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ATTACHMENT A 

 

NRC NEPA ISSUES FOR LICENSE RENEWAL  

OF NUCLEAR POWER PLANTS 

 

NMC has prepared this environmental report in accordance with the requirements of 
U.S. Nuclear Regulatory Commission (NRC) regulation 10 CFR 51.53.  NRC included in 
the regulation a list of National Environmental Policy Act (NEPA) issues for license 
renewal of nuclear power plants.  Table A-1 lists these 92 issues and identifies the 
section in which NMC addressed each applicable issue in this environmental report.  
For organization and clarity, NMC has assigned a number to each issue and uses the 
issue numbers throughout the environmental report. 
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TABLE A-1 
PINGP ENVIRONMENTAL REPORT DISCUSSION OF LICENSE RENEWAL 

NEPA ISSUESa

Issue Category 

Section of this 
Environmental 

Report 
GEIS Cross Referenceb 

(Section/Page) 

Surface Water Quality, Hydrology, and Use (for all plants) 

1. Impacts of refurbishment on 
surface water quality 

1 4.1 3.4.1/3-4 

2. Impacts of refurbishment on 
surface water use 

1 4.1 3.4.1/3-4 

3. Altered current patterns at intake 
and discharge structures 

1 4.1 4.2.1.2.1/4-5 

4. Altered salinity gradients 1 NA Issue applies to a plant 
feature, discharge to 

saltwater, that PINGP does 
not have. 

5. Altered thermal stratification of 
lakes 

1 NA Issue applies to a plant 
feature, discharge to a lake, 
that PINGP does not have. 

6. Temperature effects on sediment 
transport capacity 

1 4.1 4.2.1.2.3/4-8 

7. Scouring caused by discharged 
cooling water 

1 4.1 4.2.1.2.3/4-6 

8. Eutrophication 1 4.1 4.2.1.2.3/4-9 

9. Discharge of chlorine or other 
biocides 

1 4.1 4.2.1.2.4/4-10 

10. Discharge of sanitary wastes and 
minor chemical spills 

1 4.1 4.2.1.2.4/4-10 

11. Discharge of other metals in waste 
water 

1 4.1 4.2.1.2.4/4-10 

12. Water use conflicts (plants with 
once-through cooling systems) 

1 4.1 4.2.1.3/4-13 

13. Water use conflicts (plants with 
cooling ponds or cooling towers 
using make-up water from a small 
river with low flow) 

2 4.2.1 4.2.1.3/4-13 

14. Refurbishment impacts to aquatic 
resources 

1 4.1 3.5/3-5 

15. Accumulation of contaminants in 
sediments or biota 

1 4.1 4.2.1.2.4/4-10 

16. Entrainment of phytoplankton and 
zooplankton 

1 4.1 4.2.2.1.1/4-15 
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TABLE A-1 
PINGP ENVIRONMENTAL REPORT DISCUSSION OF LICENSE RENEWAL 

NEPA ISSUESa (CONTINUED) 

Issue Category 

Section of this 
Environmental 

Report 
GEIS Cross Referenceb 

(Section/Page) 

Aquatic Ecology (for all plants) 

17. Cold shock 1 4.1 4.2.2.1.5/4-18 

18. Thermal plume barrier to migrating 
fish 

1 4.1 4.2.2.1.6/4-19 

19. Distribution of aquatic organisms 1 4.1 4.2.2.1.6/4-19 

20. Premature emergence of aquatic 
insects 

1 4.1 4.2.2.1.7/4-20 

21. Gas supersaturation (gas bubble 
disease) 

1 4.1 4.2.2.1.8/4-21 

22. Low dissolved oxygen in the 
discharge 

1 4.1 4.2.2.1.9/4-23 

23. Losses from predation, parasitism, 
and disease among organisms 
exposed to sublethal stresses 

1 4.1 4.2.2.1.10/4-24 

24. Stimulation of nuisance organisms 
(e.g., shipworms) 

1 4.1 4.2.2.1.11/4-25 

Aquatic Ecology (for plants with once-through and cooling pond heat dissipation systems) 

25. Entrainment of fish and shellfish in 
early life stages for plants with 
once-through and cooling pond 
heat dissipation systems 

2 4.3 4.2.2.1.2/4-16 

26. Impingement of fish and shellfish 
for plants with once-through and 
cooling pond heat dissipation 
systems 

2 4.4 4.2.2.1.3/4-16 

 27. Heat shock for plants with once-
through and cooling pond heat 
dissipation systems 

2 4.5 4.2.2.1.4/4-17 

Aquatic Ecology (for plants with cooling-tower-based heat dissipation systems) 

28. Entrainment of fish and shellfish in 
early life stages for plants with 
cooling-tower-based heat 
dissipation systems 

1 4.1 4.3.3/4-33 

29. Impingement of fish and shellfish 
for plants with cooling-tower-based 
heat dissipation systems 

1 4.1 4.3.3/4-33 
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TABLE A-1 
PINGP ENVIRONMENTAL REPORT DISCUSSION OF LICENSE RENEWAL 

NEPA ISSUESa (CONTINUED) 

Issue Category 

Section of this 
Environmental 

Report 
GEIS Cross Referenceb 

(Section/Page) 

30. Heat shock for plants with cooling-
tower-based heat dissipation 
systems 

1 4.1 4.3.3/4-33 

Ground-water Use and Quality 

31. Impacts of refurbishment on 
groundwater use and quality 

1 4.1 3.4.2/3-5 

32. Groundwater use conflicts (potable 
and service water; plants that use < 
100 gpm) 

1 NA Issue applies to a plant 
feature, groundwater use less 

than 100 gpm, that PINGP 
does not have. 

33. Groundwater use conflicts (potable, 
service water, and dewatering; 
plants that use > 100 gpm) 

2 4.2.3 4.8.1.1 

34. Groundwater use conflicts (plants 
using cooling towers withdrawing 
make-up water from a small river) 

2 4.2.2 4.8.1.3/4-117 

35. Groundwater use conflicts (Ranney 
wells) 

2 NA Issue applies to a feature, 
Ranney wells, that PINGP 

does not have. 

36. Groundwater quality degradation 
(Ranney wells) 

1 NA Issue applies to a feature, 
Ranney wells, that PINGP 

does not have. 

37. Groundwater quality degradation 
(saltwater intrusion) 

1 NA Issue applies to a feature, 
location in a coastal area, 
that PINGP does not have. 

38. Groundwater quality degradation 
(cooling ponds in salt marshes) 

1 NA Issue applies to a feature, 
cooling ponds, that PINGP 

does not have. 

39. Groundwater quality degradation 
(cooling ponds at inland sites) 

2 NA Issue applies to a feature, 
cooling ponds at inland sites, 
that PINGP does not have. 

Terrestrial Resources 

40. Refurbishment impacts to terrestrial 
resources 

2 4.6 3.6/3-6 

41. Cooling tower impacts on crops 
and ornamental vegetation 

1 4.1 4.3.4/4-34 

42. Cooling tower impacts on native 
plants 

1 4.1 4.3.5.1./4-42 
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TABLE A-1 
PINGP ENVIRONMENTAL REPORT DISCUSSION OF LICENSE RENEWAL 

NEPA ISSUESa (CONTINUED) 

Issue Category 

Section of this 
Environmental 

Report 
GEIS Cross Referenceb 

(Section/Page) 

43. Bird collisions with cooling towers 1 4.1 4.3.5.2/4-45 

44. Cooling pond impacts on terrestrial 
resources 

1 NA Issue applies to a feature, 
cooling ponds, that PINGP 

does not have. 

45. Power line right-of-way 
management (cutting and herbicide 
application) 

1 4.1 4.5.6.1/4-71 

46. Bird collisions with power lines 1 4.1 4.5.6.2/4-74 

47. Impacts of electromagnetic fields 
on flora and fauna (plants, 
agricultural crops, honeybees, 
wildlife, livestock) 

1 4.1 4.5.6.3/4-77 

48. Floodplains and wetlands on power 
line right-of-way 

1 4.1 4.5.7/4-81 

Threatened or Endangered Species (for all plants) 

49. Threatened or endangered species 2 4.7 4.1/4-1 

Air Quality 

50. Air quality during refurbishment 
(non-attainment and maintenance 
areas) 

2 4.8 3.3/3-2 

51. Air quality effects of transmission 
lines 

1 4.1 4.5.2/4-62 

Land Use 

52. Onsite land use 1 4.1 3.2/3-1 

53. Power line right-of-way land use 
impacts 

1 4.1 4.5.3/4-62 

Human Health 

54. Radiation exposures to the public 
during refurbishment 

1 4.1 3.8.1/3-27 

55. Occupational radiation exposures 
during refurbishment 

1 4.1 3.8.2/3-27 

56. Microbiological organisms 
(occupational health) 

1 4.1 4.3.6/4-48 
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TABLE A-1 
PINGP ENVIRONMENTAL REPORT DISCUSSION OF LICENSE RENEWAL 

NEPA ISSUESa (CONTINUED) 

Issue Category 

Section of this 
Environmental 

Report 
GEIS Cross Referenceb 

(Section/Page) 

57. Microbiological organisms (public 
health) (plants using lakes or 
canals, or cooling towers or cooling 
ponds that discharge to a small 
river) 

2 4.9 4.3.6/4-48 

58. Noise 1 4.1 4.3.7/4-49 

59. Electromagnetic fields, acute 
effects (electric shock) 

2 4.10 4.5.4.1/4-66 

60. Electromagnetic fields, chronic 
effects 

NA 4.1 NA – Not applicable.  The 
categorization and impact 
finding definitions do not 

apply to this issue. 

61. Radiation exposures to public 
(license renewal term) 

1 4.1 4.6.2/4-87 

62. Occupational radiation exposures 
(license renewal term) 

1 4.1 4.6.3/4-95 

Socioeconomics 

63. Housing impacts 2 4.11 3.7.2/3-10 (refurbishment) 
4.7.1/4-101 (renewal term) 

64. Public services:  public safety, 
social services, and tourism and 
recreation 

1 4.1 Refurbishment 
3.7.4/3-14 (public services) 

3.7.4.3/3-18 (safety) 
3.7.4.4/3-19 (social) 

3.7.4.6/3-20 (tour, rec) 
Renewal Term 

4.7.3/4-104 (public services) 
4.7.3.3/4-106 (safety) 
4.7.3.4/4-107 (social) 

4.7.3.6/4-107 (tour, rec) 

65. Public services:  public utilities 2 4.12 3.7.4.5/3-19 (refurbishment) 
4.7.3.5/4-107 (renewal term) 

66. Public services:  education 
(refurbishment) 

2 4.13 3.7.4.1/3-15 

67. Public services:  education (license 
renewal term) 

1 4.1 4.7.3.1/4-106 

68. Offsite land use (refurbishment) 2 4.14 3.7.5/3-20 

69. Offsite land use (license renewal 
term) 

2 4.14 4.7.4/4-107 
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TABLE A-1 
PINGP ENVIRONMENTAL REPORT DISCUSSION OF LICENSE RENEWAL 

NEPA ISSUESa (CONTINUED) 

Issue Category 

Section of this 
Environmental 

Report 
GEIS Cross Referenceb 

(Section/Page) 

70. Public services:  transportation 2 4.15 3.7.4.2/3-17 (refurbishment) 
4.7.3.2/4-106 (renewal term) 

71. Historic and archaeological 
resources 

2 4.16 3.7.7/3-23 (refurbishment) 
4.7.7/4-114 (renewal term) 

72. Aesthetic impacts (refurbishment) 1 4.1 3.7.8/3-24 

73. Aesthetic impacts (license renewal 
term) 

1 4.1 4.7.6/4-111 

74. Aesthetic impacts of transmission 
lines (license renewal term) 

1 4.1 4.5.8/4-83 

Postulated Accidents 

75. Design basis accidents 1 4.1 5.3.2/5-11 (design basis) 
5.5.1/5-114 (summary) 

76. Severe accidents 2 4.17 5.3.3/5-12 (probablististic 
analysis) 

5.3.3.2/5-19 (air dose) 
5.3.3.3/5-49 (water) 

5.3.3.4/5-65 (groundwater) 
5.3.3.5/5-96 (economic) 
5.4/5-106 (mitigation) 

5.5.2/5-114 (summary) 

Uranium Fuel Cycle and Waste Management 

77. Offsite radiological impacts 
(individual effects from other than 
the disposal of spent fuel and high-
level waste) 

1 4.1 6.2/6-8 

78. Offsite radiological impacts 
(collective effects) 

1 4.1 Not in GEIS. 

79. Offsite radiological impacts (spent 
fuel and high-level waste disposal) 

1 4.1 Not in GEIS. 

80. Nonradiological impacts of the 
uranium fuel cycle 

1 4.1 6.2.2.6/6-20 (land use) 
6.2.2.7/6-20 (water use) 
6.2.2.8/6-21 (fossil fuel) 
6.2.2.9/6-21 (chemical) 

81. Low-level waste storage and 
disposal 

1 4.1 6.4.2/6-36 (low-level 
definition) 

6.4.3/6-37 (low-level volume)
6.4.4/6-48 (renewal effects) 

82. Mixed waste storage and disposal 1 4.1 6.4.5/6-63 

ATTACHMENT A Page A-7 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

TABLE A-1 
PINGP ENVIRONMENTAL REPORT DISCUSSION OF LICENSE RENEWAL 

NEPA ISSUESa (CONTINUED) 

Issue Category 

Section of this 
Environmental 

Report 
GEIS Cross Referenceb 

(Section/Page) 

83. Onsite spent fuel 1 4.1 6.4.6/6-70 

84. Nonradiological waste 1 4.1 6.5/6-86 

85. Transportation  1 4.1 6.3/6-31, as revised by 
Addendum 1, August 1999. 

Decommissioning 

86. Radiation doses 
(decommissioning) 

1 4.1 7.3.1/7-15 

87. Waste management 
(decommissioning) 

1 4.1 7.3.2/7-19 (impacts) 
7.4/7-25 (conclusions) 

88. Air quality (decommissioning) 1 4.1 7.3.3/7-21 (air) 
7.4/7-25 (conclusion) 

89. Water quality (decommissioning) 1 4.1 7.3.4/7-21 (water) 
7.4/7-25 (conclusion) 

90. Ecological resources 
(decommissioning) 

1 4.1 7.3.5/7-21 (ecological) 
7.4/7-25 (conclusion) 

91. Socioeconomic impacts 
(decommissioning) 

1 4.1 7.3.7/7-24 (socioeconomic) 
7.4/7-25 (conclusion) 

Environmental Justice 

92. Environmental justice NA 2.5.3 NA – Not applicable.  The 
categorization and impact 
finding definitions do not 

apply to this issue. 
a Source:  10 CFR 51, Subpart A, Appendix A, Table B-1.  (Issue numbers added to facilitate discussion.) 
b  Source:  Generic Environmental Impact Statement for License Renewal of Nuclear Plants (NUREG-1437). 
NEPA = National Environmental Policy Act. 
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NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM 

STATE DISPOSAL PERMIT 

ATTACHMENT B Page B-1 



Prairie Island Nucfear Generating Plant 
License Renewal Application 

Appendix E - Environmental Report 
. . . . . . . . . . . . . . . . . . . .  . . 

Minnesota e dilution Control Agemy 

Mf, Palrick Flowers 
Manager, Water QQud1ii-y SoEd Waste 
Nortfiem 8 hte8,Pdwer-d/b/a Xcel Energy 
414 ~ i c ~ j l e t  M& 
Minneapolis, MN 55401-1993 

Re:- Major ~odihcation ~at iond Pollutant Discharge Biiminntion SystedSfate Disposal 
System Pkrmit No. .&IN 0004006 - 

. XceI Pr&e Blmd Nuclear Generafig P M  
Welch, h%esota 

Dear Mr. Ffowers: 

Endosed is a oopy of the reissued hnal modified Netipolal ~dllntant Discharge Bfimination 
System @PbIB)!IState DisgosalhSystem (SDS) permit for the Prairie I S M  Nuclear Generatin&' 
Plant. This permit supesedes an e w l k  hTDES pe&t that was @sued on September 23, "" ̂ " 

andmodified on JmuUary 26,2005. AIJ written comm~nts received during the public notic 
period were considerid. 

It is ths responsibility of the Permittee to maintain compfiianc~ with all ;itha terms aod 
vditioas offhis permit. Please carefilly review the entire permit, 

We would Iike to draw your attention to the fol lowing: 

Limits and Monitoring Recp'ements: 
h a d d i t i o n a 1 , q u r  to monitor and report the total calendar mqth flow at surf~ce 
discharge station SD 001 during fl~e.rnoflths of April, May, and Juac bas been added. The 
pye~ious pexmi t required &at this vaf ue be rqorted only for the months July through March. 
Ttte modified permit rqui~es year rouzld mbnitasing and reporting for total calendar month flow 
at SD 001, 

Dredged Material Mapa~enient R~uirements: 
The modified permit includes reqikements related to the stomge, treatmatt disposal andlor 
F e  of dredged matirial generated at Prairie Island NuoIertr Generating Plant The modified . 
pem1i.t does not authorize or regulate the dredging activity itself. Prior to conductkg dredging 

LafayeHe Rd. N,; Saint Paul, MN 65155-419r (651) 296-6360 (Vob): (65fj 282-5332 ITm; www.par.st.ts.mn,us 
Sf. Paul Brainerd - Detroil Lakas Duluih Mankato Marshalt Rochester Willmar 

Ofqmwdfy Empbyfr- Prtntett on mydod p p ~ c o n b l d q  nl tortst 20 percant ere Im papar ~ecjclod bycmsumeers. 
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Mr. Patrick Rowen . 
Page 2 

activities ia the bed of public waters the Xwf Energy is-required to contact the lb4h.nesdta' 
* Dwartmmt of Natural Resources, the U.S.Army Corps ofh#neers, tha appropriate Soif md 

water Cowemation Df ic t ,  county andfor local unit of  govement 

If you have any questions regarding any ofthe fenns snd condit~~s of thc pamit, p l e ~ e  contact 
Btrina KessIer of om staff st 65 1L296-7376, 

JeESfollenwerk ,. 
supervisu~ 
Land and Water Quality Pennits Section 

' IhdustfialDivision . 

. - 
Enclosures: Findl f d t  

cc: Jim BodemteherJ Xcd Energy, ~MinneapoTis ~w/f:neI.usuxes) 
Bxmt KuN, XceI Energy, Minneapolis (w/encfom) 
f eann~t Tobias3 Xcel Enera, Pr&e Island Plat (w/encf.osures) 
George Azevedu, Eauiromentaf Protection Agmc y, Chicago (wIencf omre) 
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STATE OF MINNESOTA 
Minnesota Pollutton Control ~ g e n c y  

IndnstrjaI Didston 

PUECEWING WATERS: Mtsds3ppi River 

C L T Y f f O W S ~ :  Wech COurJTy: Goodhue - 

MODTPXCATION DATE2 6f3012006 IEXfEUTION DATE: August 31,2010 ' 

Permits Section . 

' f 24l LafayPitte Road North. 
St. Pad, MN 55155-4194 
Telephbne: (651) 295-7376 
Fax: (65f)296-8117 
Telephone Devico for DafflTYf: ($51) 282-5332 
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2~rmitted Bzcilify Description . 3-5 
Topographic Map of Permitted Paevity 6 
Limits and Moaiturfng Requirements ' 7-23 

Chapter X. Surf;lce Discharge Stations 
Ch~pter 2. Surfgee ~ a t e i  Station * 

Chapter 3, Waste Stream Station 
Chapter 4, IndustriaX Process Wastewater * 

Chapter 5. Dredge MaterlsI Managemcat 
Chapter 6, Steam Blectrie 
Chapter 7. Storm Wastewater 

- Chapter 8. Chemical Additives 
. Chapter 9. Total Facility Kequircments 

Dredge Samplfng Il~fuformzltion 

32-16 
16-20 ' 

20 
21-22 - 
22-30 ' 
30~33 
33.135 
35-36 . 
36-42 .. 

Appendix P . 

- - Required Subm%#als 
3160 Required Submfttals*: 

, - --I Souice water physical data repnired by 316@) Phase XE i+.......+..,October 28,2006 
~i ,) CooUng water iutake stf.acture-dab,..,..,.., "*.".t..*b**tO~s~i*llI1*l****,.+*~+fImea .Octob  28,2006 

Cooling water system data .+.... ;......++r~.I,,1e~t~~1~~~t1t..~I4~~+r.1i~.m~~Qctober 28,2006 
Proposal for Information CaHectloa, ..,...+,,,.,,.,..t..+I*...*le+.e.*+L. .Uctub~r 2BF 2006 

. Comprehensive Demoms@a@on Sfudy,..;.. v t r  r.* I.... d.r..*,.*.*sl...+..**QCt~b8~ 3$2006 
- RwuIts of nM &E S$ucly..,,, .., . .. ,,C..l~~.~.l.a.,...~~..ll.ete~t~~,lt+el,If~~b.I, s*I*tO~t~ber 28,2006 

Design.Conshction Teehnblogy Ploqt...** ~~IL~~.~li..~~t..saw.~..~~.ww~I~sa.w~Oc'f~ber 28,2006 
, Technology Installadon and Operation Plan ......+,..*, .... . . . ' t8r*8tm r o ~ t ~ b e ~  28,2006 - 
Verification Monitoring f Ian......i. .+..,.,*.. ~ . . 4 + ~ . ~ ~ . 1 1 j ~ . 1 , ~ I ~ I ~ ~ ~ ~ a t . ~ ~ t . + ~ . . ~  28,2006 

*The Pernrittee has tsntnfr'veIy selecfed C D I ~ ~ ~ I ~ I S ~ ~  ~l#erfia&e (2) of40 CFR 125.94 (a) fo meet 
. flze impitigem en f aid enfrnrirment uedz~etion ~quirekenfs. Al#er~~ut&e (2) ueq~ires ghat $he 

, Per~t~l#ee d m  omtuafe fk al existitig de&i and cotrstruclhrr teelzrrolu@~, uperafJoita3 m emtcres, 
- 

' #rtdZor r;estorah*on rtteasures r~teeb #irte i~~plttgeftt mt ~rto;n'nIl& nrrd entua&tnea~pt?rfurnfia~tc~ . 
s fatrdards. 

*- Storm water pollution prevention plan.. . . . . . . . . . .18U days after permii f ssoance 
'Dm ..,.4..4,...,e ..... I.~..~s~.l+~l+itt~.e~l.I~I~.~ j..C.a2 days after the end of each caienitar month 

fallowing permit issuance 
- Applfcatiun of permit rehsuaace . . . . . . ? *,. . . +, +, .I30 days before permit expiration 
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Permitted PaciIItv Dcscriptfo~, 

This f d t y  is a trw unit nuclear fueled electric-genefatkg plant. Both units use a pressurized 
water reactor system design with a maximum Nuclear Regalatory Commission (NRC) Kcens& 
, power level of 1650 megawatts thermal per wit, which Is equivdent to EI combined maximum 
generating capacity uf appfoximate~y 1 100 megawatts dectrio for &e faciEty* The treatment and 
disposal systems at tfie plant consist of a chemical treatment system, a reverse osmosis system> a 
raaioactive mte (radwasie) txeatrnenf system, an intake screening system, snd cd'olhg towers. 
Watef is withdraw fxom wells fur plant pmcw uses, and from thr: river fur condenser/cixcdatlng 
water system and cooling water systems. The condensedcircdating water system provides 
volume cooling water flow for the turbine-condenser steam cycle whenever a unit is operatifig and 
also dlowrr fur excess heat rejection when a nuclear unit is 3t thermal power wifh tlie gensrr)tor oE- 
b e .  The cooling water system r;irpp%es other plant equipment, such as pwps, motors, stnd heat 
exchmjps and is nomI3.y agerated ;it d ha. 

Qe plant discharges condenserlcirculating water atrd cooling water to th.9 Mississippi River via 
&e wndens~r~~ircuf.ahg water system discharge mal thraugfi surface discbgge SD 001. a 

D&g the atex monthsf a portion ofthe i~am water from the discharge o m 1  is returned to . 
the intake screehhome via a deicing &e to prevent ice bdd-up up the bar m& snd hvefing 
screens. The plant discharges ateam generator bfowdoyn &rough slltfaddiscWge;SD 002: * 

Radwasb treatment sysbm emueat L discharged h u g h  sur&ce &scharg~ SD 003. The 
1 xeverss osmosis @.U) system emueat is .discharged ~ O U ~  stlff~ce discbarge SD 004. T ~ B  unit 

l'and rmit 2 W i B e  building m p s ,  which are compiised ofnonconbct caob8 water, . 
condewate traps and Br*, roof aid Boor &s, unit I and 2 condens& blowdom d the 
J~eating systmi b1owdow, are discharged through s&ce ascharges SD 1305 and SD 006, 
Mi&1beow p h t  floor drnins ate discharged through sllrfilce dis'charge SD 010. AU o f  &a 
abve w h c e  9sehai.g~ (SD) a.te ultimately dischargd to the river via the chdtfting- water 
system dischbitfge canal, SD .#I. 

The plant intake screen backwash is discharged via SD 012. The fish r e m  +tern which 
- 

~ f f e c t s  impinged fish aquatic md debris of£ &c vertical trziveling screens is also 
dkchaxged via SD 012, SD 012 discharges directly to the riyer. 

