrumentation outlet for Sentinel 25 E Serial Nos. 017, 018, 019, and 
020 is a sealed 8 -pin connector located on the side of the lid. Four of the connector pins are 
used for power connections (two positive leads and two negative leads) and the remaining four 
pins are used for two chromel-alumel thermocouples. Both thermocouples are located on the 
hot plate of the thermoelectric module. Receptacles on S/N's 008, 009, and 010 DO NOT have 
pins for thermocouple outputs. All receptacles are keyed by nonsymmetrical pin spacing so 
that the shorting plugs and RTG-PCU interconnecting cables cannot be mated incorrectly. 

The Sentinel 25E weighs 4165 pounds and its shipping pallet weighs 285 pounds. 

Mom,tt,c :Bracket 
(001-90056 -009) 

Steel Sblppl,,g Pallet 

FIGURE ll-7. SENTINEL 25£ GENERATOO /SBIPPING PALLET 
MOUNTING HARDWARE 

Air Force Technical Applicat ions Center 
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Pallet Assembly 
001-90031>-0lt 
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0 Auxiliary Finned Coortng Head (v Thermoelectric Converte1 Q) Fuel Capsule © Radioisotope flea1 Sou:ci 

(D Thermal lnsula1ion (D Radia1ion Shield Ci) Pressure Vessel Housing Lid 

FIGURE n-s. SENTINEL 25E GENERATOR 

Air Force Technical Applications Center 
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3) SENTINEL 25F (S/N 014) 

The Sentinel 25F generator is comprised of the following components: the fuel capsule 
assembly or heat source; a rad iation shield; thermal insulation; a thermoelectric module; a 
pressure housing; a lid; and a finned radiator assembly. It is designed to operate within the 
following range of environmental conditions 

• Ambient air temperature -40°F to+ 120°F* 

• Ambient air pressure 0. 9 to 4 atmospheres 

• Seawater temperature 28*F to 88'F 

• Seawater pressure Up to 500 psi 

• Humidity Oto 100 percent in saltwater atmosphere 

* Will operate at rated power up to approximately 80° F. 

The fuel or heat source for the RTG is strontium 90, fabricated as strontium t itanate, and 
encased in a stainless steel liner and t hen in a nickel base superalloy fuel capsule. 

A tungsten shie ld block, into which the fuel capsule is inserted, provides the unit's radiation 
shielding. This shield, coupled with the inherent spacing provided inside the generator housing, 
reduces rad iation levels to less than 10 mR/hr at one meter from the generator's surface. 

Approximately 5 percent of the heat produced by the decay of the rad ionuclide is converted to 
electricity by the thermoelectric module. Thermal insulation is used in the space between the 
shield and the housing to channel the heat through the module. The module is self-contained 
and sealed with its own inert atmosphere. 

The housing and the lid form the complete pressure conta inment for all of the components 
previously mentioned. The housing is in the form of a right circu lar cylinder. Its principle 
dimensions are shown on a following Figure. The housing is machined from a welded assembly 
of 6061-TG aluminum. Four welded brackets are provided on the housing base for the purpose 
of attaching the generator to it s sh ipping pallet. The lid is also machined from 6061-TG 
aluminum and is fastened to the housing by 14 aluminum alloy bolts. The lid to housing 
interface is sealed with two Viton 'O' rings. A similar housing assembly has been successfully 
tested at external pressures up to 750 psi with no detectable leakage or deformation. 

Since only 5 percent of the decay heat is converted into electrical power, the remainder of the 
heat must be rejected. To accomplish this, the Sentinel 25F is provided wit h a finned radiator 
assembly. This assembly is also fabricated from an aluminum alloy and is bolted to the lid and 

Air Force Technical Applicat ions Center Page 8 of 17 
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vessel flange with 16 aluminum alloy bolts. The generator's electric power and instrumentation 

outlet is a sealed 8-pin connector located on the top surface of the lid. Four of the connector 
pins are used for power connections (two positive leads and two negative leads) and the 

rema ining four pins are used for two chromel-alumel thermocouples. Both thermocouples are 
located on the hot plate of the thermoelectric module. The connector is keyed by non­

symmet r ica l pin spacing so that the shorting plugs and RTG-PCU interconnecting cable cannot 
be mated incorrectly. 

The Sentinel 25F weighs 1360 pounds and its shipping pallet weighs 285 pounds. 

l. Rec Soarce 
!, Blolctf cal Shield 
,. TbeTm.&l luDladcc 
•· Tbermoe?.ectnc l.Sodule 
5. Pr,a•...,.. HOIUiJIC 
6. Lid 
7. nll.Ded Jtadtato-r Asaembl)r 
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4) SENTINEL lOOF (S/N 001) 

The Sentinel lOOF generator is comprised of the following components: a fuel capsule assembly 
or heat source; a rad iation shield; thermal insulation; a t hermoelectric module, a housing and 
lid, and a finned radiator. It is designed to operate within the fol lowing range of environmental 
conditions: 

• Ambient air temperature -10° F to+ 120° F* 

• Ambient air pressure 

• Seawater temperature 

• Seawater pressure 

0. 9 to 4 atmospheres 

28° F to 88° F 

Up to 500 psi 

• Humidity 0 to 100 percent in saltwater atmosphere 

* Will operate at rated power up to approximately 80°F. 

The fuel capsule assembly is t he RTG's heat source. The assembly consists of pelletized 
strontium 90 in the titanate form, encased in a nickel base superalloy capsule. 

The RTG's radiation shield is a tungsten assembly which houses the fuel capsule. The assembly 
consists of a shie ld body and end plug and is fabricated from pressed and sintered tungsten. 
The shield, coupled with the inherent spacing inside the generator housing, reduces radiation 
levels to less than 10 mR/hr at one meter from the generator's surface. 

Approximately six percent of the heat produced by the decay of the radionuclide is converted 
to electricity by the t hermoelect ric module. The module is self-contained and sealed with its 
own inert atmosphere. 

Thermal insulation is used in the space between the shield and the housing to direct most of 
the heat through the thermoelectric module. The thermal insulation material is Min-K, a Johns 
Manville Corporation product. The insulation is "baked out" prior to installation to drive off 
water vapor and organic binder materials. Getter materials are util ized in the RTG to capture 
long-term out gassing products. 

The housing and lid form the complete pressure vessel containing all of the components 
previously discussed. The housing is in the form of a right circu lar cylinder. Its principle 
dimensions are shown on a following Figure. The housing is machined from a welded assembly 
of 6061-T6 aluminum. Four welded brackets are provided on the housing base for the purpose 
of attaching the RTG to its shipping pallet. The lid is also machined from 6061-TG aluminum 
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and is fastened to the housing by 18 aluminum alloy bolts. The lid to housing interface is sealed 
with two Viton 0-rings. 

Since only about six percent of the decay heat is converted into electrical power, t he remainder 
of the heat must be rejected. The heat rejection is accomplished by means of a finned radiator 
bolted to the RTG lid. The radiator is comprised of a number of fins made from 1/8 inch thick 
aluminum sheet welded to a 6061-T6 aluminum al loy plate. The assembly is bolted through the 
lid with 16 aluminum alloy bolts and nuts. 

The generator's electric power and instrumentation outlet is a sealed eight-pin 
connector located on the top surface of the lid . Four of the connector pins are used for power 
connections (two positive leads and two negative leads) and the remaining four pins are used 
for two chromel alumel thermocouples. Both thermocouples are located on the hot plate of 
the thermoelectric module. The connector is keyed by non-symmetrical pin spacing so that the 
shorting plug and RTG-PCU interconnecting cab le cannot be mated incorrectly. 

The Sentinel lOOF weighs 2728 pounds and its shipping pallet weighs 385 pounds. 
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RTG Location and Characteristics 

Sentinel 25A Sentinel 25E Sentinel 25F Sentinel lOOF 
Burnt Mountain Site Location BM05 -1 BM01- 2 BM03-1 BM03 -1 
and number of RTGs 

BM02 -2 

BM04- 2 

BM05-1 

Fuel Strontium 90 Strontium 90 Strontium 90 Strontium 90 
Housing material Cast iron Steel Aluminum Aluminum 
Weight with the pallet (lbs) 3,285 each 4,450 each 1,645 each 3,113 each 
Dimensions on the pallet, 51"L 51"L 51"L 56"L 
length x width x height 
(inches) for each of the RTGs. 44"W 44"W 43"W 44"W 
(Note 1: Rounded up to the 
nearest inch.) (Note 2: RTGs 43"H 50"H 47"H 57"H 

must not be covered and they 
should be kept at least one 
foot from bulkheads, other 
cargo, and any other 
obstructions, which might 
restrict the flow of air around 
the generators.) 

Housing pressure rating (PSI) 500 10,000 750 500 
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APPENDIX C- Radioisotope Thermoelectric Generator Safety Summary 

1) Safety Overview 

A. Container Durability Requirements 

To qualify as Type B containers, the RTGs must be able to withstand severe accidents without compromise 
in addit ion to normal transportation handling and minor accidents. They must meet all the performance 
requ irements of Type A packages as defined in 49 CFR Parts 173.24, 173.411, and 173.412 and also survive 
the hypothetical accident conditions defined by the NRC in 10 CFR Part 71.73: 

1. A free drop of nine meters (30 feet) onto a flat, unyielding horizontal surface, striking the surface in 
a position that would be expected to produce maximum damage 

2. Impact by one meter by one meter (40 inches by 40 inches) 500 kilograms (1100 pounds) steel plate 
dropped from nine meters (30 feet) in a horizontal position onto the Type B package positioned on 
a flat, unyielding horizontal surface such that maximum damage would be expected to occur 

3. A free drop of one meter (40 inches) in a position expected to produce maximum damage onto a 
vertical steel spike 15 centimeters (6 inches) in diameter and at least 20 centimeters (8 inches) long 

4. A fully engulfing fire of at least 800 oC (1475 oF) for 30 minutes 

5. Immersion in 15 meters (SO feet) of water, or, under a water pressure of 150 kPa (21. 7 lb/in2) 

B. Shielding Description and Background 

The top cover, or shield plug, that encloses the fuel capsule assembly is fastened to the fuel capsule 
body with CRES-A-286 (corrosion resistant enhanced steel) plated bolts. The shield, coupled with the 
inherent material and spacing within the generator, combine to provide nominal radiation dose rates no 
greater than 10 mRem/hr at a distance of three feet. Th is level of radiation is in compliance with DOT 
requ irements (49 CFR 173). A noticeable difference between the Sentinel 25 RTGs is the thickness of 
the tungsten biological shield. For example, in examining the engineering drawings OOlElOOOO (Sentinel 
25E) and OOl FlOOOO (Sentinel 25F), it is obvious that the tungsten biological shield is significantly thicker 
for the Sentinel 25F than it is for the Sentinel 25E. The primary reason for this is that the five inch thick 
steel housing on the Sentinel 2SE contributed to the radiation attenuation, whereas the one inch thick 
aluminum used on for the Sentinel 2SF housing does not help nearly as much for radiation attenuation. 
Consequently, there needs to be more tungsten on the F-series Sentinel RTGs (Sentinel 2SF and Sentinel 
lOOF) than any other design. 

C. Summary of Safety Analyses 

The NRC previously certified (NRC certificate numbers 4888 and 5862) the 10 RTGs as Type B containers. 
Each of the Sentinel RTGs at the BM sites were designed, and licensed, to act as their own shipping 
container, as seen in the Figure 1 below. As such, the design for the generators was subjected to 
significant review and analysis to ensure that the generator design complied with 10 CFR 71.79. Each 
generator was demonstrated, through various analyses, to be able to withstand the prescribed 
hypothetical accident scenarios. From the August 2011 Teledyne site inspection, it is believed that the 
generators at the BM array are in original transport condition and would satisfy the requirements of 10 
CFR 71.79 (as the code existed when the generators were last certified as type-B( ) packages) . 
Additionally, certain design aspects required further testing during the initial design/build of the 
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generator lifetime. Such analysis and studies are presented below, segregated by model type. 

Figure 1. Shipment of Sentinel 2SE RTGs from Teledyne Energy Systems to AFTAC. 

2) Model Specific Summaries 

A. Model 25A Safety Summary 

Unfortunately, at this time, very limited information regarding the safety analyses of the Sentinel 25A 
can be found. This is partly due to the fact that the design of this model predates the other Sentinel 
RTGs by several years. It can be stated, however, that the Sentinel 25A RTG was licensed as its own 
type-8( ) shipping container (package certificate of compliance 4888). As such, the Sentinel 25A was 
shown to be able to survive the hypothetical accident conditions stipulated in 10 CFR 71. The Sentinel 
25A RTG is a robust pressure vessel - marked by a thick cast-iron housing enshrouding a tungsten 
biological shield . The tungsten shield contains a stainless steel encased heat source that is doubly­
encapsulated with Hastelloy C-276. The heat source cont ained, at beginning of life (BOL), approximately 

95,000 Ci of 90srTi03. 

The heat source is a robust pressure vessel by itself. Rated for 10,000 psi external pressure with no 
predicted seal integrity failure, the Hastelloy C-276 encapsulation is well suited to withstand any of t he 
hypothetical accident scenarios. Even though the fuel capsule is rated for 10,000 psi external pressure 
capability, the actual device was subjected to hydrostatic testing and demonstrated successful capability 
of up to 11,000 psi with no leaks or visible deformat ion and up to 17,500 psi without compromise of the 
cont ainment capability (ref: INSD-3015). Each of the Sentinel 25 RTGs has the same heat source 
encapsulation. The same is true for the Sentinel lOOF heat source, except for the size difference. 

B. Model 25E Safety Summary 

The Sentinel model 25E RTG is the single most robust RTG at the BM array. Constructed with a five inch 
thick steel housing, the RTG is rated for operation in deep ocean applications with an external pressure 
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of up to 5,000 psi with no impact on performance. The fuel capsule assembly in the RTG is 
doubly-encapsulated with Hastelloy C-276 and is rated for 10,000 psi external pressure with no 
significant deformation or leaks, although the fuel capsule has demonstrated capability of withstanding 
11,000 psi without yielding and 17,500 psi without impacting the containment capability. As such, 
each Sentinel 2SE in the possession of AFTAC was licensed as its own USA/B( ) shipping container and 
is documented on the certificate of compliance number 4888. 

Due to the design differences of the Sentinel 2SE, as well as the availability of documentation, two 
additional safety analyses are available - hydrostatic test report of the generator housing and a report 
on the housing impact capability (ref: INSD-3021). The Sentinel 2SE RTG housings were successfully 
hydrostatically tested up to 15,000 psi with no visible leaks or deformation of the structure. The 
housings were subjected to four different pressure loadings {200 psi; 5,000 psi; 10,000 psi; and 15,000 
psi) with a 15 minute hold at each pressure level. 

The housing impact capability study (ref: INSD-3075) is the work performed in part to certify the 
Sentinel 25E as a USA/4888/B( ) package; specifically, the report summarizes analysis of the 9 meter 
drop onto a flat, unyielding surface and the 1 m drop onto a blunt, 15 cm diameter rigid cylinder. These 
are two of the four hypothetical accident scenarios spelled out in 10 CFR 71. As can be seen in the 
report, the Sentinel 25E RTG is fully capable of withstanding such impacts with no loss of integrity. 

C. Model 2SF Safety Summary 

As with the Sentinel models 25A and 25E RTGs, the Sentinel model 25F RTG was designed, built, and 
licensed as its own shipping container - on the USA/4888/B( ) certificate of compliance. As such, it was 
demonstrated, through test and analysis, to be capable of withstanding the possible damage induced 
through the hypothetical accident scenarios as per 10 CFR 71 without loss of fuel containment. 
Furthermore, the fuel capsule present in the Sentinel 2SF RTG is the same design as the ones present in 
the Sentinel 25A and 2SE RTGs - one that is a stainless steel cladded heat source doubly-encapsulated in 
Hastelloy C-276 and was demonstrated, via hydrostatic pressure tests, to be able to withstand 11,000 
psi of external pressure with no visible leaks or deformation and can withstand 17,500 psi without 
compromising the containment capability of the fuel capsule. 

The Sentinel 25F RTG was analyzed for capability of satisfying the hypothetical accident scenarios as per 
10 CFR 71. Specifically, the 9 meter drop requirement with no loss of fuel containment was of particular 
interest. Unlike the Sentinel 2SE, which was shown to be capable of surviving the physical impacts with a 
safety factor of approximately 3, the one inch thick aluminum housing of the Sentinel 2SF is not 
sufficiently robust to be able to survive all the damages induced by the 10 CFR 71 hypothetical accidents. 
Instead, the analyses assumed that the housing was absent from any impacts (only that it kept the 
insulation surrounding the tungsten biological shield). Still, the biological shield was determined to not 
be breached - and, consequently, the fuel capsule would have suffered no containment issues. 

As is typical with other such licensed shipping containers, the Sentinel 25F (and, indeed, all the Sentinel 
model 25 RTGs) is designed such that the maximum dose rate at the surface of the generator is less than 
200 mRem/hr. In fact, the maximum surface dose rate, at beginning of life (BOL), was expected to be 
148 mRem/hr, easily satisfying the 200 mRem/hr requirement. At the time of last measurements (in 
early August, 2011), the surface dose rate for the Sentinel 25F RTG had a maximum of SO mRem/hr. 
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D. Model lOOF Safety Summary 

Similar to the Sentinel 25 generators, the Sentinel lOOF utilizes a 90sr2Ti04 radioisotopic heat source to 

power the RTG. Initially loaded with 2167 Watts {328,400 Ci) of radioactive fuel, the heat source for the 

Sentinel lOOF is pelletized strontium orthotitanate encased in a stainless steel liner - acting as a 

contamination protection barrier. These pellets are loaded together in a doubly-encapsulated Hastelloy 

C-276 fuel capsule. The fuel capsule is contained within a thick tungsten biological shield in order to 

minimize the radiation field at the surface of the generator. One notable difference between the 

Sentinel 25 RTGs and the Sentinel lOOF is that, due to the significant size of the tungsten biological 

shield, a lower support plate was required in order to fully distribute the load on the fusil foam support 

structure. This analysis is fully presented in memo TPS-GG-065 {refer to section 7 .2). 

Like the Sentinel 25 RTGs, the Sentinel model lOOF generator was designed to act as its own licensed 

shipping container - the USA/5862/B{ ) shipping package. As such, it was designed, tested, analyzed, 

and demonstrated to be capable of withstanding the hypothetical accident scenarios in 10 CFR 71 while 

still maintaining containment of the radioisotopic fuel. Recognizing that the Sentinel lOOF housing is a 

relatively thin 6061 aluminum shell affording little in the way of damage mitigation, the intent was to 

design the tungsten biological shield to be able to completely withstand the accidents and to provide 

the requisite protection to the fuel source encapsulation containment barrier. Thus, the analysis and 

testing of the tungsten biological shield were based upon the International Atomic Energy Agency (IAEA) 

Safety Series No. 33. This document requires that the shield be able to withstand a total of two drops: a 9 

meter free fall drop onto a flat, unyielding surface and a 1 meter drop onto the flat edge of a 15 cm 

diameter mild steel bar. In both cases, the attitude of the shield must be oriented such as to cause 

maximum damage. In all cases, the Sentinel lOOF tungsten shield assembly was demonstrated to satisfy 

the imposed requirements. 

Finally, the Sentinel lOOF RTG was designed to comply with 49 CFR 173; measurements taken around 

beginning of life (BOL) indicate that the maximum dose rate at the surface of the generator was less 

than 200 mRem/hr. Recent measurements (early August 2011) showed that the radiation dose rate at 

the surface of the generator is approximately 30 mRem/hr. 

3) Safety Analyses Docs 

INSD-3021 

INSD-3051 

INSD-3072 

INSD-3075 
INSD-3076 
INSD-3080 

Hydrostatic Pressure Test; Sentinel 25E Housing Assembly 

Sentinel 25F Structural and Thermal Evaluation 
Hydrostatic Pressure Test; Sentinel 25 Fuel Capsule 

Sentinel 25E Generator Housing; An Eva luation of Impact Capability 
Structural Analysis; 100 Watt Sentinel RTG Fuel Capsule 
Structural and Thermal Evaluation of Sentinel lOOF 

S-VRL-142 Sentinel 25 Fuel Temperature Analysis 
TPS-GG-065 100 Watt RTG Shield Support Analysis 
Memo 100 Watt RTG Shield Impact Analysis 
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4) Unit Condition Summary 

A. Pallet Condition 
Figure 2. RTG Pallet Inspection Summary 

Structure lnteerity Ratinr Conosion Protection Ratinr 
Inspection RTG 
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~ .... 
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N/A E E V E N/A E V 

N/A N/A E G E N/A N/A E 

E N/A E V E E N/A E 

N/A E E V V N/A E V 

N/A E E V E N/A E V 

N/A E G G N/A N/A E p 

N/A E E V V N/A E V 

Corrosion Protective Ratings 

E 
Protective coaing inta:twith no discernable 

corrosion 

Cosmetic corrosion anQ!or isolaed nicks & 
V 

abrasions 

G light localized corrosion 

P Moderate generalized corrosion with light 
pitting 

U Hea,y generaHzed corrosion and pitting 

N/A Not Applicable 

1. Structural Inspection Results (based upon Teledyne Inspection performed in 2011) 

All structural pallet features were inspected for signs of damage, weakness, and problematic 

corrosion. None of the pallets' structural members were found to be structurally compromised. 

All welds appeared to be structurally sound with no significant corrosion damage. The steel 

structural members and lifting elements all appear to be in excellent shape with little more than 

superficial surface corrosion. Threaded fastener oxidation was found to range from negligible to 

light (on the model 25A pallet) corrosion, but the most severe corrosion case was not predicted to 

significantly degrade the strength of these fasteners. The inspection results suggest that the 

pallets' present structural capabilities roughly approximate their original "as built" strength 

capabilities. The pallets are structurally acceptable for RTG handling and transport. 

Spot Welded Assemblies are particularly corrosion prone due to entrapment of corrosive agents 

between the parts of the assemblies. Corrosive attack causes skin buckling or spot weld bulging 

(refer to Figure 3), and eventual spot weld fracture. Skin and spot weld bulging may be detected 

in their early stages by sighting or feeling along spot welded seams. This condition is prevented by 

keeping potential moisture entry points such as gaps, seams, and holes created by broken spot 

welds filled with a sealant or a suitable preservative or CPC. 
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Figure 3. Model 25A RTG S/N 004 Frame Weld Corrosion 

2. Structural Differences 

The 001-90039 drawing suggests that the standard model 25F pallet should look similar to the 

model lOOF pallet. The fielded unit, however, appears to be mounted on a modified model 25E 

pallet without the model 25E Pallet/RTG interface brackets. 

The model 25A pallet design (Figure 4) shares many features with the 001-90039-019 pallet 

(Figure 5), but appears to pre-date this design. This speculation was based on the weld joining the 

pallet/RTG interface brackets to the base plate, which is a feature not found on any other 

001-90039 pallet design. Additionally, the model 25A pallet has no lifting eyes. 

...... " ''""'­.!SA _ .... 
-"'""" -

Figure 4. Model 25A Pallet 
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B. Generator Condition 

Each generator was also structurally assessed. Some minor corrosion and damage to fins exists, but 

engineers determined it did not degrade the capability of the RTG for transport. The Teledyne Energy 

Solutions Trip Report provides detailed inspections results. Summaries from this report for each unit are 

included here. 

1. Site BM 01; Model 25E S/N 008 

The inspection results suggest that the pallet assembly for the model 25E RTG S/N 008 is 

structurally acceptable for continued generator handling and transportation. The pallet structure 

was found to be in excellent shape other than minor handling nicks and abrasions, which are not 

predicted to measurably degrade the original load carrying capability of this structure. 

2. Site BM 01; Model 25E S/N 017 

The inspection results suggest that the pallet assembly for the model 25E RTG S/N 017 is 

structurally acceptable for continued generator handling and transportation. The pallet structure 

was found to be in excellent shape with minor handling nicks, abrasions, and dings which are not 

predicted to measurably degrade the original load carrying capability of this structure. The 

flame-cut base plate holes (Figure 6.} will have little influence on structural capability because the 

base plate is primarily a redundant load path for all lifting and handling operations. 

Figure 6. Model 25E RTG S/N 017 Flame Cut-Out Through Pallet Base Plate (8 Places) 

3. Site BM 02; Model 2SE; S/N 009 

The inspection results suggest that the pallet assembly for the model 25E S/N 009 is structurally 

acceptable for continued generator handling and transportation. The pallet structure was found to 

be in excellent shape other than minor handling nicks and abrasions, which are not predicted to 

measurably degrade the original load carrying capability of this structure. 
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4. Site BM 02; Model 25E; S/N 020 

The inspection results suggest that the pallet Assembly for the model 25E RTG S/N 020 is 

structurally acceptable for continued generator handling and transportation. The pallet structure 

was found to be in excellent shape other than minor handling nicks and abrasions, which are not 

predicted to measurably degrade the original load carrying capability of this structure. 

5. Site BM 03; Model 25F; S/N 014 

The inspection results suggest that the pallet assembly for the model 25F RTG S/N 014 is 

structurally acceptable for continued generator handling and transportation. The pallet structure 

was found to be in excellent shape other than minor handling nicks and abrasions, which are not 

predicted to measurably degrade the original load carrying capability of this structure. 

6. Site BM 03; Model lOOF; S/N 001 
The inspection results suggest that the pallet assembly for the model lOOF RTG S/N 001 is 

structurally acceptable for continued generator handling and transportation. The pallet structure 

was found to be in excellent shape other than minor handling nicks and abrasions, which are not 

predicted to measurably degrade the original load carrying capability of this structure. 

7. Site BM 04; Model 25E; S/N 010 

The inspection results suggest that the pallet assembly for the model 25E RTG S/N 010 is 

structurally acceptable for continued generator handling and transportation. The pallet structure 

was found to be in excellent shape other than minor handling nicks and abrasions, which are not 

predicted to measurably degrade the original load carrying capability of this structure. 

8 . Site BM 04; Model 25E; S/N 018 

The inspection results suggest that the pallet assembly for the model 25E RTG S/N 018 is 

structurally acceptable for continued generator handling and transportation. The pallet structure 

was found to be in excellent shape other than minor handling nicks and abrasions, which are not 

predicted to measurably degrade the original load carrying capability of this structure. 

9. Site BM 05; Model 25A; S/N 004 
The inspection results suggest that the pallet Assembly for the model 25A RTG S/N 004 is 

structurally acceptable for continued generator handling and transportation. The pallet structure 

shows some signs of corrosion and minor handling nicks and abrasions, but none of these are 

predicted to measurably degrade the original load carrying capability of this structure. 

10. Site BM 05; Model 25E; S/N 019 

The inspection results suggest that the pallet assembly for the model 25E RTG S/N 019 is 

structurally acceptable for continued generator handling and transportation. The pallet structure 

was found to be in excellent shape other than minor handling nicks and abrasions, which are not 

predicted to measurably degrade the original load carrying capability of this structure. 

Air Force Technical Applications Center Page 8 of 10 
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AFTAC Transportation Plan for RTG 

C. Shorting Plug Condition 

Inspection was performed on each RTG's shorting plug. A full visual examination was conducted as well 

as physically evaluating the condition of the shorting plug, pins, mating collar, rubber mating interface, 

and, where applicable, the shorting connection on the back end of the plug. Each shorting plug exhibited 

proper electrical continuity through the power pins and the resistance was appropriate for a shorting 

plug (sufficiently low). The rubber mating interface for each plug was in excellent condition - sufficiently 

pliable and showed no signs of dry rot or other deterioration. All the plugs had proper electrical isolation 

between the power pins and the backshell of the connector (ensuring personnel safety during the 

installation/removal of the shorting plug). One anomaly was observed - the mating collar on the shorting 

plug for RTG S/N 018 {25E at BM OS) seemed a bit rough. There is no indication that the plug would not 

properly mate to t he generator, only that there may be slightly more resistance in tightening the collar of 

that shorting plug. It was noted, however, that due to the slight design variations in the RTG design from 

1968 through 1971, there were some notable differences in the output power connectors for some of the 

RTGs; as such, it is recommended that the shorting plugs not be confused with each other and be 

maintained with the proper RTG. Some of the output power connectors on the RTGs do not have 

thermocouple sockets - making mating with a shorting plug with thermocouple pins impossible. 

5) Unit Radiation Summary 

Radiation Field Exposure Rates (mRem/hr) as of Dec 11 
Site Model Units Pos. 1 Pos. 2 Pos. 3 Pos. 4 Pos. 5 Pos. 6 Pos. 7 

BM01 
25E 1 - 017 

4.5 28 13 20 0.8 0.4 0.5 
25E 2-008 

BM02 
25E 1- 020 

4.5 14 12 14 0.8 1 0.3 
25E 2 - 009 

BM 03 
lOOF 1-001 

5.8 so 14 28 1.1 1.1 4.7 
25F 2-014 

BM04 
25E 1- 010 

5 22 11 13 0.8 0.5 0.6 
25E 2 -018 

BM 05 
25E 1- 019 

6 28 12 29 0.5 15 11 
25A 2-004 

Air Force Technical Applications Center Page 9 of 10 
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AFTAC Transportation Plan for RTG 

Radiation Field Measurement Points 

Position 1 

Position 2 --)~x 

Unit 2 

Position 3 ) X 

Position 4 '> X 

Position 5 

Position 6 -- Top Surface of Unit 2 

Position 7 - Top Surface of Unit 1 J 
Drawing not to scale 

Date of Activity: 15-Aug-14 

INITIAL DATE OF CURRENT 
MODEL 

ISOTOPE ACTIVITY INITIAL ACTIVITY MANUF 
(Ci) ACTIVITY (Ci) 

NUMBER 

Sr-90 72,300.0 1-Aug-85 33,645 Teledyne Sentinel 25E 
Sr-90 81,100.0 1-Aug-85 36,899 Teledyne Sentinel 25E 
Sr-90 74,400 .0 1-Aug-85 34,637 Teledyne Sentinel 25E 
Sr-90 81,100.0 1-Aug-85 35,650 Teledyne Sentinel 25E 
Sr-90 328,400.0 1-Aug-85 127,657 Teledyne Sentinel lOOF 
Sr-90 79,900.0 1-Aug-85 36,092 Teledyne Sentinel 25F 
Sr-90 72,900 .0 1-Aug-85 33,869 Teledyne Sentinel 25E 
Sr-90 81,100.0 1-Aug-85 35,956 Teledyne Sentinel 25E 
Sr-90 87,100.0 1-Aug-85 29,439 Teledyne Sentinel 25A 
Sr-90 81,100.0 1-Aug-85 35,688 Teledyne Sentinel 25E 

TOTAL: 439,532 

Air Force Technical Applications Center 
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AFTAC RTG Transportation Plan 

APPENDIX F - Transportation Elements 

The transportation of licensed radioactive material by the Department of Defense requires t he 
adherence to the following requirements: 

Department ofTransportation (DOT): 49 CFR Parts 171-178, 379 
Nuclear Regulatory Commission (NRC): 10 CFR Part 37 and 71 
Department of Defense (DoD): DTR 4500.9-R 
USAF: AF Manual 24-204 

1) RTG Characteristics (Activity, Weight and Dose Rates) 

Beginning of 
Initial Current 

Site RTG S/N Model Activity Activityl 
Life (BOL) 

(Ci) (Ci) 

017 25E Apr. 1971 109,300 37,664 

BM Ol 
Feb. 1969 105,200 34,414 008 25E 

020 25E Apr. 1971 105,600 36,389 

BM 02 
Feb. 1969 108,300 35,428 009 25E 

001 lOOF Mar. 1972 328,400 115,693 

BM 03 
Dec. 1970 107,800 36,852 014 25F 

010 25E Feb. 1969 105,900 34,643 

BM 04 
Apr. 1971 106,500 36,699 018 25E 

019 25E Apr. 1971 105,700 36,424 

BM 05 
Apr. 1968 94,000 30,136 004 25A 

Note 1: Activity of Sr-90 fuel as of 1 July 2015 

Current 
Activityl 

(TBq) 

1,394 

1,273 

1,346 

1,311 

4,281 

1,364 

1,282 

1,357 

1,357 

1,115 

Sr-90 
Weight 
(lbs.) 