The plant bas two internal waste streams, thk unit 1 and Unit 2 mofing watei systems. These 
systems are treated routkc:Iy with b f 0 ~ h e  andlor chlorine to eontrof biofoulitlg argaaisms md,' 
when being treated, are! designated as waste streams WS 001 and WS 002. Bromine andlor 
chlorine residuals are limited in accordance with this permit, Since WS U 01 and WS 002 are 
compxised of  cooling Cater system flow(s) at the time af treatment, these internal waste streams 
are also discharged $0 the river via the circulating water sysknl at SD 001, 
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The plant &ifso has an on Imd treatment and disppsd system, typically refem4 to as the '?mil- 
lock drainage system." The land-luck &&age system is used forperiodic Bisposd and 
treatme~t of turbine building sump discharges when the total suspmded solids and oil and grease 
residual of the sump water is such &at it exceeds applicable discharge limitations, The system 
consists of atl appmWte1:ly 500 ft long, 10 -ft wide &&age trmch w&ch allows for 
beat-mentlfiltmtion uf coilected water through a semi-permeable clay liner system, 
Rmmtructed in 1998, the drainage trench does not discharge to swfaco waters, and 
mmulated water tither evaporates or seeps away. Turbine buifdidg sump &charges to the 
f md-lock drainage system are primarily composed ofriver waterlsediment and solids. 

The $ant uses a numb& of chemicg additives for vari'ow purposes within the'plant systems and , 

piping and may discharge residual concentrations of these ddditiv,es via the surface discharges. 
The c o n c e n ~ o m  of iiny additives: used that may contribute to a discharge have been ~ ~ v i ~ w e d  
and approved by the MPCA (reference: NFDH & h i t s  Matfix datkd November I, 2004) and are 

- restricted accordin& Any new chemical additive usage or hc&ase in dosages used requires 
appmval by the W C A  in amaxdance with Chapter 7 of this permit. 

The pi'& is limited in the momt of heat itmay discharge Po the river. Tfie &d limitations 
regulating .the plant cooling water discharge are described in Chapter 5 p&' 2 Applicable 
Effluent I;imi.tations - Them& LidMons. The plant's heat discharp or thermal load to &e 

. river is limited by mixed river temperature immediitely bdow Luck and Dam No. 3, . . 
downstream of the plant. Coofing tower oberation is sometimes required to meet the &ermal 
liktatio~fs. To determine the ambient river water tempera&eI'assess ?he plant's thermal input, 
and assure wmplisncr: with applicable thermal &nitations, temperature monitoring is conducted 
at SD 001 (~ndomffftcirc~8ting water tiid cookg water discbarge canal outfl), at the p h t  
intake fSW Q02), at the main river channel (8W 003-upstrep river point), at a ppoint(s3 in 
Stuxgwa Lab (SjV 004-upsfseam river point), and immediately downstream of Lock and D m  . 

- No. 3 by tbrea separate temperature probes (S W OQf ). 

The p1mt is also regdated by the mamt ofriver water that may be use8 fur eondenker ! r a n d  . 
equipment cooling.. The dmip of the various plant cooling systems does not allow for direct 
measurement or river intake flow but does allow for dculation of disthaige flow SD 001 bases . 
an sluice gate positions md canal water elevation. River water ~vithdritwal rates are; corltrolfed . 
indirectly by iitlposhg limitations an discharp ffaw rlt SI) 001, which approximates intake flow, . 
The discharge flows are Mted'from April I5 through June 30 in urder f o minimize $he 
impingement of fish and 5sb: 1 iuvae, iis stated in Chapter I ,  f art 5,f. The plant must operate the 
intake screening system thoughout theyear as required in Cl~apfer 5, Parts 4,1 and 4.2 to asswe 
impinged fiih are returned f o the river via the Gsh return syskn. In addition, durjng the period 
April 1 through August 3 1, the plant is requid to operate the intaka vergclil. ~avo lhg  screens 
using the fine mesh scxeen material in order to rdinimize entrainment of larva1 fish, fish eggs, and 
other aquatic organisms. 
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Sanitary wastewater genembd at the plait is, treated uging tbe plant's septic system or trucked to 
Red Wing PJWTf or Prairie &IStnd GommxiiGty Water Trmtment Plw - 

The mE&e discfiarge &d ktmd waste stream discharges h m  the plant are 
. 

de&ribed in the foUowing tabfez wig approximate flows ia million.flons per day Ir/rGr)): .. - 
D I S ~ G B  I WMTEWATBR ~YSF . I MAXIMUM ~;OW:I,  A ~ ~ G B  PLOW 

§DUO1 1 Conden&+rI&cttlathg Water 1 . 864 . 

I -  1 < 

. SD 012 - - 4  Wak? Screen Backwash md 1 , 3,2 2.0 

Co~fhg~Wittx (when subject . . 
&oxidation> - - ' 

&ed on hvaiIaB1e data for 3 months of sy'stem obration in 2005 
' 

* 
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The !mation oftlie facility and tpe selected monitoring stations is show on the map below. 
TopograpFMc Map of Pennttted Ps&iy 
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X@ - Prairie Island Nuclear ~ e n i r a ~ n  
Limits anif Monitpring Requirements 

lhs Permittee shall c 0 r n ~ 1 ~  wf t i  Ihe Limits andmonimrmg requirements 8s specified bdow. , 

~ f i  O D ~ ;  Condenser & Water & Cooling Water Sys (Applicsbl~ only during discharge) . 

. .' 
/?- Calendar Month Told Jon-Deo 1 Ms~nucmeat 

. .. 1 % . , t I 3 : .  
fremPeraturef Water Monitor DegF 11 Single Vdue % Jm-Dec . .=fIMeamment, 

- . - 
Calendar Monlh TOM I[ Jan-Dw tjrtimare 

Calendar Quarter Avemgc Gnb 

~requenc~I Notes f 
1 x Menti, 
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* * 

rn ~ottifl& J&e 3 0 . 2 ~  - Xeel - fr&e &land Nuclear Geaerating . 
* 

pam1t~xp&kgad31,2010 . . Limits and Monitoring R&pirem'en!s . ~ ~ r m i t  #: Z+NWOO6 

a 6 ~ e n n i t i ~  shall comply with tho limiEend monitoring iequltcmenls as qpeaified below. 

SD 001: Reverse Osmosis Effheot 

SD 00& Unit 2 Turbine Stdg Sum$ DSchg ' 

ATTACHMENT B Page B - l l  
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The ~ e r n i k e  shall wrnply with the limits and manitaririg requimmont~ as sp&fied b ~ i o ~ u ,  

53) O 10: Msc P h t  Floor Drains lQls&ar~,e 

SD 0 12: Zntalce Scfeen Backwash + Pi Retn . . 

SW 002: Plant Intake Channel 
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Tee1 - frairis bland N~cIear Generating mb 10 

Limits and Munitorhg Requiremejnts ~ c m t 1 t f i : ~ ~ ~ ~ 1 4 0 0 ~  8 

The Permittee shall wmply with &e limits and monitqiing requirements as $kified below; , 

SW 003: Main River Channd Ups&- Pt 

WS 002: Unit 2 Coding Water D i s c w e .  . . 
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P d  Maditfed: Jma 30,2006 Xeelt -Prairie h!and 2 h ~ b r  Ge~erating Page f t 
P ~ I  ~xpim  gust 31,2010 . Ithits qnd Monitorfng Requirements ~~t #: www 0% 

Tila firmittee shall comply with the limits and monitoring requirements as specifiad blo~v.  . . 

atLockandDamNo. 3 witihthemnthly DMlt 

ambiant mtw tbparaturc: 
dK piers &vim LO& #d 
degreesf for 5 coyaarive 
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-9 MPdiEcd: June 3q 2006 xed- itaitie ~ d a n d  Naclesr Chn~~'a&g- Psge 12 
@-*t Gxpirtx A u p t  31,2010' - ParnltkMNy006 

Chapter 1, Surface Discharge Skdtions 

1.1 Samples taken in compliaoCs 41% monitoring r&mmenfs specified for surface discharga SD OO f shall be . 
' . &ken at a point representative of the discharge. Samples taken in comi3Iiance with monitoring requiremen? for 

- otrtfifn~ OK!, 003,004,010, and 012 shas be faken at a.poinf reprmentalke of the dk~harg8 prior to mixing 
with other waste s & c m .  Samples taken b-complinnee with monitoring req$rem~nts for autEalIs 005 and 006 
shall be taken at. a pdihfrc,preseniativo of tb disehitqy prior ro mixing with other waste stwms, and samples 
shall be taken at each o~tfalt. 

2, Surface Oisc%arges 
. . 
- . 2.1 Oil or othe;substanws shall riot be discharged lo &ou& that ire@ g visible #lor frh %- 

2.2 Thew shall be no dsohmge of floating solids or,visible foam, exoept that whi~h cccbrs nsturaily,in the tiver, in 
. other than &am amounQ, " .  

2:3 The Permittee shall &stall and maintain outlet protection measu~es at ibo discharge stations to prevent ems!on if 
necessary. 

3.1 Tba  Permime qball submit &o&toring k a l t s  for fotdis~ha;~es aooordance with &6 Urnit$ and monitoring .-. 
requirements @r. this station. If no disoftqige m e d  during tfto reporting period, dti3 Permiftea sltal? check &G 
"No Discharge'' bax on the Dkobarp &Ionitoritig Report @MBk 

4. &eqaiwm+ts for Spceifie Stations 

4.1 SD ~ d f  : Subpit a n f ~ n t h i ~ m  monfhlf by. 21 days after the end of each calendar month foUowing permit 
issuatlceC . 

42  SD OM: Submit a monthly D@ monthly by 21 days aAsr tbe in4 of  esbh oalehdsr mop& following 
issuance. 

4;? SD 003: Submit a rnolitbly DMR monthly by 21 ,days after the end bf  each calendar inonth following &mit 
issuance. ...* 

4 4  SD, 004: ~pbmit a monthly DMR monthly by 21 days after the.end of each calendar month foliowing permit . 
&urn@. 

4.5 SD 005: Submit a monthly DMR monthly by 21 days & ~ r  the end of each calendar month following permit 
issmce. 

. 4.6 ST3 006: - Submit a monthly DMR monthly by 2 1 days &er the end of each calendar month foil~wlng-~emtit 
ksuanee. 

, 4.7 SD 010: Submit a quartarfy DMR quarterly- by 21 days d b r  the end of each calefidar quartor following permit 
issuance. 

4.8 01 2: Submit a monthly DMR motlthiy by 21 .days after ff 1s end of eaoh calendar month foliowing 
issrlance* * 

5. Sped& Requirements 

Discharge Operations 
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. 
~mit M W ~ :  J ~ e 3 5 ~  2006 . - ~cer-~rairiefiland%n'c~e~r~ienersffag page i 3  

P m i t  lk'pirq An@ 31,2010 Pennit #: MN0004006 

-Cfispfer X. Snrfa~e Discharge Statfoxri 
, , 

5, Specia3 Requirements 

5.1 The pht-cooling water discharge ftowq in &on galIons per day fmgd) shall be limited ag foUows during the 
specified periods: 

April. 15 F 30: 194 mgd if the flow in the river is dar above 1 5 s ~ 0  ofs 
97 &d if tbe flow in theriver is helow 15,000 cfs 

May1-?'I: . 194mgd 
June t -1 5: 259 mgd 
Jme16-30: ' 517,5rngd a 

5 2  The pfmt rnay discha& water at SD O111 at higher Bowmtes duFihg the s~c i f i ed  period if needed to prevent 
condenser inlet temperahires from exkeding 85 degree 'f provided that &,higher flows are minimized to thb * 
extent pmcticaf, and dl caoSbg towers are o p e d  to athe maximum practical exf ent. , . , 
316(b) B E ~ O D S ~  mffon I ,  

Source Water Pbys i~ l  i)ata, C~oIiog Water Infske (Itrurtore Da@, C?oGng Water System Data 
, 

- 5.3 fhe ~ermittee shall submit the so- water physicaid&, coo~g.&iter &take struchtre data, and coaling 
. . water system data in accordance with the WDES,F.inaI Regulations to @trlblkh Reqpkerdmt3 for C~ofing 

- Water Iotakg Structures at Phase JI E&&g Facilities, published 3irly q 2004 in &e Federal Register p m a n t  to 
316@)ofih~~lw~.aterA~40~~~~arts9,122,123,124,md $25. 

-%a data shall be submittcd.by 0ctob;r 28; 2006. 
> 

33 6(&) Prop~sal for ~~formafion ColIectfo9 aqd Comprehcmho ~emonstratf & Study R ~ q [ ~ h 1 1 l e ~ f §  . 

5.4 The Permittee has &ntatiwly selected Compliance Altemafiva (2) of htXR 125.W fa) to meet &a impingeI$'ent 
md entrairunent reduetion.repisern?nts. Mternati~e (2) requires fhttt ihq 1PenZ:ttee demons tiate existing. 
design axld'cansfnrctr'on zeOh~ofugi.e?a, aparatiorial measures, @/or restorathn measures me& the impingeement 
mortality and entrainment perfommcs staadards. . 

5-5 3%~ Permipat sw submit a Proposal for znformadqn Collection io ac&rdance wi'fh the NPDB Final 
, Regulations to Establish REquirqments fur Cooling Water &take Structuresat Phase II Existipg Facilities-by 

October 28,2005. - 

5.6. Tha Permittee shall submit a comprehemivc d'emonstratioi~ (CDS) study in aceordace with3 16@f ofthe Cban -. 
- Water Ad, 4OCFR Paits 9,122, ,123,124, md 125. The 31 6@) demomratio? study elements, further dmcribed .* 

below$ shall be implemented to assure &at the location, design, constntctioo, and capacity irf the cooIing water 
intake shcfure at the plant refleet ths best iechnology available @TA) fox minimizing adverse ~nvironmentaI 
impact, 

I .  

The 316(b) CQS shall'demonstrata that && in~plemenfation &dlor operation of techno lop^ lind operatianai 
m~;asures will rcduc? cooting water intake impbgement mortality of all life sfages of fish wfld shellfish by 80 t.o 
95 and pexccnt a ~ d  ,will reduce enfminement by 60 fa 940 percent @om tho baselipe calc.cu{afiqn, based on the 

. 31 6(b) pefimmce requimmenfs fix a freshwater river. 

The Permiftee shall submit the CDS by October 28,-2006. 

316th) qemonskation ~ r n ~ i a ~ e m k d t  &rtality and ~atkinrne;t @&E) Characterization Study 
(baseline development) 
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Xce1- Prliikie IsIan4 NucIehr. Generating 

5.7 q e  Pernitkc shall submit tho results of an hplingsment Mortality and Entrainment Charskferizsttion SNdy 
W&E Study). The study shall piovidp information b.sllppoG the,deueIopmeqt of a calculation baselhe for . 

evaluating impingement mofblity and entrainment cumistent wirh rhe 3 1 6 0  M e .  . The Permittee ma* update 
the study up011 revkt to, and approval by* the. MPCA. 

. .  
' All field sampling s b k  ba conducted under pr&ant pcrmal *iaot opeiatlng oonditions, screen rofit'ioo, and plant 

flows. Documenta~oion shalt be.mainfainsd of plant operations during sampfing Alt s p i e s  impinged &all be 
identified, with weight and l e n e  measurqment;s fskelt to the 'extent festsibte. Data h r n  historical studiis may 
b~ ineluded in the catci~$zition.of.baseline impingement and entrainment if deemed rkfeyant and tippropria&. . . 

8 The IM&E Shdy shnli include the following &I a~coxdmcc' with 51 8(b) requiremg?nb: 

a. ~auonomio identikafions of all lifa stag& offish, ihelfiis,and my speoies protaotad &der ~ederz& ?fa$, . 
- or Tfial-Law fiqoItrding thzafened or endaa'&ceed specks) that aie h &e vidhit). oflhe o5&g wdter intake - 

. structure and are kusceptible df impingement and enfraBment. 
. . - .  . . 

. b. A charapka1ionof all life stages offish; &~eiliish, A d  my speoias proteded under ~aderat, ~tiijs; ~dn;i: - 
Tribal Law (hchairig threateaed dr mdgngered species) identified pursuant to pk@aph a, ib~ve, inclddhg n 
. dcsdription of tho ab&d@x and temporal and spntial ehwic~er@tiw in tho vicM@ of thd woiirti wdpr ht&% 

. stmcfme(s], based on'sgfficient dati tb cbaraebrize nnnud, seqsoq3, atld did variations in impingement 
mort;rIity and 64triGmnent (e.5 related to o h a t e  and weather dWereriw, spapikg f&B; m@bater coIirmn ' 
migratipn). These may include historicd dfita that are r e p r ~ e n W 8  of-& curreat operation md*biologid , . 
coriditioris at the s i b  . 

I . 
o. ~ooumeh$t io~ oftbe ewxont imPin&cmen~ ofall Slfo stages of Ash, shall&, and my specie$ 
pmtecfed under Federal, State, or Tribal Law (3ncluding tbteittened or endanbrad species) identiled pmuagt fa 

, paragaph a,abo~e and an estimate of impinginent mortdity and entrainment to tm used as a baseline, 
' 

5.9 The ?emiff egshal submit the restlf rs of the M&E study1 gY October 28,2006. llhe submit@ shaif'describe the 
calcdated- baseline for impingement mortality &rid entrainment and-verify tbe calcuIitted . basdine . based on fhe - 

- total acquired impingement'snd enhhuhint data. . 
316(b) ~e~onstratiori ' 

Design and Construction Technology PJan 

5.1 0 *The Permittee shall submit a Design and Conhuction Tkchology Plan (DCT Plan)to the MPCA for r e v i ~  
. . md approval. The  Plan-shdl describa t& tecfinofogies ~ d o r  dperatioqal measures in place and/or . . 

selected to meet the impingement and entrainment p ~ r f o ~ m c a  $equirements in the 3 1 6 0  RuIe, f 25.94. 

5.1 1 The DCT Plan s6i11 include the following Xorntatiim in accordhce wl& 3 1 6 0  ~ u f e  requirements: 

a A narrahe aascriptr'on ofthe design and opafation o f  dl design and carjstrtiction technofogies and/or 
op%rational measures (existing and proposed), incltlding fish bandling and return systems, that are in place or, 
will bc used to meet the requiremen& .to reduce tmpingmeqt mortality and entraitlment of those' species 
expected to ba most susceptible, and information @at demqnsfrafes the efficacy pf the tecbnolq$es and/or 
aperational measures for those specief. A complete nsative description is contained in the NPDES germit 

. application. 

b. Calcuf ations of &e-reduction. in impingement mortality and entrainment of all life stages of .fish and sheirfish - 
&at \vouId be aehi6~cd by the technologics and/or ope~atianal geasures solecied, based an the M&Ij study. 
The total reduction in mortality must be assessed against fhc calcufation baseline. 

, c. Design and engineering drawings, and calcnlation ~ s u l t s  and descriptions, prepared by a quolifierl 
professiondl to support the descriptiqns required by paragraph a. above. 
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Penhit Modfficd: .me 30,2006. Xcel - Prairie &land Nufiear Generating * paI:% 1s: 

fdi~xpiterr:  A ~ u w 3 I .  2010 ~ e r m i i # k ~ ~ M l b l 0 0 6  

. . 

Chaptar 1. Surface ~ i s e h a r ~ e  Stations * 

5.12 The DCT Plan shdI k ' submkd to &e MPCA for review y~cl appro~d by October 28,2006. 

316Cb) Demonstrafion 
Techaology Ins tsllstlon and dperatioa  la?' 

5.1 3 A ~eehnology lostallatl& md ~ ~ e r a i l o n - ~ l a n  (TIO ~ l a n )  shall be submiited for &A review md appcdvd. 
TIie flIO Pian sMf incIudes the followhg h in1:cordanee with 3 I?&) Rule requirements: 

' 

a. A schedule fir the rnainte'nancc pf fany new design and construcfion teeholo@q. The technology = 

installation shall be r&onably scheduled to emure &at impacts to enera teliability and siyply are midinid.  

b. List of operatiooa[!and other parameters to be monjtored, and the lmtions aq$ fFequenoy for muhitorlag. 

o.' Ekt of activities to be mdertaken.#q.smun, to g e  ge'jgee the officaoy o f  installed des@ ~d 
constnrction technologig bd dperationd+ measuresf ~d tlreschedule fbr im$Iepentation+ 

4. A sch'edde a d  methodology for assessing tha efiscacy ofany installed design snd wmtmdion fqchnoIogies 
and operational m e w w  &J meeting appfiwblo. pcrfomance standards or site spec@ requirements2 includfng. 
an adaptive maa~emeof plan for ~Byishg design add construofion tecfinofaglg, operationat measures, operatioh , . 
mttd yainteabnca i e m e n t s ,  and/or monitoring requ@npcri& iftho assmm~nt indicah that qppficabIs 

- 

- perfamce stitndards (impingementqortali~ and entrianmcnt rednctiom] art: not being mef, , * .  

5.14 Tlte %6~l~sb& be'subktted to the MPCA for rev'ie'w and approval by October 28;-'2006. Tha P'omiittee 
. e shafi meefthe tern ofthe TIO Plan in accordance with MPCA approval ofthe TIO Plan, including any ' - ' 

revisions to the adaptive management plan component of &o 'MU PI= -&at may. be newssary should applicable 
peffommcc simdaxds {mpinpmehk m~ftatify aniI enfdnment reductions) nbf €M mef, 

3X6@) DemonstratJon . 
Verifieatiunn~onitod~g , 

5.1 5 $he ~crmltt&sh& bubmit a ~erification  oni it oh^ ~ l a o  @M Plan) to ihe WCA for nrvlew and apfiroval. 
The 'rlEn Plan s h d  ascribe the monitoring to be c.qnducted over a period of 2 y q m  designed to verify that the . 
fulf-scale performace of f h ~  pxaposed or already implemented techn'olugies andfor opersfi~naf measwes'are 
succkssful~in meeting thb performance stwdards (app!icaftle impingement morfaiity and ~nbkmexlt 
redtlcgons). The VM Plan sbdl provide the following: 

' , 
. , .  

a. ~eso i l~ t ion  of @e fie4uenoy md duration ofmo+ito&g, the g&ameters.to be monitorad, and the bssis for 
determining Qe pikameters and thti frequency and duration of monitoiing. The pameters selected and duration 

. and feuency of monitoring shill be cornistent ,with any method6l;ogy for assessbg success in meefirig 
appIicable perfo-ce standards in the a0 Plan, The method fbr mossmont of  success shall be specified 
in~luding the aweraging perid for dotemining ths percent reduction in imphgement r~~rfdityr 

b, A proposal on how nattlralfy moribognd ftsh and shellfish that enter #he cooling water irmfake stmcture would 
be identified aid taken into acyunt b asssssing sucms in meeting the performance: standard. 

* .  

c. A desefiption of the informstion iu be hcIuded in a subsequent biennial status report to the MPCA. 
5-1 6 The VM.Flitn shall be submitted to tke W C A  by ~ c t o b ~ r  28,2605.. 
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~mit ibfodified: Jues 36,2006 . . XceI - Prairie Nuclear Generatfng 
Permit E x p k  ~UgustJ~ .  2010 

Chapter 1. ~nrface@lsehar~e Shfions . 

5, SpwiaI Requirements 

5.17 ~a;fic;ition moni&ing io aco~rdanoe with tho VM Plan &l be conducted for a pried of 2 y- to 
demonstfate wbethe1: the design and eonstnrction technology andlor option! rnekmes meet the applicable 
performance standard [implagomen! mortality and ndentraim~nt redudon). A futd xepod on verificatrTm 
menitoring shall bs s~bmifted to the WCA with& 120 days of comp1.etioh ofverificatim monifaxitfg. 3 % ~  

. 

MPCA tpay tfppzov~ it chai!gd to thc plan at aby time. The plm elements: and prooedures shall bo followed as 
de~cribed ia the latest approved versim ofthe plan. The Permittee may make cfian&s to toe studies Bnd plan 
tipon request to, and approval by, the MFCA, 

5,l8 ~ e ~ i p e  shalt maintain records of significant,& used to de~alop the EM, 'IId~lan, VM plan; reoords 
. regarding compliancs witti &e-requirements uf fhe 3 1 6 0  Rule; and rrny complianci: roohitoring,da@for a 

period ?fat. least 5 yean; from pennit isstrmw. ' - 

3161h) ~emonstraf ion . 
BienniaISfafns~eport - 

' . , I 

5.19 The Permitbe shall submit s bienniai status report qeghing July 1,2011 'to the MPCA . Tho biennial status 
report shall s m a r i ~  mdnitorin&ata a@ o&er i n f o M o n  relevant to performance of tbe installed 

' tcch~ology hdfor oparation measures. Q@r infomation shall hdIude spmtsiw ofsigdficant operafi~n and 
. main ik~dc  mwr& and summaries of adaptiv~ mwgeement activities>?r other infomatiuu xelwant fit . 

difemining wmpEmm with ths facility's . Z O  . Plan, , 

~ h a p t &  2, Surface Wstter Sfations . . 

1.1 Temperature monitoring for SW ~t&tian OOL shall be taken by 3 separste prober, lwstkd &ediabely 
do\m$tream of Lpek and Dam No. 3 . o ~  three piers dividhg tfte four gated sectioas uf&a dam, IndiGdual 
tempersture~(m&um, -age, and minimum) daf a from ,ed& prof+ shall be colleetcd &d submitted; 

* 

Compiikce with thk 5 d e g p  F maximum allowable increase at SW 00 1 sfra1Sbb'basd on-the mouthty average' 
of the daily-maximum temperature at fhe three pt.oBes. Xemperatui'e rnonitgring fq SW Sfation 002 shdf be 
taken at a point in the intake channel represeqfative of river water tempera* unaffected by the plant thermal ' 

discharge. Temperature ntonitoringfbr SW Station 003 shaf f be taken in the rtjain river chnnncl at s point 
un&e~rd by the pl-anit thermal discharge. Temperature nIbnit0~i~g for SW Station 004 shd$ be taken in. 
Sfurgeon Lake at one oi'mars points maffeoted by the pIant'for theintag dhchaFg6. 