0.58 

0.53 

0.55 

0.54 

1.78 

0.57 

0.53 

0.57 

0.57 

0.46 
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AFTAC RTG Transportation Plan 

WEIGHTS AND DIMENSIONS 

Model 
Serial 

Isotope 
Half life 

Pallet Dimensions RTG Dimensions Volume Weight 
Number yrs 

25A RTG4 Sr-90 (Y-90) 28.78 Sl"Lx44"Wx43"H 29.85"Wx35.09"H 3245 lbs 

25E RTG9 Sr-90 (Y-90) 28.78 Sl"Lx44"WxSO"H 27.0"Wx31.6"H 65 ft"2 4415 lbs 

25E RTG8 Sr-90 (Y-90) 28.78 Sl"Lx44"Wx50"H 27.0"Wx31.6"H 65 ft"2 4415 lbs 

25E RTG20 Sr-90 (Y-90) 28.78 Sl"Lx44"Wx50"H 27.0"Wx31.6"H 65 ft"2 4415 lbs 

25E RTG19 Sr-90 (Y-90) 28.78 Sl"Lx44"Wx50"H 27.0"Wx31.6"H 65 ft"2 4415 lbs 

25E RTG18 Sr-90 (Y-90) 28.78 Sl"Lx44"Wx50"H 27.0"Wx31.6"H 65 ft"2 4415 lbs 

25E RTG17 Sr-90 (Y-90) 28.78 Sl"Lx44"Wx50"H 27.0"Wx31.6"H 65 ft"2 4415 lbs 

25E RTGlO Sr-90 (Y-90) 28.78 Sl"Lx44"WxSO"H 27.0"Wx31.6"H 65 ft"2 4415 lbs 

lOOF RTGl Sr-90 (Y-90) 28.78 56"Lx44"Wx57"H 27.94"Wx45.67"H 73 ft"2 3025 lbs 

25F RTG14 Sr-90 (Y-90) 28.78 Sl"Lx43"Wx47"H 23"Wx45"H 57 ft"2 15981bs 

Total 38773 lbs 

RTG Measured Radiation Dose Rates (as of 14 July 2009) 

Location: Burnt 
Action 
Limit: Site: BMOS Site: BMOl Site: BM04 Site: BM03 Site: BM02 

Mtn 
mR/hr 

RTG Serial 
019 004 017 008 010 018 001 014 020 009 -

Numbers: 
30' from gate 

0.05 
0.1 0.1 0.1 0.1 0.1 

(BACKGROUND) mR/hr mR/hr mR/hr mR/hr mR/hr 
Outside entrance 

gate 
0.5 BKG BKG BKG BKG BKG 

Outside build ing 
1.0 8KG 8KG 8KG 8KG 8KG 

door 
Outside inner cage 

2.0 
0.1 0.1 0.1 0.1 0.1 

(work area) mR/hr mR/hr mR/hr mR/hr mR/hr 
1 meter from 

10 
1.4 2.25 0.5 0.5 0.2 0.5 0.1 2.2 0.5 0.5 

generator end mR/hr mR/hr mR/hr mR/hr mR/hr mR/hr mR/hr mR/hr mR/hr mR/hr 
1 meter from 

20 
2.0 0.2 3.0 

II 
8.0 2.3 

junction of mR/hr mR/hr mR/hr mR/hr mR/hr 
On contact with so 15 15 15 14 12 10 20 28 11 22 

side mR/hr mR/hr mR/hr mR/hr mR/hr mR/hr mR/hr mR/hr mR/hr mR/hr 
RTG Surface Temp 

96.2 98.1 99.5 98.0 100.9 102.1 114.9 103.1 81.9 80.3 -
in degrees F 

Ambient Air Temp 
76.2 86.8 95.4 

II 
67.1 63.3 

in degrees F 
-

Air Force Technical Applications Center Page 2 of 6 
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AFTAC RTG Transportation Plan 

2} PACKAGING 

The RTGs contain radioactive material in quantities requiring approved packaging. The RTGs were 
designed as certified Type B packaging. The packaging was previously certified by NRC to the B( } 
package standards in 10 CFR Part 71. Although NRC certification expired 1 October 2008, NRC 
authorized limited use of the package based on the history of safe use and absence of unfavorable 
operational data and in accordance with NRC's Regulatory Issue Summary (RIS} 2008-18, Information in 
Requests for Extending Use of Expiring Transportation Packages. The package was designed, fabricated, 
and certified (by NRC) to meet the requirements and standards applicable for B( ). 

IAW Title 49 CFR 173.7(a) ofthe Department of Transportation (DOT) hazardous materials regulations, 
and under the authority established in AFI 24-210_1P (DLAD 4145.41, AR 700-143}, Packaging of 
Hazardous Material, the DOD has issued a Certificate of Equivalency (AF 14-19) for the RTG packaging. 
Each of the Sentinel RTGs were designed, and licensed, to act as their own shipping container. The 
RTG's packaging has been evaluated by DOE and was found to meet the requirements of 10 CFR Part 71 
with respect to containment, shielding, and criticality. The RTG packaging and transportation controls 
provide a level of safety equivalent to compliant packaging (i.e. Type B(M)-96} 

3) CLASSIFICATION AND PROPER SHIPPING NAME 

Proper Shipping Name: Radioactive Material, Type B (M) package 
Hazard Class: Class 7 
UN Identification Number: UN2917 
Form: Solid (Normal Form), Oxide 

Packing Group: N/A 
Label: Radioactive Yellow Ill (Highway Route Controlled Quantity} 
Special Permit: USAF issued Certificate of Equivalency AF 14-19 

4) SHIPPING PAPERS/ MARKING 

See USAF issued Certificate of Equivalency AF 14-19 for specific requirements of shipping papers: 

SHIPPING PAPER Page 1 of 1 

To: DOE From: USAF 
Nevada National Security Site Burnt Mountain, Alaska 

QUANTITY 10 packages 

HAZARDOUS MATERIAL RQ 
DESCRIPTION ID Number UN2917 

Shipping Name Radioactive material, type B(M) package 

Hazard Class 7 - HRCQ 

Physical Form Normal Form 

Chemical Form Strontium Titanate (SrTi03) 

DOD Package ID AF 14-19 

Radionuclide Strontium-90 

Label Radioactive Yellow-Ill (HRCQ} 

Air Force Technical Applications Center Page 3 of 6 
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AFTAC RTG Transportation Plan 

TypeB 
Non-Bulk 

Specification Packaging: 
(Parts 173 & 10 CFR 71) 

Specification Communications: TypeB( ) 
(Part 172) 
• Markings COE AF14-19 

• Labels 
• Placards (Yellow-HI) 
• Shipping papers 

RQ Radioactive material, Type B(M) 
Package non fissile 

• Emergency response 

Manufacturer's Markings: 
(Parts 173.471 & 178) 

DOE - NNSA 
AREA 5 

UN2917 

Mercury, NV 89023 

USA/4888 /B( ) 

Figure 1 Example Markings 

DoD direction is to comply with communication markings as required by the 
Defense Transportation Regulation, AFMAN 24-204 and 49 CFR to the fullest 
extent possible. It may be unreasonable to apply certain markings dependent 
on location of the RTGs due to site restrictions. The final determination for 
markings will be determined by the hazardous material shipper, permit RSO and 
DOE Sandia National Labs personnel. 

A. Packages with a gross mass greater than 50 Kg must have the gross 
mass marked on the outside of the package, include the units of 
measurement §172.310(a) 

2002.61 kg 
441Slbs 

.... 
A 

AF AC 
USAf 
RTG 010 

B. Each package that conforms to the requirement of Type B must be marked on the outside of the 
package "TYPE B(M)" or "TYPE B(U)" in letters 13 mm high as appropriate §172.310(b) 

C. Type B package must be marked with the international vehicle registration code of the country 
of origin (USA) §172.310(c) 

D. Trefoil symbol for Type B packages §172.310(d) 

Air Force Technical Applications Center Page 4 of 6 
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AFTAC RTG Transportation Plan 

S) LABELING 

DoD direction is to comply with labeling as required by the Defense 
Transportation Regulation, AFMAN 24-204 and 49 CFR to the fullest extent 
reasonable. It may be unreasonable to apply certain labels dependent on 
location of the RTGs due to site restrictions. The final determination for labeling 
will be determined by the hazardous material shipper, permit RSO and DOE 
Sandia National Labs personnel. 

A. "Radioactive Yellow-Ill" 
B. Highway Route Controlled Quantity must be labeled Radioactive 

Yellow-Ill §172.403 Table - Footnote 1 
C. Two labels required on opposing sides of package §172.403{f) 
D. The blank spaces on the label must contain the following: 

1. Radionuclide §172.403(g)(l) 
2. Activity in SI units (Bq, MBq, TBq, etc.) §172.403{g)(2) 
3. Transport Index §172.403(g)(3) 

6) PLACARDING 

RADIOACTIVE warning placards will be displayed such that each placard will 
be clearly visible. 

For air travel the RTGs are being t ransported in an aircraft but not in a 
freight container or unit load device. The labeling will be completely 
visible; therefore, placarding will not be required during air transport. 

A. Placards required for any conveyance with a package with a Yellow-
111 label §172.504 Table 1 

8. Special placard required for Highway Route Controlled Quantity (HRCQ) §172.507 

7) Highway Route Controlled Quantity (HRCQ) 

A. Routing regulations for (HRCQ) §397.101 
B. Drivers of HRCQ must have a route plan in his possession. The route plan must have specific 

information §397.101(d)(1)(2) 
C. The Driver must have specific training and have a train ing certificate in his possession with this 

information §397.101(e)(1)(2) 

Air Force Technical Applications Center Page 5 of 6 
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AFTAC RTG Transportation Plan 

8} CONTAMINATION CONTROL 

Radioactive contamination limits as specified in 49 CFR §173.443 Contamination Control, Table 9: 

Table 9-Non-Fixed External Radioactive Contamination Limits for Packages 

Maximum permissible limits 
Contaminant 

Bq/cm2 uCi/cm2 dpm/cm2 

1. Beta and gamma emitters and low 
4 10-4 220 

toxicity alpha emitters 

2. All other alpha emitting radionuclides 0.4 10-5 22 

Contamination measurements will be taken at each location during transportation in accordance with 
the methods specified in 49 CFR § 173.443 Contamination Control. Locations include all five Burnt 
Mountain sites, Eielson AFB, Creech AFB, and NNSS. See Appendix G - Transport and Handling for the 
details of the contamination measurements. 

9) TRAINING 

A. Radiological safety training will include the following: 
1. General awareness/familiarization training. Each employee will be provided general training 

designed to provide familiarity with the requirements of handling radiological material to 
include radiation control, monitoring, and reporting. 

2. Function-specific training. Employees performing specific activities, such as testing radiation 
levels, moving the RTG packages, providing site security, etc, will be trained in the risks 
associated with each act ivity and the appropriate handling methods. 

3. Safety t raining. Employees will receive training as detailed in Appendix M concerning: 
• Emergency response information 
• Measures to protect the employee from the hazards associated wit h the RTGs 
• Methods and procedures for avoiding accidents with the RTGs. 

B. Security training. Each employee will receive training that provides an awareness of security 
risks associated with t he RTG transport and methods designed to enhance transportation 
security. 

C. OSHA, EPA, and other training. Employee training will comply with Occupational Safety and 
Health Administration (OSHA) standards. 

D. A record of current training will be retained by AFT AC for the duration of the RTG transfer effort. 
The record will include: 
1. The hazmat employee's name; 
2. The most recent training completion date of t he hazmat employee's t raining; 
3. A description, copy, or the location of the train ing materials used to meet the train ing 

requirements of t his section; 
4. The name and address of the person providing the training; and 
5. Certification that the hazmat employee has been trained and tested. 
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AFTAC Transportation Plan for RTG 

APPENDIX G - RTG Transport and Handling (Implementation Plan) 

1) EMERGENCY NOTIFICATION INFORMATION: 

LOCATION COMMAND POST POLICE DEPT FIRE DEPT RAD SAFETY OFFICER 

AFTAC 321-494-4333 N/A N/A Mark Talbert: 321-494-4851 
(cell j (bl(6} I 

Eielson AFB 907-377-1500 907-377-5130 907-377-2178 Maj Scott Boyd: 907-377-6690 
Lt Robyn Pack: 907-377-
6687 /6602 (On Call Cell:(!fil[] 
l(b )(6) I 

Creech AFB 702-652-2446 702-652-2311 702-404-0864 Maj Richard Kice: 702-653-3316 
(On Call Ce11:l(b)(6) I 

Indian Springs N/A 702-879-3333 702-879-3330 N/A 
NNSS 702-295-0311 Operations Coordination Center 

2) OVERVIEW 

A total of ten RTGs will be transported from Burnt Mountain (BM) to the Nevada National Security Site 
(NNSS) using mult iple modes of transport. The ten RTGs are comprised of four types varying in weight, 
quantity of radioactive material and radiation dose rates. RTG weights range from 1598 - 4415 pounds 
(See Appendix F for specific weights). Transport is planned for approximately 10 days; however, 
contingency planning to account for weather, mechanical, or logistical delays includes temporary 
storage, on-site security, etc. 

The RTG was designed and manufactured as a certifiable package IAW Nuclear Regulatory requirements. 

The RTG is comprised of multiple containments to include a bioshield to reduce personnel exposures to 

radiation. 

Auxilrary Heat Exchanger 

Lid 

Thermoelectric Module 

Isotopic Heat Source 

Hastelloy Liner 

Housing 

Tungsten Bloshfeld 

Getter 

Mln-K Insulation 

Fusi! Foam/Glassrock 

Figure 1. Cross-Section View of Sentinel 25F 
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AFTAC Transportation Plan for RTG 

3) PROCEDURES 

A. Radiation Surveys and RTG Contamination Survey Procedures 

1. All personnel working in close proximity of the RTGs will be issued and wear dosimetry, as 

required by the RSO, and have received radiation safety training. This includes: 

a. DOD personnel 

b. DOE personnel 

2. The maximum radiation dose on contact with any single RTG does not exceed 50 milirem per 

hour. When stored in close proximity, aggregate dose rates may exceed 50 millirem per hour. 

Dose rate measurements will be performed by trained personnel, who have the knowledge to 

identify abnormal dose rate conditions. Equipment used to conduct surveys must be approved 

by the RSO. 

3. Prior to entering the RTG area, a background radiation check is performed as follows: 

a. At a minimum of 50 ft from the RTGs take a one minute survey to establish background. 

b. The measurement should be less than 0.05 milliroentgen per hour (mR/hr). 

c. Approach the RTGs until 2 mR/hr is measured. Personnel within this area will be trained in 

Radiation Safety and will require dosimetry. 

d. Surveys will be conducted around the surrounding area to establish a zone for dose rates 

above 2 mR/hr, or where dose rates may allow an untrained/not monitored individual to 

exceed 100 mREM in a calendar year. 

e. Additional surveys will be conducted to document exposure rates to personnel. 

f. All surveys will be documented on forms provided by the AFT AC RSOs. 

4. Contamination surveys will be conducted and documented to ensure damage has not occurred 

to the RTG and to provide documented analysis of RTG capsule integrity. 

a. Following satisfactory radiation measurements, swipes will be taken on each RTG as 

follows (ensure each swipe is placed into a sealed bag): 

b. Use a clean filter paper disc to perform three swipes of each RTG. 

i. Use one filter disc to swipe 180 degrees of the generator seam. The seam is where the lid 

joins the housing. 

ii. Use another filter disc to swipe the remain ing circumference of the generator. 

iii. Use a third filter disc to swipe around the seam where the power plug enters the 

generator. 

c. Swipes will be counted on a portable instrument provided by AFTAC RSOs IAW iSolo 

Alpha/Beta Counter Procedure. 

B. Burnt Mountain (AK) RTG Disconnect Procedures 

l. Current configuration 

a. External electrical connections to each RTG are made through a single, multi-pin, threaded 

connector. 

b. The two RTGs in each shed are currently connected to a power conditioning unit {PCU) in 

each shed by two connecting cables: one cable connects one RTG to one input of the PCU; a 
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second cable connects the second RTG to the second input of the PCU. The PCUs in all of 

the sheds are identical and will work with any of the RTG pairs. 

2. Electrical disconnection 

a. Unscrew both RTG cables from the PCU. 

b. Disconnect all wires from the terminal block located on top of the PCU. 

c. Remove PCU from wall and place with other PCUs for shipment with the RTGs. 

d. Label each RTG cable to identify the RTG to which it is connected. 

e. Unscrew multi-pin connecting cable from each RTG. 

f. Coil the cable and place with other cables for shipment with the RTGs. 

g. Install the RTG's 'shorting plug' on the RTG connector. 

i. The shorting plug is required per Teledyne document 'Operation manual for Sentinel 

Radioisotope Thermoelectric Generators used in AFTAC Seismic Sensor Stations, Burnt 

Mountain, Alaska', Report No. TES-3198, Revised June 1985. Page 11-25 states "RTGs 

must be placed on "short-circuit" whenever they are shipped, during periods of storage, 

and whenever they are disconnected from their PCUs for more than 2 hours." 

ii . The connector is keyed by nonsymmetrical pin spacing so the shorting plug and RTG-PCU 

connecting cable cannot be mated incorrectly. 

C. Handling Procedures 

1. General. 

a. Sentinel RTGs will be handled by forklifts with the forks fully engaged under the attached 

RTG pallet. 

b. When secured to a 463L pallet, RTGs will be handled by forklifts with the forks fully engaged 

under the 463L pallet. 

c. All handl ing equipment will have a safe working load sufficiently greater than the weight of 

the RTG/pallet combination and have been weight-tested. 

d. RTGs will be secured to the forklift when transported without the 463L pallet. 

e. When transported on 463L pallets, the RTGs wil l be secured to the pallet using approved tie­

down configuration. 

f. When transported by K Loader, aircraft, flatbed trailer etc, the RTG will be secured to the 

vehicle whether on or off the 463L pallet using manufacturer provided tie-down procedures 

for the RTGs. 

g. Always place adequate support dunnage under 463L pallets by installing a minimum of three 

4-inch by 4-inch pieces at least as long as the pallet. This will aid in the movement of the 

pallet s and will protect the lower surface from damage. 

h. 463L pallets will be handled in accordance with Technical Order 35D33-2-2-2 463L Air Cargo 

Pallets. 

2. Cautions. 

a. RTGs should be handled with reasonable care as their thermoelectric modules are relatively 

brittle and open/short circuits can develop if the RTG is handled roughly. 

b. RTGs should never be dropped or pulled along a surface. 

c. Forklift operators shall use extreme care when lifting, transporting and placement of RTGs. 
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AFTAC Transportation Plan for RTG 

d. Forklift operators should be certified, be familiar/practiced with the specific forklift for this 

operation, and know how to traverse inclines and rough terrain. 

e. Ground transportation drivers will avoid rough roads whenever possible. 

f. RTGs should not be covered and should be kept at least 1 foot from bulkheads, other cargo, 

and any other obstructions that might restrict the flow of air around the generators. 

g. Use caution when working around the cooling fins to avoid damage. 

h. Avoid placing any items on top of the cooling fins. 

D. Tie-down Procedures 

1. 49 CFR 393, Federal Motor Carrier Safety Regulations, tie-down requirements. 

a. The aggregate working load limit {Wll) of tie-downs used to secure an article or group of 

articles against movement must be at least one-half times the weight of the article or group 

of articles. 

b. A minimum of two tie-downs if the article is 5 ft or less in length and more than 1,100 lbs in 

weight; or greater than 5 ft but less than 10 ft, regardless of weight. 

2. Tie-down specifications 

a. RTGs will be secured with tie-down straps or chains and secured to vehicles while being 

transported. 

b. Chains will have 10,000lb load capability. 

c. Tensioners will be Style A MB-1 MIL-DTL-25959 Type 1. 

d. Straps will be rated to a load of at least 10,000 lbs. 

e. Chains will be tensioned by hand until secured with a maximum deflection of% inch. 

f . The aggregate WLL is 20,000 pounds. Credit can only be given for 1/2 the WLL of each strap 

because the straps will go from an anchor point on the RTG to an anchor point on the 

vehicle/463L. Thus 10,000 x 1/2 x 4 = 20,000. 

3. Tie-down configurations 

a. Forklift tie-down procedures/configuration. 

Straps will secure the RTG to the forklift as indicated in Figure 2. 

Figure 2. Forklift Tie-down Configuration 
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AFTAC Transportation Plan for RTG 

b. 463L pallet tie-downs should be attached as shown in Figure 3. 

RTG will be centered on the 463L pallet, with a sheet of plywood between the 463L and the 

RTG pallets, and chains will be fastened at each corner of the generator pallet and attached 

to a suitable anchor point on the 463L pallet. 

Figure 3. 463L Pallet Tie-down Configuration 

c. Flatbed t railer tie-downs should be attached as shown in Figure 4 if the 463L pallet is not 

used and Figure 5 if the 463L pallet is used. Chains will be fastened at each corner of the 

generator pallet and attached to a suitable anchor point on the flatbed trailer. Or Chains 

will be fastened to a suitable attachment point on the 463L pallet and attached to a suitable 

anchor point on the flatbed trailer. 

Figure 4. RTG - Flatbed Trailer Tie-down Configuration 
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AFTAC Transportation Plan for RTG 

Figure 5. 463L - Flatbed Trailer Tie-down Configuration 

E. 463L Pallet Inspection Procedures 

1. Inspect pallets to assure serviceability. 

a. Do not use pallets if the aluminum skin is separating. 

b. Use pallets with minor dents, gouges, and scratches that do not fracture the skin. 

c. Extensive damage such as bent rails or damaged/missing tie-down rings, the pallet will not 

be accepted for use. 

F. RTG Inspection Procedures 

All RTGs must be inspected before and after transport. Inspections will be performed by DOD or DOE 

personnel. Personnel will ensure to maintain their exposures As Low As Reasonably Achievable and may 

be required to wear personal dosimetry. 

1. Pallet Assembly Inspection (Structural Integrity/Welds) 

a. Wipe down pallets to remove loose dust/dirt/debris while performing cursory visual 

inspection for obvious structural defects, damage, wear, corrosion, and design anomalies. 

b. Perform thorough visual pallet inspection. Use mirrors and illumination to inspect 

underside surfaces and welds. Record all findings. 

i. The frame welds should be inspected for cracking, pitting and paint debonding. 

ii. Any paint debonding in the weld zones should be more closely inspected. 

iii . Scrape away the loose paint to determine the cause of the de bond. 

iv. If the debond is corrosion-related t hen evaluate the extent of the corrosion. 

v. If the corrosion is primarily cosmetic (no pitting) then the weld is considered structurally 

sound. 

c. Record any structural defects, damage, wear, corrosion and design anomalies. 

i. Cracks in pallet welds greater than 0.75 inches require DOD and DOE personnel 

evaluation. 

ii. Missing reinforcement brackets require DOD and DOE personnel evaluation. 

Air Force Technical Applications Center Page 6 of 21 

Em Official I In ?zl, 



:Jccai Hs R@!skd ft:fs: :::&lie:: Ltfitl:JisJal 1"::Li .H l.li#if :lilfl 

AFTAC Transportation Plan for RTG 

iii. Weld separations (sometimes appearing as cracked or broken welds) require DOD and 

DOE personnel evaluation. 

iv. Any cracking or severe pitting in the weld zones would be justification for further 

investigation. 

d. Document the physical condition of pallets. 

2. Generator Inspection 

a. Housing 

i. Visually examine the condition of the RTG housing. 

ii. Check for dents and gouges. 

iii . Check for missing or obscured markings. 

Note: M inor paint flecks and chips have been noted and do not degrade the capability of 

the RTGs for transport. 

b. Cooling Fins 

i. Visually examine the condition of the cooling fins. 

ii . Check for broken or bent fins. 

iii . Examine fins for excessive corrosion. 

Note: M inor corrosion and damage to fins exists, but Teledyne engineers determined it 

did not degrade the capability of the RTGs for transport. 

c. Shorting plug 

i. Visually examine the condition of the shorting plug, pins, mating collar, rubber mating 

interface. 

ii. Check for broken or bent pins. 

iii. Confirm the mating collar is free of corrosion. 

iv. Examine the rubber mating interface for pliability and integrity - no signs of dry rot or 

other deterioration. 

d. Document the physical condition of the RTG. 

3. Inspection results for each RTG will be documented on forms provided by the AFT AC RSOs. 

Example Form 

RTG # __ Inspection Results 
inspected Structurally Acceptable Comments 

Component Y/N 

Pallet Assembly 

Tube Frame 

Skids 

Base Plate 

Tie-Down Tongue 

RTG/Pallet 
interface Brackets 

Generator 

Housing 

Cooling Fins 

Shorting Plugs 

Notes: 

NAME: DATE: 
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AFTAC Transportation Plan for RTG 

G. AFTAC Systems Control Monitoring Procedures 

1. Responsibilities during removal and transport: 

a. Systems Control will monitor the RTG status using current methods until the RTGs are 

disconnected from radios and the site. On-site personnel will take responsibility for RTG 

monitoring until the removal and transport is complete . 

b. Syst ems Cont rol will receive daily phone calls indicating t he health of the team and status of 

the removal actions, to include any deviations. 

4) TRANSPORT ACTIVITIES 

A. Preparatory Actions 

Preparatory actions include required notifications, aircraft support, package approvals, 

equipment/vehicle procurement, personnel training, radiation dosimetry issuance, preposition ing of 

personnel and development of paperwork. 

1. The following offices will be required to perform actions listed per time lines issued by the 

project officer: 

a. Det 460 

i. Request and confirm CH-47 support 

ii. Preposition I-Trac at Site 1 

iii. Acqu ire 463L pallet support dunnage 

iv. Request serviceable 463L pallets from Eielson AFB 

v. Coordinate delivery of 463L pallets to Ft Wainwright 

vi. Preposition plywood at all sites 

vii. Preposition steel plating at all sites 

viii. Obtain packaging for PCUs and associated cabling and ensure it goes to each site as RTGs 

are removed 

ix. Gather and pre-stage support equipment 

x. Conduct forklift driver training 

xi. Provide visitor personnel with BM overview to include provisions required 

xii. Prepare staging location with support dunnage for 463L pallets 

xiii. Remove shed fences at each site shortly before arrival by onsite Det 460 personnel 

xiv. Provide two-way radios in Alaska to ensure communication between participating 

personnel 

b. AFTAC Radiation Safety Officer (RSO)/Hazmat Shipping Certifier 

i. Provide notification to AF Radioisotope Committee to ensure 120 day NRC notification is 

accomplished 

ii. AF RIC will ensure stat e officials have been notified per 10 CFR and AFI 40-201 

iii. Pre-coordinate shipping paperwork for shipment of hazardous cargo 

iv. Identify and perform radiation safety t raining for all personnel 

v. Ensure adequate dosimetry is available for all personnel 

Air Force Technical Applications Center 
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AFTAC Transportation Plan f or RTG 

vi. Ensure adequate radiation safety instruments are available, operational, and calibrated 

vii. Coordinate with Army for radiation training and personnel dosimetry 

viii. Ensure Army POC for Hazmat shipment is notified 

ix. Develop overview of hazards for delivery to Wing Command Post 

x. Train Wing Command Post on emergency notification requirements 

xi. Coordinate with Installation RSOs 

xii. Amend permit as required 

xiii. Develop paperwork for transfer of RTGs to DOE 

c. AFTAC/LS 

i. Coordinate and request SAAM 

d. Eielson 

i. Prepare Crisis Action Center (CAC) to receive RTGs 

ii. Clear hanger or a minimum of 45 x 35 ft of staging space within hanger 

iii. Remove hazardous material from facility (if applicable) 

iv. Enable alarm system or ensure guard will be present 24/7 once RTGs arrive 

v. Conduct baseline radiological survey 

vi. Provide logistical support during off-loading and on-loading operations 

vii. Provide logistical support for aircraft manifest 

viii. Prepare flight line 

ix. Prepare parking area for the CH-47s and C-17 to ensure radiation safety area of at least 

30 ft from aircraft 

x. Support CH-47 refueling, if required 

xi. Clear landing time with flight line operations 

xii. Ensure emergency response personnel available and trained 

xiii. Ensure 10,000 lb forklift and operator availability and conduct operator training 

xiv. Ensure K-loader and operator availability and conduct operator training 

xv. Ensure Flight line support is available (mechanics, emergency, transportation, etc) 

xvi. Arrange Eielson access for receiving team (AFTAC, DOE and SNL Personnel and AF Liaison) 

xvii. Provide dosimetry to Eielson AFB personnel 

xviii. Installation RSOs will assist the AFTAC RSO with radiation protection training 

xix. Installation RSOs will provide logistical support for TLDs for base personnel 

xx. Installation RSOs will provide TLD training to involved Eielson/Creech personnel 

e. Creech 

i. Prepare facility for a minimum of 45 x 35 ft of staging space 

ii . Remove hazardous material from facility (if applicable) 

iii. Enable alarm system or ensure guard will be present 24/7 once RTGs arrive 

iv. Conduct baseline radiological survey 

v. Provide logistical support during off-loading and on-loading operations 

vi. Prepare parking area for C-17 to ensure radiation safety area of at least 30 ft from 

aircraft 

vii. Clear landing time with flight line operations 

viii. Ensure emergency response personnel available and trained 
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AFTAC Transportation Plan for RTG 

ix. Ensure 10,000 lb forklift and operator availability and conduct operator training 

x. Ensure K-loader and operator availability and conduct operator training 

xi. Ensure flight line support is available 

xii. Prepare staging location with appropriate dunnage for 463L pallets 

xiii. Arrange Creech access for receiving team (AFT AC, DOE and SNL Personnel and AF Liaison) 

xiv. Provide two-way radios in Nevada to ensure communication between participating 

personnel 

xv. Provide dosimetry to Creech AFB personnel 

f. DOE (SNL) 

i. Ensure required documentation is filed/prepared for RTG hand-off at NNSS. 

ii. Inspect RTGs at each staging location. 

g. DOE (HQ/SRS) 

i. Provide COC for non-transport 

ii. Provide exemption for package requirements in 49 and 10 CFR. 