2. i The &mittee shall submit monitoring msults in acoordanc~ with the limits Md monitoring ioqoitements for this 
station. If flow conditiohs are such that no sampie could be acqui~ed,'&e Permittee shall oheok the."% PIown 
box kid mie the conditions'on the Diskharge Modtoring Rsport @MI]+ 

2.2 Fur parametms required to bs monitored m&ously, p~r~ons of the monitoring data viri11 hkcasioneliy de lost 
when equipment is out 'of service for repairs or while performing routine instnunent calibratiom and - 
maintenarm. In such cast%, loss of ono hour.or less of data iB a cabndar day need'not-be reportid unless the 
Permittee has reason>o believe @at resilltiqg values reported bn the DMR m a& repres~nbtive ?factual 
conditions. . 

. . 3, Requirements for SpeciEc Sta~ons 

3,l SW 001 : Submit a rno3&fy DM month& by 2 1 &is &r the end of each calendar month following permit 
issuancs. 
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idt wiirtd: J U ~ C  30, m - Xce2 - Prairf e Island ~ & & r  Generating pag~17. . 
~~t AQU.~ 3i,m10 ~a-thiri: ~~00aSooti ' 

. - . . - .  

3. Requirernonts for ~ ~ e c k i c  Sfations 

3 2  SW 002: Submit a m011th1y DMRmonthfy by 21 days after the end of each calendar month foilowing pernit- 
b m c e .  

3.3 SW 003: Submit a p o n e  DMRmonthly by 21 days f i e :  the end of each cafsndar month fdiowidg permit 
, hiuance. 

3.4 SW 004: Submit e monthly DMR monthly by 21 days after the end of each 4e11dG month fo~ldwing pmit 
issuance.. 

~xreedance @£Permit Thermal Limitations Under Energy Emerpctm 

4.1 ThIhe &6&a1 ik&akons afthispsr@ may ba exceded for al&itedjkri.od under extreme conditions of - 
eIecfdcar energy e~fcf$jctncias. 33xr;eedance o f  the tl~erxpd Xiinitations may occur onfy during electrical energy 

. emexgendes. Fur ppposes of this permit an "electrical energy emsrgency? is d~fined as tke time period when - 
Norifiern States Power Company's, @/a XceI Energy (Permittee or YceI Energy); generating sysfem is in. . 
System Conditioning Operating Code Red, or wbeh in System Code Orahge {danger) if degradation to Code Red 
appears @e!y absent comtive action, > .  . .,. 

4 2  Systeni Code Red (emergen*] ocem when thp enerwsupily is subject to, but not limited to, pattlal power 
intempfians, curt&o& of enex@ ppprS; to cont~ofled cufitornera and p~pk' cont~olIcd custoqiers, power 
intempti?n to c o m e m S  oustame~, and redaction of peak vo£tt;lge. It represents a situation where aII - 
alcctric-d rtxervw have been-exhausled, $he dectrioaf gfid is unsirible, rmd e1ecWdai demand has sxkeded 
electrical suppl'yi Code @d $ also commonly referred to as a nbrown-ouf'. A Code Red way also bad to 
infemrption to retail customers and power htemptioa, coinmonly referred to as a rotating "bhckr0ntt'. 

System Code Orange fdarsger] occurs when &e miim eJer;tric& system i9 vuln6rabte to &stability duo a single 
fdfure, such ss a potc-nth1 tr8nsmission fault, loss of n generating u&t, or otber fechnid  faif Uri:= It represents a , 

situatiqn where electTic power demand is currently being met but- utility equipment is i smg operated at or near , 

maximum dependable capacity i d  remainiog energy reserves me extremely tow ar non exisfent. Under  cod^ 
Orange energy controlIed customers an4 ener& peak customers are being curtpiled,* external energy is 
unavaiIabfes and loss of an Xckl electrical generating quit or external purchase y q l d  rssul t in XceI being un@le 

, to meet requked MRC (No& Afnerican Eiegtric-Xeliabiiity Conoil) oper;tthig requirements. 

4.3 ~homd ~imifation exceedano~s may odour only under the f o ~ i i w ~ ~ ~  oonditio*: ' 

1. ~ h & a l  limifafion ex&?dances only& considered under aqefedtric~l energy c&eigency. Xcel Energy ' 
sh& bass decisions rsgarding themd limitaiiori exceebces on engineering and operational measures 
necessary to m&taia stable regfad energy supplies an8 protect critical generation and bansmission equipment. 
Xcef Energy shall take all reasonable comcfiw actions available to avoid th.ennal limitation exceedmc~s. . 

2. Thermal limitation ex~edances are dfowabh only after Xcsl Energy has exhausted allother reasonable 
alternatives or determined them tb Im inadcqt~ate. ,These alternatives include> but are not limi-ted to, use of ail 
avrriiabfa Xcel Energy power generation including Xcel Energy oil burning facilities and reserves* energy . 
purchases, demmtnif side man@ement measures, clutaifntent of non-essential rluxiiiyy toad, md public apieais 
fqr voluntary energy conservation measures. Energy cqsts; either incurred at XceI Energy generating facilities 
ar through energy purehas& &a$ not be a factor in exhausting these alternatives. 

3. Xcef Energy shall restore operations to return to compiianci: with pmit thermal firnitations as soup as 
possible upon teminlifion of thc eleoiricai energy emergency, that is, upon returnto a stable system Code 
Orange (danger) or better system code. The duration of thermal limitation exceedances shall bc minimized. 
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permit ~odifiul: h e  34 20% Xed- Prairie Xsfaiid Nuelear Generating 
PeimitNtes: Bu&nsal,,MIO 

Chapter 2, Surface \Ys'tr?r Statitions 

4, Special Requirements 

4.4 
4. X ~ e i  &orgy shdl limit %s severiq o f t h t  Iimib~va ~ , Y W ~ F E S  to the eaent possible, Xed hwgy 
&dl maintain any ex&g cooling tower systems and othEr coofiag systekmi usmi to xemoye heat &om emBn~t; 
water to be discharged, so %a% these mfing systems are completely adail&ie du&g energy ~mefp~fcies.  

5. Xcel lkergy 8bdl aftempt b n o t e  the W C A  in advance of its intent to exercim this provision @ exceed tEte 
permit Phemtai iimitations nnder sn elwtrieaf energy emergency. If Xcei Energy is unable to provide a h c e  

~ nofjficagon, due tct s u d k  pmblems: caused by storms, uaplmed fos  of critical genefation or transmission, or 
simifar circumstnncm cawsing conditions fo *idly deteriorate, Xcel Energy sfitdl noti& WCA staff= soon as 
possibie after Mte initial r w m e  actions are campIeted. if the e m t  ocem aiter : r o d  buskess hours or a 
weekad Xcel E n ~ w  shall notify the Stste Duty OEcer and provide Mlvw ap norification to WCA the next 
business day. . . 

6, XceFEnergy sh& iastituls moniton'ng for my envh~nenaat impwts during exceedtutoefr sf the h m a i  
Iimitations, Specific&y Xeel Energy sbdf instl'&te periodic Wological obcrvirtions of the zvtsne afinRuence of 
t$e thermaf &charge on ttie rec-eivkg water m& any plmt disckazge canas, to manitor fax signs of dead or 
dstressed ftsh and ottter aqtlatio life. Apy dead or distressed fish observed sh;fIl be tabulated and m r d e d  by 
Xcef Enera ~;r;tffptnd ar?ported wi&h m e  day, or the ncxt business d y  Zoo n wweckead, 0 fhs MPCA and the 
Wnesotn Dcpainnenf of NaWal Resomas [MDhR). 
Xccl Energy s h d  submit a monitoring p h  for biological observations dwhg eiectrrcal energy emergencies, 
withie 30 days aft= issuance of &is permif. 

4.5 
7. Xcel Enerw sh& compfy wifh ihe Mancf;ota Dep-ent of Mahid &~esousr;i;s WNR) rqnirements 
concerning any cos& or ~hatges fe<icd by %b kPDNR for fish or other squah'c organism* lost due $0 aqy thoma1 
limiiatioa axcet$ance-s, 

8, Uratess othenviss specified tty the M'PCA, during ;in electrical eneqg emergency Xcel Energ shall provide a 
ddly summary ofthe st&s ofplant operations, &r: n a m  and exient of any permit devizi+5a~s 51 e-xcdances of 
the thermal $imitations, any mitigating ;tctioas being taken, snd aay observed entvEomeataJI impacts. The daily 
sunurtaries shall be provided by kfephone and e-mail message to the h@CA duXi.~g bwiness days. Daily 
s m s r i e s  Burir~i the weekend shall Eiz provided by e-maif message, 
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k i t  MO$~B&: b e  30, 1m6 Xed - Prairie Island Nuelear Generatlag age- 19 

Pmoit-m A w 3 1 , 1 B f O  P w i t  R fMNbOlblOD6 

Chqter2. Surface Wntw Sfatfans 

4. Special Requlrementf 

4,6 
9. ~ c e l  k~e,nergy shnll provide a wittea summary of my t h e 4  firnitation exmdancej: pmuant to an ebctricai 
eir~rgy ~mtlrgency with 30 days ofternbatioa ofthe energy emergency. The smtxty shalf ~ d d m s  at a 
*m: 

a The specific cause oftha eIectricaf emr@ e m c q p q  nnd infamatioa describing the cariditions leading to 
rRe energy emergency which'ma~ &ciude, but are not limited lo, weii&er conditions and power $em&. 

b. I%P system wde %ai Xcei Energy was operating under and ail steps &at Xcet took to tower energy demmd 
mdior i o c m s  energy output k order to prevent a thoma1 limitation sxwedancrr, %ess &ps include, b& are 
not IMted to, items such as apemtioa ufpzhkkg itnd ail bming pi=&, internal f q ~ d  reduetian memesl  
energy purchasss, p~bbfic appafs for vofmtitry energy r@cbion, impfernantation ofcmtaihe~t c£sswii:lt to 
intemptible customers, power intempiton to comn~drciaI customers, etc, 

c, A &cement confirming&& the electzid energy rl&ewng Iesding ta ixciedan&s ofthemat Iimiaons 
wss unintentioaat and ihai there - no horn,  viable en&eeiing sftentarivi: for deviatioa frana plm& s 
permitted &emat limi&tiom. A rjimiIaa ststemeat confirming &at rPle electrical energy emergency badkg to 
exceedmces of &mai fimitatiom resulted from factors b o n d  Xcel Energy's control snd did not result &M 
opera!or enar, improperly designed facilitiesI Isck of prevmtsgve mainLi5naftce, or &cremes in pxoductioa 
beyond the design capaaoi@ of tho mmenf facility (coofing eqoiprtimt), 

4.7 
d. A written s m m a r y  of b technicai sspecb of the faciiity that are involved with cooling md maintaining 
compliance with thema! liminations. 

a. X~fomstioii on any altmrraives to a itrermailimi?afiorr exmedance and impcis &nt watlld I&e& have 
occurred if power geaeration was reduced in order tu avoid a thermal limitation exceedance. Sueh irnaacts may 
include pu6ic heal& md safety. public security issues, damege b generating plants, dism~tion afca&at:rcia~- 
and k k ~ s i a l  pto#ses5 and relifted ptantiai impa&Ps. 

f .  I f  it is detefmhed &at thomaf limitation excmdance wss the rissutt of iaadeqmte dsiftn, operations or 
mahiintenancc, the actions Xcel Enetgy ~ 7 %  t& to avoid a future the& iimitatian cxceedance. 
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pan& ~ndw J P ~  ~Q,ZOUS Xed - P d d e  Island Nnctear Generating P S ~ S  20 

Pemrit Erp'ueg: Aiigust31,2#IO Pamitl:mMW4W6 

Chspter 2. Swface tValer Sfatinns 

4.8 This provision is meant t~ proyide for h i t ed  and inErequ@at &off-fern exdanct ts  ofthe penpit tbemd 
iimitatians sole& under extreme and ~efativttly unique cirewmtmcm fmch as an unusual heat wsve). TJlis 
provision does not precfude the M W A  &om subsequently requiring Xcef Energy to rmofve my recIming 
thermal firnitation exciredances through instaffation of additional cooling equipment, or oiber mkures to 
remove e x ~ s s  hti;rt, Sn the event h t  thmd exmcdanc& bB0om.e relatively liequest or are the result of 
hadequate design wder narmd (non-tmeft~eneq.f conditions. 

%is provision does not p r e e ~ e  rhe EAPCA from i&g any enfercement action pursumt nt tohema imitation 
excesdmces i f t h e  above conditions BS net followed. 

Chapter 3. Waste Sfscam Stations 

1.1 Samples far Station WS 001 and WS 002 shall be taken at each internal wastmaar,  units 1 md 2, cooling 
wabr &charge or at mother gaht repme~fkitive af the discharge prior to mixing with oirculsting water or any 
other waters. 

1.2 The Permitfee sb i l  submit monitoring resuIts for ddischtzges in aecorclsnoo with the iimits and monitokg 
requifenionts for this stittion. E no diskage occwed during thp reparthg period, the Pennittea ski31 cbck tR8 

"No Bis&argeR box on tihe Disoharge Mofiibring Report @MIL]. 

f .3 For psrameters rt3quiPcd to be monitored continuously, portiuns o f k  monitoring data witl occ~iondiy bs Iast 
when equipment is out of service far repairs or while perfanning routine iastmnent oatibdons and 

+ maiofcmmce, In such we$, loss ofone Hour or less of data .ta in aden& day need not be reported uafess the 
Pernitbe has reason to brtiiwe $bat resuiting values r q o M  on the are not representative of actrtd 
cottditiom. 

2. Requirements far SpwOBe Stations 

2,l WS 001: Submit r muntMjt D m  monthly by 21 days after the end ofeaeit cde~(ar month folI~wing germit 
issilmce. 

2.2 WS 002: Submit a monhly DMR monthly by 21 days after the end of each cafendaz month folfowing permit 
is-ce. 

3.1 ff%e need arises to raise the haisgeri ievei above 2.0 mgll for WS OOf and WS 602, uoirs 1 and 2 gl& caoting 
ivatei; a calculation shall be performed using the actuaf condenserlcirr,ttIifting wafer and cooling wafer f%rw 
fi&ogcn demand dctemined at that h e .  %is information shaff hit submificd ivith tfie orher monitoring dnta 
rqahd in $tie monthly Dim. 

3.2 A caledation shalt be perfo~ned using ttre s&af cboling water Bow rate, ~ondenser/circula$ing mtcr Bow rate 
itnd the hatagen demand of 0.5 m d .  f i b  calculation consists of the ratio of total coolkg water flow rate to the 
cand~mer/cir~ufating water flow r&e teduptied by the highest memured coofing water fialogen Ievel, minus the 
conctenserleirolrf~fing wafer demand (0.5 ppin). The value should be a negative value sttawing thar ati the 
halogen was; used prior to disci~uge to the ritw 
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Chapter 4. Iudrrstrint Process Wastewater 

1, I?rahibifad Discltaqes 

1.1 The Permittee sBS ifreveat the muting af p11staats from the facility to a municipd wastewater treani& 
system in my manner unless su&o&d by tho petreatmenf sr;rtldsnfs of the MPCA and the avaicipd aflthority. 

ILZ Tfte Permittee &aft not tfansport pol~u&ts .to a municipal  waste%^& &earn& system thst wiB inre*fmre wiih 
the opernth of ehe frmtment sy5f@rn or c m e  pnss-tiuartgh vblatio~oas of eRueM %hits or water quality 
sad@&. 

f .3 This pmit does net astufhorize the discharge of sewage> wash \~&er, smbber wtiter> spilIs, oil, M o u s  
substancesi or eqsipmm'vehicfe citxixhg aad hteaaace wasfewatem to ditchesi wetfands or other surface 
waters of the state except as perrm'tted in the h'PDES permit, for site treatment qsystems. 

2.1 Tbe P m i p e  sh& nnoeify &e MPCil. prior to dischsrgiog hydrostatic test waters. Th~P~mJtter: shall provide 
Wornation necessary to evaluate the pob!ntiai imp& of& ddjsohwg~ and to onsum compflsnce with this 
per& This hfo~lnation skall include: 

a. the proposed di~h!haxge dates; 

b. the: name and Ioca~ion of rec-eiving watsrs, including city ar township, county, and townsEpIfringe Iocatioa; 

c, an evrttuakion ofthe imp;ict offf ie discharge on ihe receiving watm in miation ta the water qmtlity stasrdsrds; 

d, a mitp ideneifyiag discbarge Iacatioa(s] and, monitoring point(s); 

e. the estimated avesage and maximum discharge rates; 

L the etlthabd tohi ffow vo1ume of  disCftxge; 

g. the water supply far the test wafer, with a copy ofrhe appropriate Mimeso% D~pamnent of Naturs! 
&zom.@FSRf water appropd&i~n pen& 

h, watef quality data for the water suppt~ 

i. proposed treztinent metirod($ before discharge; and 

j. methods to be used to prevent scouring and erasion due to ah5 discharp. 

22 The abavf: notiftc&tgn procedure does not apply to routine hyrtrastatie rests of plant equipment provided a11 of 
the foEolfowing conditions are met: 

a. Tfie test is conducted using the equipnlmt's normal process watet, 

b. Tite ttydrostatic di~hnrge is tbrougb the designated outfall for 'Brat equipment when in n o d  operation fm 
identified in this permit). 

c, Tbe water meets aff appiicable discbarge criteria for that outfail, including vofuae and rate, 

d+ There xre no residod cftemiats or cantaminmts present of a iype or at levels boy on^ those akedy reviewed 
and approved as acceptabfe by the MPCA staff for t h ~ a  ougalX. 

3, Po&rhlorinated Biphenyls {PCBsj 

3.1 PCBs, irtcludinp Mnot fimibd to those used in efcctrieaf ~ u ~ g o m e r s  and capacirors, shall sat t.e discharged 
or r~~ieased to the environment. 
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b i t  MPdifred: June 38.28% 

PcrmB%pim: Au&31,2015 

Chapter 4, hdrstrial Yracw Wastewater 

4. Appleation for Pcrmit Rehsmnco 

4.f B e  p m i t  qplication shdl iuc11tde priority palkitant analytiod data as pnzt o f k  applies6ea for missaricc 
&is permit Tfiese mafyses shall be done on kitrdividud samples taken d~ufing the two year period before the 
reissuance appfimtios is subiniffed. 

Chapter 5. Dredged Material bImagerae~t 

I.  1 This pemtit is inklded to reblate %a storagef disposal and/or m e  of dredged materid. 

1,2 II,is pennit autfiarizas tit6 P e ~ ~ f i f t e ~  to sfore, dispm, mrlfor reuse dredged material in accordance w3.h tbe 
provisions of titis permit. 

i .J This prm% docs n ~ t  attthorize or othtmise reg&& &&ping activity. Howzvef, rtrerfglng activity is stlbjwt io 
the water quality swdards specified in &?inntsata KuRules chi. 7050 ;tnd 7060, 

hitiation of  &edge activities shall not eomenoe until the fennittea has obtained dl federal, state andlor fowl 
approvals that rhay be rnqukd for a particuculiu project, including but not limited to stsze permits replatkg 
activities in the bed o f  pubtic wabsri a defined in XiXinn. Stat, SEC. f 05 h r n  the Mmnesota Department of 
Nakuai Raomccs JDNR), ,fed& permits for dredged or fill materid h m  &a U.S. rlrmy Corps ofEngineers, 
and iocd pimiis &om the appwpriate So3 and Water Conservation District, county or local wit bf ptref~menl 
@UG)= 

1.4 Camplimce with ttte t e rn  anti conditions of &is peTmit refeases the Permittee fiom ehe requirement to obtain a 
sepB?p,a'e permit f 6 ~  comtnrction an#or industrid ifctivities at the storage, disposal itndl~r rewe site $hat would 
otherwise requira the Pemit t~ to obt?tin a comhctian aucU5r indwtrial storrr~ water permit in wcordance with 
the C l m  Water Act and Agency rubs, except where the use or reuse of dredged materfal is owurring af a 
iocirtioa sepitrale %om other aaotivity covered by $this permit, 

2. Sampling and Analyses 

2.2 Chmcterizatio~f of sediment &am the proposed .d$radge site mmt be compff;fsd prim to the iniriation ofdredgiag 
activity. Resuffs of sodintent characierizldtion must + compiled md submi%erl to &e MPCA prior to the start of 
dredging. C h s r a a o t s h ~ o ~  shslf GOBI& of& feast a gmk size aniftysis and, if appficlible, baseline and 
pdditioaal sediment anaiysis p Tables 3 and 4. of Appendix 1. 

2.2 Grain Size Analysis 

The Peminea shaft cornpieta a sieve grain sim wafysis using Metfiod C-f 36 for the gsdation a r n i ~ ~ s i s  
and ASTM h$athod D-2487 for clssificarior~ Ttie minimum nurnhr of samples required for the anafysis shJf 
be determined wing table 1 in Appendix 1. If the sieve tulaiysis obtained iSgre&cr than 95 percent sands 
the material is dcceptabft: for Tier f or 2 we and nd6itionaf matyticnt sampti~g is not required 

Dredged mafeterid not excfuded %orom additional an~1~sis jss determined by the gain size analysis), must be 
analyzed for the aonstituents listed in Table 2 of Appendix I. 

2.4 Additional Anakysis 

Kit is *s$shiislred through a revicvt of past activities at the site thai there i s  a reasonable likdibod Far a 
pollutru?t to be present in sediment at a dr&ge site, fire dredged rrlaf~riat mlar* br; mifiyzed for additionai 
rmai>rtc{s) in accordme with Tnble 3 and Tab10 4 in Appendix 1. 
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Parnit MndifieB: June 30,lWfi 

Ppmtit Ilxpirm August Sf, ZalO 

3, Rehsndiing, Off-Loarlhg aob Tramportation ofDredged Meterial 

3.1 Dredged rnaterih shaii be managed in a m m e r  aa to minimize the amoftnr ofmfetid ~Rtrned by spillage, 
erosion or other discharge to weters oftfie state during rehlendlbg, oE-f-fortdiag andtor - m i o n  activities, 

3.2 Atm foz the rehitndlirtg mdfor 0%-loading ofdredged material shall he siopcd aw;ry 6am surface or 
o&crwke co~fsalied. 

3.3 Dredgt?d materiJ hauled on f'demi, sb& 0; lwd highways, roads, or s k i s  must be hauled Ih such a way as to 
preyent dredged materid &om feaking, spiiliog, or otkerwim being dirposPed in ihe right-ufr-way, Dredged 
materia1 deposited 5n a pukzic madway must be imtnediately removed w& prapf:r& disposed, 

3.4 Tracked soit andlor dredged rn~terial s h l l  be rmoved fiom impmidus surfaces do not &&I back to &e 
dredged material storag~--dispasal mdfor reuse facility witb'flx 24 hours of discovw. md olaced in &e storaee. 
disposal &/or muse fsicility-sib. 

4.1 Autltorkation, Prior to Phe use o f r  new CdBerent from already discfossd) site for the storage, disposd, andfor 
reuse aE dredged mitfeiial, &a Pmittec! &hail obtain written MPCA approval for such use. 

4.2 @nerd, Any site ufad for &e storage, dispnsaf andfor heuse of a dredged materid shaff be opetabd and 
maintained by &e Permitie* to con&of ranoft; incladkg stormw~tcr~ &a &e tkcifity to grrqvent @ir exceedance 
of water quality standards specified in Minnesora Rules, oh. 7050 md 706% 

4 3  The Permittee may diqmd o f  dredged materiaf at ?t pcwi%d rrolid \&e l&dftll, &rough on-sits disposd, or 
&dug$ reuse for a bsel"cjd purpose, as follows: 
a. Temporary storage andfor Bemenf of W g e d  matofiai at the dredge project sits. Temporq storage af 
dredged material is subject to die requirements of part 3.4 of fhis ehp~er. 
b. Disposal of dredged material at the dredge pprqject site. Disposal of &edged m~tteTial is skbject to parts 3.5 
through 3.36 ofibis chapter. 
c. Reuse of dredged rnatcrid for Lpe5ciciat Purp&es. 'Keuse of dredged matetia1. is nrbject =to parts 3.37 &mu& 
3.39 afthis chapter. 

4.4 All of&@ followkg rqukemeats apply to the temporary storage andlor treatment ofdredged material: 
a. Temporary stmap shall not e x m d  1 ye% Storage or accumdation of dredged materid for more %an f year 
constitutes disposd, and is subject to &i: dispasal facility requirements ofparts 3.5 &rm& 3.36 of tfris chapter. 
b. Dredged m;tteri& shafl be managed in s m m e t  so as to miaimiac the mormt of marerjai re-himed by 
sp i l l~e ,  erosion or other discharge to waters of &e state, Best lnansgenlent practices for ttte mmapmeat of 
dredged materials w oufliud in the h3litA fact sheet, "Best Management Practices for fire Mslnagement of 
Dredgd iMaten'aff'. 
c. If dikes, berm or silt fences have becrt consheted ta cunkk temporary stockpiles of dredged materid, %key 
shaif not be removed mtiI all rrrat~ial has been removed horn the stockpile. 

8. Disposal of Dredged &fatitrial 

4.5 Notificatios. NotiEcation of a tPew or existing dredge disposal facility shall be submified for h-fPCA review mir 
approvat. 

4.6 Disposal facilities shalf be consmtcted/operated in accordance with local requhments, heiuding the 
requirement to obtain a permit, license, or othm go\*emmen&l approval to initiate cansfruction. 
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Chapter 5. Bredgcd Material. kanagemenf 

4. Storage, Dispas;rI andfor Reasti sf Dredge$ Materfal 

4.7 Initial Site Ph. An initial site pim siialf be prepared md sub&& for MBCA review and approval. The initid 
site plan shall comist of vofume ~Iculations for rIre iinal pwmitbd ~ a p c i t y  and a mnp of the facility, The map 
ofthe f;tcility shdl include the pami&& boundariess dimensiogs, site contom fst*wntotlf intends oftwo feet 
OX less), soil boring !matiom wi& sur%cc el~va&xis and present and flamed pertin~nt fe&ms, indtiding but 
not iimitwl to roads, scmnGrg, buffw mas, fencing, gate, shetier and equipment buildings, and wfs~  wafer 
di~&rsion and drainage. Ttxe initid sitf: pian must b signed try 8 iand surveyor registared in Minnesota or a 
pmksionaf ea@eer registered in Minnesota, 

4.8 D~iinmtiozz a i d  Identifiwgon ofPePmitted Waste faoumfrtry. The perimeter or OutBr limit of a dredged materid 
disposal facility shall be indicated by permanent posts or signage. lit addition, a pcmaacnt sign, identifying tbe 
operhtion ;md sbowhg t$: .i)omrg number of& sits, shdf be pasted st the &edged mate$al &pas& .fj.oi&yty 

Sits Belecfiun qrfid Use 

4.9 beational T'P~bib%oas. Ail of the failowing foeational stmdards apply to any fscifEty far the dispmd of 
dredged material: 
a Tfie dispossE facility must be iocated en&ely akove t66 high water table, 
b, Tile djsposd facility mst not '&e lwiterf within a shoreland or wiid and scenic river {and me district governed 
by Minn. EL chapters 61 05 and 61 2E1. 
c. The dLposlrt facility must not b located withis a w&and, d e s s  the? Psmittee Ixas obtuin~d all federal, s t s ~  
nndfor local appwv& &at ntsy be required for a pwtiicufw project. 
d, TIis &pod area s1dI no$ be facttted in an area which is wuitable beixiuse o f t o p o ~ p h y ~  geoIoeafI 
hydrology, or soo&. 

4.10 S e p d o n  airrhraces. A minimum sepwation distance of 50 feet must be maintained be~weea tire boundan'es of 
the dispttsd facility and the site prop~rty ljne, 

Xfesign Reqtrirements 

4.1 f The'faf~owin~ d ~ i ~  & a d d  app$ to s %cFa%y used for the disposal af dredged matsriafs: 
a An earthen c o n e e n t  dike, or o&er ERPCA approved e m b h ~ n t  and/or sther sediment cantrot 
measur<$, sh& bbo e&&shett m w d  the perimeter ofthe &edged material dfspsaf facility @smtitted waste 
iKitindw]. 
b. Site preparation s h d  affow for orderly deveIopmmt ofthe sitc. Initiaf site pfp;pmtioes shdI indude c h h g  
and grubbing+ totopsoil shipping and stockpiIhg, fill exwarion, Sappropriste, drainage controi structures, itnd 
othcr dm& fsatrves necessq ffo construct and opeiale &a facitity. 
c. Surf~ce wmr moffshnli be diverted wound dredged ma?eriafs disposai facilities to prevent tmsion, aad 
protect the shuchrraI integrity ofexterior embankmen& from failure. 
d. S l ~ p  and drainageways shaff €E designed to prevent erosion. Stapes fonger &stn 200 feet shaff be 
intemtpted 3vif.h drainsgeways. 
e. FInnl slopes fbr the EfX area shaft be a minimum wo p~cent: and a rnaxu:im 20 percent, and shdf be 
consistent with tb pfanned uitimate usa for the site, 
g, Final cover shall consist of at iesst f 8 inches of soil with the top 12 incbm eap~bk ofswtaining ve@ative 
gro~-& 
h, For a system that will impound water (8.g Xlydrautic dredging) svitti a constructed &kt: over 6 feet in height, 
or that impound more than 15 acre-feet of water, the system is subject to Mh. R. pafts 51 15,0358 through 
51 15,0520 fstirte Dam Safety P r o d .  Contact state flam S&&y Pragmm s&ffak (65If 2960521 for more 
information. 
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Chapter 5. Dredge6 Material Masagement 

4. Sfarage, Bisposal andlor Reuse of Dredged %terht 

4.12 Site S ~ i k t i o n  Th@ P e ~ T t e e  shall s@bitize the dredged maWaf &is@ f&&y before my dkp~saf in &e 
f a e m  is  dIowett, as fa1 lows: 
a The exkgor slope of& permanent dikes or bem shail be no steeper h 3 to I (horizQnt& fci vertical). THB 
cxtc&r sfopes of &I permanent d&w or hm must h seeded and a soif a~afive fe.g. mu$& bIanket1 applied 
within 72 hours of& campletion ofany grading work on the slopes. 
b, Tfgra$iag work is compteied too Iaia in Phe grodng ScaSonPo seed or plmt tire dt55ired spwiss, tken the 
Permittee must propagate an m u d  cover c r q  that can be dommlr stxded or pfmted and must ape a soil 
ftxative to the sire.+ At &e very mkhtlm, &e Permittee must apply a soil fixative to &e exterior slopes of all 
permanefig dikes or berms prior b tbe Erst mowfall. 
E, fences, if used, must k prow& inst%Hed, The Sijf fence3 ~haff be tafl enon& and installed at a m%cient 
6istadc-e from the hmc of the p e m e n t  dike&= or faniporary strtckpiies to create a remnab1e secondary 
containment area. 

4.13 UpemiionaIPlan. An Operational Pian ofthe sit% and h ~ d i a t c I y  adjacent ma sl>afi bo deveioped and 
impfemeaked, and shall show progressive devefoppmt ofpe~ch  mdfor a ~ ~ s  iiik and any phase construction. 
Tfiet scale of the development pian shall not I% p a t e r  f@a 208 feet per &ch 

4 1 4  Facififies for the disposal of dredged material s M  be design& by a pmfs-ssional engineer registered in tbe state 
ofMhmota, and in accordmce with the criteria in partg 3.13 3Ji$3,14 oft& chapter, %lie Pedt tea MI 
construct the facility in accordance witti these &'sign plans and spi:@caiio~is mder.the direct supervision of a 
p fss iona i  engineer mgigcred in the sfate of Minrresota. 

4.1 5 Certification Required, kiaf touse of s kciliq for tfic dispoid of dredged materid mder part, tfte 
Permittee &dl obi& and mbmit written certificati~a from an engineer Eccnsed in Mimesob sating that the 
disposal faciliiy meets the rquirantenis of par& 3.13 and 5.14 ofthis chapter, and has been coastructed in 
accordance tvi& the design pIms and ~cificationas, 

Bite Management, Limitsflons, and Regtrictions 

4,16 New or Expanded Facilities, All ofthe fogowing ~quiremenb apply le the consimcthn ofnew or expand& 
facilities used for ihe disposal ofdredged arabr?riaak 
a T6a; Pernittee s h d  plan for and implement commotion priictices that minirnixe erosion and maifit& dike 
integrity. ~ - 
B, Erosion contruI n~easures half be es&Mistted on dl dowagradieat perimdem prier $0 the initiation of any 
upgradient Iand-disturbiing comlructioxl activities. 
c. Surface ~noffnsust be directed m n d  and away .from Ifac storage andlbr disposal facilii site, until #e site is 
stabilized, usualiy by sssuringtkat vegetilri~i\'e oover is welt-ss%blisbed. 
d. Sediment contzol pra~ticss shall be d e s i p d  murd implemented t~ minimize sediment fkm entering surfwe 
waters. The timing of the instdIaiion oaf sediment coatrot practices may be adjusted to mxmmodate short-term 
activities sitoh as equipment access. Any short-fern activity must b completed as quickly as possible and the 
sediment control pmctices must be inslalied immediateiy %ACT &e activity is campiet~d. Wo~vever, sediment 
control pmctica musr be installed before the next prwipitalion event ewen if the actsvity is not oompleb. 
e. Ail erosion and serijment controfof mwurss shall remain inpfeee urit.2 fin35 strthiliaticfn hus been e-stab,lkhed+ 
Permanent cover or fmaf stabilization methods are used to prevent erosion, such as the piacemeat offip rap, 
sodding, or permanent seectiap, or planting.  oma anent =ding snd pIanting must have uniform p x e ~ i i  
vegetation cover of st iear;i 70 percent density to eonstitufe final stabitizalion. 
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Chapter 3. Dredged Maferial Rtrsnagement 

4. Storage, Bispwal andfor Reuse of Dredged h%a&rniaX 

4.1 7 Mmapment ofDkpasal FacifiGes. The foIIowing standards apply te a faelIity used Tot rhe disposal ofhdged 
material: 
a &cb El phase shaii be outlined with grade stakes, and staked for proper pdkg and I'illmg, 
b, Alf trenchm or fill areas shalI be daksd wi& pemanent markem. 
c, A p e m e n t  benchmaxk shall bo installed on-sb and show its location on %he hility as-built pian, 
d. Run-on md &-offof stom~cater sMl be controlled, The omcr or operatar mast implement mmagement 
practi~es designed to control m-on aad ~ n - o f f o f  stomwater %om the disposal hciUQ. 
eq Vegetati~e cover shalt be &bfisfied with& 120 days of rcachiag thefiutal permitted mpaciiy of&e d r e d d  
material disposal facility, or within 120 days ofthe inacrjwtioa or compfetio~i ofa phasa of&6 faeiEty &em& 
f. Iftho disposai facility contains any particulate matter that  nay be mbject to wind dispersioa, the owaer or 
opefator shdf cover or otherwise manage the dredged material to coat& uind difspersion. 
g. Nuisance cond<tions rmufting Go13 the disposal of dredged material shdl bo controfjad md managed by tho 
hcifiiy o~mer or operafor. 
h, Cover sfoIjes shII b~ sunte3r;d snd &Iced during p3acementt 

418  Periodic Site Inspections. The Permittee shdl inspect tho disposal facility to ensure integiw ofthe emsion 
coniraf meawes, sjrstern stability and dredged material coxffaiment. At a minimum, tIrs facility shall be 
Snsrtecte& 
a. &or to the. initial placement of@ ddgedina2t;rid ia the facility; 4, 
b. wwithin 24 horn af each sigtificsnt stam ev& md/or the subsidence of flood wen& or, 
c. at fwt once per month ifa andfor b, above, are not occuKing. 
Inspeetiaxls may be less %epent o n e  a project i-s complete assm* dl rnaterihi bas b i z  hnspori-ed to an 
off-site permitted facility or reused in accordance with this pernit and is veptaled. 

4.18 Recordkeeping. The PermiRae shdl record the dare of each inspection, any probim idsnwed wit& ibc? hcilify, 
and the actiun(s] @ken ta conect my identified problm. The Permit- shall keep tfrese inspection records on 
sits aad sdlable to W C A  siaffupan request 

4.20 Nonfunctioning erosion md se$iment control meitsmes shall be repaired* repfaced or supplemented with 
be t ionkg  erosion metfor sediment controi measmes within U l r ~  days of discovery, 

431 Dikes and berms consinrcted to con& hydraulicdly dredged ntateriai md the attendant liquid must be 
maintained 5~ of df W D ~ S  of affimd fiwows. Animal burrows should be baciciilfed with com~acted eda~rerid 
within time days ofc~jidovery. 

422 Where dredging and disposaf haw &en suspended dus to frozen gowd conditions, the inspections Had 
maktenitnce shaft be& ;ts soon rrs weather condieions wmant, or prior to resuming dredged material pIaearnent 
in athe disposal facility, whichever occurs Erst. 

Sediment Removal and Disposal 

4:23 ffredgd material sbaff be removed from rfisposzl f,'~cifities irt a mannor so b not h a g  dta ia~egrity md 
effectiveness of the contciinment structure or area, 

4.24 Dredged riiateriai smoved from a storage+ disposal9 m#or reuse facility shall be managed in s~cordance with 
&is chapter. 

4.25 Recordkeeping. The Pennittee shalt record the dates, the vofume of dredged material remaved from the disposal - 
facility, and Ihe method and focatian of the disposition fdisposaf or reuse) of such materials. This information 
shall be submitted with ihe annuaf 'Dredged Material &eprt', as specified in the 'Annuaf Reprt:part ofthis 
chapter. 

Cinsure and Past-Closure Neqaiwmcufs 
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Cfrapter 5, X)rcdgr?t3 Mntcdstl Managemeat 

'4, Sforage, DfspasaX nadiar Rituse of Dredged Mnf erial 

425 Tbe? Pe&ee ram cease to dispose of dredged materiais md immedi&ely close mhe dredged rnsterial d i ~ p ~ ~ a f  
facility when: 
a the Permittee declares fbe dredged m a f e d  disposal facility cfosed; 
B all fiti areas reach final perrnitid capacity; 
c. an agency permit held by ths facility expires, md renewal ofthe p e d  is not applied for, or Is qplid for and 
degiod; 
d. an pr$ency p e d  for ttie faciiity is revokd, and/orI 
e, an ageilcy o h  ta mase opratioes is issued. 

4.27 Ciosm Plan. The Permiftee shrtff prepare and submit a 'Ctosun, Plml for rhe %al closure of s dwdged materid 
disposal facility for W C A  review and approval, 

428 The 'Closure Plan' shall idcntilj. the steps necded ro close the entke site at tbe end of its o g e r ~ n g  Iife., The 
ciosure plan shall include SIC foUo#ing elemcis: 
a A &seript!an dhow 4  hen the entire f~cility wig be dosed. The description shdl hclnde the estiroated 
year of cfasure and a scheduli: for completiag each 1211 phase. 
b An estimate oftbe maximum quantity of dredged materid in storage army time d&g the life of the .faciTity, 
E. A Cost estimate inciudhg an itemized breakdown for closure of each fig phase the Wd cost associated 
with closure sktivi6m af dredged material disposal facilities. 

4.29 A copy of the appro~ed 'Cfosme Plan' and alf mvisions to the plan shalf bu kept t the facility en& closure is 
compl~&d and certified. A+ the time of cIosurrt h e  agency wi3f &sue a closure document in accardaiict? &ith 
Mim, R. part 7001.3055. 

+ 4.30 Ame~fdmsnt of Plan. The Pedttes may mend She 'Closme P h l  @Imf my time duPing Me iifi of the facility. 
The Permitree shall mend the pfan whexiever chmgw in ttie opamting ptsn or facility design &ect the closure 
procedures needed, md whenever tho expected year afchsim changes. Required amt:nttments sb& be 
cornpfeted wi&tbin 60 days of any c h g e  or evmrt that &mts lhtz closure pi=. 

4-3 l NotScation of Hind Facility Closure, 3% Permiffsa sftall notify the commissioner st Iwt 90 days kfom find 
facility d o m e  activities 3ie; to except ifthe permit for & fsciiity has been revoked. 

422 CIosxe ferfonnance Stmdd. The PemiBee ms& close the dredged material disposd ia a maanor &at 
eliminates, m ~ ~ e s ,  or controIs tire %cape of pKlffutsats to g o d  water or sm%ce w*ters, to soifs, or to ffte 
atntosphere duringttie postcfasm period. 

4.33 Cornpietion of Closure Activities. With& 30 days &er receiving the last sEpmcnt of dredged m&ri;tf for 
disposal, iire Pemti~ee must begin the firrd closure activities outiinerl in the approved 'Closure Plm' for Ute 
dredgwl nstedd itdisposal facility. Cfasurt: tictivifies must be completed acc-ording to ttic qproved 'Closur~ 
Pian'. 'Be commissiont:r may approve a longer period if the o ~ m w  or operatitor demosstrates that the closure 
activities will fake longer dw to adverse weather or other factors not in &a ~ontrol of the Pemridee. 

4.34 Closure Proccdws. 
a. Complere the appropriate activities outlined in the fippravrd 'Closure Ptan'. 
b, Compiete final chsurc activ&as consislidg of submiriing Lo the county recorder and the comntissiioner a 
detailed description of the wilste types accepted st the fa~itity md what the kcility avas used far, together with a 
survey plst of the site. The piat nlurtf b~ prepared and certiEeied by a land surveyor xsgistercd in Mfinnesota. The 
landowner must record a not&ion on Lhe deed to tiae property or on same other instrument norm&$ examined 
during a title sea~eh, that will In perpetuity notify any pfential pm~tiaser of the property of my specid 
conditions or Iimitafions for use of the site, ;ls set out in the 'Ciasure Pfttn' mand closure document. 
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4. Stsrag% F~bpesd andlor Reme of Dredged PIsterEal 

435 CertiPiCation of Cfome. When End iacilitJr closure is eompfe%ed, the Permittee shall submit ta the 
commissbaex certificaiion by tfie hnninm and an engineer reghered in Mimmota that the facility h a  been 
ofosed in accordance with this chapter, 

The cdEcation shall contRin the .following eIoments: 
a, a completed and signed 'Sife Closure Rcor& 
b, domcnhtioa of cfosm, such as pictms, showing fhe cansfmction techniques used during cfosure; mind, 
c. a copy oftfie notation carrying the recorder's seal which has been filed ~vffh the county marder. 

4.36 Post-Ckostue Care, A h  final closure, fhe Pedt tw shall compiy witft the fo1towing requireme&: 
a festtiot access to the facility by uss of gafes, fencing, or other means to prevent further diqs i t l  ;it 
rhe siie, unlrss the site's Snaf use allows a ~ s ;  
b. m d n a  &e intsgrity mind effwti~tness of the fmal cover, inctnriini tn- @airs the final cover 
system as necessary tn correct the eirecss of seftIhg, subsidence, gas and leachate migrafion, tsrusiori, root 

peaetrdon, bumwing mini& or o k r  eve~ts; 
o, pravent m e n  and ntn-off from erodifig of otherwise &ma&& the final coyer; 
d. protect a d  nlainhin surveyed benchmar& 

C, Besefrcfal Use or Re-Use of Dredged iMaferiaf 

4-37 'Prior to the use or reuse af a &edged miterid, the Permittee shall determino the agprnpfiste "suitable reuse 
ateg5r-y" af bhe &&ged material to be lrsed or rewed, ;is descrbd blow. 

4.38 Suitabb Reuse Cate~ories, Tbe suitable reuse categuw ofa  dredf~d material -is baed an the analyzed 
cbw~teristics ofthidredged material {smptctl pr&r Po dadgnior  in a spoil pile aRer dredingf i;td 
appropriate applied Soif R&:rence Values (SRVs), which am listed in Table 2 of Appendix I to this permit. 

For.tke purposes of&& permit; dredged material htondtd for the henedcid use or rmse is catejpriied into 
$firm tiem: Tier 1, Tier 2, and Tier 3. Iftfts sieve nndysis obtained by a#20@ sieve is greater than 95 p e r a t  
sands tbea tke materid is amepabfe for Tier I or 2 use and additional analytiwi smpIing is not xequireol. 

a. Tier f mai-eriet is aukharked to be used or reused ation sites with a residential pope@ use category. Tier 1 
materid is characterized by s contaminmt level that is at br below alf respective mzllyte concen&t%ons listed in 
&e Tier 1 SRV c o b  for any cantsminant that m reasonatify expected to be prefe& in the dredgd 
rna@+aI. 
b. Tier 2 material is authorized to 'ae used or reused onrat sites w& an industrial or rscrwtiot~at use mfegory. 
Tier 2 material is chara~terized by a contan&& Ievd fh t  is at or blow alf respective sndyte concen&afions 
fisted in the Tier 2 SRV c o h m  for any contamin& &at cm bc reasonably expected to be prment in tbe 
dredged wnferial;. 
c. Tior 3 mat&& is NUT authorized ta bo used or reused under this penit.  Tier 3 materid is characterized by 
a conhminmt levef ihs is greater than my  specr rive anafyle eonceatr~tions listed in thc Tier 2 5KV cofum for 
any conkarilirtmr that cnn b reasonably expected to be prr?sent in the jreriged msfiterial, 

4.33 Storage Prior to Reuse. Storage of dredged =&rial prior to reuse or use is subjest to thc Sentportuy searage 
requirements ofthis chapter, or tke disposd requirements ofthis chapter, its applicable, 
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Chapter 5. Drecfgi?-d Materid Management 

5, Gnauni Rkport 

5.1 The a-ad '&edged Biaferial Report' s h d  It ooa rt £om provided by the ComkionerI or mother NPCA 
a~awverf form. and sbafi helude the fotl~wing elements: 
a' &BS of&eiging, 

- 
b. VVme ofmaterid placed into storage oor disposal facility; 
c. Any heideats, such B spifls, unauthorjzed dischw~ andlar other prmiiviola5om whwhich may h u e  occttned; 
d. Wrtter level mar& for rbe dispmf facilities ofhydtaulic dredging projecls; 
e. Such i d ~ m t i o n  as the MPCA may wonabiy require of the Permittee p m a n t  to M k i ,  R. 7001 axid Minn, 
Stst, l a p ,  f 15 and 116 as me&& 
f, Ebr disposal facitities, &p, dates of'Periodic Site fnspe~tions' required by &s &apt=, Pbe status ofomion 
contra1 meaiFufes at the disposrrl facility; 
p, For disposd facilities, dte dates, t$i: vofme of dredged matetid removed from tlte disposal facili& and rhe 
method and focatim of %he dis@sitioa (Jisposd OF reuse) of such materiais. ' 

h, For &ifitits that used or reused dredged m&eral during h e  ppseviaus caleodar year, tho fdllowing 
int"om6on shafl alsi, bs provided: 
i. A witten description a f  the use or re-usa of fhe dredged materiai; 
ii. A written determination of the use category and icpgropriat~ SoiI Reference Values (SRVs]; arid, 
iii. Tbe resulb of an evduatiw of the leve3 of coamigants ia &e dredged rnsieriaf proposed for reuse for the 
respective SRVs. 

6, Definitions 

6-1 "Beach No&shent" m- the dispossf of dredged &e*id on fhe beaches or in the w~ter~watenvard startkg 
at or above tbe Urdlnary fii& Wafer Level fOEfWb,j f'or the purpose of addig to, replenishing or preventing 
tlte erosion oi: beach material, 

6.2 Beneiicisf Re-use" means tfie re-we of &edged matetteda after &e materid il hasen dewsk~d,  in projects such 
as, but not limited to: road bas?$ buifddhg base or pad, etc. 

5.3 "Carriage, or Conveyance, Water" meam fhe water portion of a slwy ofwater rmd dredged msteriai. ' 

8.4 "Carria@ Watsr ReRrm Flow" means ifie ctufiee watw wbiEh is m&ed to a rei;eivjo& wstar after separation 
of tfie &edged materiaf from the &age water in a disposal, rehaadling or ireatment frr6ifify. 

6.5 capacity" mam the total vorume ofcompacted dredged materia$ along'&& any topsoil, intmiffent 
intermediate, andtor final cove*, as cdculated &om Enai eontour and cross-sectionsf pfan shctts &at define the  
q d  and vertid &%eat of tbe Etf area. 

6,6 "Disebga  of Dredged Matefiein m a s  any addition of dredged material into waters oF&e stab and incitides 
' 

dischargw of water from dredged material. disposal opemaions includkg beach nourishmes& upland, or conEned 
dispnssl ~vbich return to w&rs of shte. Marerial resuspended during normal dredging operations is  considered 
"de minimis" and is not a dtedged material discharge. 

6.7 "Disposal Facility" means a strwture, sib or area for the disposal ofddged materia$. 

5-8 "Dredpd Matmi@ mems any m&eaiaf m o v e d  from &&bed ofany waterway by dreilging. 

6.9 "Dred&ingn means my p a t  of h e  process afthe rekova1 of  material from the beds of watemf~says; tfmport of 
the material to s dispasai, rehandfing or treeitmeni: facility; treatment afthe mieriak discharge afeaniage or 
interstitial water; and disposal of &e material, 

6.1 f) "Erosion Conisoi" meam methods employed to prev~nz erosion. Exampies include: soil stabilization prscfiees, 
frodzontal slope grading, temporary or permanent cover, and otinsbtiction phasing, {look for SS'W deFinidon) 

5.1 f "Find S&bitimtion" mems that all soil disturbing activities at the site haw bwn completed, a i d  a uniform 
premiai vegetative ouwr (a density of 70 peorcei~t cover for unpaved a h e ~  and areas not covered by pcmraaent 
sfmctures) has Been e3tahfisfted or equivalent pemanent stabilimtion measurer; haste been ~mpfoyad. Exmpfes 
ofvegetztiv~ cover firactices can be found in Supplemental Specifica5om to the 1988 Standard Spccificicaaions 
for Con$%ruction {%%xnmota Department of 'rormspoFldinn, 2991). 
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Chapter 5. Drcdgad Maferlal kXanagement 

5. Definitions 

6.12 'Flood Event" means %at the surface elevation ofa \vatah@ has risen tto a level &at causes the inundation or 
stlbmorsioa o f m  mrma1fy abave the Ordinary Migh Wstw h v e t  

6.1 3 TmpoundmenP mearts a mtwaf or artificial bady of water or skrdge confined by a dsa, dike, floodgatrp or o%er 
bnm'cr. 

6.14 "Interstirial, or pore, Water" means )~v&r ~oniained in interslices or voids of soil or rock in tfie dredge& 
materia%. 

6.15 "Ordinary Wgh-Water Lwei fOEWL>" means tfte bmdsry of~aterbasins~ wamottrses, publie wati:fss, and 
pnrblk wsfem wetlands, and shdi be an elevation debeating the kig3test water level which hasbeen mifintaioed 
for s s&~ient period of .time fo leave evidencnce apDn the landsc;tpe, c ~ m w l y  that point whee %he naeural 
wpgation Cs from predominmtly quat ic  to predontinmtly temst~ial. For waterwm&, h e  ard'in~ry hi@$ 
wafer fey4 is fhe slev&on oftfie fop of tho bank: a f h  channel. For mentoki md Bowtiges, the ordbrary hi&$ 
rvater level is the operatlfig elevation af &e normal s u e r  pol .  @fl\rfinn. Stat, chap. 103C.OO5 SUM, I4 a i d  MN 
Rule 6120.2500 Sutrp. f 1.1 

5.1 6 *Rehandling Facility" means a tempomy storsge site or facility used drirhg &e t r q d a n  of h d g d  
materid to a treatment ar disposal facility. 