B. BM to Eielson AFB Transport 

• Two CH-47s will be used in the extraction (three will be used on Day 5) 

• CH-47s will carry personnel and any equipment not already pre-staged at BM 

• CH-47 (B) will carry two 463L pallets 

• lOK Forklift will need to be in place at Eielson AFB 

1. Day 1 (BM03) 

a. 0600 Showtime at Det 460 - Extraction team receives radios, performs comm check, and 

RSO ensures shipping papers are present/accomplished 

b. 0615 Depart Det 460 for Ft. Wainwright (FWW) 

c. 0700 Arrive at FWW and load gear (to include two 463L pallets and dunnage), flight prep 

i. CH-47 {A) - Forklift and operator 

ii. CH-47 (B)- Personnel and all other gear 

d. 0800 Depart FWW via (2) CH-47s {A & B) for Burnt Mt. 

e. 1000 Arrive at BMAR 

i. CH-47s (A & B) land at BM03 at the pre-designated landing zone. CH-47 (B) should land 

closest to the RTG shed. 

ii. Implement Radiation and Contamination Survey (AFTAC RSO) 

iii. On-site SNL representative performs visual inspection of RTGs (fill out documentation) 

f . 1015 Site Prep 

i. Det 460 personnel put support dunnage on ground. One 463L pallet will be unloaded 

onto support dunnage in accordance with the T.O. 

ii. The second pallet will be rolled to the ramp of the CH-47 and a sheet of 4' x 8' x 3/4" 

plywood will be placed on 463L to accept the first RTG 

iii. Cover fencepost holes with a section of I-Trac and two pieces of plywood 

g. 1045 Remove First RTG (A) 
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AFTAC Transportation Plan for RTG 

i. On-site Commander notifies AFTAC Systems Control of pending RTG disconnect 

ii. Implement RTG Disconnect Procedures 

iii. F/L maneuvers to rear of shed-ensure plywood is in place if required 

iv. Maneuver forks under RTG A 

v. Implement tie-down procedures for F/L 

vi. Lift RTG A and transport to CH-47 (B) 

vii. Place RTG A on 463L pallet, centered on plywood -secure RTG A IAW tie down 

procedures (Army Load Master and AFTAC RSO) 

viii. Pull RTG/pallet A to Load Master approved location on CH-47 (B) and secure (Army Load 

Master) 

h. 1125 Remove Second RTG (B) 

i. Place second 463L on CH-47 (B) ramp in accordance with the T.O. 

ii. Place steel plating in shed under RTG B 

iii. Use pallet jack on steel plating 

iv. WARNING: Use caution when positioning RTG at front edge of shed, position no closer 

than 12 inches from edge. 

v. Pick up RTG Busing pallet jack and maneuver it to shed opening 

vi. Lower RTG Band remove pallet jack 

vii. F/L maneuvers to rear of shed-make sure plywood is in place if required 

viii. Maneuver forks under RTG B 

ix. Implement tie-down procedures for F/L 

x. Lift RTG Band transport to CH-47 (B) 

xi. Place RTG Bon 463L pallet, centered on plywood -secure RTG B IAW applicable 

directives 

xii. Pull RTG/pallet B to Load Master approved location on CH-47 (B) and secure (Army Load 

Master) 

xiii. Load box containing PCU and cables on to CH-47 (B) and secure. 

xiv. Perform Radiation survey around exterior/interior of helo -document results (AFTAC 

RSO) 

i. 1200 BM03 to BMOl Forklift Transition 

i. Load F/L into CH-47 (A) 

ii. CH-47 (A) Transitions to BMOl to off load F/L. 

iii. Offload F/L onto plywood. BMAR personnel will reposition after helo departs. 

iv. Note: All personnel not staying at BMAR for the night need to board CH-47 (A) before it 

leaves BMOl. 

j. 1215 CH-47 (A) Transitions back to BM03 (Engines running) 

i. Load all personnel returning to Eielson AFB 

ii. Load all gear (including pallet jack) returning to Eielson AFB 

k. 1230 CH-47s (A & B) transport personnel and RTGs to Eielson AFB 

I. 1430 Eielson AFB (354 LRS operates F/L) 

i. CH-47s land at Eielson AFB and shut down 

ii. Implement Radiation Survey Procedures (Procedures section, para A) (AFTAC RSO) 
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AFTAC Transportation Plan for RTG 

iii. F/L maneuvers to rear of CH-47 (B) 

iv. RTG/pallet Bis rolled to position on CH-47 (B) ramp (Army Load Master) 

v. F/L maneuvers forks under 463L pallet 

vi. F/L picks up RTG/pallet Band transports to the staging facility 

vii. RTG/pallet A is rolled to position on CH-47 (B) ramp (Army Load Master) 

viii. F/L maneuvers to rear of CH-47 (B) 

ix. F/L maneuvers forks under 463L pallet 

x. F/L picks up RTG/pallet A and transports to staging facility 

m. 1600 - CH-47s (A & B) depart for FWW and transport personnel to FWW as required 

n. AFT AC RSO ensures adequate security for RTGs 

o. Implement Contamination Survey Procedures (AFTAC RSO) 

p. Implement Pallet and RTG Inspection Procedures (DOE/AFTAC RSO) 

q. If contamination detected Implement Emergency Response procedures (AFTAC RSO) 

2. Day 2 (BMOl) 

a. 0600 Showtime at Det 460 - Extraction team receives radios, performs comm check, and 

RSO ensures shipping papers are present/accomplished 

b. 0615 Depart Det 460 for Ft. Wainwright (FWW) 

c. 0700 Arrive at FWW and load gear (to include two 463L pallets and dunnage), flight prep 

i. CH-47 (A) - Forklift and operator 

ii. CH-47 (B) - Personnel and all other gear 

d. 0800 CH-47s (A & B) depart FWW 

e. 1000 Arrive at BMAR 

i. CH-47 (A) lands at BMOl and hot drops personnel/gear. It then transitions to BM03 and 

shuts down. 

ii. CH-47 (B) waits for CH-47 (A) to clear landing zone 

iii. CH-47 (B) lands at the BMOl designated landing zone and shuts down. Note: A new area 

was cleared in back of the shed to ease RTG movement. 

iv. F/L will be in place from Day 1 operations 

v. I-TRAC IS NEEDED AT THIS SITE. USE PLYWOOD AT THE ENTRANCE TO THE SHED AND 

AT THE BACK OF THE CH-47 (all available personnel to assist w ith I-Trac) 

vi. Implement Radiation and Contamination Survey (AFTAC RSO) 

vii. On-site SNL Representative performs visual inspection of RTG and fills out report 

f . 1015 Site Prep 

i. Inst all I-Trac and/or plywood (all personnel) 

ii. Det 460 personnel put support dunnage on ground. One 463L pallet will be unloaded 

onto support dunnage in accordance with the T.O. 

iii. The second pallet will be rolled to the ramp of the CH-47 and a sheet of 4' x 8' x 3/4" 

plywood will be placed on 463L to accept the first RTG 

iv. Cover fencepost holes with a section of I-Trac and two pieces of plywood 

g. 1115 Remove First RTG (A) 

i. On-site Commander notifies AFT AC Systems Control of pending RTG disconnect 
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AFTAC Transportation Plan for RTG 

ii. Implement RTG Disconnect Procedures 

iii. F/L maneuvers to rear of shed-ensure plywood is in place 

iv. Maneuver forks under RTG A 

v. Implement tie-down procedures for forklift 

vi. Lift RTG A and transport to CH-47 (B} 

vii. Place RTG A on 463L pallet, centered on plywood -secure RTG A IAW applicable 

directives 

viii. Pull RTG/pallet A to Load Master approved location on CH-47 (B) and secure (Army Load 

Master) 

h. 1200 Remove Second RTG (B} 

i. Place second 463L on CH-47 ramp in accordance with the T.O. 

ii. Place steel plating in shed under RTG B 

iii. Use pallet jack on steel plating 

iv. WARNING: Use caution when positioning RTG at front edge of shed, position no closer 

than 12 inches from edge. 

v. Pick up RTG Busing pallet jack and maneuver it to shed opening 

vi. Put RTG B down and remove pallet jack 

vii. F/L maneuvers to rear of shed-make sure plywood is in place 

viii. Maneuver forks under RTG B 

ix. Implement tie-down procedures for forklift 

x. Lift RTG Band transport to CH-47 (B} 

xi. Place RTG Bon 463L pallet, centered on plywood -secure RTG B IAW applicable 

directives 

xii. Pull RTG/pallet B to Load Master approved location on CH-47 (B} and secure (Army Load 

Master) 

xiii. Load box containing PCU and cables on to CH-47 (B) and secure 

xiv. Perform Radiation survey around exterior/interior of helo -document results (AFT AC 

RSO} 

xv. Remove I-Trac such that CH-47 (B} can take-off without risk 

i. 1300 BMOl to BM02 Forklift Transition 

i. CH-47 (B) transitions to BM03 to await CH-47 (A} 

ii . CH-47 (A} lands at BMOl after CH-47 (B} departs 

iii. Replace I-Trac/plywood (If needed to Load F/L in CH-47 (A} 

iv. Load F/L CH-47 (A) 

v. Remove I-Trac Note: I-Trac remains at BMOl until the following day 

vi. CH-47 (A) transitions to BM02 to off load F/L. Note: All personnel not staying at BMAR 

for the night need to board CH-47 (A} before it leaves BM02 1230 

j. 1330 CH47 (A} transition back to BMOl (engines running) 

i. Load all personnel returning to Eielson AFB 

ii. Load all gear (including pallet jack} returning to Eielson AFB 

k. 1345 CH-47s (A&B} transport personnel and RTGs to Eielson AFB 

I. 1545 Eielson AFB (354 LRS operates F/L} 
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AFTAC Transportation Plan f or RTG 

i. CH-47s (A&B) land at Eielson AFB and shut down 

ii. Implement Radiation Survey Procedures (Procedures section, para A) 

iii. F/L maneuvers to rear of CH-47 (B) 

iv. RTG/pallet Bis rolled to position on CH-47 (B) ramp (Army Load Master) 

v. F/L maneuvers forks under 463L pallet 

vi. F/L picks up RTG/pallet Band transports to the staging facility 

vii. RTG/pallet A is rolled to position on CH-47 (B) ramp (Army Load Master) 

vi ii. F/L maneuvers to rear of CH-47 (B) 

ix. F/L maneuvers forks under 463L pallet 

x. F/L picks up RTG/pallet A and transports to staging facility 

m. 1715 - CH-47s (A & B) depart for FWW and transports personnel to FWW as required 

r. AFT AC RSO ensures adequate security for RTGs 

n. Implement Contamination Survey Procedures (AFTAC RSO) 

o. Implement Pallet and RTG Inspection Procedures (DOE/AFTAC RSO) 

p. If contamination detected Implement Emergency Response procedures (AFT AC RSO) 

3. Day 3 (BM02) 

a. 0600 Showtime at Det 460 - Extraction team receives radios, performs comm check, and 

RSO ensures shipping papers are present/accomplished 

b. 0615 Depart Det 460 for Ft. Wainwright (FWW) 

c. 0700 Arrive at FWW and load gear (to include two 463L pallets and dunnage), flight prep 

i. CH-47 (A) - Forklift and operator 

ii. CH-47 (B) - Personnel and all other gear 

d. 0800 CH-47s (A & B) depart FWW 

e. 1000 Arrive at BMAR 

i. CH-47 (A) lands at BM02 and hot drop personnel/gear. It then transitions to BMOl. 

ii. CH-47 (B) waits for CH-47 (A) to clear landing zone 

iii. CH-47 (B) lands at the BM02 designated landing and shuts down 

iv. CH-47 (A) lands at BMOl and shuts down to load I-Trac (Det 460 provides Rangers and 

personnel to help load I-Trac) 

v. F/L will be in place from Day 2 operations 

vi. Implement Radiation and Contamination Survey (AFTAC RSO) 

vii. On-site SNL Representative performs visual inspection of RTGs and fi lls out report 

f . 1015 Site Prep 

i. Det 460 personnel put support dunnage on ground. One 463L pallet will be unloaded 

onto support dunnage in accordance w ith the T.O. 

ii. The second pallet will be rolled to the ramp of the CH-47 and a sheet of 4' x 8' x 3/4" 

plywood will be placed on 463L to accept the first RTG 

iii . Cover fencepost holes with a section of I-Trac and two pieces of plywood 

iv. Concurrent ly, I-Trac at BMOl is loaded onto CH-47 (A) and moved to BM04 

v. CH-47 (A) shuts down at BM04 to offload I-Trac and wa its there until needed 

vi. I-Trac will be stored away from landing zone as to not pose a FOO hazard 
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AFTAC Transportation Plan for RTG 

g. 1045 Remove First RTG (A) 

i. On-site Commander notifies AFT AC Systems Control of pending RTG disconnect 

ii. Implement RTG Disconnect Procedures 

iii. F/L maneuvers to rear of shed-ensure plywood is in place 

iv. Maneuver forks under RTG A 

v. Implement tie-down procedures for forklift 

vi. Lift RTG A and transport to CH-47 (B) 

vii. Place RTG A on 463L pallet, centered on plywood -secure RTG A IAW applicable 

directives 

viii. Pull RTG/pallet A to Load Master approved location on CH-47 (B) and secure(Army Load 

Master) 

h. 1125 Remove Second RTG (B) 

i. Place second 463L on CH-47 ramp in accordance with the T.O. 

ii. Place steel plating in shed under RTG B 

iii . Use pallet jack on steel plating 

iv. WARNING: Use caution when positioning RTG at front edge of shed, position no closer 

than 12 inches from edge. 

v. Pick up RTG Busing pallet jack and maneuver it to shed opening 

vi. Put RTG B down and remove pallet jack 

vii. F/L maneuvers to rear of shed- make sure plywood is in place 

viii. Maneuver forks under RTG B 

ix. Implement tie-down procedures for forklift 

x. Lift RTG Band transport to CH-47 (B) 

xi. Place RTG Bon 463L pallet, centered on plywood -secure RTG B IAW applicable 

directives 

ix. Pull RTG/pallet B to Load Master approved location on CH-47 (B) and secure(Army Load 

Master) 

x. Load box containing PCU and cables on to CH-47 (B) and secure. 

xi. Perform Radiation survey around exterior/interior of helo - document results (AFT AC 

RSO) 

i. 1300 BM02 to BM04 Forklift Transition 

i. CH-47 (B) transitions to BM03 to await CH-47 (A) 

ii. CH-47 (A) lands at BM02 after CH-47 (B) departs 

iii. Load F/L into CH-47 (A) 

iv. CH-47 (A) transitions to BM04 to off load F/L and other equipment. 

v. Forklift will be offloaded onto plywood. BMAR personnel will reposit ion after helo 

departs. Note: Before departing BM04, all personnel not staying at BMAR for the night 

need to board CH-47 (A). 

j. 1330 CH-47s transport personnel and RTGs to Eielson AFB 

k. 1345 CH-47 (A) t ransitions back to BM02 (engines running) 

a. Load all personnel going back to Eielson AFB 

b. Load all gear (including pallet jack) going back to Eielson AFB 

Air Force Technical Applications Center Page 15 of 21 
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AFTAC Transportation Plan for RTG 

I. 1545 Eielson AFB (354 LRS operates F/L) 

i. CH-47s land at Eielson AFB and shut down 

ii. Implement Radiation Survey Procedures (Procedures section, para A) 

iii. F/L maneuvers to rear of CH-47 (B) 

iv. RTG/pallet Bis rolled to position on CH-47 (B) ramp (Army Load Master) 

v. F/L maneuvers forks under 463L pallet 

vi. F/L picks up RTG/pallet Band transports to the staging facility 

vii. RTG/pallet A is rolled to position on CH-47 (B) ramp (Army Load Master) 

viii. F/L maneuvers to rear of CH-47 (B) 

ix. F/L maneuvers forks under 463L pallet 

x. F/L picks up RTG/pallet A and transports to staging facility 

m. 1715 - CH-47s (A & B) depart for FWW and transports personnel to FWW as required 

s. AFT AC RSO ensures adequate security for RTGs 

n. Implement Contamination Survey Procedures (AFTAC RSO) 

o. Implement Pallet and RTG Inspection Procedures (DOE/AFTAC RSO) 

p. If contamination detected Implement Emergency Response procedures (AFT AC RSO) 

4. Day 4 (BM04) 

a. 0600 Showtime at Det 460 - Extraction team receives radios, performs comm check, and 

RSO ensures shipping papers are present/accomplished 

b. 0615 Depart Det 460 for Ft. Wainwright (FWW) 

c. 0700 Arrive at FWW and load gear (to include two 463L pallets and dunnage), flight prep 

i. CH-47 (A) - Forklift and operator 

ii. CH-47 (B) - Personnel and all other gear 

d. 0800 CH-47s (A & B) depart FWW 

e. 1000 Arrive at BMAR 

i. CH-47 (A) lands at BM04 and hot drop personnel/gear. It then transitions to BM03. 

ii. CH-47 (B) waits for CH-47 (A) to clear landing zone 

iii. CH-47 (B) lands at the BM04 designated landing zone and shuts down 

iv. F/L will be in place from Day 3 operations 

v. I-TRAC IS NEEDED AT THIS SITE. USE PLYWOOD AT THE ENTRANCE TO THE SHED AND 

AT THE BACK OF THE CH-47 

vi. Implement Radiation and Contamination Survey (AFTAC/RSO) 

vii. On-site SNL Representative performs visual inspection of RTGs and fill out report 

f. 1015 Site Prep 

i. Install I-Trac and/or plywood (all personnel) 

ii. Det 460 personnel put support dunnage on ground. One 463L pallet will be unloaded 

onto support dunnage in accordance with the T.O. 

iii . The second pallet will be rolled to the ramp of the CH-47 and a sheet of 4' x 8' x 3/4" 

plywood will be placed on 463L to accept the first RTG 

iv. Cover fencepost holes with a section of I-Trac and two pieces of plywood 

f. 1045 Remove First RTG (A) 

Air Force Technical Applications Center 
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AFTAC Transportation Plan for RTG 

i. On-site Commander notifies AFTAC Systems Control of pending RTG disconnect 

ii. Implement RTG Disconnect Procedures 

iii. F/L maneuvers to rear of shed-ensure plywood is in place 

iv. Maneuver forks under RTG A 

v. Implement tie-down procedures for forklift 

vi. Lift RTG A and transport to CH-47 (B) 

vii. Place RTG A on 463L pallet, centered on plywood -secure RTG A IAW applicable 

directives 

viii. Pull RTG/pallet A to Load Master approved location on CH-47 (B) and secure(Army Load 

Master) 

g. 1125 Remove Second RTG (B) 

i. Place second 463L on CH-47 ramp in accordance with t he T.O. 

ii. Place steel plating in shed under RTG B 

iii. Use pallet jack on steel plating 

iv. WARNING: Use caution when positioning RTG at front edge of shed, position no closer 

than 12 inches from edge. 

v. Pick up RTG Busing pallet jack and maneuver it to shed opening 

vi. Put RTG B down and remove pallet jack 

vii. F/L maneuvers to rear of shed-make sure plywood is in place 

viii. Maneuver forks under RTG B 

ix. Implement tie-down procedures for forklift 

x. Lift RTG Band transport to CH-47 (B) 

xii. Place RTG Bon 463L pallet, centered on plywood -secure RTG B IAW applicable 

directives 

xii. Pull RTG/pallet B to Load Master approved location on CH-47 (B) and secure(Army Load 

Master) 

xiii. Load box containing PCU and cables on to CH-47 (B) and secure. 

xiv. Perform Radiation survey around exterior/interior of helo - document results (AFT AC 

RSO) 

h. 1300 BM04 to BM05 Forklift transition 

i. CH-47 (B) transitions to BM03 and shuts down to await CH-47 (A) 

ii. CH-47 (A) lands at BM04 and shuts down after CH-47 (B) departs 

iii. Replace plywood 

iv. Load F/L into CH-47 (A) 

v. Remove plywood 

vi. CH-47 (A) transitions to BM05 to off load F/L. Note: Before departing BM05, all 

personnel not staying at BMAR for the night need to board CH-47 (A). 

i. 1330 CH-47 (A) transitions back to BM04 (engines running) 

i. Load all personnel headed to Eielson AFB 

ii . Load all gear (including pallet jack) headed to Eielson AFB 

j. 1345 CH-47s (A&B) transport personnel and RTGs to Eielson AFB 

k. 1545 Eielson AFB (354 LRS operates F/L) 

Air Force Technical Applications Center 
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AFTAC Transportation Plan f or RTG 

i. CH-47s land at Eielson AFB and shut down 

ii. Implement Radiation Survey Procedures (Procedures section, para A) 

iii. F/L maneuvers to rear of CH-47 (B) 

iv. RTG/pallet Bis rolled to position on CH-47 (B) ramp (Army Load Master) 

v. F/L maneuvers forks under 463L pallet 

vi. F/L picks up RTG/pallet Band transports to the staging facility 

vii. RTG/pallet A is rolled to position on CH-47 (B) ramp (Army Load Master) 

viii. F/L maneuvers to rear of CH-47 (B) 

ix. F/L maneuvers forks under 463L pallet 

x. F/L picks up RTG/pallet A and transports to staging facility 

I. 1715 - CH-47s (A & B) depart for FWW and transports personnel to FWW as required 

t. AFT AC RSO ensures adequate security for RTGs 

m. Implement Contamination Survey Procedures (AFTAC RSO) 

n. Implement Pallet and RTG Inspection Procedures (DOE/AFTAC RSO) 

o. If contamination detected Implement Emergency Response procedures (AFT AC RSO) 

5. Day 5 (BMOS) 

a. 0600 Showtime at Det 460 - Extraction team receives radios, performs comm check, and 

RSO ensures shipping papers are present/accomplished 

b. 0615 Depart Det 460 for Ft. Wainwright (FWW) 

c. 0700 Arrive at FWW and load gear (to include two 463L pallets and dunnage), flight prep 

i. CH-47 (A) - Forklift and operator 

ii. CH-47 (B) - Personnel and all other gear 

iii. CH-47 (C) - Empty 

d. 0800 CH-47s (A, B, and C) depart FWW 

e. 1000 

i. CH-47 (A) lands at BM05 and hot drop personnel/gear, then transitions to BM03 and 

shuts down 

ii. CH-47 (B) waits for CH-47 (A) to clear landing zone 

iii. CH-47 (B) lands at BM05 and shuts down 

iv. CH-47 (C) lands at BM03 and shuts down 

v. F/L will be in place from Day 4 operations 

vi. Implement Radiation and Contamination Survey (AFTAC/RSO) 

vii. On-site SNL Representative performs visual inspection of RTGs and fills out report 

f . 1015 Site Prep 

i. Det 460 personnel put support dunnage on ground. One 463L pallet will be unloaded 

onto support dunnage in accordance with the T.O. 

ii. The second pallet will be rolled to the ramp of the CH-47 and a sheet of 4' x 8' x 3/4" 

plywood will be placed on 463L to accept the first RTG 

iii . Cover fencepost holes with a section of I-Trac and two pieces of plywood 

g. 1045 Remove First RTG (A) 

i. On-site Commander notifies AFT AC Systems Control of pending RTG disconnect 
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AFTAC Transportation Plan for RTG 

ii. Implement RTG Disconnect Procedures 

iii. F/L maneuvers to rear of shed-ensure plywood is in place 

iv. Maneuver forks under RTG A 

v. Implement tie-down procedures for forklift 

vi. Lift RTG A and transport to CH-47 (B) 

vii. Place RTG A on 463L pallet, centered on plywood -secure RTG A IAW applicable 

directives 

vi ii. Pull RTG/pallet A to Load Master approved location on CH-47 (B) and secure (Army Load 

Master) 

h. 1125 Remove Second RTG (B) 

i. Place second 463L on CH-47 ramp in accordance with the T.O. 

ii. Place steel plating in shed under RTG B 

iii. Use pallet jack on steel plating 

iv. WARNING: Use caution when positioning RTG at front edge of shed, position no closer 

than 12 inches from edge. 

v. Pick up RTG Busing pallet jack and maneuver it to shed opening 

vi. Put RTG B down and remove pallet jack 

vii. F/L maneuvers to rear of shed-make sure plywood is in place 

viii. Maneuver forks under RTG B 

ix. Implement tie-down procedures for forklift 

x. Lift RTG Band transport to CH-47 (B) 

xi. Place RTG Bon 463L pallet, centered on plywood -secure RTG B IAW applicable 

directives 

xii. Pull RTG/pallet B to Load Master approved location on CH-47 (B) and secure (Army Load 

Master) 

xiii. Load box containing PCUs and cables on to CH-47 (B) and secure 

xiv. Perform Radiation survey around exterior/interior of helo - document results (AFT AC 

RSO) 

i. 1200 BM05 F/L and PAX pickup 

i. CH-47 (B) transitions to BMO$ to await CH-47 (A&C) 

ii. CH-47 (C) lands at BM05 after CH-47 (B) has cleared landing zone 

iii. Load F/L into CH-47 (C) 

j. 1215 CH-47 (C) transitions back to BM03 to await CH-47 A 

k. 1215 CH-47 (A) transitions to BM05 (engines running) after CH-47 (C) has cleared landing 

zone 

i. Load all returning personnel, not Det 460 BMAR technicians 

ii. Load all gear related to RTG Removal for return to Eielson AFB 

I. 1230 CH-47s (A,B&C) transport personnel, equipment, and RTGs to Eielson AFB 

m. 1430 Eielson AFB 

i. CH-47s land at Eielson AFB and shut down 

ii. Implement Radiation Survey Procedures (Procedures section, para A) (AFTAC RSO) 

iii. F/L maneuvers to rear of CH-47 (B) 
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AFTAC Transportation Plan for RTG 

iv. RTG/pallet Bis rolled to position on CH-47 (B) ramp (Army Load Master) 

v. F/L maneuvers forks under 463L pallet 

vi. F/L picks up RTG/pallet Band transports to the staging facility 

vii. RTG/pallet A is rolled to position on CH-47 (B) ramp (Army Load Master) 

viii. F/L maneuvers to rear of CH-47 (B) 

ix. F/L maneuvers forks under 463L pallet 

x. F/L picks up RTG/pallet A and transports to staging facility 

xi. Offload box containing PCUs and cables and move to staging location 

xii. CH-47 (C) off-loads F/L 

n. 1600 CH-47s (A,B&C) depart for FWW and transports personnel to FWW as required 

u. AFT AC RSO ensures adequate security for RTGs 

o. Implement Contamination Survey Procedures (AFTAC RSO) 

p. Implement Pallet and RTG Inspection Procedures (DOE/AFTAC RSO) 

q. If contamination detected Implement Emergency Response procedures (AFT AC RSO) 

C. Eielson AFB to Creech AFB 

• Personnel transitioning to Creech AFB will depart Alaska at least 24 hours prior to RTG departure 

• Radiation surveys will be conducted during loading operations 

1. C-17 lands at Eielson AFB day prior to loading operations and taxis to south ramp, shuts down 

Note: Arrival date and time is notional, actual will be dictated by TRANSCOM 

2. 0700 Begin RTG loading 

a. Place and secure 3 RTGs/pallets on K-loader 

b. K-Loader moves to awaiting C-17 and loads 3 RTGs/pallets 

c. Load Master secures RTGs/pallets IAW applicable directives 

d. Repeat process until all 10 RTGs are loaded on C-17 

e. Load box containing PCUs and cables on C-17 and secure 

f. Load all radiation support equipment on C-17 ands secure 

3. 1000 C-17 Departs for Creech AFB 

D. Creech AFB to NNSS 

1. Receiving Operations 

a. Receiving team arrives on site at Creech AFB 

i. All team members must have emergency response information, security information, and 

team contact information 

ii. 99th MSG distributes radios and performs comm check 

iii . Ensure all participants have cellular telephones as a means of back-up comms 

b. Two tractor trailers arrive and are prepositioned near staging location 

i. AFTAC/RSOs perform radiation survey of tractor and trailer 

Air Force Technical Applications Center 
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AFTAC Transportation Plan for RTG 

ii. Confirm presence of required documentation {shipping papers, emergency response 

information, security information, and team contact information) 

c. Preposition forklift and operator near flight line 

d. C-17 parks/ security establishes cordon and ECP 

e. AFTAC/RSOs perform radiation dose rate surveys on exterior of aircraft 

f . Off-load three RTGs on to Halverson loader and secure 

g. Transport RTGs to staging faci lity 

h. Place RTG/pallets on to support dunnage 

i. Repeat for all RTG/pallets 

j . Off-load box containing PCUs and associated cabling and move to staging location 

k. AFTAC/RSOs perform RTG dose rate and contamination surveys 

I. AFTAC RSOs post area signs and ensure adequate security 

m. AFTAC performs RTG inspection procedures 

n. SNL personnel inspect RTGs for acceptance 

o. Secure staging location and monitor for security 

2. Loading/Ground Transport Operations 

a. Move RTG/pallets from staging location and load on to flatbeds using forklift - utilize 

handling procedures 

b. Secure each RTG as it is loaded onto the flatbeds - utilize Tie Down Procedures 

c. Load box containing PCUs and cables into support vehicle 

d. Placard tractor trailers 

e. Perform radiation surveys of tractor trailer 

f . Reconfirm required documentation is with tractor trailer 

g. Perform comm check to ensure radios and cell phones are functioning properly 

h. Tractor trailers and escort vehicles depart Creech AFB 

i. Drive to NNSS via preplanned route {execute emergency response procedures if necessary) 

j. Stop at NNSS gate for inspection and transfer of ownership 

k. SNL personnel accept ownership of RTGs 

I. RTGs transferred to NNSS designated location 

m. PCUs and cables transferred 

n. RTGs off-loaded 

E. Post Transport Activities 

1. Transport 463L pallets to Creech AFB for disposition 

2. Turn-in comm equipment and vehicles 

3. Ship all support equipment to home station 

Air Force Technical Applications Center 
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Appendix K 

BY ORDER OF THE COMMANDER CENTER INSTRUCTION 40-201 

21 MAY 2008 
AIR FORCE TECHNICAL APPLICATIONS CENTER 

Medical Command 

RADIATION PROTECTION 

COMPLIANCE WTTH THIS PUBLICATION IS MANDATORY 

ACCESSIBILITY: This publication is available digitally on the AFT AC Intranet. lf you lack 
access, contact your directorate Client Support Administrator. 

RELEASABILITY: There are no releasability restrictions on th is publication. 

OPR: AFTAC/RSO Certified by: AFTAC/CC (Colonel Mark W. Westergren) 
Pages : 17 

This CENl implements Af PD 40-2, Radioactive Materials (Non-Nuclear Weapons). It applies 
to a ll personnel assigned to the AFTAC, its detachments, operating locations, and individual 
mobil ization augmentees. It a lso applies to units who possess/ use Radioactive Material (RAM) 
permitted by AFT AC. This instruction discusses control of RAM including procurement, 
receipt, transfer, storage, use, handling, accountability, and disposal of RAM. Furthermore, it 
provides radiation safety gu idance to users of RAM. Implementation of this instruction wi ll 
ensure users are in compliance w ith pertinent directives. This .instruction does not apply to 
e lectronic devices producing either ion izing or non-ionizing rad iation. Operations, activities, and 
procedures pecu liar and unique to a particular location or mission should be addressed in loca l 
Operating Instructions (Ol 's). There should be consistency between OI's, this instruction, and 
other govern ing directives. Copies of al l applicable Ol 's shou ld be provided to the AFTAC 
Radiation Safety Officer (RSO). This publication does not apply to Air Force Reserve 
Command (AFRC), and other ind ividual reservists admin istered by HQ AFRC. It does not apply 
to the ANG. Refer recommended changes and questions about this publication to the Radiation 
Protection Office, AFTAC/CVX, using the AF JMT 847, Recommendation for Change of 
Publication; route AF JMT 847 from your directorate through Publications and Content 
Management, AFTAC/LSCI I. Maintain records created as a result of prescribed processes IA W 
AFMAN 33-363, Management of Records, and dispose of the IA W the AF Records Disposition 
Schedule at https ://AF RIMS.amc.af.mil. 

1.1. Responsibilities 

1.1.1. The AFTAC Commander 

1. 1. 1. I. Ensure all personnel comply with th is instruction. This includes mili tary 
personnel, c ivilian employees, contractor personnel, and v is itors. 

1.1.1.2. Ensure all activities comply with applicable local, state, and federa l directives 
covering the use of radioactive materials to include permitting, procuring, storing, 
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2 CENI 40-201 21 MAY 2008 

handling, accounting for, and disposing of rad ioactive material and the reporting of 
incidents or accidents to the appropriate authorities. 

I. I .1.3. Appoint AFT AC RSO and delegate authority as outlined in AF I 40-20 I, 
Managing Radioactive Materials in the US Air Force, and this instruction. In AFTAC 
there will be two RSOs assigned in writing by the AFTAC/CC to manage the radiation 
protection program. 

1.1.1.4. Conduct an organization radiation protection program under the direction of 
the AFTAC RSO. 

1.1.1 .5. Certify, in writing, AFTAC is committed to the successful implementation of an 
As Low As Reasonably Achievable (ALARA) program. 

l.l.l.6. Ensure the AFTAC RSO is notified of all planned uses of rad ioactive materia l 
within the organization. 

1.1.1. 7. Ensure that non-Air Force organizations have proper authorization to use 
radioactive materia ls within AFT AC. 

1.1.1.8. Review and approve the training and experience qua lifications of a proposed 
AFTAC RSO before submission to the Air Force Radioisotope Committee (AF RJC) for 
final approval. 

1.1.1.9. Review and recommend corrective actions for deficiencies identified by the US 
Nuclear Regulatory Commission (NRC) and AF Inspector General inspections. 

I. l .1.10. Appoint Radiation Protection Technicians (RPT's) to perform spec ific duties 
based on mission requirements. 

1. 1.1 .11. Ensure that an annual audit of the AFT AC Radiation Protection Program ts 
completed. 

1.1.2. AFT AC RSO 

1.1.2.1. Implements the AFT AC Radiation Protection Program under the authority of the 
AFT AC/CC. Establish policy and provide guidance on conduct of the AFT AC Radiation 
Program. 

1.1.2.2. Adv ise the AFTAC Commander on all significant radiation protection 
program activities. 

1. 1.2.3. Suspend any operation involving the use of RAM detenn ined to be unnecessari ly 
hazardous to human health or may adversely impact the env ironment under the authority 
of the AFT AC/CC. rn such an event, the AFT AC RSO must seek time ly resolution of 
substantive issues with the assistance of the RPT and the AFT AC Commander. 
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CENI 40-201 21 MAY 2008 

I. I .2.4. Act as the single focal point for AFT AC on radiation protection program 
matters. Act as the single point of contact with the AF Medical Operating Agency and the 
Air Force Radioisotope Committee. 

L .1.2.5. Provide guidance and consultation to supervisors, users, and RPTs prior to them 
engaging with Installation Radiation Protection Officers, program managers, Department 
of Defense/Department of Energy officials, or civilian agencies when discussing activities 
pertaining to the AFT AC Radiation Protection Program. 

1.1.2.6. Investigate, evaluate, and initiate corrective actions and report noncompliance 
items relating to radioactive material. 

1.1.2.7. Enforce all local, state, and federal directives relating to radiation protection. 

1. 1.2.8. Ensure personnel and area dosimetry monitoring is accomplished as requ ired. 

1.1.2.9. Review and approve procedures involving the use of radioactive material. 

l.1.2.10. Identify train ing requirements for occupationa l workers and supervisors, per AFI 
40-20 I, Title IO CFR Part 19, local guidance, and applicable Nuclear Regulatory 
Commission Gu ides (NUREG). 

1. 1.2.1 1. Recommend remed ial action to correct deficiencies in the radiation protection 
program. 

1.1.2.12. Review plans and mod ificat ions to faci lities utilizing radioactive material. 

I. l .2 .13. Provide preliminary hazard evaluations for proposed uses of radioactive 
material. 

l .1.2.14. Manage the receipt, shipment, and transfer of radioactive material as requ ired by 
NRC and AF regulations. 

1.1.2.15. Prepare and maintain all necessary records of the AFT AC radiation protection 
program. 

I .1.2.16. Identify to the ind ividual users and their supervisors the protective equipment 
and facilities necessary for the safe conduct of projects involving the use of radiation. 

1.1.2.1 7. Coordinate activities invo lving radioactive materials with Installation Radiation 
Protection Officers. 

1.1.2.18. Provide direction and oversight for all radiological decontamination and 
recovery operations. 
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1.1.2.19. Review radiation protection training programs for RPT's, supervisors, and users 
of radioactive material. Radiation protection training provided by others, such as military 
public health, external vendors, DoE Laboratories, or supervisors shall be approved by the 
AFTAC RSO. 