6.1 7 "SiwiEcant Sturm E;venZ" mems a sfom evsnt that st gtater than 1 .O inches in magnitude and &ai occurs at 
lea& 72 fiaws from the previomly me;arnrablle (greater rhart 1.0 hch riiiufalif stom event. The 72hour siom 
event interval may be waived where: 

a $te preceding measurable stom event did not resufi in a measwable disoharge &om the fgbiiity; ar, 

b. %he Pemittce documents &at less t h x  a 72-hour intcrvnf i s  representci&c far local stom events during tht: 
swan when msampiing is b i ~ g  condtlo~d. 

6.1 ti ''~tabifkd" m&ms staked sod, rip*, wqad fiber bf&p.f or other matefid that prevents erosion from omurriag 
has: oovercd the exposed ground surface. Grass seed is sot Sabilization. 

6.19 'Storap~ Facility" means a stiucturel site or arm for the holding af W g e d  miirerial for mare t h  48 fioltrs in 
quttntitit?~ equaI to or greater &an ten cubic yards, Storage for more than 1 year ~biwtitutcs dispasa1. 

6.20 "Unconfined Disposal" meaas tfte deposition ofdrdgcd m&erjal, in water, on ffie bed of n walemay. 

5.21. "Upland Dismal" means the disgossl of dredged maWal8 imdw*ard h m  the ordinsr)' liiI;ll-%\later level o f  a 
waterway or watcrttody. 

I. ~luthorfiatiorr 

1.1 The Fernittee is authorized to discharge condenserfcircuIating water sud noficoxitaet eaoling water in 
socurdance with and in contpliiutct: with the effluent limitations, restrictkxis, and conditions contained 
elsewhere in this permit, 

1.2 Tfic Permitree holds a Minnesota Departmo~t ofNabral Resaurcrs P e d t  80-5081, which requires the facility 
to maktain the wetfaad (duck pond] adjacent to the discharge cmaL 

1.3 Thc Pernlittee is not p~ohibited from a discharge of condenserlcirculati~ water and cooting water for we as a 
de-icing agent at the inrilke structm shoufd the need arise. 

2, Appiicabte EMuent Limftniions - Thermal Limitation 

2.1 *&a themxai waste strcanls shaft not impact the s a f e  and propagalion of a balanced, indiprtous population of' 
sheflfish, fislr, and wifdtife in md oa the Missisippi River. 
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Chapter & Steam Eieerri~ 

2.2 In accordance -wish the Federd Water PoflutiDn Controf Act, this permit may k rwgened to +insert a mare 
restrictive thewsf limit or the r&ment to conduct a 316@] study if it h i  been shalm &at thethermal 
camporrengs) oftbe supface water dischruges affect fhe safety and grqpagatittn ofa bafirnced, indigenous 
population ofsheWhx fsh, snd wildrife k atid on the Mississippi River, 

2.3 For tfie pufposes of %s permit, the faif En*gger point is de&ed as ihe point at which &tha daily avemp upstlr:m 
mbittnt fiver b m p e r a t ) ~  fails betow 43 degrees F for fi4fe censecittive days. 

Du+ingthe period April f &reugh rhe fd"alltber pht itte Permittee sW1 operate ttre cooling towers and 
associated equipment, to the extent necessary, in such a way &at the eaoIing water diseh~ge satisfies &e 
foliowing coftd&dffs: 

1) h s  not raise the tempemfrure ofthe receivingrvater immediatefy bejtor,~ Lock &and D m  No. 3 by more than 5 
degms F abaw ambient bwd an upptrem monitoring data and the monaiy averages ofmaxiraws daily 
temperatures at the t h e  monitorkg pmbes Iac&ed sn &a piers divirimg the four gated sections of the darn. 

2) In no cise shall it exceed a daify average t~mpersbrs of 86 degrees F. ' 

3) If ttre daiiy averve snibient r h  %mprature rmcbes 78 degrees F for iwo consecu6ve days, the Fernittee 
shaXf opernte alI coarhg towers to $i: maxhatm ex&t practbafiie. For single unit opentions, this fetpi~ement 
is satbfted by operation oflsvo of& fow coding towers. 

2A During the effective p&od foegbisg on tile f i  trigger point and ending March 3 f ), or earlier as described 
betow, plmt internal discharges shall be limited by ambierit river tempmhre as follows: 

Once ihe daily average ambient river fempera~ur~ f&Is &$ow 43 degrees F for Eve consecutive days, the 
Permittee shall not raise &id temperatwe oftfie receilping water imm&afe$ befo~v Lock: md Dam No. 3 (SX  
DBf) itbow 443 degree F for an ex1ended period o f h e .  White operating under this rssfriction, if tho daily 
a~yerqp kmperature in the ~celving water measured at SW #I (mamed using h a  pmhs on piers 
dividing &is farv gated sections of the dam) eq& or exceeds 43 degrees F far two consecutive days, the 
Pcmittee shall notify the Cammissioner md the ILSinnesota Department ofNatura1 Resources. FoEo~ving such 
notiecation the C m ~ i s s i o n  may require 616 Persnittee to operato the cooling tow&is or take alternative action as 
necessary until such time that &e 43 degree F criteria can Fte consisteatfy met. 

2.5 The sprbg trigger point is deFiaed as &e p i n t  !n time that the daily average runbimt river tempexatme increases 
to 43 degrees F or above for Fiw consecutive days, or April 1, \YhicI~ever occurs fixst. 

TXe Pernitlea shati operate in tbe above mafiner (Section 2,4f throu@out the w h r  and into spring until the 
spring Maer  point. O m  the spring 43 degree F cia:& avc?rage ambient river temperature trig@? or 'ih8 April 1 
date $ i ~ e r  has bbeen reached, pimt fl~emsI limits defauit back to the wyuirtments of Sedion 2.3 untii the 
folIowhg fail titemal trigger point. ff the ternpermre higgsr reszitts in a partial month of operation under 
Section 2.3 conditionsfrqukements, coanpfiancc with the Dtik T of 5 degrees F shall b~ based on the montfxty 
average ofthe maxi~nunt daily ambienf temperabres on days after the trigger is ~eached, 

From April f, or eirrlier a descrikd above, through &a fatf & e m  trigger p i n t  ?'he requirements of Section 2.3 
~PP~Y, 

2.6 Abrupt ternperaturn changes in the discharge due to changes in ci3aling tower operational modes or generator 
tinit tripouts shlf be minimized $0 the- maximum axtent practical to reduce thc potential for thermal shock in the 
rixeiving water fnlississippi Riwr). The Pemiltcte shall be xespo~sible f ir  fish kills in ?he receiving tvatef 
fhlississippi Kiver) md the recirculniin;: water system due to &mlJ shock and chemical ireatmcnts. 

2-7 The ambient rrivsr zrwaler temperamre shsll be defmed B the bn~pcra:rarure ofthe river cir a point tmtaffecred by the 
plmt or sny other ihemd discharge md shaII b representative ofthe msin river chnnncI temperature and 
$turgeorz Lake oMtet bmperahre. 
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Chapter 6, Steam Electric 

2. Appiicabls EPnnent Limitations - Thermal Liihifatian 

2.8 KG Pemriftee shalt monitor the temmfature oftke receiving water immediately below Lock and Dam No. 3 
co~tinuo~~:ty Cwingtbzm probes on& pierS dividligg %he four gifted s&am dffhe gtes), and data shall be 
reported afoag wi& %e montkb discharge monitoring r~paifs, The Pernittee &dl saintah &e site tkmperature 
monitoring system for oatfall SD @Of. 

2.9 The Pa-inzttee s M l  conduct temperatuse monkoring for stations kcluding the combined efnusnt from the 
condmerkkcul~dng w&r system and wofing water systm (SXfOl), ups&- locrttions Slnrgeon L&e I ,  
Swgeon M e  & Diamond BtlrEP(m6n chamel), Ihe screenhouse iafet tempra&te (@&e chakel), an6 the 
three separate temperature probes iwated i Lock and D m  No. 3 (on the piers dividing the four gated sections 
of ttte dm]. Tha minimum, m a w  artd swag tapera&res sh& be recorded daiEy at &em stations aad 
repurtcd with %4 mo&hly dischags monitoring repom. 

The Pemittae shail rn&ntaia the site tempmhhrrs monitoring sytern encompassing ~rabimt river temperature, 
Lock and FJam XQ. 3, i4t&e, and auffaif ST) Mi. Bibinations or reducdw in portions of tke system m;ty lx 
ailowed as tfro infoma~ort is oornpiied Tiis Permittee s a y  eva~uate the reliabiliq andfor rqr&enbiivmes~ of 
61s monitoring sysfm and its various stations. Any relocarions in ttie system and redwtionrtor ~Iiminationt; of 
monitohg requirements are subject a 1LECA review and agproval. 

2.t0 E"monitorkg equipment far Sturgeon Lake 1, Stmgeon take 2, or Diamond BfuEPfmain c h e f )  is out of 
&ce, &en kt& wmpcramm moaitofi"nfr: may b ntiIiz& 'as &a b a d  up fof ambient r k r  wntw temperam 
determination. Efeither $burgeon Laka I or Suxgeort Fake 2 is out ~f'swvice~ tbs rent&tbg station@) may be 
ut i lW as ths backup for 5turgean Lake tmperatare inpue to deternine runbierit river water temprafure. The 
Sturgeon take 1 and Sturgeon M e  2 temperatme monitorkg equipment m g  b rnrn~wd from sawice the 
fa9 &er Zfie dailgr avcrage mbient liver tem$s&m~ is Mow43 degrees F for tivo cansec&ive dgs, The 
Sturgeon I A e  X artd Sturgean M e  2 temperature monitofing equipmeat sfrdI be reki&Bed in &e sgrkg, once 
the pateatiat For damap from ice and floating debris is minirnctf. It. shalt be installed prior to, or as soon afkr 
April I as practical. 

3.1 Chlorinhmine may be us& only in the coalkg water system, except cblorino or bramine may be used in the 
~ondenses(circuhtin~f cooling water system pfiodic;tfly to %cat for parasitic amoeba or mbra mussefs provided 

Ttie Fernlittee shali monitor the amount and 'time of bronjindchioriate appiiczaion and shall rr3port if monafy or! 
the D%tRs 

3.2 During intermiftent bramination the discharge of total residual oxidtmt ~bromineIch~orine -used) at SSn OOI, 8 h d  
be limited to a C~taf of 2 hours per 24 hour period md to an iastmtmeous rnsxirnxm cenccntration of 0.05 rn@ 
lhring coaiinuous chlorination the Cfisehmge of total residual axidaxlt shall ba limitsd to an inslantrtneo~s 
maximum coneenha&on of0.2 mdf. 'Ihe Permince shall a$o ntankor the aqoourt and dime of chiurine and or 
bromine appficiition and shall report it monthly dong with the other monilorhg reports. 

At tirncs, plant conEigttr&ou un result in shutdown of a unit's waling water pump fWS OBI or WS 002) foi' a 
short period of time tvith continuous chfarin&ronline injection in progss.  Dwhg&h time, chloirnehrornine 
injection would continue via the n ~ m a f  injecfioa path but could back £law &rough the idIe coaling water pump 
suction snd be drawn into the condenserickculating water qsfcm. *fly chlortin&ramiae would be subsequently 
discharged to SD BOl, ttte fiamaf discharge for butti the cooling wakr and condenseilcircuiating water systems. 
in this off-nomal ppbot con5 guntion, cfiloxine.&romine injection nay contime at tfic normai rate pmvi&eit SD 
#Of discharge limits are not exceeded. Any plant operation in &is off-norm.31 cojfigtzmtinn stxtI1 he doeurnenred 
on the nlonthiy D&IR 
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3,3 'Fhe discbarge of to$$ r e s i b i  oxidanfs at SDDOI, hmine/ehiorine used, shaif be limitek during intemimnt 
bromin&onichkrrj,ation ia a t o M  or two hours oer 24-born period &om &e ffacirirv. The Permiftee shall afso 
manitor &e amomt apei time ofcblofine and/or 61omiae appiication and s~ rep& it =on&& done, with a e  
other mmitoriag reports. 

4, XntabSerer?ns 

4.1 The Pennittee may operate with up to 3/23 in& mesk sereens during the pried Sepkmber I &ou& Mittefi 31. 
Mmg rfie Aprif 1 through August 31 period, &e Permittee shalt use the a.5 mm fine mesh screens, or aitemah 
minimum farger sized scrmm upon appmvaf by %@ MPCA 

4.2 The intake screening system shaif be mainf&ed $5 provide fbr cantiauous fine mesh screea opedon  d&g the 
svi t ive period Apxil f %rough Au@.at 31 in ordm $0 mkinimir~ ntortalitg, of fish and otlier organisms. 
Oper,&on sMl  indude maintaining desigrr semen wash pressms and o p a i o n  of all iokik$ sereom to 
minimize fa6 impingmentr'en-eat md mortaiiiy' Maintenance of the intake screen system shalt be 
scheduled and completed dtning .the less sensitive impingeme~tten&hent period of September 1 &.mu& 
March 31. This restfiction applies only to routine planned maintenstnee &at 1) requires the scmming 
system [or ora portifm of ihe system) lo bi: taken outdserricc, and that 2) could re&onabb be scbdded and 
completed outside oftbe time period of concern @$arch 3XSepternber 1) lvithout adversely affecting personnel 
sd,ty or equipment reliatiifity, 

The Pedt tee shall&%b the amount oftinte &at in* scre~&oflsa emergmcy bypass gstes are open. The 
emergency bypass gates may be opened when necessary .to mesf Ntlclw RepIsPory Comruission reactor safety 
wld testing r w m e q t s  or 'ta sflow for urgently reqrrired maintenance or repairs. Ifthe bypm gates are open 
for more than 24 hours in a calenh menth the dates and eircmsiances shail be reported ia the next DKIR, 

4.3 Waier used to rinse the inti@ screens shnil bc &m ofchforine and chernienf additives. 

4,4 Large debds collecfed at the i m h  racks shall be disposed ofso as to prevent it from enterkg waters ofthe state, 

4.5 The Permittee shdfl bt: respllsible for fish Efls in &e receiving water and the re~iPouIating ~vater systsrn due to 
tbemd shock and ehemicd treatments. 

4.6 I?Ie permit m w  be reapead and nxodiFred based on ecological monitoring and stuaies by t8e Mimesots 
Depnrtment ofHatwal hsourc~s, Zhe Wisconsin Deptmnent of Natural Resources, Noribern States Power, and 
the PIEPCA. 

4.7 The %%Z'Bii$eCs shall submit a monitoring pfnn to maintain ecoiogi:icai monitoring ~#E.ishnt with the Annunl 
EnvironmentaJ reports to &e Commissioner for app~ovd within 45 dsys ofthe effective date. ofthis permit Tfie 
monitaring plan shdl include &e Impiagement study discussed In p& 4-6 above. The Cammissioner shall 
consult with the Mhemta  Depmnent of Naiural Resources in rt.vie~v and approval of the ccofogkd 
monitoring ptm. 

4.8 Tile Permittoe shall submit aa .&d Edroamentaf mport to the. Commissiafier by July 1 of each yoar 
sufnmnrizing rhe previous years' data collection. 

4.9 The Commissioner sbali consut with the, &limmok hpiurtment of  Nahlrai Resources in review aod approval of 
the ecofogical monitorkg sub~irCais described ia section 4.7 and 4.8 of tfris chitpter. 

Chapter 7. Stormwater 

Autharizatiun 

f . l This chapter authorize-s the Pemilic~ To d i sd~~rge  stonrt water associated with hindusifiaf aciivity in ~ccordmcc 
with the tsrms and mditions of this chapter, 
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2. Stormwater PoIlutbn Prevention PI= 

2.1 The Permbe skafl mbmit a copy of the Storm Water PoUution Preyention Plan fSNf!PP) to fhe EXPCA f 80 
days after &e permit is kaed,  Subsequent revisions ta toe SWPB during the permit t e r n  can be retained nt 
fh!3 facifi$, 

2.2 Stomtvattx Pollufion Prewntibn Plm shd1 include a dascription ofapprop~&e Best Management Practices 
for pratt?ction of surf;?co aad gwmd water quatity at ihe facility, and a schcrdufe for implementing the pra~6ck.s. 
TZIe Plan &all idso iacluds procedures to be followed by designated ~ e m p I o y e d  by eke Permit@.? fa 
implement the plan. 

2 3  Tke P e m i & ~  shalf compIy wittt its Stomwater Polhaion Preventioft Pian. 

2.4 The Permittee sfrail dmiop  and irnpfement a Slam Water Polfation Prevention Ran Pa addrms the s p i E e  
conditions at the Mwtiil faciiity. 'Re goal ofthe f lari i s  to eliminate or minimize contact d s t o m  warm with 
sifgjficartt matsriats eltat should brt treated irefore it is discharged. 

3, Terirprary Prafe~fion and Pewanent cover 

3.1 The Permittee shall provide aad maintain kqmr"uy protection or permanent cover for the exposed at the 
fkcility, 

3 2  Temporary protection me&& arr; used to greve~tt erosion on a s h ~ o x c t e m  basis, suck as the placement af 
mulchin$ straw, wood fiber blankets$ mod chips, erasion control nettkg or temporary seeding 

3 2  Pemtment cover or final stabilhew me&ods mused fo prevent erosion, such as the placement of riprip, 
$odd&& or p e m e n t  seeding or pImting. Permmerit seeding and planting mu& have a uniform perenniil 
vegetation cover of at Ieast 70 percent demity to constitute dnaf stabifization. 

4. Inspection and Maintenance , 

4.1 The Permittee shall ensure that temporary prote~tion and permanent wver for the exposed meas at the site me 
makfa$Bed, 

4.2 Site inspections shaIf be conducted at %east once every two months during non-frozen eonditiom, Inspections 
shall bt: conducted by appropriately h i n d  persumel at &e facifiq site per tht: facility's Stom \Yater PolIution 
Prevention Plan fSWPP), The pufgose of inspections is to 1) dete&e whetheihcttrra! and non-stnrc-1 
BWs require mzintenance or changes, and 2) evaluate %he eompfeteaess and accwcy of* SWPP. At Zest 
one inspection during a reparting period shdf be conriucted while stom water is discfiiffgittg from &e faeiliv. 

4.3 Xnspcct:rioas shrili ba docurnentett asld a copy ofnlf documen$aGoa shafl remain on the psrmi~ed site and be 
. avdi&le u p s  ~ q u w t  lnJicate the date and * e  ofthe inspection as well as the name offhe i m p t a r  on the 

inspection f a ,  

4.4 The following wrnptim items wif t bp, inspected, and doeumen'ted where appropriate: 

a. evaluate Bie fhci l iq  to deternine that the SWPPP awuratefy mffects site conditions; 

b, evaliate the fseitjty to determine \vh,vhetlrer new exposed materiais have been added to %a si*e since 
completietioa of the SWPFP, snd doctuneat my new siguiliicrutt materials; 

c. during the inspection conducted during the runoff even& o h e m  &e runoff to 6~iemiae if it i s  discicolared or 
otherwise visibiy confamin&ed, and document obsewations; and, 

d. deternine if the non-&uchu;tl md slmctmf BILlPs as indicated in the S%TPP ara instaffed and functioning 
properiy. 

4 5 Xfthe findings af n site inspection indicate that BFAPs are aot meeting the objecthres e f t h e . ~ t ~ ~ ~ ~  oxrectiva 
actioss mtst he initiated wi&in 30 days and the BbfPs %stored to fitl operation ils soen as field conditi * 

afiow. 
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4, Inspection sad Whtenaace 

4,6 Tha Permiltw s h d  ah&&e vekicle tracking of gavet, soil or mud. 

5, Sedimentation Basin besign and Construction . ' 

5.1 InleNs) ao$ outhi<@ sXtidf be designed to p~tmt short ~ h i t i a g  md tbe discharge of8 eating d&&. 

5 2  Tfik inl5qs) shall ba p l a d  at tt elevation at Ienst above one-half of &e basin design hy&adufic storage volme. 

5.3 'S6e oMetfsf shall consist ofa perforated &er p i p  wcaP;d with Blfer fabric and covered with cmshed gravel. 
T ~ B  perforated riser p i p  sba8 be designed to ailaw complete drawdown ofthe b;tr;in@]. 

5.4 Pmment  erosion control, such as ripfap, splash pads or gabions $hail be instdied &&e oufle,t(s] to pavent 
downstream erosion. 

5.5 %a b a s k  shail be deaiepted to alfaw fur repjar removal of ;iccumulaied sedim~at by a backhoe or ather 
suitsble eplripment 

5.6 New sedimentation basins shall be: designed By a registere$ pzofwionaf ehgheer, aad installed unflsr the direct 
supervisionaf a rerjstersd prafwional engiaaer. 

5.7 Basins shall provide at l a  f 800 cubic fa&, per acre of hhj&sulii $&rage volume below the top ofttrc 
outlet rise1 pipe. 

5,1 Ifam,1tefial3pptied is mixed wit# watt% or moth s o l W  before app3iwfian, the c h e d  ilnaiysis shall he 
done OEI &E aqueous ar other &&re &at is reprresentative of dlte solution applied %s m e s i s  sbafi be 
conductal during Zhe same calendar year of appfication, l%s mdysis shall ificludr: tihe paramatem that may & 
detedne&by U.S. E ~ ~ i r o m e n M  botectian Agency @PA) Methods 624 md 525 which ~e described in 40 
CFR Part 136. 

52 Tha Chemical %st Suppms& Annual Repoxt shall include: 

a. a record of the dates, methods, l o d o n s  nnd arnounis by wlme of ~ppficatian at the facifity; 

b, wberher the product was applied in ibe preecdkgyear, and 

c. the resulfs of a chemical analysis ofthe materials apptkd each yes. 

6.3 Ln areas that m o E &  the surface z-wiving water identiEd on Pagr: 1 afthis permit (Mississippi Ever), 
chemicei dust supprmsmts, ifus* &aII not be applied within loti feet ~ E & E  Mississippi River. These 
matenials dso sfralf not be applied witHIn 100 feet ofditobes &at conduct surface Bow to the Mississippi River. 

6.4 Ifchemicai dust strppressanrs are applied, the Pernittee shall submit a Chemical Dtlst Suppressm h u a t  
&port du5 fY381YIh sf  of each CabndEiX yes foi%~%~ing rke qpfication of a chemical dust suppmssant* 

Chapter 8, Clzemfcal ABditiivm 

1, General Reqrtjrements. 

I .I  The PermiIZse shaII receive prior written approvat &arn fke M K A  bfure  increasing the use o f  a chemicaf 
additirle authorhd by this pennit, or using a chemical additive not authorized by this permit. "ChL3micaf 
additive" hcfudes pxocesshg magenis, wafer beatrnent proriucts, cooling water additives, fieem coxrditionittg 
agents, chcmica1 dust strpp&ssmts* deterg~nts and solvent cleaners used for equipment md maintenance 
cleaning, mlong o&er materials. 

1.2 2 % ~  Pernittee sttali requcsr approval far ao incressed or new use of a cheniicai additive 60 days before the 
proposed increased or new use, 
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Chapter 8. Cfiemiml Additives 

1. Generat Requiremenfs 

1.3 T h i s  written request shft incfrrde fhr! fallowing infoffnation for the proposed additive: 

a. Materiaf Safe@ Data Sheet, 

* b. A compfetcta product usoand instntctio~i fabcf. 

F, TIIP; ~umen:iaf and chemid nmea of at1 ingredients. 

d. Aquatio toxicity arid human heafth or m m a l i m  toxioity data itefuding a catcinopnic, mutagen; 
teratogetlic concern Or rating. 

c. ~nv&omen&l frtlo h fmst ion  incladin& but not limited o,perskknce, haif-Iife, infernredinto breakdo\t 
prodiicts, and bioaceuntulation data, 

f. B e  proposed metho& coneenmiion, and average rand iinaximum rates ofwe. 

g. If appficsbfe, the number ofqcfes before wastewafer Meedoff 

'h. 2fappikabIe, tho ratio of makeup Bow $0 discharge flew. 

f .4 Tgs permit m q  be modified to ret;&ict the use or disehzge ofa elismicat itdditivo. 

Chapter 9. Total Faciiity Bequiremanis 

1 .I "CalentEaf Manth Average" is ca:alcnlifted & addim8 aU did& values measured during a cdendar month and 
dividing by the n m b r  of daily vdues measured durhg %st month, The "C&tlendgr Mona Awr;tpeff f h i t  is an 
upper Iimit. 

I .2 "Calendar Month Maxjrnumff is the highest value of single samples taken throaghcmt the month. The "Calendar 
&?on& hlsximumN is arr upper limit 

1.3 "G%fsndar Lfonth Minimum" is the io~rvest vahe of singe s m p 1 ~ ~  taken &on&@@ zlxe month. T h  "Cdcndar 
Month E/finimurn" is a 1olver lh& 

1.4 'Calzfcndaf Monlh Totsl" is cslculatettctd #y adding afi dai& viizues measured during a calendar men&, It is usuafly 
expressed in mass or vaXume wits. 33% "Caletlh ILZwrmtk Totaf" Is an upper finnit. 