1.1.2.20. Manage and update the AFTAC radioactive material inventory. 

1. 1.2.21 . Maintain "sign-in/out" logs as a means of keeping track of sources which are 
removed for more than 24 hours from RAM designated storage areas. The log must 
include the building location and exact location of sources to ensure RAM can be located 
at all times, indicating absolute contro l of the materials. 

1.1.2.22. Provide emergency response guidance in the event of accidents involving 
contamination of personnel or the env ironment or exposure of personnel to radioactive 
material. 

1.1.2.23. Provide consultation, advice, assistance, and direction on the hazards associated 
with radiation and the methods to control these hazards as well as response to emergency 
incidents or accidents involving radioactive material. 

1.1.2.24. Manage an inventory of calibrated radiation monitoring equipment and 
dedicated check sources for use in routine radio logical surveillance and compliance 
surveys as well as immediate response to emergency situations. 

1. 1.2.25. Establish the required frequency of area surveys. 

1.1.2.26. Ensure qual ified RPT's are designated for each .functional area authorized to 
possess and use RAM. 

1.1.2.27. Ensure timely reporting of accidents or incidents involving radioactive material 
to the AFT AC Commander. 

I .1.2.28. Ensure an A LARA training program is in place. 

1.1.3. AFT AC Radiation Protection Techn icians 

1.1.3.1. Suspend any operation involving the use or RAM determined to be unnecessarily 
hazardous to human health or may adverse ly impact the environment under the authori ty 
of the AFTAC RSO. In such an event, the RPT must seek timely resolution with the 
assistance of the RSO and the AFT AC Commander. 

l . l .3.2. Complete a minimum of 24 hours of formal rad iation safety/health physics 
training and complete work center spec ific on the job train ing. 

1.1.3.3. Ensure users are properly monitored for exposure to radiation and RAM. Monitors 
RAM use areas fol lowing direction prov ided by the AFTAC RSO. 
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1. 1.3.4. Ensure appropriate rad iation/RAM warn ing labels are posted. 

1.1.3.5. Ensure sufficient number of the NRC Form 3, Notice to Employees, are posted 
where employees can view them (Title IO CFR Part 19). Attach a supplemental notice of 
permit documentation to the NRC Form 3 (per AFI 40-201). 

1.1.3.6. Ensure compl iance with directives and conditions of the Radioactive Materials 
Permit (RAMP). 

l. l.3.7. Inform the AFT AC RSO of changes in equipment and/or procedures wh ich cou ld 
s ignificantly alter approved radiation protection procedures and possibly lead to radiation 
accidents/inc idents. 

1.1.3.8. Repo1t incidents/acc idents involving RAM to the AFTAC RSO, who in turn. will 
notify the AF RlC Executive Secretaries. 

1.1.3.9. Verify users are complying with the AFTAC Radiation Protection Program and 
practicing the ALARA phi losophy. 

1.1.3.10. As needed, prepare clarifying Ols which detail un ique aspects of their program. 

1.1.3.11 . Ensure female radiation workers are familiar with NUREG 8.13, Instructions 
Concerning Prenatal Radiation Exposure (and its revisions). 

1. 1.3.12. Ma intain a readily available and current inventory of RAM. 

1.1 .3.1 3. Ensure that monthly rad iation surveys are performed in unrestricted areas 
adjacent to where RAM is used or stored. Documentation of the survey will be provided 
to the AFT AC RSO. 

1.1.3.14. Ensure equ ipment used to process RAM is checked for residual radioactive 
contamination prior to transfer to an unrestricted area or removed from inventory. 

1.1.3.15. Ensure all radioactive material is accounted for at all times. Use the sign in/out 
logs as necessary to ensure control of RAM. 

1.1 .4 . Supervisors 

l. l .4.1. Appo int in writing at least one RPT for each work center using RAM and/or as 
requ ired by the RSO. Ensure radiation workers are briefed in accordance with this 
instruction. 

1. 1.4.2. Ensure RPTs under their supervision follow the conditions of this instruction. 
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l .1 .4 .3. Advise the AFT AC RSO and work center RPT of proposed uses of radioactive 
material and any matters affecting the radiation protection program. 

1.1.4.4. Coordinate radiation survey or hazard eva luation activities with the A FT AC RSO. 

1.1.4.5. Ensure timely reporting of accidents or incidents in volving RAM to the AFT AC 
RSO or AFT AC Commander. 

1.1.4.6. Assist in the investigation of incidents or accidents relating to the use of RAM. 

1.1.4. 7. Coordinate radiation safety training with the AFT AC RSO for newly assigned 
employees or a irmen who may be exposed to ionizing rad iation. 

1.1.4.8. Document ALARA training on each ind ividual's AF Form 55. Employee Safety 
and Heal th Record. 

1.1 .4.9. Coordinate with the AFTAC RSO before in itiating any project including 
procurement, use, storage, and/or disposal of RAM or devices or any changes in working 
conditions or activities which could affect the rad iation protection program. Al l 
coordination sha ll be accomplished prior to initiation of the project. 

L .1.4. 10. Submit operating instructions and procedures involv ing RAM to the AFT AC 
RSO prior to implementation. 

1.1 .4.11. Ensure a ll users are familiar with operating instructions and radiation safety 
procedures and the AFT AC A LARA program. 

l .1.4.1 2. Ensure occupational workers are issued and wear dosimetry, as required by 
AFTAC RSO. 

1.1.4. 13. Adv ise the AFT AC RSO, in writing, of any proposed changes to the radioactive 
material inventory, any proposed acquisition of new radioactive material, or generation of 
radioactive waste. 

1. 1.4.14. Ensure period ic surveys and monitoring of work areas are conducted as directed 
by the RSO. 

1.1.4. 15. Ensure female radiation workers are briefed on prenatal radiation exposure 
(NUREG 8.13). 

1.1.4.1 6 . TA W AFMAN 48-125, Personnel Ionizing Radial ion Dosimetry, promptly refer 
pregnant personnel to the AFTAC or Installation Rad iation Protection Officer. 

1. 1.4.1 7. Designate work center RPTs in writing. (M ust be approved by the AFTAC 
Commander). 
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1.1.5. Each individual using RAM 

1.1.5. L. Understand and implement the rules of radiation safety as described in applicable 
local, state, and federal guidance. 

l. l.5.2. Wear personnel monitoring devices [ex: thermolum inescent dosimeter (TLD)] 
when working with radioactive materia ls or as directed by supervisors, RPT's, and the 
AFTAC RSO. 

1.1.5.3. Wear appropriate protective clothing and equipment as prescribed by supervisors 
and the AFTAC RSO. 

1.1.5.4. Become famil iar with the ALARA program which is dedicated to maintaining 
exposure to ionizing radiation A LA RA. 

1.1.5.5. Report incidents/accidents and hazardous conditions immediately to their 
superv isors or the AFT AC RSO if appropriate. 

L. I .5.6. Assist the supervisor. RPT, or the AFT AC RSO, as directed, to control the s ite of 
an accident/incident. 

L. L.5.7. Inform their supervisor of any changes to equipment, procedures, or other facto rs 
involv ing RAM which may alter the radiation safety practices or radiation levels in 
unrestricted areas. 

1.1.5.8. Understand requirements of AF MAN 48- 125, if they become pregnant. 

1.2. Dosimetry 

1.2.1. Individuals who routinely work with or in the vic inity of sources of ion i~ing radiation 
may be designated as radiation workers by the AFTAC RSO after an evaluation of the 
potential hazards. Note: The Installation Radiation Protection Officer manages the overall 
dosimetry program for each organ ization. 

1.2.2. The AFTAC RSO wi ll : 

1.2.2.1. Work with the Installation Rad iation Protection Officer to determine if rad ia tion 
monitoring is required. 

1.2.2.2. Issue and exchange radiation dosimeters. 

1.2.3. Each ind ividual to be monitored shall be provided with a radiation safety briefing to 
include an explanation concerning proper wear and storage of dosimeter, the right to 
period ica lly rev iew the dosimetry resu lts, and the potential hazards of radiation exposure to 
productive health. The Installation Radiation Protection Officer ensures each individual 
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monitored is provided with the summary results of dosimetry (internal and external) annually 
on AF Form 1527- 1, Annual Occupational Exposure History to Ionizing Radiation. 

1.2.3.1. Prior coordination with the AFT AC RSO concerning visitor access to restricted 
rad iation areas is requ ired. 

l .2.4. Dosimeters w ill be worn whi le working in a designated rad iation use area. The badges 
wi ll be worn before beginning work and removed after leaving the rad iation use area. 

1.2.4.1 When not being worn, dosimeters must be stored in a low-radiation environment 
with the "control dosimeter." The control dosimeter a lways remains on the dosimeter 
storage board. 

l .2.4.2. If a dos imeter is lost or damaged, the AFT AC RSO will request a memo from the 
wearer, coordinated through their supervisor, explain ing the circumstances of the loss or 
damage and a brief description of work performed during the monitoring period. This 
information is provided to the Installation RSO who will determine if an administrative 
dose is assigned. 

1.3. As Low As Reasona bly Achievable (ALARA) Concept 

1.3. l. AFT AC is committed to achieving an effective ALARA Program. 

1.3. 1.1. The AFTAC RSO shall ensure users, workers, and ancillary personnel are 
provided briefings describing the ALARA program at least annually. 

l .3.1.2. The AFT AC RSO may require users to develop new procedures to implement the 
ALARA concept and shall review occupational radiation exposure records to ensure 
compliance with ALARA. 

1.3. 1.3 The AFTAC RSO sha ll encourage users to submit suggestions for improving 
health physics practices and increasing the effectiveness of the ALARA program. 

1.3.1.4. The AFTAC RSO shal l investigate all deviations from ALARA and direct 
changes when appropriate. 

l.3.2. Personnel requ iring training in radiation safety commensurate w ith their duties shall 
include: 

1.3.2. 1. Users. 

1.3.2.2. Supervisors. 

1.3.2.3. Radiation Protection Technicians. 

1.3.2.4. Emergency response teams. 
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1.3.2.5. Ancillary personnel (such as housekeeping) who may perform duties in areas 
where RAM is used. 

1.3.3. Training shall be provided by the AFT AC RSO to personne l. 

1.3.3.1. Before personnel are permitted to assume duties with or in the vicinity of RAM. 

1.3.3.2. Annually during a refresher training course. 

1.3.3.3. When there is a significant change in duties .or radiation safety requ irements. 

1.3.4. When training is accompl ished, workplace supervisors shall ensure it is documented on 
each individual ' s AF Form 55. 

1.4. Procurement, Receipt, Control, and Accountability of RAM 

1.4.1 . Procurement/Ordering 

1.4.1.1. Under no circumstances will RAM be procured directly from a supplier or 
through a contract without prior coordination and approval from the AFT AC RSO. 

1.4.1.2. The order must be forwarded and approved by the AFT AC RSO prior to 
submission for procurement. 

1.4.1.3. The AFTAC RSO shal l review the order to ensure it does not exceed 
authorization. 

1.4. 1.4. Each individual who intends to procure RAM must consult with the AFTAC RSO 
to determine if the material is authorized by the RAM Permit. The individual will request 
in writing to the RSO for approval to procure the needed materials. 

1.4.1.5. If the material is not authorized by the permit, or the limit authorized by the 
permit may be exceeded, the AFTAC RSO will submit a written request to the AF RIC to 
have the permit amended. The user wi ll be notified if the authorization is approved, but 
will not take action to procure the material until the permit is amended. Insta llation 
Radiation Protection Officers will be notified by the RSO prior to any RAM entering 
installation. 

1.4.1 .6. The purchase order shall specify that the AFT AC RSO shall be contacted during 
normal duty hours on receipt of the item at any AFT AC facil ity. Jf the package conta ins 
radioactive materia l and appears to be damaged or leaking, the AFTAC RSO shall be 
notified immediate ly through the AFTAC Alert Operations Center at DSN 854-4333 or 
commercially (32 1) 494-4333, irrespective of the day or time. 
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1.4.1.7. Upon notification that RAM has an-ived atAFTAC, the AFTAC RSO shall send a 
member of the staff to inspect and monitor the package. Only the AFTAC RSO or a 
certified RPT shall open the package. The action taken shall depend on the hazard 
associated w ith the particular item and the condition of the package. 

1.4.2. Receipt/Control of RAM 

1.4.2.1. During duty hours, packages containing Type A quantities of RAM or greater 
shall be inspected and opened within 3 hours of receipt. If a Type A package is received 
after duty hours, it shall be inspected and opened within 3 hours after the beginning of the 
next duty day. 

I .4.2.2. The AFT AC RSO will be notified upon the receipt of any RAM. 

1.4.2.3. Upon receipt of RAM, an inspection wi ll be conducted and documentation of 
receipt w ill be performed by the RSO or designated RPT. 

1.4.2.4. For each package/source/material ordered, the fo llowing should be recorded, 
documented and/or complied with: 

1.4.2.4. l. Isotope - If package is a sample to be processed, the isotope may not be 
available. In this case, record the primary activity of emiss ion (i.e.; alpha, beta, 
gamma). 

1.4.2.4.2. Activity (Curie or Becquerel) - If estimated, record instrument used and 
assumed efficiency for the instrument. 

1.4.2.4.3 . Physical form (solid, liquid. gas). 

l.4.2.4.4. Volume or weight of material (if known). 

1.4.2.4.5. When satisfied that all contents have been received notify the shipper. 

1.4.2.5. Special precautions shall be taken when receiving and opening packages 
containing rad ioactive material: 

l.4.2.5.1. Visually inspect the package and, if damaged, notify the AFTAC RSO 
immediately. 

1.4.2.5.2. Measure the exposure rate at the package surface and, if greater than 
expected or 2 mill irem per hour, contact the AFT AC RSO. 

1.4.2.5 .. 3. Verify the contents with the packaging slip. 

1.4.2.5.4. Ensure ALARA practices are followed and proper personnel protective 
equipment is utilized (ex: disposable g loves). 
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1.4.2.5.5. After the package is opened and the contents examined, the AFT AC RSO 
sha ll be notified immediately if there is e ither a discrepancy, if the items appear 
damaged, or incorrect. All documentation includ ing the shipping documents wi ll be 
provided to the RSO. 

1.4.2.5.6. Examine the integrity of the final source container. 

1.4.2.6. Accountabil ity 

1.4.2.6.1. RAM that is exempt or permitted w ill be inventoried and accounted for 
with in AFT AC. 

1.4.2.6.2. Directorates, detachments, and operating locations in possession of RAM 
must keep an inventory; follow all laws for RAM disposal, transportation, and 
applicable portions of this instruction. 

1.4.2.6.3. At a minimum, all RAM will be secured in a RAM approved, controlled, 
or restricted area to prevent unauthorized removal or access. 

1.4.2.6.4. No RAM w ill be disposed of, transported, or sh ipped without notifying 
the AFT AC RSO. 

1.4.2.7. Shipping 

1.4.2.7.1. No RAM will be shipped without prior coord ination with the AFTAC 
RSO. 

l.4.2.7.2. If the material shipped is a sample for which isotopes are not yet 
identified, record all known data (ex: activity, dose exposure on contact). 

1.4.2.7.3. RAM in excess of the exempt concentration levels and exempt 
consignment levels (Title 49 CFR Par 173), wi ll be shipped per instruction of the 
AFT AC RSO or AFT AC Commander. 

1.4.3. Storage 

1.4.3. 1. RAM wi ll be stored IA W local , state, and federal guidance. Location of material 
must appear in the AFTAC RAM inventory. 

1.4.3.2. Caustics, corrosives, acids, or explosives w ill not be stored in RAM storage areas. 

1.4.3.3. RAM will not be stored in administrative areas. 

1.4.4. Inventory 
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1.4.4.1. The AFT AC RSO maintains a master inventory for all RAM. 

1.4.4.2 . Each work center RPT w ill maintain an inventory of their exempt and permitted 
RAM. The accuracy of information on the inventory is the responsibility of the RPT and 
the AFT AC RSO. 

1.4.4.3 . An inventory will be conducted and documented quarterly. 

1.4.4.4. The RPT will s ign the inventory, noting any changes or updates, and forward to 
the AFT AC RSO for review. 

1.4.4.5. Information on the inventory shall contain but is not limited to: 

1.4.4.5.1. Building and room number (where the material/source is located). 

1.4.4.5.2. Original Assay Date. 

l .4.4.5.3. Med ium (physical fonn). 

1.4.4.5.4. Element-Isotope (radionuclide) . 

1.4.4.5.5. Section (office symbol of the organization m possession of the 
materia I/source). 

1.4.4.5.6. Person responsible fo r the material (point-of-contact). 

1.4.4.5.7. Source suppl ier (may be the manufacturer or another authorized user 
organ ization). 

1.4.4.5.8. Remarks (e.g.; type of source, general or specific use/storage location, 
etc.). 
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1.5. Leak Testing of RAM 

1.5.1. Sealed sources are leak tested at intervals specified in the AF rad ioactive material 
permits or as directed by the AFT AC RSO. 

1.5.2. Leak testing sha ll be accomplished by the AFTAC RSO, qualified RPT, or as 
d irected by the RSO. 

1.5.2.1 . Results shall be ma intained by the AFT AC RSO. 

1.5.2.2. If contamination is detected in excess of acceptable limits the source shall be 
secured in an isolated area and the AFT AC RSO contacted immed iate ly. 

1.6. Reporting Requirements 

1.6. l. Mishaps, Incidents, and Accidents. Any abnormal occurrence involving rad ioactive 
material shall be reported immediately. Based on the severity of the occurrence, as 
specified in AFI 40-20 I, the AFT AC RSO shall make the proper notifications. 

1.6.2. Notice of Violation or Hazard. Any worker or representative of workers who 
bel ieve that a violation of NRC, AF instructions, or permit conditions has occurred, or that 
any defect in faci lities or equipment exists wh ich may pose a hazard to personne l or the 
env ironment, shall report such conditions to: 

1.6.2.l The immed iate superv isor or their branch or d ivision ch ief. 

1.6.2.2 fn absence of the AFTAC RSO, reports may be made to the AFTAC 
Commander. 

1.7. Prescribed and/or Adopted Forms. All Air Force IMTs prescri bed or adopted by this 
publication are avai lable through the Air Force Publications Distribution system. Any other 
agency forms identified or requ ired for use are available from AFTAC/RSO. 

l .7.1 . AF Form 55, Employee Safety and Health Record. 

1.7.2. AF Form 847, Recommendationfor Change of Publication. 

1.7.3. AF Form 1527-1 , Annual Occupational Exposure History to Ionizing Radiation. 

MARK W. WESTERGREN, Colone l, USAF 
Commander 
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Attachment 1 

GLOSSARY OF REFERENCES AND SUPPORTING INFORMATION 

References 

5 USC 552a, (Public Law 93-579) - Privacy Act of 1974 

AFI I 0-206, Operational Instruclions, 4 October 2004 

AFI 32-7020, The Environmenlal Restoration Program, 7 February 200 I 

AF! 32-7040, Air Quality Compliance, 9 May 1994 

AFI 32-7042, Solid and Hazardous Waste Compliance, 12 May 1994 

AFI 33-332, Air Force Privacy Act Program. 29 January 2004 

AFl 40-201 , Managing Radioactive Materials in the US Air Force, 13 April 2007 

AFl 40-402, Using Human Subjects in Research Development Test and Evaluation, 5 May 

2005 

AFl 40-403, Clinical investigations in Medical Research Guidance and Procedures 

AFI 41-106, Medical Readiness Planning and Training, 2 December 2004 

AF! 48-119, Medical Environmental Quality Programs, 25 July 1994 

AFI 90-20 I, Inspector General Activities, 22 November 2004 

AFI 91-10 I, Air Force Nuclear Weapons Surety Program. 19 December 2005 

AFI 91-109, Air Force Nuclear Reactor Program, I January I 999 

AFI 91-110, Nuclear Safety Review and Launch Approval for Space or Missile Use of 
Radioactive Material and Nuclear Systems, 28 June 2002 

AFI 9 I -204, Safety Investigations and Reports, 14 February 2006 

AF! 91-30 I , Air Force Occupational and Environmental Safety, Fire Prevention, and 

Health 

(AFOSH)Program, I June 1996 

AFPD 24-2, Preparation and Movement of Air Force Materiel, 3 September 2003 

AFPD 32-70, Environmental Quality. 20 July 1994 

AFPD 40-2, Radioactive Materials (Non-Nuclear Weapom). 8 April 1993 

AFPD 48- l , Aerospace Medicine , 3 October 2005 

AFMAN 33-363, Management of Records, I March 2008 

AFMAN 48-125, Personnel Ionizing Radiation Dosimehy 7 August 2006 
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AF Jl 23-504, Radioactive Items in the DoD Supply Systems. 19 April 1985 

DoD Directive 5400.11 , DoD Privacy Program, 16 November 2004 

DoDI 6055.8, Occupational Radiation Protection Program, 6 May 1996 

Energy Reorgan ization Act of 1974 (Publ ic Law 93-438) 

MIL-STD-882B, Systems Safety Program Requirements 

NUREG 8.13, Instructions Concerning Prenatal Radiation Exposure 

NU REG 1575, Multi-Agency Radiation Survey and Sight Investigation Manual 

Privacy Act of 1974 

Resource Conserva tion and Recovery Act (RCRA) 

Title 11 of the Energy Reorganization Act of 1974 (Public Law 93-438) 

Title 10, Code of Federal Regu lations (IO CFR), Energy 

Part 2, Rules of Practice for Domestic Licensing Proceedings and Issuance of Orders 

Part 19, Notices, Instructions and Reports to Workers: Inspection and Investigations 

Part 20, Standards for Protection Against Rad iation 

Part 21, Reporting of Defects and Noncompliance 

Part 30, Rules of General Applicability to Domestic L icensing of Byproduct Material 

Part 3 1, Genera l Domestic Licenses for Byproduct Material 

Part 33, Speci fic Domestic Licenses of Broad Scope for Byproduct Material 

Part 34, Licenses for Radiography and Radiation Safety Requirements for Radiographic 

Operations 

Part 35, Medical Use of Byproduct Materia l 

Part 36, Licenses and Radiation Safety fo r lrrad iators 

Pait 40, Domestic Licensing of Source Material 

Part 70, Domestic Licensing of Special Nuclear Material 

Part 71 , Packaging and Transportation of Rad ioactive Material 

Part 74, Material Control and Accounting of Special Nuclear Material 

Part I I 0, Export and Import of Nuclear Equipment and Material 

Part 150, Exemptions and Continued Regulatory Authority in Agreement States 

Title 29 Code of Federal Regu lations (29 CFR), Department of Labor 

T itle 40 Code of Federal Regulation (40 CFR), Protection Of Environment 

Title 49 Code of Federa l Regu lation ( 49 CFR), Transportation 
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Part 173, General Requirements For Shipments and Packaging 

Un iform Code of Military Justice (UCMJ), Article 92 

Abbreviations and Acronyms 

AEA - Atomic Energy Act of 1954 

AF RIC - Air Force Radioisotope Committee 

ALARA - As Low As Reasonably Achievable 

CFR - Code of Federal Regulations 

DoE - Department of Energy 

NUREG - US Nuclear Regu latory Commission Regulation 

01 - Official Instructions 

RAM - Radioactive Material 

RAMP - Rad ioactive Materials Permit 

RIC - Radioisotope Committee 

RPT - Radiation Protection Techn ician 

RSO - Rad iation Safety Officer 

TLD - Thennoluminescent Dosimeter 

US NRC - Nuclear Regulatory Commission 

Terms 

Accelerator Produced Radioactive Material - Rad ioactive material produced as the result 
of operating a particle accelerator. 

Air Force Master Materials License - The sing le NRC license issued to the Department of 
the A ir Force delegating to the Air Force regulatory authority over Byproduct, Source, and 
limited quantities of Special Nuclear Material used by the Air Force. 

Alternate Radiation Safety Officer - A person, named as such on the US A ir Force 
Radioactive Material Permit, who is qualified to act as RSO when the primary RSO is 
absent. Unless otherwise requested by the permittee, the alternate RSO becomes the 
primary RSO when the named primary RSO leaves the organization. 
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Assistant Radiation Safety Officer - A person in training for the position of RSO, who 
may only act under the supervision of the RSO. 

As Low As Reasonably Achievable (ALARA) - The principle that personne l exposure 
must be maintained as low as possible consistent with existing technology, cost, and 
operational requirements. 

Byproduct Material - Radioactive material (except Source and Special Nuclear Material) 
y ielded in, or made rad ioactive by, exposure to the radiation incident to the process of 
producing or using Source or Special Nuclear Material. 

Low Level Radioactive Waste (LLRW) - Radioactive waste not classified as high level 
radioactive waste, transuranic waste, spent nuclear fuel , or Byproduct Material as defined in 
Section l le(2) of the AEA (uranium or thorium tailings and waste). 

Mixed Low Level Radioactive and Hazardous Wastes (Mixed Waste) - Low level 
radiological wastes that a lso contain chemical constituents that the Env ironmental Protection 
Agency defines as hazardous in 40 CFR 26 1, Identification and listing of Hazardous Waste. 

NUREG - Technical reports on various topics related to the regulation of nuclear energy 
published by the US Nuclear Regulatory Commission. 

Naturally Occurring Radioactive Material - Radioactive material that occurs in nature; 
e.g.; radium-226 

Permit - US Air Force or US Navy radioactive material permit issued to a unit within the 
respective service under the authority of a master materials license authorizing use of 
specific rad ioactive material for specific purposes or activ ities. 

Permittee - The commander or sen ior functional manager of the Air Force organ ization 
identified in block I of a permit. 

Radiation Safety Officer - An individual with specific education, military training, and 
professional experience in radiation protection practice appointed by a commander or the 
USAF Radioisotope Committee to manage radiation safety programs. The term "Radiation 
Safety Officer" (RSO) is a functional title and does not denote a commissioned status or 
specialty code. An RSO shou ld be the most technically qualified person available. Take 
care when addressing RSO qualifications and duties to distinguish between installations and 
permit RSOs. Individuals appo inted as the installation RSO may not always have the 
specific technical experience and train ing needed to qualify as the permit RSO. 

Radioactive Item - A single unit or article constructed of or having radioactive materials as 
a component part. 
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Radioactive Material - Materials whose nuclei, because of their unstable nature, decay by 
emission of ionizing radiation. The rad iation emitted may be alpha or beta particles, gamma 
or X-rays, or neutrons. 

Restricted Area - For this instruction, a restricted area is an area having access limited to 
protect individuals against undue risks from exposure to rad iation and radioacti ve material. 
Restricted area does not include areas used as residentia l quarters, but separate rooms in a 
residential bu ilding may be set apart as a restricted area. · 

Section Ninety-one b (91b) Material - Radioactive material exempted from NRC licensing 
controls under Section 91 b of the Atomic Energy Act of 1954, as amended, in the interest of 
national defense. 

Source Material - Uran ium or thorium or any combination thereof in any physical or 
chemical form; or ores that have, by we ight, one-twentieth of I percent (0.05 percent) or 
more of uranium, thorium, or any combination thereof. Source Materia l does not include 
Special N uclear Materia l. 

Special Nuclear Material - Pluton ium, uranium-233, uranium enriched in the isotope 233 
or in the isotope 235; any other material that the NRC determines to be Special N uclear 
Material and any material artificially enriched by the foregoing. Specia l Nuclear Material 
does not include Source Material. 

Type A Package - A packaging that, together with its radioactive contents limited to A I or 
A2 as appropriate, meets the requirements of 49 CFR 173.4 10 and 173.412 and is designed 
to retain the integrity of containment and shielding requ ired by 49 CFR Part 173 under 
normal conditions of transport as demonstrated by the tests set fo rth in 49 CFR 173.465 or 
173.466, as appropriate. A Type A package does not require Competent Authority Approval. 

Unrestricted Area - For this instruction, an unrestricted area is any area access to which is 
not controlled by the permittee. Generally, it is an area that is accessible to a person who is 
not trained to work with rad ioactive materia ls or accessible to a member of the public. 

US Nuclear Regulatory Commission - An agency established by Title If of the Energy 
Reorganization Act of 1974 (Public Law 93-438) to regu late Byproduct, Source, and Specia l 
Nuclear Material as provided for by the Atomic Energy Act of 1954, as amended. Within 
the NRC, final authority rests w ith the five member Commission acting as a body. 

USAF Radioactive Material Permit - Written authorization from the USAF Radioisotope 
Committee for Air Force organizations to receive, possess, use, distribute, store, transport, 
transfer, and dispose of radioactive materials. Permits parallel N RC licenses in applications 
and scope. Unlike the NRC, a single permit may authorize Byproduct, Source, Specia l 
Nuclear Material, Accelerator Produced Rad ioactive Material, and Natura lly Occurring 
Radioactive Material. 
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USAF Radioisotope Committee (RIC, Committee) - A committee set up accord ing to the 
Air Force Master Materials License to coordinate the administrative and regu latory aspects 
of licensing, receiving, possessing, using, distributing, storing, transporting, transferring, and 
d isposing of all rad ioactive materia ls in the Air Force except that transferred from the 
Department of Energy to the Department of Defense in nuclear weapon systems, certain 
radioactive parts of weapons systems and nuclear reactor systems, parts and fue l controlled 
under Section 9 1 b of the AEA. 
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AFTAC Transportation Plan for RTG 

Appendix K - Communications Plan 

STRATEGIC COMMUNICATION PLAN and 
PUBLIC AFFAIRS GUIDANCE 
Air Force Technical Applications Center (AFTAC) 
Office of Public Affairs 
as of 28 August 2014 

(U) SUBJECT: Burnt Mountain Radioisotope Thermoelectric Generator (RTG) Transportation Plan 
{U) Attachment 1- Questions and Answers 

1. {U) PURPOSE: This Public Affairs Guidance provides background, information, questions and answers 
(Q&A), and key themes and messages regarding the Operational Transportation Plan that is scheduled to 
take place in July 2015. 

2. (U//FOUO) BACKGROUND (NOT FOR RELEASE): For the protection of national security, sensitive details 
about the program or transfer of the RTGs will not be discussed or released due to Nuclear Regulatory 
Commission (NRC) restrictions. Areas that will not be discussed include specific operational information, 
seismic array architecture (to include geographic location and/or lat-long coordinates), physical protection 
details, or specific timelines of when and where the RTGs will be transferred. Additionally, the specific 
location of the RTGs and their association with Burnt Mountain are considered "FOR OFFICIAL USE ONLY" and 
should not be publicly disclosed based on NRC requirements. 

(U//FOUO) AFTAC operates a seismic observatory on Burnt Mountain in Alaska to help verify compliance 
with nuclear test ban treaties. Data from the unattended station, located in a remote area about 60 miles 
wit hin the Arctic Circle and approximately 50 miles south of the Arctic National Wildlife Refuge, are used to 
ascertain whether or not seismic activity has been caused by nuclear explosions. The data collection and 
communications equipment at the station use to be powered by 10 radioisotope thermoelectric generators 
(RTG). Each RTG is fueled with stront ium-90 (Sr-90), a radioactive material. RTGs were used because of their 
high reliability and low maintenance requirements. 

3. (U) BACKGROUND (RELEASEABLE): AFT AC globally operates multiple remote seismic arrays used in 
verification of compliance with nuclear test ban t reaties. At one time, AFT AC ut ilized radioisotope 
thermoelectric generators, or RTGs, to power certain data collect ion and communicat ions equipment. RTGs 
were used because of their high reliability and low maintenance requirements. 

(U) In 1992, a tundra fire encroached on the Burnt Mountain site. It damaged some data cables, but did not 
impact the RTGs. The fi re raised public concern among nearby inhabitants about the safety of using 
radioactive material as the power source at the station. 

(U) The RTGs are no longer in use as a mission power source by t he USAF. Although the RTGs remain an 
effective means of generating power, because of advances in technology, they have been replaced wit h a 
hybrid power syst em composed of batteries charged by solar panels and diesel generators. Our top priority 
continues to be safety of the public. Even though the RTGs are no longer used for power, they are still 
constantly monitored for both safety and security. The Air Force, in coordinat ion with ot her agencies and 
mission partners, will remove the RTGs and t ransport them to an approved facil ity in the continental United 
States. 

Air Force Technical Applications Center Page 1 of 5 
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AFTAC Transportation Plan for RTG 

4. (U) OBJECTIVES: 
a. (U) Provide an accurate, relevant flow of information to educate media/general public on about RTGs 
and the cooperative role AFT AC is playing during the relocation of the RT Gs from their current location to 
a facility in the Continental U.S. 
b. (U) Ensure any and all released information is in strict compliance with Operational Security (OPSEC) 
guidance. 
c. (U) Highlight the "team effort" approach between the various interagencies involved the relocation, 
including (but not limited to) the Department of the Army ; Eielson AFB, AK; the State of Alaska; the State 
of Nevada; Tribal authorities; the Department of Energy; and the Nuclear Regulatory Commission. 