1,s "Daily hmmttm" nws rile maximum alfowabt discharge of poilnrtant during a cdwdax day. !men: ilaitr 
maximum limitations ate expressed in units of mass, bhe d&ly discharge is fhe total mass dEschaged aver the 
coursa of fie day. i n e r e  daily maximum 1imir;ttions are express& in terns of a concon&aiion, the daily 
discharge is the aritbmctio ayerage memtuement af the poIfutant ~oz~ceatnftorr &@rived from ail measitrements 
taken that day. The "Ddfy Maximum" i s  an qper  Emit, 

1.6 "Grab" sample type is an individual smpfa coi i~ted from one Iocation at oone point in t h e .  

I .7 "fnstmlaneous Maxin~rtm" is the highest value wewrdcd when continuous ~oaitoring is wed or when the 
reporting frequency is not specifidly dcfmed. %re "Lnstants~aaus &faxinrum' limit is nn upper limit, Thc 
highest vafue recarded is reported. 

1.8 "Single Value" in the context of this permit i s  in reference to temperature limitafioos described under thermal 
limitations, wfiere appllmble, or to a temperature monitoring reqitirzntenf. 
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Parnit Exptrpirts: Asps 3t,Z010 BamA L 

Chapter 3. Total ~ a c i t y  Bequirmen& 

t.9 "Stomwater" mem storm5vaiter runoff, snow melt maB, and surfs% nmoEand &&age. 

General Conditions 

1.10 Incarpomtion by Refezftnca The foltowing applicable federal and state ims m inwrporatd by wfcreace in 
&is permi$ are applicable to ihe ;Permittee7 and lsfe enforceable paris of fhis gxmnit: 40 @Xi pb. li?2.4f7 
f 22,42,135,403 and 503; F/Xinn. R prs. 7001,7541, 7045,7050,7060, snd 1080; and Mixtn, Stat. Sec. 115 and 
116, 

1.1 1 Permittee R~po l l s ib i i i ~ .  The Permigee shatf pe&m the actions or conduct tbs activity autfiori& by the 
permit in complimce with the conditions oftfie permit and, ifreqtrired, in accordance wirh $he plans and 
specifications approved by the Af;ency. fMilin. R 7001.0150, sub. 3, itern FJ 

1.12 TuxK Dischmges Prohibit&, tYhe1her or flot %is pmia incfudes ef lumt  limitatim fur hxic poifutants, !be 
Permiftee shdl not discharge a todo polfutant except ~coardiny to C&e ofFederal Xeyiationa, Title 40, 
sections 400 to.460 snd Xvlimwota Ruhs, parts 7050,0100 to 7050.0220 and 7052,0010 tu 705201 10 
(applimbfe to toxic paIltr~ts in the Lake Superior Basin) and ;uly other appIic:abIs WCA rules, f;?Xisrt. R 
ma .r wo, subp.i, item A) 

X,13 Nuisancs Conditions Prohibited. This Pmihee's disebage sMi  rrot cawe my nuisance conditions h c ~ ~ d i n g ,  
but not limited to: float@ solids, scum md vkibie oil Elm, acutely toxic conditiaa to aquatic fife; or other 
adverse impact on &% receivhg wafer. minn, R 7050.021 O subp. 2) 

. 

1.14 Property NBftts. This permit 8 r n  not convey property rigkt or an exclusive pri~itege. (px'm, R ?@Of .@I54 
subp, 3, ikm C )  

f -15 Liability Exemption. In issuing this pernti& &e Sate and the ItfPCA assnma no responsibility far damage to 
pemofis, property, or tbe envixanmetit caused by the activitiw afMe Pewittee in Ule conduct o f  i& actions, 
incIurfing thase activities authorikd, rikecrt:d, 01 undcrtMken undfir &is permit lir the extent &e state and the 
MI)CA may tte tiatzie for the activities of its employkw, that liability is f;xpIkitiy limited to that provided h the 
Tort Claims hot. (Mh. R 7001.0150, sabp. 3, item 8) 

f ,IS The MPCAFs issuance of this per& does not obligate the &ETA to enforce local Isws, rules, or plans beyond 
wfillt is autharized by Nimcs~ta Statutes, @Em. R 7001.0150, aubp.3, item D] 9 f .  

I. 17 Liabilities. Tfie MPCA's isiuanm of this permit does not refease the Peaittee h r n  sny liability, penalty of 
duty imposed by Minnesota or f de~aal statutes ar rules or locai ordinances, except thr: obligation to obtain the 
prmit. f F X k .  R 700% .Of 50, subp.3, Item A) 

1.1 F Ttte lssumce of this pewit does not prevent the future adoption by rftc, PYfPCA of pollution cuntfof rules, 
standards, or ordcrs more stringent &;in those now in existence and dam not prevent the enforcement of these 
mtes, stsndards, or mders against &s FermiLtee, (Minn. R 7001.01 50, subp,?, item B) 

1-19 Sc?varabifity. '%e provisions oftlxis permit, iue severable, and if iuty proviskms of &is permit, or the application 
of any pxavisian o f m s  pernit to my chcumstmce, is hdd invalid, ih.6 applimtion of such provision to other 
circumsi?nees .sand the remainder of this pcnnit shdi not bc &ected tbcrcby. 

1.20 Complimct: with Other Rules and Statutes. Tbe Permiffee sftall camp$ wi& dl applicable air quati@, solid 
~vaste, and hazardous wsstc sWx~tes and rules in the operation and maintenance of &e facility. 

1.21 faspection and Entry. When aufkorized by Miinn. Stat. Sec. I 1  5-04; 1 ISB,17, sub& 4; and f 16.091, and upon 
presentation of groper credentials, the agency, or an authorized empioyce or agent of&@ agency, shalf be 
diovved by the Permittee to enter 8% reasonable times upon the property of the Pernliriee fu examine and copy 
books, papers, raearcts, or ntcmomds pertaining to ths constnrctirm, modificttion, or operation ofthe facility 
covered by the permit or prtaining to the ~~CivifY covered by kke permit; and to coxtduuct sweys  tutd 
intvesti@tioas, including sampling or monitoring, pertaining to the construction, modification, or opxsp$n af 
the facility c o ~ ~ ~ x d  by &a permif or pcrtaiaing to the activity covered by the permit, (&Em. R. 7001 .OfSO, 
subp.3, item t )  
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P m i t  Exyitcs. Au@ 31,2@10 %mitt WO(IOOJOB6 

Chapter h Total F~clPty &quirerue~ts 

I. GrmersFal Pewit Requirements 

1.22 Conboi Users, The Permittoe shali re@+ the use$$ ofits wastewater twatmnt facitity so as to prevent the 
htroduction ofpofI&ts or materials that may =SUE in the &ibWon or d imt ion  of% conveyace system2 
treatment facility or procmses, or disposd sysystom &at would coatri'ttuto ::to &e irioiatba oftbe conditions ofthis 
permit or any federal, i;tatz or fmI jaw or regulation. 

Sampling 

f 2 3  23eprpnenB2slivrt Samptkg, Smpks and measmmenis required by tfiis pen& shall be, conducted as speoifieid in 
this'permit and representative ofthe discharge or monitored activity. (40 CFR 122.4l l j X l ] f  

1.24 Addifioaal Sampling. ff thr: Penrtirtec ~onitors more fequentfy Ehan required; the results and the frequency of 
monitoring shall be repaded oa tho Discharge M~nitoring Report @biR] or &other rvIPCA-approved fomr for 
that 7epo:POrtirtg period. @dim. FL 7001 .I f)94 subpW I, item B) . 

f -25 CerMed Laboratory. A l&oraiftry certified by the Minnesok Department of Health shall  ond duct analyses 
required by thk permit, Analyses of dissolved oxygen, $Hi ternpmtwi: and total residual oxidants (cfilorine, 
bromiart) do not need to be completed by s certifted Iabratary but shaB cearagly with rnanufis~tures 
specilicattons for equipment crtlibrat$on anduse. Wim. Sint Sm. f 44.87 throb& I44.98 and R 
47402015 throragh 4740,20$0) 

1.26 Sumpie Preservation and Rocedurc, Sample pxeservaiian md test procedmes fctr the mslysis of pollutants sftan 
confarm to 40 CFRPart 136 a d  M i .  R 78413200. 

1.27 i?quipmenf Calibration, &i monitoring md arr*iFicaI h m o t n t s  used to monitoI: as nq&ed by this permit 
shall ;be calibrated anrf main$aed at a fi@iqilency aecessary to emrue accuracy. Plow rnortitolring eqipment 
should be, calib~ted t f w t  twice ;mnually. For faeitifies with E& stationslpumgs, caiibdon && be 
completed at least M c e  muaI ly ,  The Permittee shall maintlin written records of all caIibratiom and 
maintcmance for sf: festst b c  years, {Mh. R 7001.Cr150, subp. 2, it- 3 a d  C) 

f .25 Unless othe&se approved, insfntments used to measure metered flows shall be accurate witkin plus or mious 
t O percent of file tnre Eow values. Flow for nan-metered systems (ag,, screenwash rehua) &alX be estimated 
wing metftods such as pump disehwge curves and run times. SD OOt discharge flow shall h determined by 
comparing discharge canal sluice gate position and cantti water elevatioa to &a apgjieable engkeeriag Eaw 
ctfwes, 

1.29 Maintain Records. The Permiftee shsfl keep the records required by %is pernit for at least rhree ye=$ 
including any calculations, original recordings from aufomratic monitoring instIum~ats, and Taboratory skeets. 
?'he Permittee shafl oxbnd these record retention periods upon mqumt ofthe RIPCA. The Pemi~ec'shhXf 

, maintain records for each sample and mmuremenf. The recards sttall include the foflawhg i~famatioa @$inn, 
R 7601.015@, subg, 2, item C): 

a. The t-xact place, Juts, md time of thrj sample or measurement: 

e. Ifhe name of fhe prson who peribrmed the smpie colbction, mwercment, anaIysis, or ~alcrrfation;,aart 

e. the resuh u f f e  analysis. [Nina. R 7001.0150, sabp. 2, item C] 
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P m t  E r p k  &gad 31,2010 P€mfit #: m W e  

Chapter 9, TofaI Facility Requirements 

1,311 Completing Reports. The Permittee shall submit &e mu& sf the required smplkg and medaring a c M m  . 
on the firm provide& sptxifieht* or ~pproved by the WCA. Tfie infomation sltalt be mrded in'* specsed 
~ W S  bn those forms md h tbe units ~pecified. (Mi. R 7001.1 090, subp. f, item Nfm. R. 7001.0150, 
subp. 2, it- Ei) 

Discharge hlonitoring Repsrts (x,MRs] 
The results af the monitoring and smp5ing rq~ired in this pmt shslI be zeeoTded on the (my mind white) 
DM% which, ifrequirai, will be provided by the h.fpCA. If no discharge occusrsd du&g the reporting period, 
the Permittee shdf check the %CJ Dischargetf box ora %e D M  Note: Every open, box must be, fi11eB-&I 
on the DMR, unless no discharge ofcttsred duriag %e feporfing period. 

Supplernenbl Report Fom (SWs) 
In&vidual vdwes for each sample and mwwment  mrrst be remrded on fhe SRF wEe6, ifs~~tfired, wiJf brt 
provided by the A/IPCA. SRFs shall b submiftaf with the appropriate DM%. You may d e s i ~  and use your 
orvn SXF, however t must be approved by the MPCA. Note: ReqiSwd S v  informa&sa 3.EtfST also bs 
recorded nn the DMK, Sutnmary iafonnation that is subnGQed ONX=S on the SRF does not comply wi& the 
reporiing requirements, 

0th Repom md Forms 
Other reports iind informstion required by this permit &all bs recorded on a form supplied or approv~d by ks 
MPCA and sub~rted by tba date sgecified in the permit, Wim. K. 1601.2090, subp. I, i&m D md Man, R 
7001.0150, subp. 2, item Bf 

1.3 1 S u b m i w  Reparts. DM& and SRFs shall bs submitted tcr: 

&fPCrZ 
Am: Discbarge kaonitoring Reports 
520 Lafayeite Roaoad North 
St. PaaI, Mllfnesotn 55155-41 94, 

dMb md SWB shalf bs submitted or postmatked by tbe 21st day of  the month following the sapl ing period 
or as otherwise specified in &is permit. &DEAR sbdl be submitted for each required station w n  if no 
discftarge o c c m d  during ehe reprtiag period. @fins. R 7QOl.OIS0, mrbptps. 2.U 3nd 3.m 

Other rqortr, required try fhis permit shslf be submitted or postmarked by the date specified in fhe pennit to: 

MPCA 
Am: WQ Submittals Center 
520 Lafxyoste Road North 
St. Paid, M i s o t s t  551554194 

132 hcompfete or Incone~t Reports, The Permittee shall hrmediately submit Bra amended repor$ or Dlt3H to the 
MPCA upon discovery By the Permittee or notification by the MPCA fhat it hss submitted afi iacampIete or 
incorrect report or DFvIIL Tfic amended mpsrt or DiMR shall coatah. the missing or corrected datrr dong with a 
cover Ie#eter expiainiilg the cizcumstances aftlie incomplete or i n c o ~ e ~ i  repaft. (Mirut, R. 700% .Of 50 subp. 3, 
item Gf 
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Xeel - Prairie Island Nuciear Generating 

1. General Permit Reqnir~mea$ 

133 Required Signatures. Ali DMRs, forms, reports, and ofher daouments submitted to tke MPCA shajf be siwed by 
the Pernittee or the duly authorized ~prpsentative o f  tiie Penaim. Mh. R 7081.01 50, subp. 2, item D. Thc 
pemn or persoDs that s i p  the DM&, forms, mports or othm doenmen% must eercify %at he or she mdezsfands 
aad wmpmplL v& the certificstjon requirements ofWinn. 12,7#0t .DO70 aad 70Bf including the prdties 
for subn~itting fab~ inha&tibn. Techrtical docmen@> such as design rimwings bnd specificr?tions tutd 
engineering &dies required to be submitted as part utafa permit application or by permit conditions, must be 
@Eed by a rsgstefed proftssiona! engker. fMfrYliaa B 7001.0548) 

1.34 Detsction Level. The Pemittw shaXI report monitoring results belaw the reportrxlg Ih i i f  (ru,) of a particular 
instnunant as "c'' &e value of the B. For exaanpk, if ai hstmment bar; r RL of 0.1 m& mtnd a p m e W  is not 
detected at a value of0.f or greater, iiie concen&tion shall be reported as "4.1 mgn". 'Nos-detected ", 
"undetected ", "befow detection limit *, tux& "%run ifxo unacmpt;ibb reporting rmlls, at~d are pernit reporting 

* violations, (Mihn, R 7001.0150, subp, 2, item B) 

f 3.5 Rwords. The Pennittee skaitit, when requested by tfte Agency, submit wirhin a reaombIe h e  &e infornation 
and reposts &at BTC rdevmt to &e cantrol of poIIution regarding. tbe c~nstructi0n, modification, or operation of 
the faoility covered by the pernit or regarding &e conduct af the activity covered by  tit^ pernit, (Mi= R 
70OX.Df 54 subp. 3, item N) 

1.36 Contidilntiili Infomation. Except iitf data determined to be co6dentiaI according to Mimi, Stat. See. 1 16.075, 
subd. 2 aIf reports required by &is pernit shall be avzilable fix public inspection. Efflneat data shall not be 
considered confidential, To requcsf Agenoy maintain tfab as confiden6a1, the Permit& must folIow %mi. 
R 7000.1300, 

Moneomplianee and Enfereeme~t 

1.37 Subject tb BFor~ement action and PeilaIties. Nan~omplimco witfitfr a tetpl or condition ofthis p~ruift subjects 
the Permiqee to penalties provided by %ded tld ndW law set forth in section 309 af the Clem JVater Aol; 
United States Code, title 33, sec6oa 1319, as mended; and in hlinn. W. Sec, If 5.07f and 116.072, ineluding 
monetary penalties, irtiprionment, or boib, @h R, 7001.3 OWs subp 1, item B) 

f -38 Criminal Activity* Ifhe Pennittea may not fmozvhgly malie a false statemenf mpresentstioq ar ce&caation in a 
reeord or other document submiftea to the Agency. A person who falsifia a report or document sobmined to 
rhe Agency, or tampers wiih, or knowingly readers inaccurate a monitoring device or method required io be 
maintained under this permit is subjed to criminal and civil penalties provided by federai and stage law. @.Iim. 
R 7001.0150, siibp.3, item G., 7001.1090, subps. 1, items G and H mdMinn. Slat. Set+ 660.15713 

1.39 Noncon?pliance Defense, Et shall not ba e defense for UIe Permittee in rn enforcement action &a$ it would have 
been necessary to halt or reduce &s pemirted activity io order to maintain wmpfimee with Phe conditions of 
&is pcmit. ( 30 CFR 122.4 1 (c)) 

I .JO Bflfuent Violntions. I f  sampling by the Pefmitiee intficatcs a violation ofany discharge timitation specified in 
&is pernit, iha Permittee shalf imediatvly maka every effort to verify the viofaiion by mffecting addi~ionaI 
samples, asppropriato, investigate the cause of thtz, violation, and take action to prevent fatr~re viofations. 
Violstions that are determiad to pose t U~mt to human health or a drinking water supply. or r~presanf a 
signfiificsi~t risk to the environment shdi be immediat~tb reported to the iMinnesota Depsrhnent of Public Safety 
Duty Officer ;tt lf860f422-0798 Qolf or (65% 1649-545 1 (metro areit). In addition, you may atso eontact the 
MPCA during business hours. Olfiemise &a vialetions and tbe results of any ;tddition& sampliug sbdf be 
recurded on the next appropriate DMR or repatf, 

1.4f Ifnautt~orized Reiwas of WMewatcr Prohibited. Execpi fw corrdidons specifrcailg described !d inlinn. R 
7001.1090, subp. 1, itenzs J md K, alt unauthorited bypasses, overflows, dr'sch~rges, spiBs, or Other re~eases o f  
wwte%+a%er or nlateriah to rhe environment, whether intentional or not, are profiibited. Wowwer7 the MPCrl 
wilt comider the Permifice's compliance with permit requirements, frequency of release, quantiiy, vpc, laeation, 
and &her relavmt fac.tors when determining approprtio ar;Hon. (40 CPR 122.41 and Xtinn, Stat. Scc 1 f 5.061) 
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Chapter 9. Tots1 Facility Requirtrm~fits 

1. General Permit Rcqrrimnteats 

1.42 Upset Defense, Xn the ewet of tempo& noacnmpliance by tbe Permittee with an applicable efnueat bitation 
resulting h m  m upset at the Pemiitee's facility due to fBcW beyand &e controf af&e Permitt%, the 
Pernittee has irn &mah've defeme to an enforcement action brought by the Agency as a r w f k  oftpa 
rtoncomppfiance F&f: Pernitbe demonstraw by a preponderance of competent widence: 

a The spcific cause of tlre upset; 

b. That &G upset:  as ~ t e n t i o m l ;  

e, That the upset rwuited &om factmi bejrond ihe teascm&Ie cantrof of the Permittee and did not result horn 
apemtionaf error, improperIy designed fretitmerit faeiMwl inadequate treament facifitia, Each of preventative 
maMensncs, or inc~esses in production vihich rutl beyoad tho Jesigti ptpabifify of the Ireatmeat facilities; 

d. That at tfie time of the upset ths facility w s ~  Sing propr1y opr;~ated., 

e. %at the Permittee properly notified bhe Commissioner of the upet in awordmce with Mjnn, R 7001.1090, 
subp. I, item f; and 

f. Thaf &e Permittee implemented the remedial measures required by &lh, R. 7#1 .@I54 mbp. 3, itm J. 

Operatios and Malntensnce 

1.43 The Pernittee s M  ar all t i m s  properly operate and wigt&n tho facilities d systems oEtteaBnsn3 ancl control, 
snd art appurtenances refated to them whish are instaffed ar used by the Permittee to achieve complimce wi& 
h e  conditions ofifie pernit. Proper operation anand maintenance includes effmtivs prfomsnce, adqua%- 
funding, adequate opera%ar staftkg md training, and adeqmto labontoxy and process controIs, inc lud i  
sppropriare qu&y assurance pzo&ure~. '%e Pernittea shall instafi and mainrain appropriate bxkLp or 
auxifiary facilities if f b q  are necessary to achieve canrplianee wiflr the condidom s f  the permit and, for all 
permits other ttm hazardom waste faeiliv permits, if these backup or auxiliary facijitcilities are tmhaicaify aud 
&ehtnomieaIly feasibfe Mian. R 7001.0150. stibp. 3, item F. 

f .44 fn the event of a reduction or Ioss of effective treatment oi'rv&ewater at the facility, tfie Pewittee shall control 
production or crutail ib dEsr;hwges to ha extent necessary to maintain compliance t ~ i %  the terms md conditioiis 
of this permit The Permittee shall continue this controf or curtaihnf until the wastewater frpatment facifity hits 
been restored or until m alternative methad cif treatment is provided. fkiinn R, 7001.1090, subp. I,  item C )  

1.45 Sotids Manawe&. The Pernittee sh i l  propfly &re, &mqmrt, and rlispst; of biosofids, septa& sedin~enw, 
residual solids, filter backwash, screenings, 02, grew, and other sutrstmw so that p~lluiants do not onhr 
stdace watem or ground r~atzIs of tfie state. Solids shouid be disposed of in accordance with Iocal, state and 
adera1 requirements. (40 CKR 503 and Mh. R 70.11 and applicabfe federal and state soEd waste mlm] 

T.46 Wake travating screen rinse water and cohtents vrifl t returz~ed to Ibe river uniutempted for the protection of 
fish and other aquatic organisms. 

1.47 Scheduld ltlrrinsenmca Thr: Pmitlettet: shdl sdedule maintenmce ofthe treatment works during non-crificaf 
water quality periods to prevent defgddatian of tvater quality, mccpi where emergency maintenantre is required 
To prevent a ~~ndit ion that would be detrimental to water quaIity or human heat&. { Ivilnn. 8.7001 .OISO.'subp. 
3, item F and Mhn. R. 7001.8150, subp. 2, item 3) 

f .48 Cont~al Tests, in-piant controi tests ski11 be conducted at a frequency adequate to ensure compfiatace with the 
wrlditions o f  this permit. {Minn. It. 7001.03 50. s u b s  3, item P md M i m  R 7001.0f 50. sirbp. 2, itan 8) 

Changes io the FacEiIiy or Permit 
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S v ' t  M d i d  ~ ~ 3 o , z l ) o 5  Keel - Prairie & h i d  ficfear Generating 
BmitEXpircs: Augttst 31.2010 

1, General Permif Requirements 

1.49 hmirt Modifimtions. No person required by sbtute or mfe to obtain a permit may construct, instatf, mod;@, 0 
operate the facility to be pemitted, nor shalt n gerson commence ;m activity for which a germit is required by 
statute or rufe untif the Agency bas issued a written permit for the facility or activity. @Gm. R 7Wf ,0030) 

Permiwas lbat propo~3 to make a change $0 the facility or discharge that rquifcs a permit modification musf 
foiiow U'm. %L 7()Bf .0190. EtRe ~~ e m o t  deternine whe&m rt permit modifi~atitln is needed, the 
Permittee must con&ct the hiIPCA prior to any setion. ft is r~commended $&at the appfisiltion for pmmil 
mdj5cation be sub&ed to the MPCA al Ieast 180 days prior b fhe planned ckmge. 

I .Si3 Repoft Changes. The Permittee sftsif imrnediateiy report to ihe rWCA @firm, R 7001 ,015@, subp. 3, item kt]: 

a, Any substantial changcs in oper71ISonal proc8dwes; 

b. Activities w%& d&r tke nature or frequency of the discharge; md 

c, Material factors a&.otiag compliance wifh &a conditions ofthis permit. R 7001.02 54 subp. 3, i t s  
M. > 

1,51 W C A  Initiated Pernit Modification, Suspension, or Reubcation, me MBCA may modify or make and reissue 
this permit pursuant to P/Iinn, K. 7001.01?0. Thr: W C R  mlty revoke without reissuance this pmit pursuauit $0 
MIna R. '7001 .OI80. 

1.52 Permit Tkfer. The pmit is not tnnsferabre to ;ufy person without the express written approval ofthe - 
Agency after compliance with the requiremen& of Minn. R 7001.0190. A per;rtn to whom the pennit h;is heen 
transferred shdl wmpfy wi& the contfitiaas ofthe permit. iEvfinn. R, 701)1,015Fi, sub. 3, item N) 

1.53 Permit Reissum. Ifthe Pfirmittet: desires to continuo pewit caverage beyond tke date of permit expiration, 
the Permitfee shall submif sn s~pIioa%ifion for reissuance at least 180 days before permit expiration. If&% + 

Permittee does not intend to ck&nue the activities atlttorimd by this &mit the exp&ation date i t e f f t h i s  

permit, the Permittee sh41 not@ the &@CA in writiag at least 180 days before pernit expifgfinn. 

ff&e Pernitfee has s u b d e d  a timely spplication for per& r e h ~ e ,  the Permittee may conthe  to conhct 
&e activitiw anrfiarir~d by Pais permit, in campiiance 'IT$& the requhments of &is pen& until the W C A  
takes final actian on the applkatio~, nless &e W C A  determines any ofthe following @%inn. R7001 .GO40 artd 
7051 .Of 60): 

a. The Pemittcu is not in substantid compliance with the rc-quiremenb of ~2;s  pnnit, or with a sh'pulatioa 
agreement or complimce schedule designed to bring Ute Permittee into compiiance with this prmit; 

b. The APCA, BS a iesuft of an action or hilurs to act by ibe Permittee, has been nnabie to I,&e finat aorion on 
the applicatirtn on or kfore the expiration date of the permit; 

c, The Bemittec has submitted ail application with major defioieneies or has failed to propwfy supplement the 
application in a time$ manner after being inf~med ofdeficiencies. {Minn. R 7001.0040 and 7061.0160) 
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Appendix 1: 

TaMe $, Nlinfmum numberpf samples for sedr'ment evaluation 

VOLUME PULHHED FDSl HUMBER QF CORE. 
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Tabte 2, Basefine Sediment Parameter List 

$ Sieve nnd Xydrometez 1 MTM D-422 
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Tabie 4. Cantaminants and Source industries. Adapted from Inland Testing Manual fEPAIGorps, 1998) 
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NPDES LIMITS 

Restrk?tims per approval ieRen. 