5. (U) INTENDED AUDIENCES: 
a. (U) DoD personnel and engaged interagencies 
b. (U) U.S. government 
c. (U) Media (Passive, RTQ) 
d. (U) Citizens of the affected communities 

6. (U) PA POSTURE: PA Posture is PASSIVE, RESPONSE TO QUERY (P/RTQ) when conducted in coordination 
with the involved agencies. Personnel and units tasked to deploy in support of this operation should direct 
media queries to the AFT AC Public Affairs Office. However, queries that are within the scope of this Comm 
Plan can be released by personnel on the ground in the interest of maximum disclosure/minimum delay. 
Subsequent to within-scope queries, responders must inform AFT AC/PA of the media engagement as soon as 
possible, but within 24 hours of release. 

(U) Though each state has the right to speak freely about what is transpiring within its borders, state 
representatives are highly encouraged to refer their constituents' questions to AFT AC/PA. The Public Affairs 
Officer will be able to determine if what's being asked needs to be referred to another agency and will 
forward the query to the appropriate organization (i.e., if the question is, "What does the governor think 
about this plan?" then the question will be referred to the governor's office). 

7. (U) VIEWS OF OTHERS: The U.S. Congressional Office of Technology Assessment issued a report in June 
1994 entitled, "Power Sources for Remote Arctic Applications." Contained with the report was the following 
conclusion: 

"Continued use of RTGs at Burnt Mountain bears low risk for the safety of maintenance 
workers and local populations and for the environment. In addition, it minimizes costs and 
further environmental disruption to the site. Each of the RTGs at Burnt Mountain contains 
between 1.2 and 3.9 pounds of Strontium-90 (Sr-90} fuel. Sr-90 produces the heat needed 
in the RTGs via radioactive decay, not through fission or fusion. It is manufactured as a 
byproduct of spent nuclear fuel reprocessing. Sr-90 has a half-life of 28 years. This makes it 
suitable for long-term power uses. RTGs do not require constant refueling." 

Air Force Technical Applications Center 
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8. (U) KEY MESSAGES: AFT AC has managed the RTGs since 1973. Through decades of deployment and 
utilization, there has never been a public health or environmental impact due to the RTGs. The radioactive 
material contained within the RTGs is managed in accordance with Nuclear Regulatory Commission 
requirements and governed by strict guidelines to ensure the safety of people and the environment. These 
AFTAC key messages focus on and display a responsive commitment to safety : 

• (U) AFT AC is a good steward to the environment and takes its environmental responsibilities very 
seriously. 

• (U) AFTAC maintains a radioactive material license in accordance with NRG requirements to possess 
and safely operate the RTGs. 

• (U) AFT AC continuously monitors the status of the RTGs for both safety and security concerns. 
• (U) While the Air Force still maintains RTGs in the State of Alaska, they are no longer being used as a 

mission power source, and are in the process of being permanently relocated from their current 
location to a facility in the Continental United States. 

• (U) In addition to its exemplary record of regulatory compliance, AFT AC has an exceptional 
safety record in its almost 40 years of managing the RTGs. 

• (U) AFT AC has fully evaluated the process and requirements to safely remove the RTGs in a timely 
manner, while continuously keeping public health and environmental safety at the forefront of 
operational planning. 

9. POCs: AFTAC/PA point of contact is Ms. Susan A. Romano, (321} 494-7688 [DSN 854), 
susan.romano.2@us.af.mil; AFISRA/PA point of contact is Major Christian Hodge, (210} 977-2169 [DSN 969), 
christian.hodge@.us.af.mil. 

Air Force Technical Applications Center Page 3 of 5 
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Attachment 1 
Quest ions and Answers 

AFT AC Transportation Plan for RTG 

Ql. If they are still a viable power source, why aren't the RTGs being used anymore? 
Al. The power output of the RTGs is no longer capable of meeting the requirements of the array. A 
hybrid power supply system was installed to replace the RTGs as the source of power. 

Q2. When does the Air Force plan to remove/relocate the RTGs? 
A2. Summer/Fall of 2015. For operational security reasons, we won't be releasing the specifics about 
the procedures of the relocation plan. 

Q3. What installations/facilities are involved in the transportation plan? 
A3. The RTGs are currently located in the State of Alaska. We are working with a number of DoD 
organizations and installations, as well as the DOE and state officials, to ensure the safe transport of the 
RTGs. For operational security reasons, we won't be releasing the specifics about the locations involved in 
the relocation. 

Q4. What danger does transporting the RTGs pose to the general public? 
A4. The Air Force, in consultation with numerous other federal agencies, designed a plan to mit igate any risks 
associated with the transport of the RTGs and has is executing the move during the summer to take advantage 
of the predictable and conducive weather. Detailed evaluations have not identified any significant risks to 
members of the public or the environment from the transport of the RTG's. In the very unlikely event of an 
incident or accident, emergency response personnel are on call and will receive immediate notification and 
appropriate instructions for ensuring public safety. A fully coordinated Emergency Response Plan is in place 
for this transport activity. 

QS. Why is the Army involved in the plan? 
AS. The Army maintains and operates the aircraft needed to transport the RTGs. 

Q6. Where will the RTGs be transported to? 
A6. The plan is to t ransport the RTGs out of Alaska to a facility in the Continental United States. 

Q7. What kind of container will the RTGs be in during transportation? 
A7. The RTGs will be transported in a certified shipping container, approved by DoD, DOE and NRC. 

Q8. If they pose no environmental threat, why not just keep them where they are? 
A8. The RTGs are no longer in use or needed as a power source. Radioactive materials determined to be 
"excess" must be moved to a faci lity wit h a mission, capability and authorization to support long term 
storage or recycling of the material. 

Q9. How do you know the RTGs have not impacted the environment or public health? 
A9. The RTGs are compliant with all Nuclear Regulatory Commission requirements and are sealed 
radioactive sources. Periodic test ing, with results veri fied by independent labs, provides confirmation of 
t heir integrity and verifies zero release of radioactive material. 

QlO. You reported that you conducted a 'dry run' field assessment in 2013. How did that go? 
AlO. The purpose in the dry run was to assess the logistics associated with the t ransport of the RTGs 
and then use that assessment to develop detailed removal procedures required for transportation plan. 
The field assessment went very well and all objectives were met. 

Air Force Technical Applications Center Page 4 of 5 
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Qll. Has the EPA or OSHA been involved in this process? 
All. Numerous governmental agencies have been actively engaged in developing the transportation 
plan, including the state of Alaska, the Department of Energy, the Department of Transportation and the 
U.S. Nuclear Regulatory Commission. 

Q12. How radioactive are the RTGs? 
A12. The radioactive sources contained with the RTGs are stored in very robust containers designed to 
safely store the sources over long periods of time and to reduce any radiation exposures to personnel to 
very low levels. Radiation dose surveys are performed annually by AFTAC personnel. Radiation dose 
levels are measured on contact with the RTGs and at the closest accessible areas to the RTGs. The 
Nuclear Regulatory Commission has stringent requirements to ensure radiation levels are kept at 
appropriate levels to ensure the safety of people, property and the environment. All radiation emissions 
(dose levels) for these RTGs are well below the NRC allowances for workers and members of the public. 

Q13. Do the aircrew and ground transportation crews require special training to transport 
radioactive materials? 
A13. Personnel involved with the execution of the field assessment will receive radiation training from 
radiation safety officers. 

Q14. How much is it going to costto relocate them? 
A14. Given the number of variables associated with relocation, the high cost of aircraft fuel, and the 
move's weather dependency, it is difficult to forecast a specific dollar amount. Estimates range from 
approximately $1M (most likely) to $2M (worst case). 

QlS. What are the views of Alaska's elected officials w ith regard to the RTGs? 
A15. You will have to direct that question to the specific elected officials for a response. 

Q16. Who can I call to get more information about the RTGs or Det 460? 
A16. Please call the Air Force Technical Applications Center Public Affairs office, which is located at 
Patrick AFB in Cocoa Beach, Florida, at (321) 494-7688, or via email at aftac.pa@us.af .mil. 
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AFTAC Transportation Plan for RTG 

APPENDIX L - Health and Safety Plan (HSP) 

In Support of the Air Transportation of the USAF Radioisotope 
Thermoelectric Generators (RTG) from Burnt Mountain, Alaska to the 

National Nuclear Security Site Mercury, Nevada. 

October 2014 
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AFTAC Transportation Plan for RTG 
1. INTRODUCTION 

This site-specific health and safety plan (HSP) describes the health and safety procedures when 

transporting 10 USAF Radioisotope Thermoelectric Generators (RTG) from Burnt Mountain, Alaska to 

the Nevada Nuclear Security Site (NNSS). All activities will be performed safely and in accordance with 

current Occupational Safety and Health Administration (OSHA) standards, Nuclear Regulatory 

Commission (NRC) standards, AF instruction, and this HSP. 

Work activities will be planned to identify the safety, health, and radiation hazards associated with the 

work and to identify necessary controls to protect workers and members of the public. The Risk 

Assessment in Attachment 1 identifies the hazards associated with these activities. When necessary, 

additional documentation will be developed to incorporate the use of engineering controls, personal 

protective equipment (PPE) and other safeguards to ensure that appropriate measures are taken to 

control the risks and protect the well-being of personnel and the environment. 

2. COMMITMENT TO HEALTH AND SAFETY 

It is USAF policy to conduct operations in a way to ensure the safety and health of personnel and the 

environment. All activities will comply with applicable environmental safety and health regulations and 

requirements. Without exception, safety will take precedence over operations for the duration of this 

project. A risk management process will be used to assess all activities associated with this transport. In 

addition to meeting regulatory and other requirements, AFTAC is committed to minimizing the safety 

and health risks to personnel. This includes minimizing personnel exposures to hazardous substances 

and ensuring exposures to ionizing radiation are as low as reasonably achievable (ALARA). 

3. APPLICABILITY 

This HSP applies to all USAF personnel and contractors supporting the RTG transport. The HSP will be 

made available to all project personnel for review at any time and will be maintained by the project 

manager (PM) for the duration of the project. All USAF employees and contractors will review the HSP 

prior to any on-site work. The HSP will be made available on site during the transport. 

4. GENERAL 

4.1 Discussion 

AFTAC will perform all assessments, surveys, and shipping activities for the RTG transport in accordance 

with this HSP and other federal/state requirements. This HSP identifies the potential hazards and 

establishes the proper controls to protect the workers, the public and the environment from potential 

harm. 
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AFTAC Transportation Plan for RTG 
4.1.1 Project Information 

The goal of this project is to transport 10 RTGs from Burnt Mountain, Alaska to NNSS and leave the RTG 

storage facilities in a condition such that a Final Status Survey (FSS) can be performed, with residual 

materials meeting the unrestricted release limits. 

The supporting objectives include the following: 

• Offload/load each RTG to awaiting aircraft for transport to next staging area. 

• Ensure package and shipping requ irements are met for transport. 

4.2 Responsibilities and Organization 

The AFTAC Commander is ultimately responsible for safety during the RTG transport. All participants 

must abide by this HSP. Several organizations will be supporting AFT AC during the transport including 

fixed and rotary wing units, Eielson AFB personnel, Creech AFB, DOE personnel and DoD contractors. 

Careful coordination with all supporting agencies must be accomplished ensuring they are aware of and 

comply with all health and safety requirements in this HSP. All participating organizations will be 

provided a copy of this HSP and all participating personnel will review and be familiar with this HSP. 

This section describes the responsibilities and authorities of project personnel with regard to the HSP. 

All personnel shall be cognizant of the potent ial hazards during the project and aware of the controls 

implemented to reduce the risk of exposure to radioactive or hazardous materials. All personnel shall 

comply with the rules and procedures set forth in this HSP. All operations will be conducted in 

accordance with federal and state regulations and USAF instruction. 

4.2.1 Safety and Health Officer/ Radiation Safety Officer (RSO) 

The AFT AC RSO wi ll serve as the safety and health officer for the operation. The RSO is responsible for 

the development and implementation of the HSP. The RSO shall be knowledgeable in the applicable 

safety standards and the regulations and shall be trained and qualified in accordance with applicable 

regulations. The RSO will ensure the necessary radiation safety and health monitoring is performed and 

all required documentation is maintained. The RSO, or designee, has the authorization to stop work at 

any time the work conditions are dangerous to the health and safety of personnel or the environment. 

In addition, the RSO, or designee, is responsible for: 

• Reviewing and approving the health and safety of operational plans 

• Monitoring the operation for safety concerns 

• Ensuring the proper performance of radiological surveys, sampling, and monitoring as required 

• Implementing changes to this HSP based on changing work conditions 

• Documenting any exposures to radioactive or hazardous materials 

• Ensuring all training, medical, and exposure records are complete and available for review 

• Conducting and documenting periodic health and safety meetings 

• Ensuring proper PPE has been selected and used appropriately 

Fs: ifficial Ucc i::1; 
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AFTAC Transportation Plan for RTG 
• Ensuring all monitoring equipment and instrumentation meet calibration requirements 

• Ensuring NISTe traceable documentation is maintained for all instrument calibrations 

• Ensuring all personnel are properly trained for the tasks they are to perform 

• Coordinating health and safety requirements for supporting organizations including Eielson AFB, 

Creech AFB and any other supporting agencies. Coordination will typically be through the 

Installation Radiation Safety Officer, Base Bioenvironmental Engineer and the base Ground Safety 

Office. 

• Ensure proper ingress/egress procedures are followed 

4.2.2 AF and Participating Contract Personnel 

Personnel will: 

• Be responsible for their own health and safety by following all health and safety requirements as 

defined by the RSO and this HSP 

• Perform all activities in compliance with this HSP 

• Notify the RSO of any radiological, safety, or operational conditions that change prior to 

continuing work 

• Review this HSP and appropriate procedures for work 

• Will have stop work authority for any safety, radiological, and operational concerns 

• Will notify the RSO or on-site Commander immediately if they recognize a unidentified potential 

health or safety risk 

• Contractor personnel are also required to comply with any additional health and safety 

requirements implemented by their organization or their contract with the USAF 

4.2.4 On-site Commander 

The on-site Commander will: 

• Be responsible for RTG removal operations at all locations and will ensure all health and safety 

requirements of this HSP are implemented by all participating personnel 

• Ensure the requirements of this HSP are communicated to support personnel 

• Work with the RSO to ensure all potential hazards are identified and properly controlled 

• Report all hazards to RSO and follow and implement all health and safety requirements identified 

by the RSO 

• Coordinate HSP requirements with 354th Wing, Eielson AFB support personnel, 4-123d Aviat ion 

Regiment, and 99th ABW personnel. 

4.2.5 AFTAC Commander/Permittee 

The AFT AC Commander is responsible for the health and safety of all AFT AC personnel involved in this 

effort. The Commander will ensure the on-site Commander and t he AFT AC RSO have all of the necessary 

resources and authority to ensure the health and safety of personnel. The Commander will ensure 

fOI OHICIUI 1!!15@ 81119 

4 



Jcca: ;tc5 Jtdsccal;\,fs::::ac;ts:: tt ftilf:sf& e::alz: 18 @: A £.998 

AFTAC Transportation Plan for RTG 
health and safety requirements and any potential risks are properly communicated to all supporting 

organizations. 

4.2.6. Aircraft Operations 

The safe operation of all aircraft involved in this operation is the responsibility of the Aircraft 

commander. The aircraft commander will have final authority in the decisions regarding the safe 

operation of the fixed or rotary wing aircraft involved in the operation. The A/C Commander will be 

responsible for the Health and Safety of all passengers and crew during flight operations. 

4.2. 7. Supporting Personnel 

A variety of support personnel from outside of AFTAC will participate in the RTG transport. The 

command authority for each unit will be responsible for ensuring their personnel comply with this HSP. 

This HSP will be provided to all participating units and the AFTAC RSO or designee will brief personnel on 

the contents of this HSP before work commences. Any changes or additions to the HSP will be 

communicated to all participating personnel and supporting units if appropriate. 

5. TRAINING 

Training requirements for this project include, but are not limited to: 

• Training on this HSP will be provided to all participating personnel 

• Radiation Protection training will be provided to all support personnel who will work in the vicinity 

of the RTG units. The RSO will determine who requires Radiation Protection training. 

• The aircrew will be responsible for briefing passengers on safety requirements associated with 

aircraft operations 

• Personnel will have the proper training and certification for any AF vehicles used including forklifts 

• Personnel will be briefed on any changes to this HSP or any additional health and safety 

requirements implemented 

• Personnel will receive site specific training as needed during the operation. Site specific training 

will include emergency contact information, location of fire extinguishers, evacuation routes and 

rally points, and any unique hazards present at the location. The on-site commander will be 

responsible for ensuring site specific training is provided. 

All training will be documented and approved by the RSO. 

6. HAZARDS AND CONTROLS 

Anticipated hazards that may be encountered during the project include: 

• Power equipment and power tool operations 

• Slips/trips and fall hazards 

• Working with heavy equipment (i.e., forklift) 
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• Fire 

• Hazardous Noise 

• Hazardous Materials 

• Exposure to Radioactive Materials 

This HSP will be used on this project to control the above hazards. In certain instances site specific 

procedures will be used provided they are at least as stringent as the controls listed in this HSP. Some 

specific controls are addressed as follows: 

6.1 Power Equipment and Power Tool Operations 

Power tools will only be used by properly trained personnel. Hearing protection will be worn with any 

power tools which produce hazardous noise. Power tools will only be used for their designed purpose 

and only will be used as described in the associated operator's manual. If appropriate, safety glasses or 

googles will be used with any power tools that present an eye hazard. 

6.2 Slips, Trips, Falls, and Heavy items 

RTG transport will include work in uneven and very soft terrain. All personnel will wear appropriate foot 

wear for the portion of the transport they will be participating in. 

The RTG units are very dense and present a crushing hazard. Personnel directly involved in handling the 

RTG or who will work in the direct vicinity of the RTG will wear crush resistant footwear (i.e. steel toed 

boots or equivalent). Safety observers will be used when transporting the RTG by forklift. The RTG units 

will be secured by straps or chains to the fork lift when they are transported. All equipment used to 

transport the units will be certified to carry the weight of the RTG unit. 

No personnel may be exposed to a fall over 6 feet without being tied off or having other fall protection 

as provided in 29 CFR 1926, Subpart M. 

6.3 Fire Protection and Emergency Notification 

Upon discovery of a fire, personnel must perform notification via the site notification system. See 

Attachment 2 for emergency contact numbers. 

After notification, in the event of a small, manageable fire, which poses no immediate risk to workers, 

locate the nearest fire extinguisher to extinguish the fire. Fire extinguishers are located at: 

Burnt Mountain: Each RTG shed contains a halon system. Additionally, inspected ABC fire extinguishers 

are located in each shed, at the power station, and at the living facility. 

Fort Yukon: Fire services are approx 50 yards from the landing and refueling location. Full firefighting 

services are available. 

Eielson AFB: Flight line firefighter support will be provided with minimal response time. 
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Creech AFB: Flight line firefighter support will be provided from either the North or South fire stations. 

Response time less than 90 seconds 

Personnel may fight a fire if they can safely do so. Only trained personnel should attempt to extinguish 

the fire. Once the fire is ext inguished, the incident must be reported to the RSO. The incident must be 

documented in accordance with USAF instruction. In all other situations, an emergency evacuation 

must take place following the guidance outlined in section 6.7. 

When practical, emergency phone numbers including fire and ambulance services must be 

posted/provided at the work site prior to the start of work activities. Radios and cell phones will be 

used to contact emergency services. Unless otherwise directed, dial 911 to reach an emergency 

dispatcher. Other emergency contact information is provided in Attachment 2, Site Emergency Services 

Numbers for RTG Transport. Emergency contact information will be printed on cards and carried by all 

personnel. 

6.5 Hazardous Noise 

Hearing protection devices in the form of earplugs and/or earmuffs will be provided and worn by all 

personnel working in areas of hazardous noise. All personnel will wear hearing protection in the vicinity 

of operating aircraft. 

6.6 Radioactive Materials 

External exposure to radiation is the primary hazard from the RTG units. SR-90 and Y-90 are pure beta 

emitters which produce x-rays when interacting with the RTG packaging, thus, the RTG units produce 

continuous low intensity x-ray radiation on the exterior. The x-ray radiation does not present a short 

term hazard, but longer term exposures can increase long term health risks. For this reason, personnel 

must always practice ALARA when working with the units. Personnel will minimize time, maximize 

distance, and utilize shielding to limit exposures to radioactive materials. 

To reduce potential exposures during RTG operations the following control measures are requ ired : 

• All personnel who will operate within 100 feet of the RTG units will either wear a whole body 

radiation dosimeter (TLD) or will be issued an Electronic Personal Dosimeter (EPD) by the RSO. 

Personnel who have the potential for exposures exceeding 2 mrem/hr will be identified in 

advance, receive Radiation Protection training commensurate with their duties, and be provided 

with a TLD. Any personnel who do not have a TLD but will be exposed to radiation exceeding 2 

mrem/hr will receive an EPD from the RSO. 

• Only essential personnel will be in the vicinity of the RTG units, non-essential personnel will be 

excluded from the area 

• Members of the general public will be prevented from coming within 200 feet of the RTG units. If 

the units will place members of t he public within 200 feet of the units, the RSO will perform 

radiation surveys and restrict areas as needed to maintain doses below public exposure limits 
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• The RSO will conduct routine monitoring throughout RTG transport operations to assess worker 

exposures and potential exposures to members of the public. The RSO will implement additional 

control measures when practical to further reduce exposures 

• The RSO will conduct periodic swipe sampling to verify the integrity of the RTG units. At a 

minimum, swipe samples will be conducted at Eielson AFB and Creech AFB when the units are 

staged for shipment 

• No smoking, drinking, or eating in the vicinity of the RTG units 

• When the RTG are staged during transport at Eielson AFB and Creech AFB, any area with a dose 

rate greater than 2 mrem/hr will be clearly marked as a Radiation Area. Access to the area will be 

strictly controlled to essential personnel only 

• Dosimetry will be coordinated by the AFT AC RSOs for all personnel. The AFT AC RSOs will 

coordinate with the following offices and request the appropriate number and type of dosimetry: 

o AFT AC Personnel assigned to Patrick AFB will wear their assigned TLD from Patrick AFB 

o AFT AC personnel assigned to Eielson AFB will wear their assigned TLD from Eielson AFB. 

o Army personnel will receive TLD's from USARMY HQDA ASO (Mr Greg Komp) through Ft 

Wainwright Safety Office (Mr Robert Tanner) 

o Eielson AFB personnel will wear their assigned TLD from Eielson AFB. 

o Creech AFB personnel wear their assigned TLD from Creech/Nellis AFB. 

o DOE personnel will bring their assigned TLD from DOE. 

o AFT AC RSOs will coordinate through TRANSCOM to the assigned Base for aircrew personnel 

supporting operations to determine if their host installation will provide TLD. If TLD's are 

unavailable from their host installation, AFTAC RSOs will coordinate with USAF School of 

Aerospace Medicine to determine who will provide TLD's for aircrew personnel. 

6. 7 Emergency Evacuation 

In the event of an emergency evacuation as a result of fire or other emergency, personnel will follow the 

site specific procedures. The on-site commander will establish evacuation procedures for each site. All 

personnel will be briefed on the procedures at the start of operations at each site. Each site will 

establish evacuation routes and a rally point. In the event of emergency, personnel will proceed by the 

evacuation route to the rally point. The on-site commander will then account for all personnel and 

perform any appropriate notifications. Evacuation procedures for each site are: 

Burnt Mountain: Evacuation routes follow the trails from the sites back to the living facility or power 

station, whichever is closer to the site of issue. 

Fort Yukon: Emergency responders will direct civilian/military personnel in accordance with the local 

Fire Services evacuation procedures. Procedures will be pre-briefed to all participants. 

Eielson AFB: Emergency responders will direct civilian/military personnel in accordance with the local 

evacuation procedures. Procedures will be pre-briefed to all participants. 

Creech AFB: Emergency responders will direct civilian/military personnel in accordance with the local 

evacuation procedures. Procedures will be pre-briefed to all participants. 
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6.8 Healt h and Safety of Site Security Personnel 

Site security will be provided at each location with the exception of Burnt Mountain, Alaska. Because of 

the remote location additional security will not be provided at Burnt Mountain. Participating Det 460 

will provide any needed security for dangerous wild life (e.g. bears). 

Security forces personnel will maximize their distance to the RTG units when possible. Local security 

personnel will consult with the RSO on patrols or posting locations. The RSO will assess the dose of 

posted security personnel and will ensure their doses are ALARA. Security personnel will be assigned 

TLD's and will receive Radiation Protection training before operations commence. Radiation Protection 

training will be provided by the AFT AC RSO or the Installation RSO. Security personnel will follow the 

security plan if any not ifications are required. Security personnel will limit access t o t he RTG units to 

personnel approved by the AFT AC RSO. 

6.9. Other Hazards 

There are other hazards associated with this operation. These include but are not limited to wildlife, 

heavy lifting, electrical shock and others. Attachment 1 includes a list of all hazards identified and the 

control measures to be implemented. If additional hazards are identified before or during the operation 

proper control measures will be implemented and they will be briefed to effected personnel. 

7. HAZARD COMMUNICATION 

The purpose of the Hazard Communication (HAZCOM) Program is to ensure information concerning 

hazardous materials used during transport of the RTGs are communicated to personnel. The 

information concerning these hazards shall be communicated to employees and contractors during the 

initial safety briefing at each location. At this time, there are no hazardous chemicals associated with 

this operation. 

In the event hazardous chemicals are used, the RSO will be responsible for maintaining material safety 

data sheets and conducting training of personnel. Hazardous chemicals will be approved by appropriate 

base organizations if needed. 

8. PERSONAL PROTECTIVE EQUIPMENT 

In addition to work practices, PPE will be used to protect personnel from harmful noise levels, and 

hazards associated with the use of power tools, heavy equipment and other workplace hazards. 

The use of protective clothing and the establishment of proper area controls will be used to reduce the 

possibility of personnel injury. 

The need for PPE will be established by the AFT AC ESOH Officer. At a minimum, all project personnel 

will wear appropriate clothing, which may include, but not be limited to: 

Ew Ottisial Ilse Oalv 
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AFTAC Transportation Plan for RTG 
• Personnel directly participating in transporting the RTG units will wear steel toed boots or 

equivalent. 

• All personnel will be provided appropriate hearing protection and will wear the hearing protection 

when hazardous noise may be present. 

• Safety glasses will be worn during operations that may pose a risk of eye injury, e.g. operating 

power tools 

• Protective gloves will be worn by personnel assisting in RTG tie down operations. Gloves will also 

be worn by any personnel handling sharp objects or using tools that may result in skin lacerations 

• PPE will be worn as required by other health and safety assessments 

All PPE will be routinely inspected before use. Any damaged or worn PPE will be promptly replaced. All 

PPE used must be approved by the AFTAC RSO and must be in compliance with any applicable AF 

requirements. 

9. RADIATION SAFETY 

All radiation exposures on the project will be maintained As Low As Reasonably Achievable (ALARA). 

Except in an emergency incident no dose shall exceed those specified in AFI 48-148, Radiation 

Protection Program. 

The RTGs at Burnt Mountain contain approximately 500 thousand curies of strontium-90 (Sr-90). The Sr-

90 fuel capsule is shielded within the generator. The RTGs do emit x-rays but are safe to work around 

under normal conditions. If the RTG shielding is breached it is important to physically distance yourself 

from the contents and remain downwind as directed by the on-site radiation protection technician. 

On the surface of the RTG, the exposure rate is less than 50 millirem per hour. In comparison, a person 

standing directly next to an RTG for 15 minutes would receive an exposure equivalent to a chest x-ray. 

The annual limit for radiation dose exposures for radiation workers is 5000 millirem. Personal radiation 

dosimeters are provided for all individuals working around the RTG units. 

Personnel must adhere to the "As Low As Reasonably Achievable" (ALARA) principle. Because there is a 

small risk associated with even a small amount of radiation, radiation exposures must always be limited 

as much as practical. Only essentia l personnel should be in the vicinity of the units and members of the 

general public will be restricted from access to the RTG units. Additional controls are listed in section 

6.6. In the event of a radioactive material accident see Appendix M of the transport plan for response 

procedures. 

10. RISK MANAGEMENT ASSESSMENT 

The overall risk for t his effort is medium. This a non-routine task conducting at a remote location with 

very limited access. Risks from the operation include radiation exposure, work with heavy items and 

equipment, operations at a remote location, aircraft operations, and hazardous noise. 

,.. @ff si?I Ilse Oollic 
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AFTAC Transportation Plan for RTG 
This HSP, and already established cont rols, implement procedures to reduce these risks as much as 

practical. The medium risk items include exposure to radioactive materials as a resu lt of an accident and 

the heavy equipment operat ions. These risks are adequat ely addressed t hrough administrat ive controls 

and training. While there is some risk associated with this effort , with properly implemented control 

measures, the risk is not significantly greater than other day-to-day operations. All reasonable risk 

controls/mit igation actions have been taken and will be enforced during execution of the effort. 

61 iffcial ~st Oii lJ 

11 



S@CU11ZJEA@idl26 hl)Oihlbtlbii stftilf:Of& e::alz: 19 Ii A f.:U9 

AFTAC Transportation Plan for RTG 
Attachment 1-Risk Management Assessment 

Risk Management Assessment 
Task: All Activities 

OVERALL RISK LEVEL AFTER CONTROLS ARE IMPLEMENTED: MEDIUM 
Hazard Initia l Hazard Control How to Implement/Who Will 

Risk Implement 
Level 

Fire Med Flammable liquids will be Briefing will be provided by the 
stored in flammable safety on scene commander or 
containers. Properly rated designee. 
fire extinguishers will be 
placed within SO ft of fuel 
storage areas, within sight of 
heavy equipment, personnel 
will be trained in the proper 
use of fire extinguishers. 

All personnel will be briefed 
on evacuation routes and ral ly 
points. Personnel will be 
trained on proper fire 
extinguisher use. 

Operating Low Tools will be inspected before On scene commander and 
Hand tools: use. Damaged tools will be AFTAC RSO will ensure proper 
Manual and tagged out-of-service until PPE is utilized and personnel 
Power repair can be performed by are properly trained/certified 

qualified personnel. Tools will for the work being performed. 
be used for their intended 
purpose only 

Traffic Low Work areas will be clearly On scene commander will 
marked with appropriate ensure areas are properly 
signs displayed. Traffic will be marked and personnel are 
routed as necessary. Persons trained of hazard. 
working around heavy 
equipment will wear high 
visibility vests. 

Strains and Low Proper lifting techniques will Personnel will ensure proper 
sprains from be used: Keeping back lifting techn iques while 
manually straight and lifting with legs. working with heavy equipment. 
lifting and Personnel will avoid twisting 
moving. back. Get help from others; 

use mechanical equipment; 
no lifting over SO lb. 

Slips, trips, Low Work area will be visibly Administrative controls, direct 
falls, terrain, inspected. Slip, trip and fall supervision and training to 
vegetation, hazards will be removed or prevent slips, trips, and falls 

SerOff . l11sc8::I; 

Residual 
Risk 

Level 
Med 

Low 

Low 

Low 

Low 
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AFTAC Transportation Plan for RTG 

Risk Management Assessment 
Task: All Activities 

OVERALL RISK LEVEL AFTER CONTROLS ARE IMPLEMENTED: MEDIUM 

Hazard Initial Hazard Control How to Implement/Who Will Residual 
Risk Implement Risk 
Level Level 

uneven marked and barricaded. while loading and unloading 
surfaces the RTGs. 

Abrasions and Low Workers will be made aware Briefing will be provided by the Low 
lacerations, of the hazard in handling and on scene commander or 
hands or placement of heavy objects. designee. 
fingers caught Materials being handled will 
between be inspected for sharp or 
objects rough edges and take 

appropriate precautions to 
avoid contact. Workers will 
wear work gloves (per PPE 
requirements) and avoid 
placing hands between 
objects. 

Striking and Low Workers will stay out of the Briefing of hazards will be Low 
being struck swing area of all equipment provided by the on scene 
by operating and from under loads. All commander or designee. 
equipment, personnel will wear PPE 
loads, falling including full length pants, 
objects and long sleeved shirts, work 
pinch points gloves, steel toed and steel 

shank boots, safety glasses, 
and hearing protection 
(during noise-generating 
activities) . The workers will 
be advised to be aware of the 
potential of being struck in 
loading areas when the 
forklift is in operation. 

Workers exposed to traffic 
hazards will wear 
traffic/reflector vests. 

Inclement Low Workers will have appropriate Briefing of weather conditions Low 
weather PPE for working in rain or will be provided by the on-site 

including rain, cold. Fluids will be provided commander or designee prior 
lighting, heat to all workers. Work rest to and during operations. 
and cold periods will be established 
stress, with ACGIH and NIOSH 
sunburn, poor guidelines. Engineering 
visibility controls (early morning work 

Fs Off · 11 lse Anh: 
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AFTAC Transportation Plan for RTG 

Risk Management Assessment 
Task: All Activities 

OVERALL RISK LEVEL AFTER CONTROLS ARE IMPLEMENTED: MEDIUM 
Hazard Initial Hazard Control How to Implement/Who Will Residual 

Risk Implement Risk 
Level Level 

schedules) will be 
implemented if heat stress is 
a problem. Work will cease 
during rain or lighting. Sun 
block will be used as 
appropriate. 

Radiation Med Personnel will be assigned a Workers will be made aware of Low 
Hazard TLD and radiation monitoring the potential external exposure 

will be conducted by the RSO. by proximity to radioactive 
Additional control measure, materials. The potential risk of 
described in the HSP, will be handling or working with the 
implemented. RTGs is low. Workers will 

maintain external exposure 
ALARA by minimizing time 
spent in close proximity to the 
RTGs and maximize their 
distance from the RTGs. 

Heavy Lifting Low Workers will be trained in On-site commander or Low 
proper lifting techniques. designee will ensure personnel 

are properly trained for the 
work being performed. 

Exposure to Med Workers will be trained in On-site commander or Low 
hazardous proper use of PPE and proper designee will ensure proper 
material fit of PPE PPE is worn. 

Daily inspections will be 
performed on all safety 
equipment 

Personal Low Dai ly inspections will be Workers will be trained on the Low 
Injury performed on all equipment. HSP and the associated hazards 

including physical hazards. 
Initial site-specific tra ining will 
be conducted. Safe work 
practices and good 
housekeeping will be followed. 
Workers will be informed of 
the contaminants and 
chemicals at each site and 
availability of Safety Data 
Sheets. 

S?E Off . 111 A I pr 
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AFTAC Transportation Plan for RTG 

Risk Management Assessment 
Task: All Activities 

OVERALL RISK LEVEL AFTER CONTROLS ARE IMPLEMENTED: MEDIUM 

Hazard Initial Hazard Control How to Implement/Who Will Residual 
Risk Implement Risk 
Level Level 

A first aid kit will be provided 
and maintained in a designated 
area during the project. 

Wildlife Low Many areas include On-site commander or Low 
unimproved wildlife habitat. designee will brief personnel of 
Bears, snakes, spiders, insects wildlife in the local area prior 
and other hazardous wildlife to operations beginning. 
are native to the area. 

Fs: ifficicl Ucc i::1; 
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AFTAC Transportation Plan for RTG 
Attachment 2 - On Site Emergency Services Numbers 

Burnt Mountain Alaska Telephone/Radio 

Emergency Radios provided by Det 460 

Emergency Services Eielson AFB Command Post 
907-377-1500 

Fort Yukon Alaska Telephone/Radio 

Emergency- On Site Radios provided by Det 460 

Ambulance Service/Fire Department 911 

Eielson AFB Alaska Telephone/Radio 
Emergency- On & Off Base 911 

Ambulance Service/Fire Department 911 

Creech AFB Nevada Telephone/Radio 
Emergency - On & Off Base 911 

Ambulance Service/Fire Department 911 

NNSS Telephone/Radio 
Emergency - On & Off Base 911 

Ambulance Service/Fire Department 911 

Other contact numbers for non-critical situations 

Organization Telephone/Radio 
Eielson AFB Radiation Safety Officer Lt Robyn Pack: 907-377-6687/6602 {On Call Cell: 

l(b )(6) I 
Eielson AFB Ground Safety Office 907-377-8735 
Eielson AFB Public Health (Insect Bites and 907-377-6678 
hazardous wildlife information) 

Eielson AFB Clinic 907-377-1847 
Eielson AFB Fire Department (non-emergency) 907-377-2178 
Eielson AFB Security Forces 907- 377-5130 
Creech AFB Radiation Safety Officer Mai Bicbard Kice: 702-653-3316 (On Call Cell:l(b)(6) I l(b )(6) I 
Creech AFB Ground Safety Office 702-404-3786 

Creech AFB Clinic 702-404-1142 

Creech AFB Fire Department (non-emergency) 702-404-0864 

Creech AFB Security Forces 702-652-2311 

Poison Control 702-404-0911 (Emergency Response) 

AFT AC Command Post 321-494-4333 

AFTAC Radiation Safety Officer Mark Talbert: 321-446-5408 
Joy Morris: 321-604-5074 

For Official Use Only 
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AFTAC Transportation Plan for RTG 

Maps/Routes to nearest medical t reatment facil it ies: 

Ft Yukon 

Yukon Flats Health Center 
101 Spruce Street 

Fort Yukon, AK 99740 

FORT YUKON ., 
.. / 

!. 
I ~c 
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, 
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AFTAC Transportation Plan for RTG 

Fairbanks Memorial Hospital 
1650 Cowles Street 
Fairbanks, AK 99701 

FAIRBA KS 
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Directions: 
1. Head North on AK-2W 
2. Turn left onto Airport Way 
3. Turn left onto Cowles St 
4. Turn left to stay 0 11 Cowles St 
5. Turn right into emergency entrance 

CD 
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AFTAC Transportation Plan for RTG 
Creech AFB 

Directions: 
Take 95 South 

Centennial Hills Hospital 
6900 N Durango Dr 
Las Vegas, NV 89149 

® 

Take Exit #93 onto N Durango Dr south 
Turn left into Centennial Hi lls Hospi tal 
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1) Purpose and Scope 

AFTAC Transportation Plan for RTG 

APPENDIX M - EMERGENCY MANAGEMENT PLAN 

This plan describes the actions to be taken and the procedures to be followed in the event of an 

emergency involving the transport of 10 Radioisotope Thermoelectric Generators (RTGs). Reporting of 

radioactive material mishaps and incidents associated with RTG transportation is governed by AFI 40-

201 paragraph 3.12 and attachments 11 and 12 as well as portions of 10 CFR 20 as referenced in the AFI. 

Emergency Response Summary Information is provided at the end of this appendix. This information 

will accompany the RTG s throughout transport. 

2) General 

A. Emergency Contact Information: 

LOCATION COMMAND POST POLICE DEPT FIRE DEPT RAD SAFETY OFFICER 

AFTAC 321-494-4333 N/A N/A Mark Talbert: 321-494-4851 

(ce11 l(b)(6) I 
Joy Morris: 321-604-5074 

Ft Yukon N/A 907-662-2311 907-662-2379 N/A 
Eielson AFB 907-377-1500 907- 377-5130 907-377-2178 Maj Scott Boyd: 907-377-6690 

Lt Robyn Pack: 907-377-

6687 /6602 (On Call Cell:!(b)(6 ! 
l(b )(6) I 

Creech AFB 702-652-2446 702-652-2311 702-404-0864 Maj Richard Kice: 702-653-3316 

(On Call Ce11 :l(b)(6) 

Indian Springs N/A 702-879-3333 702-879-3330 N/A 
NNSS 702-295-0311 Operations Coordination Center 

B. An emergency involving a RTG is defined as any event which potentially constitutes a radiological 

accident such as fire, collision, or dropping of the RTG so as to do visible external damage, or an 

event which can be interpreted to be a loss of control over the RTG, such as theft or vandalism. 

Emergency determination will be made by consult between the On-site Commander and the 

Radiation Safety Officer (RSO) 

C. Mishaps and incidents are broadly defined as: 

1. Loss of control of radioactive material that could cause a hazard to life or health 

2. Individual exposure above thresholds defined in 10 CFR 20.2202 

3. The release of radioactive material, inside or outside of a restricted area 

I 

4. Any event, such as fire, explosion, or toxic gas release, involving radioactive material that 

requires immediate protective actions to avoid exposures to radiation or radioactive material, or 

to avoid releases of licensed or permitted material, above regulatory limits 

Air Force Technical Applications Center Page 1 of 8 
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AFTAC Transportation Plan for RTG 

5. Any spill or unplanned release of radioactive material resulting in exposure to unprotected or 

inadequately protected individuals 

D. An emergency begins with any event involving the RTG which potentially constitutes a radiological 

accident or which can be interpreted as loss of control over the RTG. An emergency is considered 

resolved when: 

1. It has been determined by positive action that radioactive materials have not been released 

2. If radioactive materials have been released, surveys and cordons have been established where 

control of the area is complete and radiation dose rates are within acceptable limits 

3. If control of the RTG has been lost, control has subsequently been regained 

E. All radiological mishaps and incidents will be immediately reported to the Wing Command Post (CP) 

with current operational control; Eielson or Creech AFB. The Wing CP will initiate notifications IAW 

established procedures such as : 

1. (AFI) 10-2501, Air Force Emergency Management Program Planning and Operations 

2. National Incident Management System (NIMS) 

3. National Response Framework (NRF) 

4. Wing Comprehensive Emergency Management Plans 

F. Agencies potentially involved in incident notification and emergency response: 

Mission Support Group Commander (Chair) Logistics Readiness Squadron 

*Emergency Management (facilitator) Air Force Office of Special Investigations 

*Security Forces Operations Group 

*Medical Representative Senior Installation Chaplain 

*Bioenvironmental Engineer Officer Mental Health 

*Public Health Emergency Officer Tenant Units 

*Safety Public Affairs 

*Fire Emergency Services Maintenance Group 

* Communications Air Traffic Control 

*Civil Engineer Judge Advocate 

*Explosive Ordnance Disposal Wing Inspector General 

*Installation Antiterrorism Officer Installation Deployment Officer 

*Weather Wing Plans and Programs 

*Contracting Installation Exercise Evaluation Team Chief 

*Force Support (Services & Personnel Wing Critical Asset Risk M anagement/Critical 

Readiness) Infrastructure Protection Program Manager 

Aircrew Flight Equipment Intelligence 

Note: Recommended members of the All Hazards Response Planning Team are asterisked (*) 

G. The incident will be reported to the Operations Commander and the AFT AC or Installation Radiation 

Safety Officer (RSO) identified in paragraph 2.A. The RSO will in turn notify the appropriate 

organizations as governed by AFI 40-201. Notifications made to report an emergency shall be made 

Air Force Technical Applications Center Page 2 of 8 
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by voice insofar as possible unless precluded by security requirements. Organizations to be notified 

by the RSO are: 

1. Radio Isotope Committee (RIC): DSN 425-6308, Comm (703) 588-6308 

2. RIC Secretariat: DSN 761-6946, Comm (703) 681-6946 

3. Andrews Regional Command Post (after duty hours): DSN 858-5058, Comm (301) 981-5058 

4. Bolling AFB Command Post: DSN 297-4011, Comm (202) 767-4011 

5. AK state official : Mr. John Madden, (907) 782-8287 

6. NV state official: Ms. Karen Beckley, (775) 687-7540 

H. Release of Information: Special care will be taken when reporting a mishap or incident to ensure 

reports do not contain sensitive unclassified information. All reports involving RTGs will be handled 

as sensitive information and transmitted as required by NRC Sensitive Unclassified Non-Safeguards 

Information (SUNSI). All information will be properly marked and secured from unauthorized access. 

3) General Aspects and Common Procedures for All Emergencies 

A. Emergency Protection Phase 

1. Objective. The objective of the emergency protection phase is to save human lives and to 

minimize potential or actual radiation exposures. 

2. Duration. The emergency protection phase begins with the discovery of the event which started 

the emergency and ends when the evacuation of humans from the emergency area is completed. 

3. Observe Radiation Precaution. When in doubt if the radioactive material is still confined to its 

container, assume that the immediate accident area is radioactively contaminated and that 

anyone and anything in the area MAY BE contaminated. Take special care to minimize personal 

contact with the outer clothing of individuals, the surface of the ground, vegetation, and the 

surfaces of other material within the accident area or material that has been removed from the 

accident area. 

4. Rescue Humans. Make every effort possible to rescue injured or trapped persons and remove 

them from the accident area. 

5. Evacuate Humans. Evacuate all persons from the emergency operations area to an assembly 

area where the radiation exposure under the circumstances could reasonably be expected to be 

zero or very nearly zero. 

a. If any radioactive material has been released, and 

b. If such material has been released, the extent of the contamination area, or 

c. If such material has not been released, if there has been and loss of shielding 

B. Situation Determination Phase 

1. Objective. The objective of the situation determination phase is to determine whether a 

radiation release has occurred and establish the severity of the release. 

2. Duration. The situation determination phase begins as early as possible because information 

that radioactive materials have not been released will facilitate execution of the emergency 

Air Force Technical Applications Center Page 3 of 8 
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protection and damage control phases and simplify some of the requirements in the preventive 

control phase. 

3. Conduct Radiological Surveys. All monitors conducting the surveys will be equipped with 

dosimeters. If abnormal radiation levels are encountered personnel will move to safe distances 

as directed by the RSO. 

4. Notifications. Wing Command Posts must be notified immediately if an emergency situation is 

declared. 

5. Personnel will remain at safe distances and the area secured until a hazardous response team 

arrives to evaluate the situation. 

C. Report Phase. (Applicable only to radiological accidents.) 

1. Objective. The objective of the report phase is to provide a final official record of each 

radiological accident as required. Reports will contain all available essential elements of 

information providing a chronological history of the accident, information on what happened, 

what actions were taken in response thereto, the consequences of those actions, and the names 

and organizations of appropriate individuals involved. 

2. Submit Final Report 

4) Actions and Procedures for Handling an Impact Accident 

A. Occurrence. An impact accident could occur due to a mishap during handling of the RTG (loading, 

unloading) or during transport of the RTG. 

B. Response to an impact accident will be as follows, in accordance with subparagraphs in paragraph 3) 

above: 

1. Execute emergency protection of human life 

a. Observe radiation precautions 

b. Rescue humans 

c. Evacuate humans 

2. Execute damage control measures 

a. Shut down equipment 

b. Contain damage 

3. Establish preventive control measures 

a. Establish control of human movement 

b. Establish control of equipment 

c. Establish control of area 

4. Determine actual hazard situation. 

a. Conduct a radiological survey of the incident area 

i. Execute notification 

ii. Perform radiation dose rate measurements 

iii. Position personnel in safe area 

iv. Control access RTGs 

v. Provide detailed information to emergency responders 

Air Force Technical Applications Center 
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AFTAC Transportation Plan for RTG 

5) Actions and Procedures for Handling a Fire Accident 

A. Occurrence. A fire accident could occur during transport of the RTG by any vehicle or while the RTG 

is in storage. 

B. Response to a fire accident will be as follows: 

1. Execute emergency protection of human life 

a. Sound the alarm and inform the fire department that there is a fire involving an RTG. 

b. Observe radiation precautions 

c. Rescue humans 

d. Evacuate humans 

2. Execute damage control measures 

a. Shut down equipment 

b. Fight fire. Fight the fire as though toxic chemicals are involved. To the extent possible keep 

upwind from the fire and avoid smoke, fumes, and dust. Segregate clothing and tools used at 

the fire until they can be checked for radioactive contamination before being returned to 

normal use. (This monitoring will not be necessary if radiological safety personnel determine 

that there has been no compromise of the RTG fuel containment.) Personnel involved in fire 

fighting operations shall wear pocket dosimeters or film badges/TLDs. 

c. Evacuate RTG and removable equipment. If the fire is in the vicinity of the RTG, but does not 

involve the RTG, a reasonable effort shall be made to remove the RTG from the fire area at 

the earliest possible time without endangering personnel. If the fire has caused an increase 

in the ambient temperature in the vicinity of the RTG and the RTG has not suffered any 

visible external damage, the RTG should be kept cool with water spray, if possible. Evacuate 

other valuable equipment if fire conditions permit this action without endangering 

personnel. 

d. Contain damage 

3. Establish preventive control measures 

a. Establish control of human movement 

b. Establish control of equipment movement 

c. Establish control area 

4. Determine actual hazard situation 

a. Conduct a radiological survey of the accident area 

b. If radioactive materials have not been released, and if there has been no loss of shielding 

6) Actions and Procedures for Handling Loss of Control of an RTG (RTG Damaged) 

A. Occurrence. Loss of control resulting in a damaged RTG could occur due to vandalism and /or 

at tempted theft at any time. 

1. Notify Wing Command Post immediately 

Air Force Technical Applications Center Page 5 of 8 
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B. Response to loss of control resulting in a missing RTG will be as follows: 

1. Determine present location of RTG. This may be accomplished by determining the last known 

geographical location of the RTG as accurately as possible, together with any information that 

may be helpful in predicting or determining the present location. 

a. If necessary request assistance from law enforcement 

b. Release preliminary information if necessary 

Air Force Technical Applications Center Page 6 of 8 
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EMERGENCY RESPONSE SUMMARY INFORMATION 

EMERGENCY RESPONSE TELEPHONE NUMBER: 

Eielson Emergency Response: 907-377-2178; Radiation Safety Officer: 907-388-6477 
Nellis/Creech Emergency Response: 702-404-0864; Radiation Safety Officer: 702-289-3486 

Basic description and technical name: Strontium-90. The RTGs consist of the Sr-90 heat source 
encased in fuel cladding consisting of a stainless steel liner and a Hastelloy C fuel capsule. The Sr-90 is in 
the form of strontium t itanate (SrTi03). 

1. POTENTIAL HAZARDS 

a. HEALTH 

• Radiation presents minimal risk to transport workers, emergency response personnel and 
the public during transportation accidents. 

• Undamaged packages are safe; however, due to the presence of radiation personnel 
should limit their time around the units if possible. Contents of damaged packages may 
cause higher external radiation exposure, or both externa l and internal radiation exposure 
if contents are released. 

• The RTGs are contained in a Type B package. Life threatening conditions may exist only if 
contents are released or package shielding fails. Because of design, evaluation and testing 
of packages, these conditions would be expected only for accidents of utmost severity. 

• Radiation levels wi ll be measured by qualified radiation safety individuals. 

b. FIRE OR EXPLOSION 

• These materials will not burn, but will melt 
• Radioactivity does not change flammability or other properties of materials. 
• Type B packages are designed and evaluated to withstand total engulfment in flames at 

temperatures of 800°C (1475°F) for a period of 30 minutes. 

2. PUBLIC SAFETY 

• CALL Emergency Response telephone numbers listed above 
• Dose rates are expected to only present acute hazards only in the immediate vicinity of the 

units. Contamination risks should not take precedence over priorities for rescue, life-saving, 
first aid, fire control. 

• Stay upwind. 
• Keep unauthorized personnel away. 
• Detain or isolate uninjured persons or equipment suspected to be contaminated; delay 

decontamination and cleanup until instructions are received from Radiation Authority. 
a. PROTECTIVE CLOTHING 

• Posit ive pressure self-contained breathing apparatus (SCBA) and structural fi refighters' 
protective clothing will provide adequate protection against internal radiation exposure, 
but not external radiat ion exposure. 

b. EVACUATION 

• Fire: Consider an initial evacuation distance of 300 meters (1000 feet) in all directions. 
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AFTAC Transportation Plan for RTG 

3. EM ERGENCY RESPONSE 

a. FIRE 

• Presence of radioact ive material will not influence the fire control processes and should 
not influence selection of techniques. 

• Move containers from fire area if you can do it without risk. 
• Do not move damaged packages; move undamaged packages out of fire zone. 
• Small Fire: Dry chemical, CO2, water spray or regular foam. 
• Large Fire: 

- Wat er spray, fog (flooding amounts). 
- Dike fire-control wat er for later disposal. 

b. Abnormal Radiat ion Dose Rates 

• Move personnel to safe distances as directed by the RSO 
• Notify Wing CP 
• Create a cordon for any dose above 2 mrem/hr using security personnel 
• Control Access and notify the Operations Commander 

c. FIRST AID 

• Call 911 or emergency medical service. 
• Medical problems take priority over radiologica l concerns. 
• Use first aid treatment according to the nature of the inj ury. 
• Do not delay care and transport of a seriously injured person. 
• Give artificial respiration if victim is not breathing. 
• Administer oxygen if breathing is difficult. 
• In case of contact with substance, immediately flush skin or eyes with running water for at 

least 20 minutes. 
• Injured persons contaminated by contact with released material are not a serious hazard 

to health care personnel, equipment or facilities. 
• Ensure that medical personnel are aware of the material(s) involved, take precautions to 

protect themselves and prevent spread of contamination. 
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APPENDIX N - Security Plan 

1. PURPOSE: This security plan is implemented and maintained to comply with Nuclear Regulatory 
Commission (NRC) requirements in Title 10 CFR Part 37 and Title 49 of Code of Federal Regulations 
(49 CFR) Part 172. The purpose of the plan is to establish the security strategy for the transport of 
ten USAF Radioisotope Thermoelectric Generators (RTGs) licensed to the Air Force Technical 
Applications Center (AFTAC) from their current operational location (Burnt Mountain, AK) to the 
Nevada National Security Site (NNSS). 

2. APPLICABILITY: 10 CFR Part 37 Subpart Chas specific requirements . The goal is to establish, 
implement, and maintain a security program for physical protection of the RTGs. Information 
pertaining to this project is deemed Sensitive Unclassified Non-Safeguards Information (SUNSI) and 
will be protected in accordance with NRC and USAF requirements. AFTAC On-site Commander and 
the Radiation Safety Officers (RSO) are responsible for implementing the security plan. On-site 
Commander is Col Johnathan VanNoord {321-494-2468) and the RSOs are Mr. Mark Talbert {321-
494-4851) and Ms. Joy Morris {321-494-3870) . This plan applies to all personnel participating in the 
preparation for and execution of transport of the RTGs. 

3. DEFINITIONS: The following terms for the purpose of this document are defined below. 

A. Access control: a system for allowing only approved individuals to have unescorted access to the 
security zone and for ensuring all other individuals are subject to escorted access. 

B. Approved individual: an individual whom the licensee has determined to be trustworthy and 
reliable for unescorted access in accordance with 10 CFR Subpart B, has completed the required 
training, and is designated in writing. 

C. Escorted access: accompaniment while in a security zone by an approved individual who maintains 
continuous direct visual surveillance over an individual who is not approved for unescorted access. 

D. Movement control center: an operations center remote from transport activity that maintains 
position information on the movement of radioactive material, receives reports of attempted 
attacks or thefts, provides a means for reporting these and other problems to appropriate agencies, 
and can request and coordinate appropriate aid. AFT AC Alert Operation Center (AOC) will serve this 
function. 

E. Security zone: any temporary or permanent area determined and established by the licensee for 
the physical protection of radioactive material. 

F. Trustworthiness and reliability: characteristics of an individual considered dependable in judgment, 
character, and performance, such that unescorted access to category 1 or category 2 quantities of 
radioactive material by that individual does not constitute an unreasonable risk to the public health 
and safety or security. A determination of trustworthiness and reliability for this purpose is based 
upon the results from a background investigation. 

G. Unescorted access: solitary access to an aggregated category 1 or category 2 quantity of radioactive 
material or the devices t hat contains the material. 
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AFTAC Transportation Plan for RTG 

4 . PROCEDURES: 

A. This regulation governs public inspections, exemptions, and requests for withholding information. It 
aut horizes disclosure of NRC records and documents, except for matters t hat are "specifically 
authorized under criteria established by an Executive order to be kept secret in the interest of 
national defense or foreign policy" . This exemption from disclosure applies to the RTGs due to the 
specific quantities of radioactive material employed in their operation. 

i. The presence of non-nuclear reactor, radioactive material also classifies certain RTG 
information as sensitive unclassified non-safeguards information {SUNSI) . 

ii. NRC Regulatory Issue Summary (RIS) 2005-31 discusses SUNS! restrictions and provides 
guidance on handling security related documents and information pertaining to special 
nuclear material. 

a. This SUNSI designation covers a range of information for which "the loss, misuse, 
modification, or unauthorized access can reasonably be foreseen to harm the public 
interest" 

b. SUNSI communications are considered For Official Use Only (FOUO) 

iii. The NRC further clarifies its guidance in Attachment 2 to RIS 2005-31. 

a. Attachment 2 contains document threshold criteria for withholding and examples of 
information protected from public disclosure. 

b. Public release of information pertaining to the RTGs is restricted under NRC regulation 10 
CFR 2.390 

c. This includes information on the exact location of radioactive material, certain detailed 
design drawings, information on nearby facilities, emergency planning information, and 
certain assessments of vulnerability and safety analyses 

iv. Additional NRC guidance restricts release of detai led information generated by the licensee 
that describes the physical protection of radioactive material quantities of concern. This level 
of information is also considered sensitive and protected from unauthorized disclosure. 

v. The licensee is required to control access to its physical protection information to those 
persons who have an established need-to-know the information, and are considered to be 
trustworthy and reliable (T&R). Trustworthy and reliable is defined as an individual who is 
considered consistently dependable in judgment, character, performance, and does not 
constitute an unreasonable risk to the public health and safety. 
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Criteria Details 

Locations and • Withhold information identifying the exact locations of radioactive material 
quantities of • Withhold information on possession limits or actual inventories of 
radioactive material radionuclides 

• Withhold manufacturers and model numbers of sealed sources and devices 
Design of structures/ Withhold information related to security requirements, information from 
equipment (site analyses which could reveal vulnerabilities, reports or specific or predicted 
specific) failures, and any other information which could reasonably be expected to be 

useful to potential adversaries 
Nearby Facilities Withhold information related to nearby facilities if the information might 

reasonably be helpful to those planning an attack 

Design Information Examples include, but are not limited to spent fuel casks, transportation 
(non-site specific) packages, sealed sources and device registry (SSDR) and files 

• Withhold drawings showing detailed design information 

• Withhold design/performance information that indicates vulnerabilities that 
could reasonably be expected to be useful to potential adversaries 

Emergency Planning/ • Withhold information related to emergency planning, emergency response, 
Fire Protection and fire protection. Review any considerations and/or requests for release 
Information on a case-by-case basis 

• Withhold information describing permittee or government responses to 
malevolent attacks 

• Withhold information and drawings identifying locations or radioactive 
material, and onsite routes and pathways to or from the locations of 
radioactive material 

• Withhold information which State or local government agencies have 
designated as sensitive 

Vulnerability/ • Release typical accident analyses that involve conservative models to 
Security demonstrate a facility's ability to respond to design basis events (i.e., non-
Assessments/ security related events), unless the analysis could reasonably be expected to 
Accident Analyses/ be useful to an adversary 
Safety Analyses/ Risk • Withhold assessments that use a malevolent event as an initial condition 
Assessments (e.g., vulnerability/security analysis) 

• Withhold descriptions of structural features related to potential malevolent 
attacks 

• Withhold detailed information and drawings describing the specific 
locat ions of equipment relied upon by safety or security 

• Withhold discussions of safety features or mitigation strategies within 
vulnerability/security assessments 

• Withhold any analysis that identifies those events that do have significant 
consequences and those that do not 

• Withhold information rel ated to security events and any information that 
could be usefu l to an adversary due to identification of vulnerabilities 
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AFTAC Transportation Plan f or RTG 

B. All personnel involved with RTG transport will be government personnel, government contractors, 
state representatives and law enforcement official who have had background checks. This 
requirement is satisfied for DoD, and DOE personnel who have had a favorably adjudicated U.S. 
Government criminal history records check within the last 5 years. State and local law enforcement 
personnel will be approved access to SUNSI IAW 10 CFR part 37. AFTAC RSOs are the designated 
Trustworthy and Reliability Officials for approving unescorted access to the RTGs (see attachment). 
AFT AC RSOs will provide an access list to security forces personnel. Contact the AFT AC RSOs to 
request unescorted access to the RTGs. Security personnel and emergency response personnel are 
authorized unescorted access to the RTGs when required due to an incident or accident. 

C. Physical protection and access control to the RTGs will be accomplished IAW 10 CFR part 37. Any 
deviations from these requirements will be brought to the attention of the On-Site Commander 
and/or RSOs. 

D. When staged and awaiting the next mode of conveyance, the RTGs will be secured in an approved 
enclosed facility with controlled entry points. On-site security personnel will be required if the 
facility is not monitored by a system capable of 24/7 surveillance and response. Permit Radiation 
Safety Officers (RSO) will coordinate with the AF Radioisotope Committee and the Installation RSO 
(IRSO) to approve secure staging areas. The secure facility for the RTGs will be: 

i. Minimum area (security zone) of 40' x 50' with controlled access limited to personnel 
approved for unescorted access only (see attached). (Note: The 10 RTGs will have a physical 
foot print of 30' x 30' being on 463L pallets.) 

ii. External radiation exposure rates will be maintained below 2 millirem/hr outside of the 
controlled access area as required by 10 CFR 20. Exposure rates will be measured by AFTAC 
personnel once RTGs are placed in the facility to ensure this requirement is met. 

iii. IAW 10 CFR the applicable signs will be posted in the RTG storage area. For example: 
"CAUTION RADIOACTIVE MATERIALS" or "CAUTION RADIATION AREA" 

iv. If the facility is not monitored through a monitored alarm system, SFS must maintain visual 
surveillance of the facility/security zone from the time the RTGs are off loaded to the time 
they are reloaded for transport. 

v. Monitoring the exterior of the facility can be conducted visually by SFS personnel in lieu of an 
alarm system. SFS personnel are not required to be positioned within the facility unless the 
size of the facility requires to control access. SFS does not have to maintain direct vision on 
the RTGs. At all times SFS personnel will be positioned outside of the controlled access area 
to minimize radiation exposures to personnel. Additionally, RSOs will ensure personnel 
exposures to radiation are maintained "As Low As Reasonably Achievable" (ALARA) IAW 10 
CFR. 

vi. Security zone will be inside of an enclosed structure, deviation from this will require 
coordination of the On-site Commander, AFT AC RSO, IRSO and coordinated through the AF 
Radioisotope Committee. 

vii. Individuals not approved for unescorted access must be escorted by an approved individual 
when in a security zone. The AFT AC RSO will provide an unescorted access letter for SFS to 
create an EAL. 

viii. Emergency personnel (e.g. fire and police) are approved for unescorted access and may access 
the controlled area (security zone) as required when responding to an emergency without 
prior approval. 
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AFTAC Transportation Plan f or RTG 

E. Eielson AFB and Creech AFB SFS function as the local law enforcement agency (LLEA) and monitor 
t he security zone by patrol and have the capability to immediately assess and respond, as needed. 
The RSO shall coordinate with law enforcement personnel who will act as LLEA during the off-base 
transport of the RTGs from Creech AFB to NNSS. LLEA will need to be present at the time of 
offloading/loading, t ransition to temporary storage (as required), and during temporary storage. 

i. Eielson AFB and Creech AFB SFS are armed and have arrest authority on their respective base. 
SFS personnel will use standard law enforcement procedures. 

ii. The security plan provides for Eielson AFB and Creech AFB SFS to function as the LLEA. The 
Radiation Safety Officer (RSO) coordinates with the Eielson AFB and Creech AFB SFS OIC, to 
ensure coordination is completed per 10 CFR Part 37.45. 

iii. Eielson AFB and Creech AFB SFS will use standard law enforcement procedures. The standard 
law enforcement procedures are not addressed in this implementing procedure. 

F. A response will be executed to an actual or attempted theft, sabotage, or diversion of such 
radioactive material or of the devices which is consistent in scope and timing with a realistic 
potential vulnerability of the sources containing such radioactive material. Monitoring and 
detection must be performed by: 

i. A monitored intrusion detection system that is linked to an onsite or offsite centra l monitoring 
facility; or 

ii. Electronic devices for intrusion detection alarms that will alert nearby facility personnel; or 
iii. A monitored video surveillance system; or 
iv. Direct visual surveillance by RSO approved individuals or LLEA located within the security 

zone; or 
v. Direct visual surveillance by RSO approved individuals or LLEA located outside the security 

zone. 

G. The dependable methods to communicate between and among individuals who might detect and 
identify an unauthorized access or suspicious activity include, but are not limited to, the following: 

i. Land telephones to report unauthorized access or suspicious activity. 
ii. Public announcement systems at Eielson and Creech AFB to make general announcements 

about security circumstances and to summon persons not otherwise contacted by land 
telephones or other communication methods. 

iii. Cell telephone numbers to contact or summon individual responders or key staff. 
iv. Hand-held radios for the Security Forces to use for communication with and among 

responding officers. 

H. All significant security breaches will immediately be reported to SFS. Significant security 
breaches include: 

i. Any incident involving actual or attempted hijacking of shipments. 
ii. Any deliberate act aimed at stopping the transportation conveyance or to cause an accident. 

iii. Any incident involving the use, or threatened use, of weapons of any kind. 
iv. Any discovery of sabotage or attempted sabotage of RTGs, equipment, or security system. 
v. Unauthorized personnel found in or attempting to enter areas involving RTG operations. 
vi. Any loss, theft, or compromise of RTGs. 
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vii. Observations of apparent or suspected terrorist acts. 

I. The RTGs will be transported via DOD owned/operated ground transportation from Creech AFB to 
NNSS. Ground travel distance to NNSS is approximately 20 miles. No stops or Safe Havens are 
requ ired. The route, after departing Creech AFB and leaving t he Indian Springs area, will include 
approximately 18 miles of the Veterans Memorial Highway and does not pass any other populated 
areas. AFT AC RSOs will coordinate with LLEA for off-base transport. Escort vehicles will accompany 
the truck in case of emergency. The truck and escort veh icles will carry radios (supplied by Creech 
AFB) as well as personal cell phones for crisis communication and all personnel will have law 
enforcement and emergency response phone numbers in their possession. 