Back-flush inlab piping penodrcally b remove accumulated river 
sediment Dispfaced st?efirnent from the pipa would nof be removed ' 
from the r%r, only shjhlft~d same distance away irom intaks pips 
sucfbn. 

Periodn: cleaning of emergency fntnke gates. The v&er and nver silt 
is #sd\arged into the plant intake canal, I 

Total Rasldual Oxidant, intamittent 0.05 ppm fntemittenl by daily grab sample. Continuous by ddaliy cafculalion. 
Bromine Used flnstanfaneuus k4axf 

Gontinuouts = 0.OO-f ppm I 
Tofal Resiriuet Oxidant, 

Chlorine Used 
Inlamittent r 02  ppm 
(Instantaneous Max] 

Continuous = 0.04 ppm 

6.0 - 9,D 
Mo visibie color film on 

Infeminent by daily grab sample. Gontinuous by daily cafculation, 
but may be done by anatysis, 

Shan he marirored by weekly gwb samples. Ftmiis are not subjset 
to averaqing end shal be met a1 alf times. 

MA 

Nitits Based Infibitor with Conosinn inhibitor in the ckttl~d watar system, 700 to 900 ppm 
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NPDES LIMITS 
l lEiiU4 

gf3 0 - 125 ppb in fbe fee&.%ter, Wet Iay-up 

range is 5U - 100 ppm, 

I Aquwus ALkylam~ne (DAQ O - IS0 ppm Normai opemting range is b o M @ n  t) - 25 ppm. During outages, wet 
fay-up range is SO - 1DD pprn. 

Nrethoxypropytamine (MPA) 0- 150ppm Rfomal opefating range is between 0 - 25 ppm. During outages, mi 
Ispup range Is SO - lftO ppm. I 

/ Fleafing Solids or Ylrible 
Foam I 

I To:& Suspended S~Iids kktnthfy Avg - 30 ppm Requast pemissfon to $elate this requirement ! Baity Max- lOlt ypm I 
oil or W e r  Substances No visible colar film on 

surface of recsiwng waters. 
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NPDES LIMITS 
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NPDES tfWaiTS 
IfllJD.3 

RD and Coniinuoua de- 

i Roaiing solids or YisBie 
Foam 

f Cold t a b  Effitrenf I 75 gaitons per year 

ftoating Sotids or Trace h c u n i s  
Visible Foam 

Tatai Suspanded Solids Monthly Avg = 30 ppm 
Daity Mclx = '100 ppm 

~scellaneous indicatcrs, reagents samples and expirad laboratory 
standards. Sinks and soar drdns may coilect smafl a&ounts of 
vaious cfeanrng soialutlons. 

NA 

Where the background lsvd of the nalumf origin Is wason;*biy 
definable and normally is higher than the spacified timits, fho naiumf 
ievef may be used as iha lamit. Rnay ba dlrecied Io %andlook" wtien 
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NPDES LfMfTS 
I' If lW4 

Hycirogen Peroxide 3000 ppm Used for biologicai ducontaminagcn. 
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Total Residuat Oxidants, 
BmminefChlorin~ 

2.0 ppm I Sample daily, may be ob:aired from Gefieralor ilydrogen CooXe:s or i 
from Cooling Wi~lcr  Pump Cischarge if cooling vtate: vudtll !in?; are 1 

I plugged or any point representat:& of system-discharge. Tirese 
addrtionaE%ample points wouid be more cansenrativE. 

Flow . I LO MGD 

1 Fioding Solids or + Tram ?lmouhfs 
. Visibie Foram 

Screen Size 

Oil or O W r  S u b s ~ w ~ s  

Debris . 

9/1-.5/1:D.5 mrn far 
minimum faigar sited 

screensf 4 f l W f  
I 

No visible mlot Brn on 
su&m of remMng tvalars 

. NA 

Commisdoioner approval IS requimd to conduei a study to review the 
pf8cement of 0.5 mrn mesh screens or the minimum larger siz& 
xreesls or other methods for the peHod April 1 - t 5. 

NA 

b t g a  debd.is coilecfecl at the trash wcks sball be disposed of on dty 
?and so a@ to prevent it frwn entering waters of the state, 

Soda Bias€ Water 

Screen Rnsing 

Bio Actton Biokgicz! Or& 
Opener 

Diagnostic Tmsar 0-5 ppm 
OG limes per year 

lntnrmittent 24 bour tests 

DIIutsd in 300 gallons of \yatei and ueed to dean intake cescrwn 
pznets. *he scmi-ns are rinsed in the yard and the tank snluOun is 
dscfiargeci to the area of Yandloclt" from the turbine butidinfa. 

Chan %star ONLY lor rinsinS/cieanmg of screens wtb dischsi$e to 
surface uialers, Green Hean Is approved diluted at 5 gal to 
25DM00 gal water wi@t disdtaige to ;be area of "landlock" dschargo 
once or tavice/ysar. - 
lo treat nutside transformer pits for stngnant rainwa:er. 

To defect and correct possrhfe chemrcat Cakage in varrous plant 
systems 
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January 25,2008 

Mr. Tony Sultins 
Fiefd Supervtsor 
U.S. Fish and Wildlib Service 
Twin Cities Ecological Sentices Office 
4101 East 8dh Street 
Bloominglon, Minnesota 55425 

SUBJECT: Prairie island Nudear Generating Plant License Renewaf 
Request for fnformatton on Threatened and Endangered Species 

Dear Mr. Sullins: 

Nuclear Manngcn~ent Corrtpany (NMC), acllng on behalf of Northt.rn Ststes Power Colnp3ny, A 
\vholly t~wned subsld~sry of Xcel Erlergy would Iiko to thnnlc the U.S. Fish and Wildliie Servica 
(USFWS) for your Jun%20,2007 rne6orandum from Mr. Gary Wege in wsponsa to our Aptii 
2007 leilsr seeking informstion and concerns about the proposed action of renewing Be Prairie 
Island Nuclear Generating Piant {PlNGPf licenses for an addrtlonat 2fl years. The memorandum, 
listed two issues of interest fa the Service: ( 4 )  potential thermal effluent changes, parlicularly in 
winter, and (2) an interagency task force's desire to draw down of Pool 3 b srllow re- 
establishment of aquatic vegetation. The USFWS memorandum did not mention threatened and 
endangered species 

NMC is wrrenlly finafizins the apoiicatlon to the U.S. Nuclear RenuIato~/ Commission INRC) to 
renew the operating flce6es for Prairis isfend Nucit3ar ~enerating P I ~ ~ ~ ~ P ~ N G P ) ,  whidh ex&e in 
201 9 {Unit I f  and 2014 (Unit 2). As part of the lrmnse ren~bvaf process, the NRC requires license 
applicants to "assess Lkrt impact of the proposed action an threatened and endawefed s~ecies  in 
accordance with the ~ndaniered Species Act" (10 CFR 51.53). 'The NRC ?.rill req;iest an informal 
consullat~on v ~ i t h  your office at ZI later date under Section 7 of the Endangered Spccics Act. By 
contacting you in advance, we hops to identify any issues that need to be addressed or any 
information your office may need ta expedife the NRG cansultatton. 

Ranewal of h e  PlNGP opsratlna limnses would not involve am $and disturbanm, anv ~hanaes to 
plant operations, or any modifications of the transmission system that c o n n ~ k  the pknt to &e 
regional electric grid. f fiere are plans, however, io replace the Unrt 2 steam generators in the falf 
of 2913, one year before We Unlt 2 operstinb license expires. The steam geGeratars would arrive 
by barge, and would be installed burthin the Unit 2 containment structure, Temporary buildings 
and parking areas would be necessary, but these faciiitics tvould be constntcfed in previously- 
disturbed areas. Because, in all Iikatrfsood, Northern States Power would not replace the steam 
generators werB it not saeklng approval for an additlonai 20 years d operation, we have 
considered entfironmonhl impacts of steam generatar reptacemertt in the f nvlronmentaf Report 
we are submltilng to lhe NRC, tn NEPA parlance, il is a "connected acUonr' 140 CFR 15DR.25). 
We tvould iherefora appreciate your taking steam generator repfacement into consideration when 
you conduct your review of We project's potential effect on threatened or endangered specres. 

NMC woufd appreciate your review of the fdiow~ng asssssment summary, and transmittal of 
written concurfence, or concern.;, dative to the follotvincl conclusions that continued oneration of 
PfNGP would have iittfe or no adverse effect on threatened and endangered species i; the 
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vicinity of the sib. NMC does not wpect renewat of the PINGP aaeratlna license to nsaagvelv 
tmpacf state or federally listed threatened and endangered species, jeoiardize the cor$nued- 
existence of such species, or result in destruction or adverse atteralian of any critical naturaf 
habitats. 

Area of Concern 

Sfre PlPdGP site, located In Goadhus County, Minnesota, consists of 578 acres on %e west bank 
of the Mississippi River, wthin the ~ i t y  limits of Red Wing, Arllnnesola (Figure I f  The Clty of 
Hastings is focated approximately 19 mikes northwest {upstream) of the plant. Minneapolis is 
located approximatety 39 mites northwest and St, P a d  is Located approxtrnateiy 32 rnrles 
northwest of the plant. A! the plant focalion, the Mississippi River serves a s  the s b t e  boundary 
between Minnesota and Wisconsin, PINGP is located on the western shore of Sturgeon Lake, a 
backwater srea located one mile upstream from the U S ,  Army Corps of Engineers (USACE) 
Lock and Darn No. 3. TheVermillIon Rivet Iies just west of PINGP and tlovj$ into the Mississ%ppi 
River approximately two miles downstream af Lock and Dam No. 3. 

Figure 2 shows the property boundary and exclusion zone, which is restricted by a perimeter 
fence with "No Trespassing signs. Access to the exclusion zone by wafer is not restricted by a 
fencq however, "No Trespssing" signs are placed a1 intervals along the shoreline d the rrver. 
East of the plant ihe exclusion zone boundary extends to the marn channsl of the Mississrppi 
River, Islands within this boundary as well a s  a small strip of land norlheast of the plant are 
o w e d  by & e  Corps of Engineers, 

Directly north of Xcel property lies the Prairie Island lndian Communlly and Rsservalion, a 
federalfy recognized lndian Tribe organized under the fndian Roorganlzatfon Act. The Prdiri~ 
lsland Zndjan Community ovms and operates the Treasure Island Resort and Casino, a 250-room 
hotel and convention center that is currently being expanded. It offers gaming, dtntng, tlve 
entertainment, an RV park, a 137-s1ip marina to accommodate visitors arriving by the Mississippi 
River, and sightseeing and dinner cruises an their river boat. 

Five transmission lines connect PIMGP to the regtonal electric system. The transmisslnn system 
is depicted in Figures 3 and 4. Tho output of PfNGP is delivered to the substation just nor& of 
the generating facifities with 345-k11 and 151-kV switchyards, where five Bansm$ssion \m% leave 
via three transmission corridors. The transmission tines include two 2.5 m!le (Red Rock 1 and 
Adams) transmission connections, the Red Rock 2 conne~tion tt, the Reed R5ck Substation in St. 
Paul, the Bfue Lake Subslaiion connection, and the Spnng Creek Substation connection. 

Transmission corridors are maintained by Xcel Energy and Gfeat River Energy uslng as? 
tniecrraled Vecretatlon Itlanartement (IVMI awnroach Wal tnciudes both mechanical end chemical 
coni;ol rnethozs. fn particula"r, both wetlandand upland habitats are maintained in low-growing 
vegeiatian through the use of manual cutting and the selective appfication of EPA-approved 
herbicidas resuiting in the open habitats preferred by threatened arid endangered species. 

NMC does not expect PlNGP operations through the perrod af extended operation (an addrtranal 
20 years) to have trttlta or no adverse affect on threatend or endaneered s ~ e c i e s  lo the vrcinity of 
PINGP and associated transmission tines. Nor does NMC expect &zsn? generator replacernen1 
to adversely impact ecoiogicat resources on slle because the project will not invoiw? ground 
disturbing activitres in any previously undisturbed areas. 

We would appreciate your sending a letter detailing any concerns you may have about potential 
impacts to threatened or endangered species (at their habitats) in the area of PiNGP or 
confirming NMC's conclusion that operation of PINFP over the ficense renewal term would have 
no effect an these species. This letter serves a s  NMviC's o f h a t  request for USFWS concerns 
about threatend and endengeed species Issues regarding PINGP license renewal. NMC dl1 
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tnctude s copy of this ietter and your response in the ticense renewal appiimtion Bat we submit to 
Ure NRC. 

Again, thank you for your previous assis&nce providing PiNGP with USFWS concerns. We laok 
farward to continuing b tirorkwith the USWS thfotlgb the license renewat process. PIsase direct 
any requests for addittonal information, questions and your response fa: 

James J. Nolthaus, PEAP 
Environmental Project Manager 

Praitie island Nuclear Generating Piant 
t7f 7 Wakonade Drive East 

5 3 - Plftx (License Renewat) 
Welch, MN 55989 

651-388-? t 2Z ext 7258 

Mike Wadley 
Pratde Island Site Vlce President 
Nuclear Management Company 

Enclosures: Figure f 
figure 2 
Figure 3 
Figure 4 
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Figure 2 
PlNCP Site Boundary 

Nuctear Management Company 
Fralrie lsfand Nuctear Feneratlng Ptant ! 
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Flgure 3 
PINEP 8te Trawmissfan LIne Layout 
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Figure 4 
PlNGP Transmission Ouftats 
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WORMA.TfDNDO YCIUNBED? 
P.&touts of harm ocmnoes  of federafly and sbte Efiatedplants nnd antoafs; native plant F 
c~rnd~a; atfd aggrt:garlon sites s u ~ h  w but bibsm~&, eolo&al wnteSitd nesthg sites, and 
p&a &okm b k g  g.romds, 

- Momtion fifitod &ova, plus potogjoal &hues eod stet8 mspecies Y& nu fegd $&&us. - Otfior fspcclfy): 

1- ffi Tf% M,&% OF W&WT? 1) LNCX,OSE A loving detailad barndefies of rfre 
project ma ftopogmpPo mtrps or aerial photos are: preferred]. 2) Ifa GI23 sbapefttt) afthe project srea is 
av;rifable, plwep&,v~dg~ ddpy projcctd in UTMZoaa 15, NAD83). 

'% 

1 %-- 
FROWDB TEE HOZd,OWlSG REQUEREB PROjECT INPOmTXON I 

Goodhse TI13 N _15tf Sections 4 and 5. 

FrojeotProposer k c l e r i r  Mmagement Cornpang @MC) 

Detaifed Pmjmt Deghiption fatt~& sdtlitiod heats if~epeg~ary) 8@F RzFbF$@ $2 FFn& $praehg 
Xcenses far Pf13W Wfs 1 nad 2. LU.Waug;h ao lqnb iSstnrbanea 3.s an&- 

c$pared, she %E Rcleaz Regddrarp Cmas&afrm - 
be%=cTea the 5786acze PmQ sLce w d  asso~&~~re& 

P& b d . U s e  o f h j c W  Prior t o  T~MC'S ~t&eii?Beirheza SWtaa power> aeq&*tSwn 
of th'e o t o ~ e r ~ ~  moet. upland par&fefons of the a k a  wozr pa~Cs OE E ~ Y  

t o m  
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IKaW Wn,L TKE mORMBTIONBE USED? Desc@% tbe plmed rtse of tbe infumrion, &&$,.& 
ia what farm and &hit you v&& tupnblish this informstion, ifany. XxiformaEion WEEL be wed to 
evauate patearial acologkal frqaacrs af xmeu9ag the aperatjng &kensea o f  
FmGR BxLits f- ttnd 2= Loeat&om of rjlg&ficant natmdl cmmmit.1~a(e.g., . ' 
F~~IarcC%l trare%bFal coWes) w2.X nor he s h m  bin Blaps in *be 3 3 h o - W  
Report SUhHJrred t o  l W  2 9  Wt Its 'KSnnesota pxrZezeace. 
T W - m o w  TIME 
Requests gmor~ily take 3 weeks &om dak of receipt to process, and are prorPssod in tbc orrfnt rceeivrd 
Rush mmetlts arcprocesseB h 2 weeks orlegs 

FEES 
Wr-profit orga&Bons, iadudlng eoaKuftsnts worklag for go~emrnental ngenaes, are E b q ~ d  a he  fop  this 
service, In ad1rioal a fee may be mhargedfor targa rquesb fmm aay soutce. A surehsrge [cmmf&Wf is 
S?ppff&d for xush urdmi Itbtsh Q msb o t d e  1 k e b e  Fees sub$& to change. A f~ 
6chEhpd~le $8 a)taIsble opnn request PXesse dtrahdudc  @ w e n t  srltb your Feqaest; an lavaice wa) ba saot . 
tn you, 

The fnformation suppiisd ahve ts c~mpteta and accurate. I u n d e 1 ~ W  that matsttat supplied fo me 
fm the Mlnaesota !.laturn1 Hen'- InfamraUan 8 stem is mpyrighted and that I am not permitted to 
repmdtlca w publish any of Uliv mpyrIghted mafed1 ivithout prtbrwri&n perr&xlon Imm @a Minnesota 
DNK Fu&er, I pemtssion ta publtsh is glven, I undomiend Wat f musi mdit &a Rtlinnwh Nefuraf 
Etafitago an!Nongama Research Pfog Resourma as #a source of 
the rnateriaf. 

XbxImgeced Species Rnvimrmttnttif H e \ i e ~ ~  Coa&fox @rpm,r&nrrI~ (GI) 259-5107 ar259-53 09 
p-.wtanfitl.dnr.sf&e.mn@ ~g EAW8 

i)r 
Assistant Dalabsse &%wager (forgcndrqurrtf,l (631)239-5123 
$hnmn.nelson@dnr.6bteemnmn~ 

at 
Nshuaf Berifsge aodNaagame Rexmcfi P m p  
hWesota D e p W t  af lfphtnil Resources 
500 LafnyeHeRoad, Box25 
st. Pm& Minnaola 35155 

CO's requirtng comment 
Sources contacted TDpfc Response 

Response Summary 
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Legend 

fWY-~~&%mtslo - w N W M .  4t Rvrai Head - ffab2.35 
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Minnesota Depart~ne~t uof Natural Resoauces 
N&r4 FJeritngc aitdMongn ~&%E)$%FR"~P&~'' 25 

St. Patti, Mimesota 5515540- 

Phone: (651) 259-51W Fax: (651) 296-1811 8-ma% 11~a joyd@dnt- stam am.^^ 

Re: Request for Nntwal %Xexitap ififonnation for vicinity of proposed PrairicMand NtlCXeef GcnecitingPfnt~t 
(ficcnse renewal), T113NXlf W SwCiotts 4 6k. 5, Goodbxxe County 
N F W  Cortt;tct l: ERDB 20070820 

Dear I&. I-folthatls, 

TThe Minnesota Natural Heritage database hnsbeen r e v i e d  to detemtinc if any ram plant ox animst 
species or other significant nntuml, fcahues nre known # occur within an appmximate one-mils radius of the 
arm indicakd ort &e map wxcto.stxl with your iaformatior~ xequmt. Based on t11:s review, there ;tuc 73 h w a  
occumnces of rare species or native plant communities h tfta area swcfted. For dcfaifs, piease see the 
enclosed database printouts ;tnd the. exalanatjon of selected fiefds. 

~ h e ~ a i f l r a ]  ~ e r i t a ~ e  d;t&basc;s mnaintained by the ~arur;tl ~ e r i t a ~ e  and Wongame Xestzxch Progrm, 
a unit within the Division of Eeofogicaf Services, Dep-ent of Natural Rwmrces, It is continuafly updated as 
nmv i n f ~ t i o x r  Becomes avaiIabte, and is the. most complete sotrrco of data os b%nnsota's mnt or othervtise 
significant species, native plant cammutlities, and other natural fcaturcs. Its purpose h to foster better 
undessranding md protectifin D ~ W C S ~  features. 

f3ecau.use our infomation is not based an a wmpretiensive inventory, there may be rare or otherwise 
si@rficantnantraf fmtum in the  stat^ that are not represented in rbe d a t i t b .  A cottnd-by-counv survey of 
rare natural features is now underway, and bas been compEetsd for Goodhue Counrf, Our infomation &out 
native plant cominnities is, therefore, quite thorough for &at county. Hot~ever, because suwey work for rare 
plants md. animals i s  hess exhaustive, and because thttre has not bee11 an on-site s w e y  of sit weas of ale 
counxy, mologicatly significant features for which we have no recorils may exist 511 t l ~ e  projcct area. 

The enclosed tmttlts of&e database searclt are provided io  two fomt&. short record report and fo$ig 
record report. To contraf itte rchse of locationnl inhrmalion, wfticft might resulti~~ fl~edamagc or de~baction 
of 8 me element, both printout Formats ate copytigitted, 

% f ~ e  short record report provides r m  fesfure locations only to the nearest section, and may be 
reprinted, unaltered, in an ]Environmental Assessment Worksheet, nxttnicipai natural resoutce plan, or report 
cr,npilect by your company for thc projcct iiskd above. ff you wish to reproduce ihc short rccord report For 
any nthar purpose, picuse coatact rnc to requcst r.vxitkn pe~~nission, 'rlie Xfinii ~eeorg  rreaort indudes mare 
detatailed tocatio~~al informa@on, and is for your personal use only, If you wish to reprhrt the btjg record 
report for any purpose, please co~tildme to rewest wpitten pernitssion. 

Please be aware that reuiev~ by the Natural EXeritagc elcl N o n g . ~  Reswxh I?rogram focuses only tin 

rare natumdfrmtur~s. It doe6 not constitute review or approval by the ffepaftment of Natuf;tlResources as a 
whole. If you require further iuformation on the eavironmental review process for other natural resource- 
relaterf issues, yo11 mzy contact your Regi~nat Bnvironmentrtl Assessment Ecologist, W~yncBarstrld, at (651) 
772-7940, 
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At1 iuvoicc the amount of $55.48 will be mailed to yo11 ttnder sepsats cover wrmbilt two wmk~ of 
the date ofthis letter. You arebdng billed for map md database search m ~ d  staff scientist review. Thank you 
for canmlting us on thjs matter, and for your intmest in p e f v i n g  Mhnesota's rare uatural resources. 

Sirtcerely, 

Lisa A. Joy31 
Endangmd Species E~viroun~ental Review Coordinaox 

mcI: Database sea& restifts 
Rue Feature Database Pixnt-Oafs: An Ex:~pfanaix'on of Eclds 
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Mini~esota Department o f  Naaturat Resources 
Nattiml Heritage and Xo~gamc Researoh P r w m ,  Box 25 

500 Lafrtyefte R ~ a d  

Si Paul, PAmneaola 551fFt.4025 
-cJ 

Phone: f65lf 259-5101) P a :  {551) 296.181 1 &naif' lisa.joyal@&r.st~1c~tt~t1,us 

August 9,2007 

Mr. Jatnes Roltttaus 
Nuclear Management Compruty 
13-PZex 171 7 Wahonade Drive East 
Welch, PXN 55089 

Re: Request for Natural lTericige infomcttion for vicinity of proposed Prairie Xslmd Nuclear Generating 
Plant - Traasutission tirigs (license renewal), Scoet, Dakota, Goodhue, and Wasltiugton Counties 
NHNRP Cantack #k BRDB 20070520-0002 

Dear &. Holthaus, 

The Minnesota Maturd Heritage datalxase has been review8 to determine id' any rare plant or iu~itnal 
species or other significant, natural Features are known to occiir w i h t  m approxrmitte one-milr radius ofrfte 
area indicated on t f ~ c  m p  enclosed wig1 your infomation request. Based on this rwietv, &re we 367 kaa\x.t~ 
occmences of rare specias or native pfmt cam~tunities in the area searched. For details, please see tfie 
encfosed datitbast: printouts and tfie axpfanation of selected fields. 

The N a f ~ a 1  Hentagc database is maintained by the hTaiwa1 Eef'feritage and hfongame Research 
Progwn, a uuit within ttse Division of Bco~ogical Resources, Department of Na&r;it Ke~ources. It is 
car~tinudiy updated as flew L~fomation becomes ayaifable, md is abe inost coa~plete source of &fa on 
Mianesota*~ r m  or orhenvise signifrcmt species, native pfaart commtrnities, .md other natural features. Its 
purpose is to Wster better understanding and protection of these fe~fures. 

Because our information is not based on a comprehensive inventoxy, &ere may be rare or othemse 
signinifieant natural features in the state &at are not roprmentett in ibe database. A coutry-by-county survey of 
rare nahtfal featares is w w  undenv~y, and has been completed far Scatt, Dakob, Goadhue, and Washington 
Counties. Our information about native plant cornmitics is, therefore, quite thorough for tilose counties. 
However, because survey work for rare plants andanknats is less exhausri\re, and because there has not been 
an on-sitc strtrcy of all areas nfcach county, ecologically sipificmt features for tvhicb r ~ a  have no records 
may exist ort the project area. 

Tile eoefosed resuits of the dntabase searet~ are provided in ttm fomsts: short record report ut~d long 
record report. To eontrof the release of locmtiond information, tvluck ruighf resuti in the dnmegc or 
dsstruction of a rare dement, baik printout formats are copyri@ted. 