J. Personnel Roles and Responsibilities 

i. On-site Commander and AFT AC RSOs are responsible for implementing the security plan and 
training participating personnel. 

ii. Eielson AFB and Creech AFB security forces are responsible for safeguarding the RTGs during 
staging and providing a response force if a security breach occurs. 

iii. Aircraft pilots and crew, along with an approved individual, are responsible for safeguarding 
the RTGs during air transport. 

iv. Truck drivers, along with an approved individual, are responsible for safeguarding the RTGs 
during ground transport. 

v. All participants are responsible for controlling access to the RTGs during the transport 
activities and making the appropriate notification should a security breach occur. 

K. Training Personnel : Personnel will be trained on security plans and procedures associated with this 
activity. Training, provided approximately a week prior to the transport, will include security 
objectives, site-specific security procedures, personnel responsibilities, organizational security 
structure, security risks associated with hazardous materials transportation, and how to recognize 
and respond to possible security threats. 

5. Incident Response 

Assessing and responding to alarms or suspicious activity noted in or around the security zone and an 
individual not approved for unescorted access is observed. 
A. Personnel monitoring alarms and note an abnormal condition or personnel who observe suspicious 

activity will initiate a response/ perform the following: 

i. Offer to provide assistance and request explanation of apparent unauthorized access or 
suspicious activity. 

ii. Ask the unauthorized individual to identify themselves and state their purpose of being in the 
area. 

iii. Request the unauthorized individual to move away from the security zone. 
iv. Contact Eielson AFB or Creech AFB Security Forces (SFS) and/or Radiation Safety Officer for 

assistance. 
v. Do not attempt to restrain or use physical force to detain the unauthorized individual. 
vi. Avoid confrontation with the unauthorized individual and immediately leave the security zone 

or proximity if the individual makes threats or appears to have the potential for violence. 
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vii. Comply with any demands by the unauthorized individual for access to the security zone, if 
the individual uses coercion or threats of violence. 

viii. Note identifying information such as height, weight, sex, and clothing about the unauthorized 
individual for later report to the SFS. 

ix. Maintain constant visual surveillance of the unauthorized individual, if the individual remains 
in the security zone or proximity. 

x. Do not follow the unauthorized individual, if the individual leaves the area. 
xi. Use the radiation protection principles of time, distance, and shielding, as needed, to maintain 

potential radiation exposure to ALARA. 
xii. Provide assistance to SFS, and/or Radiation Safety Officer who respond. 

B. The SFS who receive an alarm, observe suspicious activity, or respond for assistance will respond 
immediately and do the following: 

i. Use standard law enforcement procedures in their capacity as federal law enforcement 
officers to assess the circumstances and determine if an unescorted access has occurred and 
whether an actual or attempted theft, sabotage, or diversion of the RTGs occurred. 

ii. Take mitigating actions to secure or recover the RTGs/security zone, if needed. 
iii. Coordinate with AFT AC RSO to use the radiation protection principles of time, distance, and 

shielding, as needed, to maintain potential radiation exposure to ALARA. 
iv. Request assistance from federal and/or state law enforcement agencies, if needed. 
v. Assist AFTAC RSO and On Site Commander in reviewing the circumstances, identifying basic 

causes, and establish ing corrective actions to preclude recurrence. 

C. The On-site Commander, who hears an alarm, observes suspicious activity, or responds for 
assistance will respond immediately and do the following: 

i. Provide oversight for efforts to assess the circumstances and determine if an unescorted 
access has occurred and whether an actual or attempted theft, sabotage, or diversion of the 
RTGs occurred. 

ii. Direct and coordinate mitigating actions to secure or recover the RTGs or security zone, if 
needed. 

iii. Coordinate with the AFT AC RSO to use the radiation protection principles of time, distance, 
and shielding, as needed, to maintain potential radiation exposure to ALARA. 

iv. Ensure the Wing Command Post has been notified if damage or theft of an RTG is confirmed. 
v. Assist SFS and AFTAC RSO in reviewing the circumstances, identifying basic causes, and 

establishing corrective actions to preclude recurrence. 
vi. Direct and coordinate implementing corrective actions to preclude recurrence. 

D. The RSO who hears an alarm, observes suspicious activity, or responds for assistance will respond 
immediately and do the following: 

i. Provide radiation safety and health physics support for efforts to assess the circumstances and 
determine if an unescorted access has occurred and whether an actual or attempted theft, 
sabotage, or diversion of the RTGs occurred. 

ii. Provide radiation safety and health physics support for mitigating actions to secure or recover 
the RTGs or security zone, if needed. 
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iii. Coordinate with individuals approved for unescorted access, the On-site Commander, and SFS 
to use radiation protection principles of t ime, distance, and shielding, as needed, to maintain 
potential radiation exposure to ALARA. 

iv. Notify AF Radioisotope Committee is notified IAW AFI 40-201 
v. Assist the On-site Commander and SFS in reviewing circumstances, identifying basic causes, 

and establishing corrective actions to preclude recurrence. 
vi. Prepare a summary report of any unauthorized access for review and evaluation by the 

Radiation Safety Committee. 
vii. Evaluate and audit implementation of corrective actions to preclude recurrence. 

Assessing and responding for circumstances where the security zone is found to be left open and 
unattended and unauthorized or suspicious individuals are not observed in the area. 
A. The individual approved for unescorted access who finds the security zone left open and unattended 

will respond immediately and do the following: 

i. Secure the security zone, if possible. 
ii. Establish and maintain constant visual surveillance of the security zone, if the room cannot be 

secured, move away as far as possible. 
iii. Contact SFS, On-site Commander, and/or AFTAC RSO for assistance. 
iv. Note identifying information about the circumstances of finding the security zone left open 

and unattended for later report to SFS. 
v. Use the radiation protection principles of time, distance, and shielding, as needed, to maintain 

potential radiation exposure to ALARA. 
vi. Provide assistance to the SFS, On-site Commander, and/or AFTAC RSO who respond. 

B. SFS will respond immediately for assistance and do the following: 

i. Use standard law enforcement procedures in their capacity as federal law enforcement 
officers to assess the circumstances and determine if an unescorted access has occurred and 
whether an actual or attempted theft, sabotage, or diversion of the RTGs occurred. 

ii. Take mitigating actions to secure or recover the RTGs and/or security zone, if needed. 
iii. Coordinate with the AFT AC RSO to use the radiation protection principles of time, distance, 

and shielding, as needed, to maintain potential radiation exposure to ALARA. 
iv. Request assistance from federal and/or state law enforcement agencies, if needed. 
v. Assist the AFT AC RSO in reviewing the circumstances, identifying basic causes, and 

establishing corrective actions to preclude recurrence. 

C. On-site Commander, will respond immediately for assistance and do the following: 

i. Provide oversight for efforts to assess the circumstances and determine if an unescorted 
access has occurred and whether an actual or attempted theft, sabotage, or diversion of the 
RTGs occurred. 

ii. Direct and coordinate mitigating actions to secure or recover the RTGs or security zone, if 
needed. 

ii i. Coordinate with the AFT AC RSO to use the radiation protection principles of time, distance, 
and shielding, as needed, to maintain potent ial radiation exposure to ALARA. 

iv. Request assistance from RIC and/or Air Force oversight groups, if needed. 
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v. Assist SFS and AFTAC RSO in reviewing the circumstances, identifying basic causes, and 
establishing corrective actions to preclude recurrence. 

vi. Direct and coordinate implementing corrective actions to preclude recurrence. 

D. AFT AC RSO will respond immediately for assistance and do the following: 

i. Provide radiation safety and health physics support for efforts to assess the circumstances and 
determine if an unescorted access has occurred and whether an actual or attempted theft, 
sabotage, or diversion of the RTGs occurred. 

ii. Provide radiation safety and health physics support for mitigating actions to secure or recover 
the RTGs or security zone, if needed. 

iii. Coordinate with individuals approved for unescorted access, the On-site Commander, and SFS 
to use radiation protection principles of t ime, distance, and shielding, as needed, to maintain 
potential radiation exposure to ALARA. 

iv. Request assistance from RIC, if needed. 
v. Provide required regulatory notifications or reports to RIC, if needed. 

vi. Assist the On-site Commander, and SFS in reviewing circumstances, identifying basic causes, 
and establishing corrective actions to preclude recurrence. 

vii. Prepare a summary report of any unauthorized access for review and evaluation by the 
Radiation Safety Committee. 

viii. Evaluate and audit implementation of corrective actions to preclude recurrence. 

Assessing and responding for circumstances where a fire, flooding, or natural disaster occurs which 
might impact the RTGs or security zone. 
A. The individual approved for unescorted access who is informed of fire, flooding, or an actual or 

pending natural disaster will respond immediately and do the following: 

i. Secure the RTGs and security zone, if possible. 
ii. Evacuate the area, if directed by emergency response staff. 

iii. Inform SFS, On-site Commander, and/or AFT AC RSO about whether the RTGs and security 
zone was secured, when feasible. 

B. The individual approved for unescorted access who returns to the security zone area after a fire, 
flooding, or natural disaster which might have impacted the RTGs or security zone will do the 
following, when emergency response persons approve return to the area: 

i. Assess the scene; if there appears to be damage to the RTGs do not proceed without AFT AC 
RSO or Radiation Protection Staff present to survey for contamination. 

ii. Secure the RTGs or security zone, if needed. 
iii. Establish and maintain constant visual surveillance of the security zone, if the room cannot be 

secured move away as far as possible. 
iv. Contact SFS, On-site Commander, and/or AFTAC RSO for assistance. 
v. Note identifying information about the circumstances of returning to the security zone area 

for later report to the SFS. 
vi. Use the radiation protection principles of time, distance, and shielding, as needed, to maintain 

potential radiation exposure to ALARA. 
vii. Provide assistance to the SFS, On-site Commander, and/or AFT AC RSO who respond. 
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C. The SFS member who responds for assistance when emergency response staff approves return to 
t he area will do the following: 

i. Use standard law enforcement procedures in their capacity as federal law enforcement 
officers to assess the circumstances and determine if an unescorted access has occurred and 
whether an actual or attempted theft, sabotage, or diversion of the RTGs occurred. 

ii. Take mitigating actions to secure or recover the RTGs or security zone, if needed. 
iii. Coordinate with the AFT AC RSO to use radiation protection principles of time, distance, and 

shielding, as needed, to maintain potential radiation exposure to ALARA. 
iv. Request assistance from federal and/or state law enforcement agencies, if needed. 

D. On-site Commander, who responds for assistance when emergency response persons approve 
return to the area will do the following: 

i. Provide oversight for efforts to assess the circumstances and determine if any damage, 
unescorted access, any actual or attempted theft, sabotage, or diversion of the RTGs has 
occurred. 

ii. Direct and coordinate mitigating actions to secure or recover the RTGs or security zone, if 
needed. 

iii. Coordinate with the AFT AC RSO to use the radiation protection principles of time, distance, 
and shielding, as needed, to maintain potential radiation exposure to ALARA. 

iv. Request assistance from RIC and/or Air Force oversight groups, if needed. 
v. Assist SFS and AFTAC RSO in reviewing the circumstances, identifying basic causes, and 

establishing corrective actions to preclude recurrence. 
vi. Direct and coordinate implementing corrective actions to preclude recurrence. 

E. The Radiation Safety Officer who responds for assistance when emergency response persons 
approve return to the area will do the following: 

i. Ensure proper precaution is used in surveying the site for radiological contamination. 
ii. Brief responding personnel on risk avoidance and safety measures to take into consideration. 

iii. Provide radiation safety and health physics support for efforts to assess the circumstances and 
determine if any damage, unescorted access, any actual or attempted theft, sabotage, or 
diversion ofthe RTGs has occurred. 

iv. Provide radiation safety and health physics support for mitigating actions to secure or recover 
the RTGs or security zone, if needed. 

v. Coordinate with individuals approved for unescorted access, the On-site Commander, and SFS 
to use radiation protection principles of time, distance, and shielding, as needed, to maintain 
potential radiation exposure to ALARA. 

vi. Request assistance from RIC, if needed. 
vii. Provide required regulatory notifications or reports to RIC, if needed. 
viii. Assist the On-site Commander and SFS in reviewing circumstances, identifying basic causes, 

and establishing corrective actions to preclude recurrence. 
ix. Prepare a summary report of any unauthorized access for review and evaluation by the 

Radiat ion Safety Committee. 
x. Evaluate and audit implementation of corrective actions to preclude recurrence. 
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DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS AIR FORCE MATERIEL COMMAND 

WRIGHT-PATIERSON AIR FORCE BASE OHIO 

30 January 2015 

Certificate of Equivalency 
AFI4-19 

1. This Certificate of Equivalency (COE) is issued pursuant to Title 49 CFR 173.7(a) of the 
Depru.1ment of Transportation (DOT) hazardous materials regulations, and under the 
authority established in AFI 24-210_IP (DLAD 4145.41, AR 700-143), Packaging of 
Hazardous Material. 

2. COMMODITY: The authorized items are ten (10) Sentinel Radioisotope Thermoelectric 
Generators (RTG). The heat source of each generator is Strontium-90 titanate doubly 
encapsulated in a stainless steel liner and Hastelloy or Uniloy BC capsule which meets 
the requirements of special form radioactive material. The tungsten inner shield and cast 
iron housing reduce radiation levels to less than 10 mR/lu· at one meter from the 
generator's surface. The RTGs are identified as follows: 

Serial 
Model 

Number 
Isotope 

lOOF RTGl Sr-90 (Y -90) 
25A RTG4 Sr-90 (Y-90) 
25E RTG8 Sr-90 {Y-90) 
25E RTG9 Sr-90 (Y-90) 
25E RTGIO Sr-90 (Y-90) 
25F RTG14 Sr-90 (Y-90) 
25E RTG17 Sr-90 (Y -90) 
25E RTG18 Sr-90 (Y-90) 
25E RTG19 Sr-90 (Y-90) 
25E RTG20 Sr-90 (Y-90) 

Proper Shipping Name: 
Hazard Class: 
UN Identification Number: 
Activity: 
Form 
Transport Index 
Packing Group: 
Label: 

Placard: 

Beginning Initial Current Transport 
of life Activity Activity Index 
(BOL) (Ci) TBq (TBD) 
Mar 1972 328,400 4,281 
Apr 1968 94,000 1,115 
Feb 1969 105,200 1,273 
Feb 1969 108,300 1,311 
Feb 1969 105,900 1,282 
Dec 1970 107,800 1,364 
Apr 1971 109,300 1,394 
Apr 1971 106,500 1,357 
Apr 1971 105,700 1,357 
Apr 1971 105,600 1,346 

Radioactive Material, Type B (M) package 
Class 7 
UN2917 
Varies with specific unit TBD at time of shipment 
Solid, Oxide (Normal Form) 

Label 
Category 

Yellow III 
Yellow III 
Yellow III 
Yellow III 
Yellow III 
Yellow III 
Yellow III 
Yellow III 
Yellow III 
Yellow III 

T.J.-V ruies with specific unit TBD at time of shipment 
NIA 
Radioactive Yellow III-Meets the definition of Highway 
Route Controlled Quantity Which requires the Yell ow III 
label 
Radioactive placard on square background §172.507(a) 

011e Team, Delivering Capabilities to Fly, Fight & Win ... Today & Tomorrow 



3. PRESCRIBED PACKAGING: The RTGs are designed as the packaging for the 
Strontium-90 heat source. The heat source of each generator is doubly encapsulated in a 
stainless steel liner and Hastelloy or Uniloy HC capsule. There is a tungsten inner shield 
and cast iron housing to reduce radiation levels. The top cover, or shield plug, that 
encloses the fuel capsule assembly is fastened to the fuel capsule body with CRES-A-286 
( corrosion resistant enhanced steel) plated bolts. The shield, coupled with the inherent 
material and spacing within the generator, combine to provide nominal radiation dose 
rates no greater than IO mRem/hr at a distance of three feet. 

4. BASIS: The NRC previously certified (NRC certificate numbers 4888 and 5862) the 10 
RTGs as Type B containers. Each of the Sentinel RTGs were designed, and licensed, to 
act as their ovvn shipping container. Due to regulatory changes, the original NRC Type B 
packaging certificates have expired and can no longer be renewed necessitating this DOD 
COE. The RTG's packaging has been evaluated by the DOE and was found to meet the 
requirements of IO CFR Part 71 with respect to containment, shielding, and criticality. 
The AF Medical Support Agency, Radioisotope Committee Secretariat (RICS) has 
reviewed the package design and transport plan and concurs with the DOE Safety 
Evaluation Report. The RTG packaging and transportation controls provide a level of 
safety equivalent to compliant packaging (i.e. Type B(M)-96) 

5. MODES OF TRANSPORTATION: Transportation authorized by military cargo 
aircraft and military transport vehicle. 

6. REGULATIONS AFFECTED: AFMAN 24-204 Paragraph Al 1.9 and 49 CFR 
§173.416 

7. SPECIAL PROVISIONS: 

a. A copy of this COE must accompany the shipment. 

b. Each RTG will be marked with "COE AF14-19." 

c. Shipping papers shall contain the statement "Packaged in accordance with 49 
CFR 173.7(a) by authority of COE AFI4-19," and the words "Highway route 
controlled quantity" or "HRCQ". § l 72.203(d)(I0), §173.403 

d. All packages will be Radioactive Yellow III. This is due to the activities in each 
RTG exceeding 3000 times the Al/A2 values or 27,000 Ci (whichever is less). 
Therefore, each package is to be labelled YIU since they are Highway Route 
Controlled Quantities (1-IRCQ). § 172.403 

e. Placarding for ground transport of HRCQ requires ground transport vehicles are 
placarded with a Class 7 Placard placed on top of a White.Square Placard. 
§ l 72.507, § 172.527 



f. Shipper must comply with all other requirements of 49 CFR and AFMAN 24-204 
as applicable. Any incidents involving the use of this COE must be reported 
immediately to AFMC A4RT, 4375 Chidlaw Rd, Wright-Patterson AFB, OH, 
45433. Telephone: Commercial 937-257-1984, DSN 787-1984. 

8. POINT OF CONTACT: Jim Frank at DSN 787-1984, emailjames.frank.2@us.af.mil or 
Bill Heineman at DSN 787-4503, email williarn.heineman(ci),us.af.mil. 

9. DATE OF CERTIFICATION: 30 January 2015 

10. EXPIRATION DATE: 31 August 2016 

~· ft(u)_'i?~ ·~ 
MARK P. FERGUSON c3 
Chief, Transportation and Packaging Policy Branch 

cc: LOGSA/PSCC 
HQAMC/A4TC 
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I approve this Transportation Plan and authorize the commencement of the activities described therein. 

AFTAC Commander 
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A. PURPOSE 

This transportation plan addresses the removal of 10 radioisotope thermoelectric generators (RTGs) 

from Burnt Mountain, Alaska and their subsequent transfer to the U.S. Department of Energy (DOE). 

Elements of this plan include security, safety, communication, transportation routes, equipment 

requirements, procedures, etc., and are designed to ensure successful RTG removal while minimizing 

potential health, safety, and environmental risks. The transport is planned for approximately 10 days in 

July 2015; however, contingency planning allows for increased time due to weather, mechanical, or 

logistical delays. 

B. BACKGROUND 

The U.S. Air Force operates a seismic observatory at Burnt Mountain, Alaska to assist in nuclear treaty 

verification. This unattended station, consisting of five sites clustered within a 1.5-mile radius, is located 

in a remote area north of the Arctic Circle, approximately SO miles from the nearest village. The seismic 

monitoring and data communications equipment at the station require low, but very reliable, power. 10 

RTGs, each containing between 1.2 and 3.9 pounds of strontium 90, a radioactive material, were used to 

supply power because of their high reliability and low maintenance. The RTGs no longer provide 

sufficient power to support the equipment on-site. To effectively maintain mission support equipment, 

the USAF replaced the RTGs with an alternative source of power. The RTGs will be removed from Burnt 

Mountain and transferred to the DOE. 

C. PARTICIPATING ORGANIZATIONS 

Air Force Technical Applications Center 
HQ AFTAC 
10989 S. Patrick Dr 
Patrick AFB, FL 32925 
321-494-3870 

United States Army, Alaska (USARAK) 
HQ USARAK 
Fort Wainwright 
Box 35455 
Fort Wainwright, AK 99703 
907-460-6209 

11th Air Force 
6111

h Air Support Group 
Elmendorf AFB, AK 
907-552-7282 

Air Force Technical Application Center 

Detachment 460 
2681 Flightline Ave 
Eielson AFB, AK 99702 
907-377-2428 

4-123d Aviation Regiment 
BLDG 3010 Montgomery Road 
Fort Wainwright, Alaska 99703 
907-353-6195 

611 th Air Support Squadron 
Elmendorf AFB, AK 
907-552-5107 

re: e fflei&I u @ a I; 
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354th Fighter Wing, Eielson AFB 
354th FW/CC 

354 Broadway St Unit 19A 
Eielson AFB AK 99702-1899 
907-377-6101 

Nellis /Creech AFB 
799th Air Base Group 

Creech AFB, NV 
702-404-3947 

Department of Energy 

432d Wing 
Creech AFB, NV 
702-404-1368 

National Nuclear Security Administration 
Sandia National Lab 
Box 5400 
Albuquerque, NM 87185 

Air Force Radioactive Recycle and Disposal Office (AFRRAD) 
88 ABW/CEIEC 
1450 Littrell Road 
Wright-Patterson AFB, OH 45433 

D. ORGANIZATIONAL ROLES AND RESPONSIBILITIES 

99th Logistics Readiness Squadron 
Nellis AFB, NV 
702-404-0949 

RTG transport to the Nevada National Security Site (NNSS) for disposition is under the direction of 

Headquarters AFT AC, Patrick AFB FL. AFT AC will provide administrative direction and guidance to all 

organizations involved to ensure safe, efficient, and cost-effective execution of the project. 

1. HQ AFT AC is responsible for developing and coordinating all required documentation, obtaining 

or providing necessary funding, and notifying all appropriate organizations or agencies of the 

transport and its status. HQ AFT AC is also directly accountable for all radiation safety aspects of 

the project and has overall responsibility for project security, to includes training of personnel. 

2. The AFT AC Director of Operations (AFTAC/00), acting as the on-site Commander, is responsible 

for the execution of the transport operation. He/she will ensure all requirements and 

restrictions are adhered to, enforce all safety standards, and have final go/no go authority on all 

aspects of the operation. 

3. The AFTAC Radiation Safety Officers (RSOs) are responsible for providing subject matter 

expertise regarding activities in support of the transport of the RTGs from Alaska to NNSS. RSOs 

have authority to suspend operations that pose a significant health risk to personnel or the 

Air Force Technical Application Center Page 5 of 13 
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public, or can cause contamination of the environment or noncompliance with the assigned 

radioactive materials permit or AFI 40-201. 

4. The AFT AC NEPA Compliance Officer is responsible for ensuring all requirements of the National 

Environmental Protection Act are adhered to. 

5. AFTAC Detachment 460 is responsible for supporting the development and execution of site­

specific procedures in Alaska, coordinating with local military organizations to include Fort 

Wainwright and Eielson AFB, and coordinating with Alaskan entities involved in or affected by 

the project. 

6. The Air Force Liaison to NNSA is responsible for coordinating with NNSS, Creech AFB, and NNSA. 

7. The 1-52d Aviation Regiment is responsible for CH-47 operations. This includes provision of 

helicopters and crews along with standard support equipment and direction of actual 

operations and loading/unloading. 

8. TRANSCOM will provide aircraft, crews, and standard support equipment to transport the RTGs 

from Eielson AFB to Creech AFB. Based upon current aircraft basing, a C-17 is the most likely 

aircraft for this mission. 

9. Eielson AFB will be used as a transshipment point for the RTGs. Eielson is responsible for 

providing a secure staging area for overnight staging, security forces, support equipment and 

operators necessary for unloading/loading of RTGs, and emergency response should the need 

arise. The 354LRS will provide ten 463L pallets in support of the operation. 

10. Creech AFB will be used as a transshipment point for the RTGs. Creech, via the 799ABG, is 

responsible for providing security, support equipment and operators necessary for 

unloading/loading of RTGs, and emergency response should the need arise. The 432d Wing will 

provide a secure staging area for overnight staging. 99LRS will provide the tractor trailers and 

HAZMAT certified drivers to move the RTGs from Creech AFB to NNSS. The Comm Squadron will 

provide radios for Nevada operations. 

11. Sandia National Labs (SNL) is responsible for developing and submitting documentation needed 

to maintain approvals for RTG acceptance at NNSS, inspecting the RTGs prior to each shipment 

to ensure final acceptance at NNSS is not compromised, and accepting ownership at NNSS. 

12. DOE HQ is responsible for issuing Certificates of Compliance for non-transport and an Exemption 

to specific transportation requirements. 

Air Force Technical Application Center Page 6 of 13 
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13. NNSS is responsible for completing the draft "Environmental Assessment for the Non-routine 

Transportation of Radioisotope Thermoelectric Generators", coordinating courses of action that 

impact the site prior to and during acceptance of the RTGs at NNSS. Additionally, 

responsibilities include on-site transportation management, handling on-site emergency actions, 

and accepting ownership and providing long-term stewardship of the assets. 

14. AFRRAD is responsible for assisting with transportation and is the packaging/shipment certifying 

agency (performing dose rate measurements, marking, labeling, completing bill of ladings, etc.) 

15. HQ AMC/ A4TC is supporting this operation by evaluating the RTG packaging and providing a 

DOD Certificate of Equivalency under the authority established in AFI 24-210_1P (DLAD 4145.41, 

AR 700-143), Packaging of Hazardous Material 

E. ENVIRONMENTAL ASSESSMENT 

The National Environmental Policy Act (NEPA) of 1969 requires federal agencies to integrate 

environmental values into their decision-making processes by considering the environmental impacts of 

their proposed actions and reasonable alternatives to those actions. Regulations provide for the 

preparation of an Environmental Assessment (EA) to determine whether the proposed action fits within 

the definition of actions that require an Environmental Impact Statement (EIS). An EA considers the 

impacts of the proposed action and alternatives and may conclude with either a recommendation to 

prepare an EIS or a recommendation to prepare a Finding of No Significant Impact (FONS!). An EA must 

generally include the same contents, but may be briefer. The specific content of an EA is dictated by the 

specific section of the Code of Federal Regulations relating to the involved federal agency. 

The Air Force's process for compliance with NEPA is codified in Title 32 Code of Federal Regulations 

(CFR) 989. NEPA, and thus 32 CFR 989.13, specifies categories of actions that do not individually or 

cumulatively have potential for significant effect on the environment and do not require further 

environmental analysis in an EA or EIS may be categorically excluded. The Air Force provides a list of 

such categorical exclusions (CATEXs) in Appendix B of 32 CFR 989. 

The CA TEX with the most similar action of transporting the RTGs is found in A2.3.28, which states 

"Routine transporting of hazardous materials and waste in accordance with applicable Federal, state, 

interstate, and local laws." The airlift portions of the movement of the RTGs from their current location 

are not considered "routine", thus an EA is being prepared under a separate cover. 

Air Force Technical Application Center Page 7 of 13 

PSI Sffici 111 ?s!1;1 



issa: :t1 ncJstcal n.,rs::::az:o:: n :cf:f:Ofa· 0110EJ 10 c: ii 2.596 

AFTAC Transportation Plan f or RTG 

F. TRANSPORTATION M ODES 

RTG movement will utilize air and ground transportation. All transportation vehicles will be government 

owned and operated by qualified government personnel. The RTGs were designed and certified as Type 

B sh ipping containers through the Nuclear Regulatory Commission (NRC). Certification of the containers 

for use as Type B expired and was not renewable. Subsequently, DOE and DoD evaluated the RTG 

packaging and determined their construction and condition to be equivalent (suitable) for transport as 

Type B packages. To support DoD transport, a DoD Certificate of Equivalency was issued under the 

authority established in AFI 24-210_1P (DLAD 4145.41, AR 700-143), Packaging of Hazardous Material. 

Additionally, DOE issued a non-transport Certificate of Compliance for future storage at a DOE location 

and an Exemption from specific requirements within the code of federal regulations. Certificates and 

Exemption are presented as Appendices to th is document and all transportation elements will be 

handled accordingly. 

The following is a description of each of the modes of transport. 

1. Air 

a. The first leg of the transportation will be accomplished using Chinook CH-47 helicopters. 

The CH-47F is a t win-engine, tandem rotor heavy-lift helicopter with a top speed of 196 

mph, a cruising speed of 149 mph, and a range of 450 miles. It has a wide loading ramp at 

the rear of the fuselage and three external-cargo hooks. The CH-47 is crewed by three 

personnel and has a capacity of 33-35 troops or 28,000 lb of cargo. Two turbo shaft engines 

power the CH-47 and provide the ability for a single engine to drive both rotors should one 

engine fail. 

b. The second leg w ill utilize fixed wing aircraft provided by TRANSCOM. C-17 aircraft is the 

most likely choice given the basing proximity of Joint Base Elmendorf-Richards (JBER). The 

C-17 Globemaster Ill is the most likely variant for this mission. This aircraft is powered by 

four Pratt & Whitney F117-PW-100 turbofans and has a cruising speed of 515 mph with a 

ceiling of 45,000 feet carrying 170,900 lb of cargo. Payload size determines aircraft range 

and ranges from 2,785 miles to 6,456 miles. The aircraft is crewed by three personnel and 

its maximum load can be comprised of a maximum of 18 pallets or a mix of personnel, 

palletized cargo, and vehicles. 

2. Ground 

Two tractors and flatbeds provided by 99LRS will make the final leg of the journey. The tractors 

are Freightliner Business Class M2's. They have 100 gallon tanks and a range of approximately 

600 miles without having to stop to refuel. The trailers are "40 ft 20 ton" trailers and as such are 

623 inches long x 96 inches wide x 73 inches high. 

Air Force Technical Application Center Page 8 of 13 
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G. ROUTE PLAN 

The transportation route consists of three legs beginning at 

Burnt Mountain, AK and concluding at the NNSS. Route 

selection involved a detailed analysis of several factors to 

include travel distance, fuel consumption/cost, accident risk, 

personnel safety, and environmental concerns. The 

following paragraphs provide details for the selected legs. 

1. Burnt Mountain to Eielson AFB via military 

conveyance (i.e., Chinook CH-47 helicopter) 

The USAF will use a minimum of two CH-47 Chinook 

helicopters and an all-terrain vehicle forklift to 

accomplish the move from Burnt Mountain to 

Eielson AFB, AK. Helicopters are needed because of 

uneven terrain and lack of aircraft runways. The 

forklift weighs approximately 10,000 pounds, will be 

transported by helicopter, and will be used to 

maneuver the RTGs from their storage shelters into 

a CH-47 helicopter for transport. The CH-47 can 

accommodate two RTGs at a time due to size and 

weight restrictions, thus five helicopter trips are 

' 

Transport Route 
Overview 

..... \ 

-Creech AFB, N.V, , 
&NN~ _... ·--· 

required. The distance to Eielson AFB is 202 miles south and the flying time is 1 hour 45 

minutes. Over five trips, this amounts to a total of about 2020 miles; the RTGs will be on board 

a helicopter for a total of 1010 miles. The CH-47s will land at Eielson AFB where staging of the 

RTGs may last five to six days, unless delayed by weather or other unforeseen circumstance. 

The RTGS will be staged in an enclosed facility, leak tested to ensure no damage has occurred 

during helicopter transport, and transferred to a fixed wing aircraft. Reference Appendix N -

Security Plan for appropriate security measures while the RTGs are staged at Eielson AFB. 

2. Eielson AFB to Creech AFB via military conveyance 

(i.e., C-17 aircraft) 

The USAF will move the RTGs on fixed wing aircraft 

from Eielson AFB, AK to Creech AFB, NV with an 

approximate flight distance of 2030 miles. This 

aircraft can accommodate all 10 RTGs so only one 

trip is required. Creech AFB is the closest available/ 

Air Force Technical Application Center 
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approved runway to NNSS. The RTGs will be staged 

over night in a hanger, leak tested to ensure no 

damage has occurred during C-17 transport, and then 

transferred to a tractor-trailer. 

3. Creech AFB to DOE storage site via truck. 

The USAF will then transfer the RTGs onto two 

flatbed tractor-trailers for transport to the NNSS. 

The distance traveled will be approximately 40 miles. 

The flatbeds will each carry five RTGs, so only one trip 

is required. The distance from Creech AFB to the 

entrance of NNSS is approximately 18 miles. DOE will 

take possession of the RTGs at the gate of the NNSS. 

An alternative to the selected route, in the case of emergency 

or unforeseen circumstance, is to land at Ft Yukon, AK for 

Ch-47 refueling. Alaska conducts fire-fighting operations , , 
.__ ________ _ 

from this location and the Alaska Fire Service has granted the U.S. Air Force permission to utilize their 

landing location and fuel tanks if necessary. 

H. EQUIPMENT REQUIREMENTS 

1. All-terrain Forklift: An all-terrain forklift is required to remove the RTGs from the storage 

shelters for loading on to the helicopter due to the permafrost. The forklift will have a safe 

working load sufficiently greater than the weight of the RTG/pallet combination and will have 

been weight-tested within the prescribed period. The forklift will be transferred from site to site 

via helicopter. The weight of the forklift is approximately 10,000 pounds. 

2. 10,000 lb forklifts and K-loaders are required at both Eielson AFB and Creech AFB. Each AFB will 

provide this equipment and certified operators . 

3. Temporary Roadway Material: Due to the permafrost, and soft swampy ground at Burnt 

Mountain sites 1 and 4, roadway material is required to prevent the forklift from getting stuck 

and damage of the site. The material selected, I-Trac by Macroplastics, "is a state-of-t he-art 

modular infrastructure system that enables vehicular traffic over inhospitable or unsafe ground 

[and] ... creates a contiguous surface capable of carrying extreme loads over virtually all ground 

conditions" It "is manually deployable ... requiring no special skills or equipment." One piece is 

47.Sin x 36.3in x 2.lin, covers 8.6 square feet, and weighs 38 lbs. The required I-Trac material 

was purchased and is forward deployed and stored at t he sites. 

Air Force Technical Application Center Page 10 of 13 
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4. Plywood Sheets: To assist with the loading of the RTGs onto the helicopter, several plywood 

sheets are needed. Plywood is forward deployed and stored at the sites. 

5. Cargo Load Coasters: Cargo load coasters will be used to assist with the loading of the RTGs 

onto the helicopter. 

6. Helicopter Winch: The helicopter winch will need to be in working order to accomplish the 

loading of the RTGs. 

7. Standard Tool Kit: Standard tools will be required to perform minor changes to the current 

notification system configuration once the RTGs have been removed. 

8. Torque wrench and socket set to verify bolts are secured properly. 

9. Communications Equipment: Portable radios for the deployment team to keep in contact with 

team members at different locations. Det 460 will furnish Iridium phones and radios for Alaska 

operations (additional phones/radios are available from the 354LRS) and Creech AFB will 

provide radio for operations in Nevada. 

10. 463L Pallets: Pallets will be provided by Eielson AFB (354LRS) and accepted by Creech AFB 

(99LRS) 

11. Tie-down chains and tensioners: 10,000 lb chains and appropriate tensioners will be purchased 

by Det 460 to secure the RTGs to the 463L pallets and flatbed trailer. Refer to Appendix G -

Transport and Handling for equipment specifications. 

I. HEALTH AND SAFETY 

Safety has been considered in accordance with AFI 91-202 The US Air Force Mishap Prevention Program; 

AFI 91-207 The US Air Force Traffic Safety Program; AFI 91-103 The Air Force Occupational and 

Environmental Safety, Fire Protection and (AFOSH) Health Program; and Occupational Safety and Health 

Administration (OSHA) standards. Personnel tasked with implementing this plan will adhere to these 

standards, including but not limited to: general safety, electrical safety, lifting heavy objects, blood 

borne pathogens, and proper use of personal protective equipment. 

Minimizing the time personnel spend near an RTG and maximizing the distance between personnel and 

an RTG will insure doses are maintained as low as reasonably achievable. These precautions are 

reflected in the transport and handling procedure in Appendix G. Prior to execution of this 

transportation plan or exposure to potential hazards, all personnel will be briefed on specific safety 

instructions contained in Appendix L - Health & Safety Plan. 

Air Force Technical Application Center Page 11 of 13 
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AFTAC Transportation Plan f or RTG 

J. EMERGENCY RESPONSE 

Reporting of radioactive material mishaps and incidents associated with RTG transportation is governed 

by AFI 40-201 paragraph 3.12 and attachments 11 and 12 as well as portions of 10 CFR 20 as referenced 

in the AFI. Appendix M - Emergency Management Plan provides procedures for notification and 

handling of an emergency. 

In the unlikely event of an incident, to include an in-flight emergency or an in-route accident or 

breakdown, State and local government agencies have the primary responsibility for response. All 

mishaps and incidents will be reported immediately by notifying the Operations Commander and the 

AFTAC or Installation Radiation Safety Officer (RSO) identified in paragraph 2.A of Appendix M. The RSO 

will in turn notify the appropriate organizations as governed by AFI 40-201. Notifications made to report 

an emergency shall be made by voice insofar as possible unless precluded by security requirements. 

Organizations to be notified by the RSO are: 

• Radio Isotope Committee (RIC): DSN 425-6308, Comm (703) 588-6308 

• RIC Secretariat: DSN 761-6946, Comm (703) 681-6946 

• Andrews Regional Command Post (after duty hours): DSN 858-5058, Comm (301) 981-5058 

• Bolling AFB Command Post: DSN 297-4011, Comm (202) 767-4011 

Special care will be taken when reporting a mishap or incident to ensure reports do not contain 

classified or sensitive unclassified information. All reports involving RAM exceeding NRC quantities of 

concern will be handled as sensitive information and transmitted as directed by the RIC. All information 

will be properly marked and secured from unauthorized access. 

If an event should occur, in addition to making appropriate notifications, on site personnel will initiate 

emergency response procedures in accordance with Appendix M . If any situation arises requiring an 

emergency landing, the aircraft commander will determine the safest landing location based upon a 

variety of factors to include proximity to an Air Force base, current weather, and runway conditions. 

NNSS is a designated safe haven should an in route emergency arise during the Nevada ground portion 

of the RTG transport. If travel to NNSS is obstructed, shipment will return to Creech AFB. 

Personnel involved in the transport of the RTGs will carry communication equipment and a copy of 

Appendix M - Emergency Management Plan. In addition, the Emergency Response Summary 

information (extracts from the Emergency Response Guide 163) contained at the end of Appendix M will 

accompany the RTG throughout transport. 
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AFTAC Transportation Plan for RTG 

K. SECURITY 

Appendix N to this document contains the security plan associated with this transportation effort. The 

plan is implemented and maintained to comply with NRC requirements in 49 CFR Part 172 and 10 CFR 

Part 37. The purpose of the plan is to establish the security strategy to be used during the transport of 

the RTGs from Burnt Mountain to the NNSS. AFT AC RSOs are responsible for implementing the security 

plan. RSOs are Mr. Mark Talbert (321-494-4851) and Ms. Joy Morris (321-494-3870). Refer to Appendix 

N for an assessment of the security risk for this transport ef fort and a complete description of the 

security plan. 
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1. OPERATIONS: 

RTG TRANSFER SITREP 
20JULY 2015 

A. SIGNIFICANT EVENTS: THE RTG EXTRACTION TEAM CANCELLED EXTRACTION ACTIVITIES ON 
20 JULY 2015 DUE TO WEATHER AT BURNT MOUNTAIN. 

FT WAINWRIGHT DEPARTURE: 16002 
BURNT MOUNTAIN ARRIVAL: N/A 
BURNT MOUNTAIN DEPARTURE: N/A 
EIELSON AFB ARRIVAL: N/A 
FT WAINWRIGHT ARRIVAL: 16412 

B. MAJOR EVENTS NEXT 24-48 HOURS: ON 21 JULY 2015, THE RTG EXTRACTION TEAM WILL 
CONTINUE WITH EXTRACTION OF RTGs #7/#8 FROM BURNT MOUNTAIN SITE #4. 

C. MISSION IMPACT: NO IMPACT ON NEW BASELINE SCHEDULE. C-17 DEPARTURE STILL 
PLANNED FOR 24JULY 2015. 

2. WEATHER: 
A. NEXT 24-48 HOURS: PARTLY CLOUDY/ 0% PRECIP 
B. LONG RANGE: LOW CHANCE OF RAIN AND MOSTLY SUNNY FOR 21-24 JULY 2015. 

3. LOGISTICS: 
A. CH-47 #1: FMC 
B. CH-47 #2: FMC 
C. CH-47 #3: FMC 
0 . FIELD FORKLIFT: FMC 
E. EIELSON GSE: FMC 
F. C-17: FMC 
G. CREECH GSE: N/ A 

4. PERSONNEL DATA: 
A. TDY PERSONNEL: 6 ACTIVE DUTY AIR FORCE / 8 CIVILIANS / 1 CONTRACTORS 
B. AFTAC PERSONNEL (TDY & DET 460): 18 EIELSON AFB / 0 CREECH AFB / 4 BURNT MOUNTAIN/ 
1 FT YUKON/ 1 FAIRBANKS MEMORIAL HOSPITAL 

5. RTG LOCATION: 4/10 BURNT MOUNTAIN/ 6/ 10 EIELSON AFB/ 0/10 CREECH AFB 

6. COMMUNICATIONS STATUS: 
A. LMR: PMC 
B. CELL PHONE: FMC 
C. DSN: FMC 
D. SAT PHONE: FMC 
E. SIPR/NIPR E-MAIL: FMC 
F. COMMENTS: RADIO TO BURNT MOUNTAIN LIVING FACILITY IS FMC. SITES 1/ 2/ 4 RADIO 
REPEATER INSTALLATION IS ONGOING. ETIC UNKNOWN- NO MISSION IMPACT; SAT PHONES 
WITH TEAM. 
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7. MEDICAL STATUS: MEMBER INJURED ON 17 JULY STILL IN FAIRBANKS HOSPITAL. HE IS DOING WELL 
ANO IN VERY GOOD SPIRITS. MEDICAL STAFF IS EVALUATING AND WILL MAKE DECISION TO SEND HIM 
HOME DAY BY DAY. CONSIDERATIONS ARE HIS TODDLER AT HOME, HIS MOBILITY, AND ABILITY TO 
CHANGE HIS OWN DRESSING. 

8. CONTACT INFO: 
A. RTG COMM CENTER: DSN: 317-377-7689 / Commercial: 907-377-7689 
B. EIELSON COMMAND POST: DSN: 317- ommercial: 907-377-1500 
C. RTG ON SITE COMMANDER: Cell: (b)(6) 
D. RTG OPERATIONS MANAGER: CelL;,I ==b:=;6'!'!'=======, 

9. ON SITE COMMANDER COMMENTS: HELOS DEPARTED TODAY BUT WERE UNABLE TO MAKE IT OVER 
THE MOUNTAINS TO THE NORTH DUE TO LOW CLOUDS AND VISIBILITY. THE LOW CEILING AND RAIN IN 
THE FAIRBANKS AREA SATURDAY AND SUNDAY LIFTED, BUT STILL REMAIN OVER THE MOUNTAINS. WE 
DEPARTED FORT WAINWRIGHT AND TRIED TWO DIFFERENT VALLEYS BUT WERE UNABLE TO MAKE IT 
THROUGH. DUE TO THE LOW ALTITUDE OF THE ICING LEVEL, WE WERE UNABLE TO PROCEED IFR. WE 
WILL RE-ATIACK TOMORROW. 
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1. OPERATIONS: 

RTG TRANSFER S,TREP 
21 JULY 2015 

A. SIGNIFICANT EVENTS: ON 21 JULY 2015, THE RTG EXTRACTION TEAM SUCCESSFULLY 
TRANSFERRED RTGs #7 /#8 FROM BURNT MOUNTAIN SITE #4 TO THE EIELSON AFB STAGING 
AREA. 

FT WAINWRIGHT DEPARTURE: 15482 
BURNT MOUNTAIN ARRIVAL: 17162 
BURNT MOUNTAIN DEPARTURE: 20002 
El ELSON AFB ARRIVAL: 21242 

B. MAJOR EVENTS NEXT 24-48 HOURS: ON 22 JULY 2015, THE RTG EXTRACTION TEAM WILL 
CONCLUDE MOUNTAIN OPERATIONS WITH EXTRACTION OF RTGs #9/#10 FROM BURNT 
MOUNTAIN SITE #5. 

C. MISSION IMPACT: C-17 DEPARTURE STILL PLANNED FOR 24 JULY 2015. 

2. WEATHER: 
A. NEXT 24-48 HOURS: MOSTLY SUNNY/ 10% PRECIP 
8. LONG RANGE: LOW CHANCE OF RAIN AND MOSTLY SUNNY FOR 22-24 JULY 2015. 

3. LOGISTICS: 
A. CH-47 #1: FMC 
B. CH-47 #2: FMC 
C. CH-47 #3: FMC 
D. FIELD FORKLIFT: FMC 
E. EIELSON GSE: FMC 
F. C-17: FMC 
G. CREECH GSE: N/ A 

4. PERSONNEL DATA: 
A. TOY PERSONNEL: 6 ACTIVE DUTY AIR FORCE / 8 CIVILIANS / 1 CONTRACTORS 
8. AFTAC PERSONNEL (TOY & DET 460): 19 EIELSON AFB/ 0 CREECH AFB/ 4 BURNT MOUNTAIN/ 
1 FT YUKON 

5. RTG LOCATION: 2/10 BURNT MOUNTAIN/ 8/10 EIELSON AFB/ 0/10 CREECH AFB 

6. COMMUNICATIONS STATUS: 
A. LMR: PMC 
8. CELL PHONE: FMC 
C. DSN: FMC 
D. SAT PHONE: FMC 
E. SIPR/NIPR E-MAIL: FMC 
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F. COMMENTS: RADIO TO BURNT MOUNTAIN LIVING FACILITY IS FMC. SITES 1/2/4 RADIO 
REPEATER INSTALLATION IS ONGOING. ETIC UNKNOWN - NO MISSION IMPACT; SAT PHONES 
WITH TEAM. 

7. MEDICAL STATUS: MEMBER INJURED ON 17 JULY RELEASED FROM FAIRBANKS HOSPITAL. HE IS 
DOING WELL AND RECOVERING AT HIS LOCAL RESIDENCE. 

8. CONTACT INFO: 
A. RTG COMM CENTER: DSN: 317-377-7689 / Commercial: 907-377-7689 
B. EIELSON COMMAND POST: DSN: 317-377-1 Commercial: 907-377-1500 
C. RTG ON SITE COMMANDER: Cell1.:.(b ... ),:.,.(6~) ~----, 
D. RTG OPERATIONS MANAGER: Cell. (b)(6) L------

9. ON SITE COMMANDER COMMENTS: SUCCESSFUL DAY WITH MOVING 2 MORE RTGs TO EIELSON. 
WEATHER ENROUTE CONTINUES TO BE A CHALLENGE AS WE HAD TO CLIMB ABOVE THE CLOUD DECK 
TODAY TO STAY CLEAR OF ICING. WEATHER IN FAIRBANKS TOMORROW LOOKS GOOD. AS WE HAVE 
LEARNED THROUGHOUT THIS OPERATION, FORECASTING WEATHER OVER THE MOUNTAINS IS VERY 
DIFFICULT. EXPECT TO FLY A 3-SHIP TOMORROW TO BRING THE LAST RTGs BACK AS WELL AS THE 
FORKLIFT. THURSDAY WILL BE DEDICATED TO FINAL PREPPING OF RTGs FOR MOVEMENT AS WELL AS 
SURVEYING THE C-17 WHEN IT LANDS. PLANNED FLIGHT TO CREECH WILL BE ON FRIDAY THE 24TH. 

FINAL DISPOSITION INSPECTIONS AND SURVEYS MUST BE COMPLETED AT CREECH. DUE TO THE 
INSPECTORS FROM SANDIA NOT ARRIVING UNTIL SUNDAY NIGHT, THE FINAL INSPECTIONS WILL BE 
ACCOMPLISHED ON MONDAY THE 27TH AND THE FINAL LEG OF THE JOURNEY WILL OCCUR ON 
TUESDAY THE 28TH. 
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l. OPERATIONS: 

RTG TRANSFER SITREP 
22JULY 2015 

A. SIGNIFICANT EVENTS: ON 22 JULY 2015, THE RTG EXTRACTION TEAM SUCCESSFULLY 
TRANSFERRED RTGs #9/#10 FROM BURNT MOUNTAIN SITE #5 TO THE El ELSON AFB STAGING 
AREA. 

FT WAINWRIGHT DEPARTURE: 16032 
BURNT MOUNTAIN ARRIVAL: 17502 
BURNT MOUNTAIN DEPARTURE: 20142 
EIELSON AFB ARRIVAL: 21362 

B. MAJOR EVENTS NEXT 24-48 HOURS: ON 23 JULY 2015, THE RTG EXTRACTION TEAM WILL 
PERFORM RADIATION SURVEYS OF All 10 RTGS, PREPARE THE RTGS FOR THE C-17 FLIGHT, 
PERFORM RADIATION SURVEYS OF THE C-17, AND CONDUCT REQUIRED ACTIVITIES TO CLEAR 
All EQUIPMENT AND FACILITIES USED AT EIELSON AFB. 

C. MISSION IMPACT: C-17 DEPARTURE STILL PLANNED FOR 24 JULY 2015. 

2. WEATHER: 
A. NEXT 24-48 HOURS: CLEAR 
B. LONG RANGE: PARTLY CLOUDY WITH A CHANCE OF RAIN FOR 23-24 JULY 2015. 

3. LOGISTICS: 
A. CH-4 7 #1: FMC 
B. CH-47 #2: FMC 
C. CH-47 #3: FMC 
D. FIELD FORKLIFT: FMC 
E. EIELSON GSE: FMC 
F. C-17: FMC 
G. CREECH GSE: N/A 

4. PERSONNEL DATA: 
A. TOY PERSONNEL: 6 ACTIVE DUTY AIR FORCE/ 8 CIVILIANS/ 1 CONTRACTORS 
B. AFT AC PERSONNEL (TOY & DET 460): 19 EIELSON AFB/ 0 CREECH AFB / 5 BURNT MOUNTAIN / 
1 FT YUKON 

5. RTG LOCATION: 0/10 BURNT MOUNTAIN / 10/10 EIELSON AFB / 0/10 CREECH AFB 

6. COMMUNICATIONS STATUS: 
A. LMR: PMC 
8. CELL PHONE: FMC 
C. DSN: FMC 
D. SAT PHONE: FMC 
E. SIPR/NIPR E-MAIL: FMC 
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F. COMMENTS: RADIO TO BURNT MOUNTAIN LIVING FACILITY IS FMC. SITES 1/2/4 RADIO 
REPEATER INSTALLATION IS ONGOING. ETIC UNKNOWN - NO MISSION IMPACT; SAT PHONES 
WITH TEAM. 

7. MEDICAL STATUS: NSTR 

8. CONTACT INFO: 
A. RTG COMM CENTER: DSN: 317-377-7689 / Commercial: 907-377-7689 
8. EIELSON COMMAND POST: DSN: 317-377-1 0 Commercial: 907-377-1500 
C. RTG ON SITE COMMANDER: Cell: (b)(6) Lp.,,,...,..,.,,.,---------, 
D. RTG OPERATIONS MANAGER: Cell: (b )(6) 

9. ON SITE COMMANDER COMMENTS: SUCCESSFUL DAY WITH MOVING LAST 2 RTGs TO EIELSON. 
WEATHER FOR THE FINAL DAY WAS PICTURE PERFECT AND ALL OPS WENT SMOOTHLY. WE ALSO WERE 
ABLE TO BRING THE FORKLIFT BACK ON A THIRD HELO. 

EXCELLENT JOB BY THE WHOLE TEAM. THE SUPPORT FROM THE 354WG HAS BEEN SIMPLY 
OUTSTANDING. THEY HAVE LEANED FORWARD, BEEN WITH US EVERY STEP, AND PROVIDED 
EVERYTHING WE HAVE NEEDED. ARMY AVIATION PRESSED HARD EVERYDAY YET KEPT US SAFE AND 
MADE THE HARD ABORT CALLS ONLY WHEN NECESSARY. 

WHILE A HUGE SUCCESS THUS FAR, WE STILL THE HAVE THE SECOND HALF OF THE MISSION AHEAD. 
OUR AIRLIFT ARRIVES TOMORROW NIGHT. WE MUST SURVEY AND LOAD THE AIRCRAFT WHICH COULD 
DELAY CREW REST A BIT TOMORROW NIGHT BUT TACC IS AWARE AND I WILL COORDINATE WITH THE 
CREW. PLANNED DEPARTURE IS FOR MID DAY FRIDAY WITH ARRIVAL AT CREECH EARLY EVENING. DUE 
TO SANDIA REPRESENTATIVES ARRIVING SUNDAY, WE WILL PREP AND LOAD FOR THE FINAL LEG ON 
MONDAY THE 27TH AND DELIVER TUESDAY 28TH. 
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1. OPERATIONS: 

RTG TRANSFER SITREP 
23 JULY2015 

A. SIGNIFICANT EVENTS: ON 23 JULY 2015, THE TEAM SUCCESSFULLY LOADED THE C-17 WITH 
All RTGs AND COMPLETED RADIATION SURVEYS. 

8. MAJOR EVENTS NEXT 24-48 HOURS: ON 24 JULY 2015, THE RTG EXTRACTION TEAM WILL 
TRAVEL ABOARD THE C-17 TO CREECH AFB, NEVADA. RTGs WILL REMAIN AT CREECH AFB UNTIL 
SANDIA NATIONAL LABORATORY INSPECTION ON 27 JULY AND DELIVERY TO NNSS ON 28 JULY. 

C. MISSION IMPACT: NSTR 

2. WEATHER: 
A. NEXT 24-48 HOURS: NSTR 
8. LONG RANGE: NSTR 

3. LOGISTICS: 
A. CH-47 #1: N/ A 
B. CH-47 #2: N/A 
C. CH-47 #3: N/A 
D. FIELD FORKLIFT: N/A 
E. EIELSON GSE: FMC 
F. C-17: FMC 
G. CREECH GSE: FMC 

4. PERSONNEL DATA: 
A. TDY PERSONNEL: 6 ACTIVE DUTY AIR FORCE/ 8 CIVILIANS/ 1 CONTRACTOR 
8. AFTAC PERSONNEL (TOY & DET 460): 17 EIELSON AFB/ 3 CREECH AFB 

5. RTG LOCATION: 0/10 BURNT MOUNTAIN/ 10/ 10 EIELSON AFB/ 0/10 CREECH AFB 

6. COMMUNICATIONS STATUS: 
A. LMR: PMC 
B. CELL PHONE: FMC 
C. DSN: FMC 
D. SAT PHONE: FMC 
E. SIPR/NIPR E-MAIL: FMC 
F. COMMENTS: 

7. MEDICAL STATUS: NSTR 

8. CONTACT INFO: 
A. RTG COMM CENTER: DSN: N/A 
B. EIELSON COMMAND POST: DSN: 317-377-1500 / Commercial: 907-377-1500 
C. RTG ON SITE COMMANDER: Ce11Hb){6) I 
D. RTG OPERATIONS MANAGER: Cell: l (b)(6) ----~ 
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9. ON SITE COMMANDER COMMENTS: C-17 ARRIVED THIS EVENING AND IS LOADED FOR 
TOMORROW'S MISSION. AFTER THE C-17 LANDED AND OFFLODAED ITS CARGO, WE COMPLETED 
AIRCREW TRAINING AND SURVEYED THE EMPTY AIRCRAFT. WE WERE ALSO ABLE TO UPLOAD ALL THE 
RTGS AS WELL AS DO CLEARING SURVEYS ON THE BUILDING THEY HAVE BEEN HOUSED IN AND THE 
GROUND EQUIPMENT MOVING THEM. I ANTICIPATE AN ON TIME DEPARTURE TOMORROW AT 19552. 
FINAL PREPARATION WILL OCCUR ON MONDAY THE 27TH WITH DISPOSITION ON TUESDAY THE 281H. 

THREE AFTAC ADVANCE MEMBERS HAVE ARRIVED AT CREECH AND ARE PREPPING FOR OUR ARRIVAL. 
THERE ARE STILL AFT AC (DET460) PERSONNEL ON BURNT MOUNTAIN ACCOMPLISHING THEIR NORMAL 
SUMMER DUTIES, HOWEVER SINCE THE RTG PORTION OF THEIR MISSION IS OVER, WE WILL NOT BE 
COUNTING THEM FOR SITREP PURPOSES ANYMORE. SIDE NOTE; OUR INJURED MEMBER WAS PRESENT 
ON BASE YESTERDAY TO WITNESS THE FINAL RTGS ARRIVAL AND IS DOING WELL 
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1. OPERATIONS: 

RTG TRANSFER SITREP 
24JULY 2015 

A. SIGNIFICANT EVENTS: ON 24 JULY 2015, THE TEAM SUCCESSFULLY TRANSPORTED ALL RTGs 
TO THE CREECH AFB STAGING AREA. 

EIELSON AFB DEPARTURE: 19352 
CREECH AFB ARRIVAL: 00302 

B. MAJOR EVENTS NEXT 24-48 HOURS: RTGs WILL REMAIN AT CREECH AFB UNTIL SANDIA 
NATIONAL LABORATORY INSPECTION ON 27 JULY AND DELIVERY TO NNSS ON 28 JULY. 

C. MISSION IMPACT: NSTR 

2. WEATHER: 
A. NEXT 24-48 HOURS: NSTR 
B. LONG RANGE: NSTR 

3. LOGISTICS: 
A. CH-47 #1: N/A 
B. CH-47 #2: N/A 
C. CH-47 #3: N/A 
0. FIELD FORKLIFT: N/A 
E. EIELSON GSE: FMC 
F. C-17: FMC 
G. CREECH GSE: FMC 

4. PERSONNEL DATA: 
A. TOY PERSONNEL: 4 ACTIVE DUTY AIR FORCE / 7 CIVILIANS / 1 CONTRACTOR 
B. AFT AC PERSONNEL (TOY): 8 CREECH AFB 

5. RTG LOCATION: 0/10 BURNT MOUNTAIN / 0/10 EIELSON AFB / 10/10 CREECH AFB 

6. COMMUNICATIONS STATUS: 
A. LMR: N/A 
B. CELL PHONE: FMC 
C. DSN: FMC 
D. SAT PHONE: FMC 
E. SIPR/NIPR E-MAIL: FMC 
F. COMMENTS: 

7. MEDICAL STATUS: NSTR 

8. CONTACT INFO: 
A. RTG COMM CENTER: DSN: N/ A 
B. EIELSON COMMAND POST: DSN: 317-377-J SQQ I : ommercial: 907-377-1500 
C. RTG ON SITE COMMANDER: Cell:L..!(b_)(_6_) ____ J 
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D. RTG OPERATIONS MANAGER: Cellii.:.(b.:..:.)(~6.:...) __ ___, 

9. ON SITE COMMANDER COMMENTS: C-17 FLIGHT FROM EIELSON TO CREECH PROCEEDED WITHOUT 
ISSUE. THE RTGs ARE SECURED INSIDE A HANGAR FOR THE WEEKEND. SANDIA PERSONNEL WILL 
ARRIVE ON SUNDAY AND WE WILL PREPTHE RTGs FOR MOVEMENT ON MONDAY. ACTUAL DELIVERY IS 
STILL ON TRACK FOR TUESDAY. SINCE THERE WIU BE NO OPERATIONS THIS WEEKEND, THE NEXT 
SITREP Will BE MONDAY NIGHT THE 27™. 
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1. OPERATIONS: 

RTG TRANSFER SITREP 
27 JULY 2015 

A. SIGNIFICANT EVENTS: ON 27 JULY 2015, SANDIA NATIONAL LABORATORY REPRESENTATIVES 
COMPLETED SURVEYS OF ALL RTGs WITH NO SIGNIFICANT FINDINGS. THE AFT AC TEAM LOADED 
ALL RTGs ONTO THREE FLATBED TRUCKS AND COMPLETED ALL TRANSFER PAPERWORK. 

8. MAJOR EVENTS NEXT 24-48 HOURS: RTGs WILL REMAIN ON FLATBED TRUCKS AT CREECH AFB 
OVERNIGHT. 28 JULY 2015 ACTIVITIES Will CONSIST OF FINAL TRANSFER PAPERWORK 
VERIFICATION AND TRANSPORT TO NNSS. EXPECTED TIME OF DEPARTURE FROM CREECH AFB 
IS 15002. EXPECTED ARRIVAL AT NNSS SITE 5 16152. 

C. MISSION IMPACT: NSTR 

2. WEATHER: 
A. NEXT 24-48 HOURS: NSTR 
B. LONG RANGE: NSTR 

3. LOGISTICS: 
A. CH-47 #1: N/A 
B. CH-47 #2: N/A 
C. CH-47 #3: N/A 
D. FIELD FORKLIFT: N/ A 
E. EIELSON GSE: N/A 
F. C-17: N/A 
G. CREECH GSE: FMC 

4. PERSONNEL DATA: 
A. TOY PERSONNEL: 4 ACTIVE DUTY AIR FORCE/ 7 CIVILIANS/ 4 CONTRACTORS 
8. AFTAC PERSONNEL (TDY): 7 CREECH AFB 

5. RTG LOCATION: 0/10 BURNT MOUNTAIN/ 0/10 EIELSON AFB/ 10/10 CREECH AFB 

6. COMMUNICATIONS STATUS: 
A. LMR: N/A 
B. CELL PHONE: FMC 
C. DSN: FMC 
D. SAT PHONE: FMC 
E. SIPR/NIPR E-MAIL: FMC 
F. COMMENTS: 

7. MEDICAL STATUS: NSTR 

8. CONTACT INFO: 
A. RTG COMM CENTER: DSN: N/A 
B. CREECH AFB CRT: DSN: 312-384-0511 / Commercial: 702-404-0511 
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C. RTG ON SITE COMMANDER: Ceiii.:(~b),..;,.(6..;,,),.,..----_._--, 
D. RTG OPERATIONS MANAGER: Cell (b)(6) 

9. ON SITE COMMANDER COMMENTS: LOADING OF THE RTGs ONTO FLATBEDS WENT NORMALLY 
TODAY WITH NO ISSUES. THE TRUCKS/RTGs ARE INSIDE OF BUILDING 120 FOR THE EVENING. WE 
ANTICIPATE ARRIVING AT NNSS AROUND 0900L. THERE ARE NO KNOWN ISSUES AT THIS TIME TO 
PRECLUDE A NORMAL TRANSFER TOMORROW. 
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1. OPERATIONS: 

RTG TRANSFER SITREP 
28JULY 2015 

A. SIGNIFICANT EVENTS: ON 28 JULY 2015, THE RTG EXTRACTION TEAM SUCCESSFULLY 
DELIVERED ALL 10 RTGs TO NNSS FOR DISPOSAL AT 20302. MISSION COMPLETE. 

B. MAJOR EVENTS NEXT 24-48 HOURS: FOUR AFTAC RADIATION SAFETY PERSONNEL WILL 
REMAIN IN NEVADA FOR FINAL EQUIPMENT SURVEYS AND SURVEY EQUIPMENT SHIPPING. ALL 
OTHER PERSONNEL WILL RTB ON 29 JULY 2015. 

C. MISSION IMPACT: NSTR 

2. WEATHER: 
A. NEXT 24-48 HOURS: NSTR 
B. LONG RANGE: NSTR 

3. LOGISTICS: 
A. CH-47 #1: N/A 
B. CH-47 #2: N/A 
C. CH-47 #3: N/A 
D. FIELD FORKLIFT: N/A 
E. EIELSON GSE: N/A 
F. C-17: N/A 
G. CREECH GSE: FMC 

4. PERSONNEL DATA: 
A. TOY PERSONNEL: 4 ACTIVE DUTY AIR FORCE/ 7 CIVILIANS/ 4 CONTRACTORS 
8. AFT AC PERSONNEL (TDY): 7 CREECH AFB 

5. RTG LOCATION: 10/10 NEVADA NATIONAL SECURITY SITE 

6. COMMUNICATIONS STATUS: 
A. LMR: N/A 
B. CELL PHONE: FMC 
C. DSN: FMC 
D. SAT PHONE: FMC 
E. SIPR/NIPR E-MAIL: FMC 
F. COMMENTS: 

7. MEDICAL STATUS: NSTR 

8. CONTACT INFO: 
A. RTG COMM CENTER: DSN: N/A 
B. CREECH AFB CRT: DSN: 312-384-0511 / Commerci I: 702-404-0511 
C. RTG ON SITE COMMANDER: Cell (b}(6) 
D. RTG OPERATIONS MANAGER: Ce!,.;..11 ~(b~)':"-::::(6~) -----, 

f lttEI PSSIPS0/.1 SR 8Flil@lht UJE 8fJl!f:7 
SSC :OliPS REI OTCP ltlliiiiliP 1 PTIQJJ :Sfllil II 18i8 WPJ8ER H BFR 1!.090 



OiktASSIFIED}}PGR OFFICIAL USE biGLf 
CEi!a!IUllf AEtst:liE8 lfJF8Ahl/"5101J 16 I I 111 lets 6116(1( lb Ci it 2.390 

9. ON SITE COMMANDER COMMENTS: MISSION COMPLETE I OPERATIONS TODAY WENT VERY 
SMOOTH AND WE SUCCESSFULLY TRANSFERRED 10 RTGs TO NNSS. THANKS TO ALL THAT HAD A HAND 
IN THIS OPERATION. FROM NORTH OF THE ARCTIC CIRCLE TO THE DESERTS OF NEVADA THIS COULD 
NOT HAVE BEEN ACCOMPLISHED WITHOUT THE TEAM WORK OF MULTIPLE AGENCIES ACROSS DOD, 
DOE, STATES AND COUNTY. GREAT SUPPORT AND PROFESSIONALISM BY ALL. 

THIS IS THE FINAL RTG SITREP. 
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