The short record renort prosides rare feature locations only to the nearest sectton, and mzty bc 
reprinbd, uttaltered, m a11 fjnvironmenM1 Assessment XVorlxsficct, mun~cipaf nittufa1 scsource plait, or report 
cornpifed by your company far the project listed above. If you wish to reprodme the short record leport for 
any other purpose, please contact ~ n e  to reque~t writ&enpem~issron. The i a n ~  record retrort ineludes more 
detdled locationel infarn~ation, and is  far yorrr persenat use only. If you d s h  to reprint the long seeord 
report for any parpose, pIeaase conta~t me to request .r,riEen permission. 

Please be aware &at review by ttre Natunl I-ferifage and Wongame Research Program focuses only on 
rnre nnlzrral feuirm. It does not cttnstituto review or approval by the Deparbneni of NamaI Resources as s 
~vhde .  'ff you retitxire furtf~zr infomation aa the envi~onmeutaI re\.iew process for other natural resource- 
rclatcdissucs, you may corthctpour Regional Envirmcntsi Assessment Ecologist, Wayne Barstad, at (651) 
772-7940+ 

DNR lnformat~on 653 296-63 57 8 1-838S4S-6367 B T f  651-296 5434 0 1-SO@-657-3929 

An Equal Oppmunlly Eniplaycr Who Values D&ws!iy 
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An invoice in the aruoxnt of $250.55 xvivill be mailed to you under separate cover within two 
weeks cf tfie date of this letter. You are being billed for tfia dafabme search and printot~ts. Thank you for 
co~sulting us on this matter, snd for your interest in preserving Mimeots's m e  natwat resources. 

Lisa Joyd 
Endangered Species Environmental Review Coordinatox 

mcf : Database scach results 
Rate Fwture Database PriItl-Ouls: A t 1  Explianation ofFiefds 
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Ms. Lisa Joyal 
Endangered Species Envjronmentaf Revlew Caardinaiw 
Natural Heritage and Odongame Research Program 
Division of Ecoiogical Rmoorces 
Minnesota Departm~nt tX &furat Rasaurces 
500 Lafa~t t t t  Road, Box 25 
St. Paul, Minnesota 55155 

SUBJECT: Prairie fsfasd Nuclear Gemfeting Piant License Renew 
Request for tMmation on Thrwtened and Endangered Species 

Dmr Ms. Joyaf: 

Nuclear blanagemwt Company fNMCf, acting on behaff of Faortheril States Power Company, a 
wholiy-owned subsidiary of Xcet Energy, woaid Iike to thank ihe Minnesota Department of Nclfumt 
Resources {MutNDNR) Nahtral Hentag@ and Noitg~arns %search Frogram far providing 
information re$arrfing rare plant or animal species, and other significant natural features present 
on Or within the vicinity of &s Preirte lsiand Nuclear GeneraGng Plant JPLNGP) site and 
asrjociabd transmissio~ tines on June 15 and August 9,2001, respsctiveiy. This lnfoimetion 
provided by WINDNR concerning occurrences of tare species and natural camniuniiies on the 
PiNGP site and assadaled transmission corridors has $wn utitizd m onisr t~ assess pob~gaf 
trnpacb an ihrmtened and endangered species, should PfHGP continue to operate far an 
addittonal twenty years. 

PINGP is finalizing its application :o the U.S, Ni~clear Regulato;y Commission (NRC) lo renew the 
operating licenses for PINGP, which expire in 2013 (Unit 1) and 2014 (Unit 2). As part of thn 
Iicensa Gnewaf arocess, the NRC reauires l c ~ n s e  a~~ficants  to "assess tRe irnBacl of the 
proposed ac8an'on thraatenad and e&dangered spe$ks m accordance with the Endangered 
Species Acr and wifl airnost cerEainiy spek Your a~eney's assistance in the identificatton d 
i~poi13ril species and habitats in ti16 area- By con:asting .you in advance, we hope 10 
ic'entiiy any issues :hat need lo be addressed w any i:lforms:ion your cffice msy noed to expetlit'? 
Iha NRC consultation. 

Renewal of b e  PINGP operating iicwrses would not inyotve any land dishr&ance, any changes to 
piant aperations, or any modjficafians of ihe hnsrnission system that connect8 the plant to the 
reoional electric and, There are nlans, howQver, lo reglace the Unit 2 sbam  ene era tars in the fali ., - . . . . 
of 2013, one year before tilt: Uni: 2 opera!ing license ex?ires. Tho s!aam generators '.vould arrive 
by barge, and \.:ouid be installed wirliir~ rt~a Unit 2 cont8in:llent s1ruc:ure. Teniporary biiildings - - 
;md parking areas would be necessary, but these faciliries would be cot?str~ictsd in provio~isly- 
diaturhd areas. Because, in all likelihood, Northern Slates Power ivou!d not replace the steani 
generators w m  it n d  seeking apptoval for an addlilonl20 years of operatian, we have 
considered environmanfital impacts of sieam generator replacement in the Enttironmentaf Repod 
we are subrnittirtg to the NRC. tn NEPA parbnce, it is a "connected action" (40 CFR 1508.25). 
We vvoufd therefore appreciate ymr taking steam genemtor reptacement into cansideration when 
) ~ O U  cofPda~t YOUC review of the prajeci's potential effect on threatened or endangered species. 

I'ihlC would appreciate .your review of 1t13 lollov;ing assessment stiri~:i>ary, and tiarrsrc:iit~I ~f 
written concurrence, rtr concerns, relative tu tho following ccnclusicr.~ that coniir,~ed operation of 
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PiNGP woulrl heve fittie ar na adverse effect on threatened and sndsngered s p ~ ~ i e s  in the 
vicrnity of the s b .  NFAC does not exxnect renewal of the PINGP operalins license to nesafi\ielv 
impact state or federally fisted threa~ened an& endangered species, jeopardize the co&nued 
existence of su& species, w result in destfuction cx adverse alteration of any critlcal natural 

Atesa of Concern 

The PtNGP site, located in Goodhtre County, Minnesota, cons& of 578 m a s  on the west bank 
of ihe Mississippi River, wiihin t h  ciiy limi$ of Red Wing, Minnesota (Figure I f .  The City of 
Bastings is focakd aitproximateiy f 3 milas northwest fuostream} of the ~Iant. Minneapalls is 
located approximate1y'39 miles n'c~thuest and St. ~ a u i  i& tocaiftd approximatety 32 rnifks 
nwthv4.~est of the plant, At the plant locattan, ik? Mississippi River sews as the state boundary 
beween Minnesota and Wiscwtsin. PINGP b i m t e d  on ;ha western shore of Sturgeon Lake, a 
backwater area located one mfie upstream &om fhe U,S. Army Corps of Engineers (USACE) 
Lo& and Dew No, 3, The Vermillion River ties just west of PINGP and flows Into the bliss~ssippf 
River approdmateiy two miles d ~ m s t r e a m  of L& and Dam No. 3, 

figure 2 shows ihe property boundary and exclusbn zone, whicft is restricted by a pdmeter  
fence with "No Tresnassina" sians. A w s s  to tha exclusion zone bv vdat~r is not restricted by a 
fence; however, " ~ d ~ r e s g s s & $  signs are placed at tntervais along ihe shoreline of the river. 
East of the pfant lPIe exclusion zone boundary extends to the main channel of the Mississippi 
Rmr. !stands talithin this boundary as well a s  a smalt slrip of land norttreasi of the plant are 
owned by the Corps of Engineers. 

Directty nor& of Xcel proparty ?is the Pratrie tstand indian Community and Resetvation, a ,  ~ 

iedwally recognized Indian Tribe organlred under the lndian Reorganrzsrfion Act. The Pralrre 
Island tndian Commufiity o m s  and operztes the ffeasurs fsiand Resort and Casine, a 2t5Cb.roorn 
hot@{ and convention canter that is currently being expanded it offers gaming, dining, five 
enterteinnrwi, an RV park, a 137-slip rnarina ta aceammodate vvtsrtms arriving by the MIssisslppt 
River, and sightseetng and dinner cruises an their river b a t  

Eive transm~ssion lines connect PtNGP to the regionat electric system, Ttte transmission system 
is depicted in Ftgures 3 and 4, The output of PINGP is defitrered to the substation just north of 
ihe senwatrna facilities with 34S-kV and 181-kV switchvards, where five transmimion tines bave 
via hree iransmission cwridois. Tho (ransnrlssion lines incl"de two 2.5 mile (Rod Rock  1 arrd 
Adams) lransmiss~on conne:!ions, tt~u Rcd Ro& 2 connaction to the Red Rcck Substation in St. 
Paul, the Blue Lake Substation connmtction, and the Spring Creak Substalion connection 

Transmission corridor8 are maintalnsd by Xc& Energy and Great River Energy using an 
lntetlrated Vsa~tation Manaaement IfVMl anwoach that incliides both mecfianiml and chemimf 
c o n k  metho&. In particufa;, boot he~and '&d upland habitats are msrirrlainad in Inwgrotving 
vegetation through the use af manual cutting and the selective apglicalon d EPA-approved 
herbicides resuiting in the open habitats preiened by threatened or endangered spies. 

NMC does not expect PtNGP operatlwts through the period of extended opefation {an additional 
20 years) to significantly effect any threatanad or endangered speaes in the area. Nor does 
NL1C expect steam generatar replacement to adveisely impact ecolagkl resoufees an sit@ 
because the prcrjmt will not involve ground disturbrng activities in any prevrously undisturbed 
areas. 

We would appreciate your send~ng a getter detailing any concerns you may have about potential 
impacts to threatened or endangered species for theit habitats] m the area of PiNGP or 
confirming NMC's conciusion tRet operaiion of PlNGP over the license renewal term would hatte 
no effect on tiiese specres. NMC v&ll tnduds a mpy of this Iettar and your respanse in the itcanse 
renervaf application fhai we submit to the NRC. 
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Again, thank you for your previwa assistance providing PtAiGP with tare and threatened spdes 
and habitat Informsttion. We took f m r d  to mntinuina to work with the MNDNR ihrwah the 
license renetval procass. Pleme itirclct any raquests f& addilionat infornlsiion, questiGs and 
your response to: 

James J. Holttraus, PMP 
Environment& Project Manager 

Prairie Island Nucfear Generabng Plant 
1717 Wakonade Drive East 
13 - Piex {L~cfinse Renesaf) 

Welch, MN 55089 
851-988-1 121 &Xt 7'2% 

Sincerely, 

Mike Wadley 

Nuclear hlanagement Company 

Enclosures: Figure 1 
Figure 2 
F3gure 3 
Frgure 4 

ATTACHMENT C Page C-54 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E - Environmental Report 

ATTACHMENT C Page C-55 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E - Environmental Report 

&sure 2 
PINGP Site Boundary 
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Mr. Etennis A Gimmestad * 

Goue:nrnent Programs and Conipliance Gificer 
Sta:e Historic Presentat~on Office 
Mlnnesola tf~ston'w! Sacleiy 
345 Kellogg Bouievard Wesf 
Saint Paul, k4innesota 55102-7903 

SUBJECT: Prairle lsland Nuctear Generating Plant License Renewal Projwt 
Goodhue County 
SHPO Number: 2007-5880 

Deaf Mr. Gimmestad: 

Nuctear Management Compeny ("AfNIC"), acting on behalf of Northefn Stitfes Power Company, a 
Minnesotis corporation {"Xcet Energy" or "the Company") would iike to itrank the Minnesota State 
Historlo Presenratian U&B fSHPU) for providing comments an W April 30,2007 fettsr regarding 
renetVal of &e Ptalrie lsland Nudeaf Gent-;taiinc~ Plant f"PfNGP"f a@rating license. We appr&eta 
the time your sgency has &&.en io review the teiier as we\[ a s  identify concern$ pertaining 10 Secbtl 
108 requirement6 and asking a b u t  how cdturstl resource issues Will be addressad In the 
environmentat review. Below we are pravidlng additional informatron on the issues raised in ywr 
June 7,2007 ieRer. 

Tfie Nuclear Reguiatoty Commission rlVRCSf wli formally consuit with your o%ce a1 a iatet date 
undef SFicUon 105 of the Nafionaf Ni$twic Preserv@tton Act of 1966, as amended 118 USC 475), and 
Eederaf Advisary Council en HIsturFc Preservallon reguiations f36 CFR &Oaf. in wder to expd~tt: the 
formal process and to foster an Jnhgraled approach, we %muid fike to work with you now to Identify 
any issues that should be addressed cr any infatmaiian your affce may need to exp&tt@ the NRG 
consui&fon. 

The culturn$ re~ourca issues addressed in the Environmentat Report. {Chapter 2 and Chapter 4 )  ryere 
research& in the envlronmentaf review process, and will continue to be rwtevved as ihe License 
Renewaf pf~cess moves forward. NMC contracied with a comDany named The TO6 Grw~ Ltd. b 
perform a cuiiural resources assessinent ni tho PINGP site to docuinent past siudles and io provido 
inio:rns8sn that v:ou!d nsjist NF4C wit11 piann~n:~ 2nd avoidance of know11 resources. Tt?tir records 
seat& reveafed that four prafessionaf archeaiogica( surveys and o w  tasting project have been 
conducted within ptent boundarias (Figure I). Within the plant bundaries, seven tnarcheoiq!cal sites 
have been recorded. Qw srb, the BsNon Sib, is listed an the National Reglster of Historic Places. 
Within one mile of the otanl boundaw, ?6 archedwicai sitas have been recorded I1 5 are on 
?&lf~nesota side of if la h1issi:isippi ~1;er) Tho asscismen: also identified areas ?i~:ii are thought io be 
pravlously dls:iirhed from origlilal i:unslvtiction of Ihe PINGP. The cultural resources a;sessrnerit 
prepared by 3 % ~  lOf i  Group is inciuded as Attachment 1 to this tetter. 

The Prairie lstand Indian Communtty {PIIC) Reserta8on is located directly no& d the PINGP. The 
PlfC is a sovereign na!ion fedeta!iy ;&cognjzed under the fr,dian iieorgaiizai;on Act. NMC and the 
PINGP staff havo a long-standing relationship with and history of consulting ./;ith PIIC's tribal counci! 
and technical staff regard~ng comnicini:y copcorns, business proposals, emergency p!anning, plart 
opafatlons, and oskr iter:is of rnuluai Intarost. NF.1C is consultii~g with the PllC regarding the 
proposed license renrwol and refurb~shrne::t aci:i.ities (addressed laler in this letler) 31 PINGP 

ATTACHMENT D Page 0-3 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E - Environmental Report 

ConsulbQun was initiated by Xcr3f Energy and NMC via a fetter sent duiy 25,2007 requesting PlfC's 
participation in the license renewal appircaiion process and seeking inpui regarding any concern PiIC 
has for hisiarimi, archaeojoglcaf, cultuml M other ~nvirnnmentai resources. Xcel Energy and MMC 
management met ~ 1 %  the PllC tribal council on September 24,2007 to discuss &e tlcettse ranwat 
applimtion pracess, and ficense renewaf and PlPlCP site st& met with PI fC technloal staff on 
November 8,20f17, 

On February 7, 2006, PIfC submitted a letter to PfNGP detailing their comments and concerns with 
regard la environmen4l issues. PflC has requested a copy of the cuitural resource assa%sment, 
which wilf be providsd to them tmsiong with your response lo this consultation request. T h y  have 
requested that a buffer $E, instituted around all known arctredogicst resources ta prevent future 
disturbance. The PlfC is cwrcemd a b ~ u t  hvo sitas that may have been Imgaated previa~sfy dunng 
originat canstfirction of the plant. They have requested imphentation of a calfa&rative prDgram 5f 
surveyfng on the gtani site to record a?$ cultural resources and ttretr condition; identification of 
restoration activities for rcultural reswrcas previously impacted: and ~GCC?F~S tO a burial site by tribal 
members for cerarnaniat purposes. 7ha PlNGP will continua cansultaXion with the PPliC to address 
their requests. 

$0 eddftion b the afoiemenliond efforts, NMC- and Xcel Eneifly ar5wortZtng with Minnesota State 
Univefliity - Mankato YPAankata State") to parform further studies on the Bwtron Site during Summer 
2008. liliankafo State plans to hold a Reid school to da the initial digs and documentation, with a 
krmai writeup and necmsary follow-up work performed through a Mastefs thesis by a graduate 
s&d$nt@f. The PIiC is aware of these efforts and has supported Mankata State's efforts finandally. 

At this time there are no plans fnr PLNGP site alterafion due to the license renewal project. Any %Lure 
site aft@fations wifl compty v~Ah permitttng nsquirernents administered by Ihe City of Fied Wing, 
Goodhue County and the State of h%innesota, However, &ere are plans to replace the Unit 2 steam 
genemim in the fall d 2013, one year before Unit 2's current operating license expires. Because, in 
all fikelihotld, the Campany would not replaca the $%Barn generators were it mi seeking appfovai for 
en additional 213 years of operation, we have considered environmentat impacts of steam genewior 
repfaoement In the Environments$ Report trm are submittin$ ta the MRC. We bdieva that in NEPA 
parfanca, @it+ i8 a n~onnected actjanV 140 GFR 1508.25). Th~efore ,  we belbve it is feasonabie far 
your agency to co&sidw &e steam g&eralor replacemant at Unit 2 when you wnduct your review of 
the projt3cPs potential eff& on historte and niituraf mourms.  

The steam generators are planned to arrive at the PINGP loading dock by barge and transported to 
the Unit 2 cantainment building by LNck on an extshng paved mad (Figure 2). The old genewiors wiii 
be ramovd from the Unit 2 containment building and the new ones instatled in the same Imation 
inside the Unit 2 confainment buiiding The new generat- are similar in size and mass a s  the 
origlnais and have ihe same function. f emporary consirucIon facilrties, such as mobile trailers, a 
staging area, and parking area, would be necessary, hut these temporary faclliiies woutd ha focated 
nearby in previwsty disturbed areas and away from know20 cultural resources. These awas have 
been identtflecl m the attached cultural resoqrce assessment {see specifsally Figure 2 of the attached 
Eulturat reswr'ces assessment] a s  previously disturbed, with l~tile to MJ potenha1 fur intact 
archeological depostts 

The Company has conctuded &at renewat of the PINGP operating licenses and acltvities @fanned 
during the 20-year term of the net* licanses, inciuding replacement of We Unit. 2 steam gene~aiors, 
will result in no adverse effecis on hlstortc and archaeological resources, PlNGP *MI$ continue to 
fatiow esiabliskeci ~rocedirres for avoidance and sroiectton of archaealwicai, histwic, and cultural 
resources (see Appendix A of the attached cultursl r s soums assassmekj. As statad previousfy, 
tehrbishment actkittes tptiii be conducted vrithin previously disturbed areas of the site. Hotvever, 
during ground-disturbtng wttctivibes, if archaeolagical maie;ials are discovered in the work area, 
adivitiee in the vtcinib of tfle discovery wmld stop and the Company wiil have the discovefy 
assessed by a prokss8onal archaeoiogist and will consuft with your office. 
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Since we will Included 3 copy of !tiis lotter in tlie license rerlewai applicaiian thst we suhrnit to the 
EJRC, it \vould greatly assist our applicatior, to 111s NRC if :ue could ieceive a a writlm response from 
your office detailing any concerns you may have about potential adverse eifects to historic and 
archaeological resources, or confirming the Company's conclusion that operalion of PINEQ over the 
license renewal term would have no adverso effects to historic and archaco!ogical resources. 

if you have any queslions or require any additional information to review the proposed action, pleaso 
feel frae to contact Mr. Jarnes Holthaus, Environmental Proiec? Mananer, at 651-388-1 121, oxl. 7268, 
or via email at jam~s.hol i t iaus@~m~~o.~~m+ 

Sincerely, 

Mike liVadfsy 
Site Vgce President 

v 
Raffle island Nuclear G~tnwatiag Plant 

Encfosures: 
Figure 1 - Lamtion of Prairie island Haclear Genemtjng Pfant 
Figure 2 - Faciiities Associated tvith the Proposed Replacement of the Unit 2 Steam Generators 
Attachment 1 - Gutfurat Rssourms Assessment for $he Preirie fsimd hrtlcfwr Gsneniing Rmi, 
Ooodiiue Cotmfy, Minnesofa, Januafy 2008,711e 706 Group ttd. 

cc wlenct.: President, Prairie island tndian Cammunity 
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Mr. John Linc Stine, Director 
Envronmental Meailh Division 
Minnesota Department of Heaittr 
625 Robe& Sireet 
St. Paul, hfvfinnesola 55$#-09;r5 

January 25,2508 

SUBJECT: Prairre Island Nuclear Ganerating Plant License Renewal 
Request for Itiforination on Thermopiililc Mfcrooryanisrns 

Dear Mr. Stine: 

Nudear Uanagemwtt Company {NMC), acting on behalf of Northern States Power Company, a whoily- 
ovmed subsidiary of X d  Enfugy, is preparing an apptication to the U.S. Nuclear Regutatow Commission 
(PJRC) to renew the opersliw iimnsas for Prairie island Nucfear Generatifig RantfPtNOP), which expire 
to 2013 fUnll9f and 2Q.f4 (Unit 2). As part of ihe lkense renewal process, NRC requftes iiwnse 
applicants to provide '...an assessment of the impact of the proposad adion {license renewal) on public 
heaEth %on1 thermophilic organisms In ahe affected ivater.' Organisms of concern inciude the eilteric 
palhor~ur~s Saimono'1:s snd Shigel!a. the Pseuclcmsnes aertry;?oss bactei;~n,, them-~ophilic 
Ac!inon>yceies (*fungis'), the many species of Legionelid kacteria, and pathogcric strairts of the free-li~zing 
Maegteria amoeba. 

As part of the license renewat process, NMC is consulting with Fur  officf~ to determtne whether there is 
any concern about the potentraf occurrence of these organisms in the Mississippi River at  the location of 
PINGP. On dun@ 14,2007 your office indicated there were no concams at thal ttme. llis slaled in lfre 
September 7,2007 letter h r n  James Haithaus, we are currentiy seeking your jnput on any spec& 
concerns Ule Department may have rrjgarding themophilic microwganisms. By contaciing you, ws  hope 
ia identify any issues that need to be addressed or any information your office may newl to expedite the 
MRC eansufbtion, 

The PINFP siie, lmted In Goodhue County, Mmnesota, conslsts of 578 acres on the west bank of the 
Missifisippt River (Eigure I), wiihln the city limits of Red Wing, Minnesota. The Verrnillron River lies just 
west nf PfNGP and flows into ths Mississippi River approxiniataly hivo miles dawnsiream of Lock and 
Dam No 3 {Figure 2). NRC regulaifoions spec& that if discharges are made to a smaff r h r  with an 
average annual fiow raie of less than 3.15 x ?aT2 cubic feet per year, the applicant must assass the public 
health impacts of the prop~sed m k f f  regarding potential proliferation of thermopttrlic rnicrsbidogtcal 
organisms In the affected vrraters. As a cornpondnt of its operatan, PfPlGP dlsctiarges cooiing water into 
the [tlississippi River. The Mississippi River has an average flow of 5-8 x 10'' cubbfeet per year in the 
vicinity af PINGP, conforniing to the NRC definition fw consideration a s  a small riwr. This issue is 
therefore appticabie to PfNGP tlcense renewal and avill be aridmssed in ihe Environmental Report. 

'70 determine the ambLnt fiver water temperature, assess the pianl's thermal output, and assure 
Cornpfiance gtth NPDES thermal discharge requirements, river water is monitorad by PINGP a t  multipfe 
locations, Temperatures cprs tnoniiored in the main river chanrrel (upstream), Sturgeon take (upsWsm), 
the plant intake structure, the discharge canal, and immedlateiy down st re an^ of twk and Dam Number 3, 
Ths highest temperature at the station upsiram of the pfant intake structure during the period of 2000- 
2005 was 86.09F in 2001 (August 8). The highest temperature measured aver the same period 
downstream of the piant at the Lock and Dam Number 3 monitorrng sfation was 86.4'F in 2001 (August 
9). The highest daiiy maximum temperature measuied at  the pfant's discharge canal from January 2003 
througjti Decemhr 2004 was 99.0'F, recorded on Jufy 28,2003 The entire Iength of ttie 6ischarge canal 
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and adjoining portions of the Mississippi River are within the plant's excfusion mns, hotlfever, and there Is 
Oe puMic access to these arms, Water at these temperatures could, in theory, allasf limited slrrvlval of 
t%wrmoph.rlic microlxganisms, but am well blow the optimal tamoerature ranat3 for ~ o w t h  and 
reproduction ~i iher60phillc rnicrooryan~sms. ~herrnb~hilic bacter;a generafli: occc; a! temperatilres from 
77°F to 176"F, with rnaxtrnum grow a! 122°F to 140°F. The probabiiity of the presanc? of tkern~ophilic 
mlwomanisma due b piant operalions Is tow. 

During the earfy t 980s, PlNGP identified the presence of. the parasitic amoeba Naegferia at high 
~owlatMn densities vsihin the dant's clrcufa+ine wafer swtern. In cwnerat'ion ~Rritir the Eilinnesota 
Pofftrtion Coniroi Agency and &~linnesota Oepe&ent of ialural ~esoGces, PtNGP conducied 
chlorination and subsequent decMorirralion of the circulattnq wster sv$iem in August 1980, September 
3981, and Ausust 1983. The &iarinatton ~ r o w s e s  were &ccessfd in mni*oflifia and reduc~na the 
populat~sns oiihe organisms; however, thb cie&!wtnsbon process does impact tge fish popuiaE@ns in tile 
Mississippi River. Although the Minnesota Deuartmeni of Heaith did not consider the presence of iira 
organism to be a public l~ealth hteat, it v;as recognized as an occupational healih hazard and ulont 
personnel were :nstruct&d to wear prcttect~ve equipment when i r ~  con!act with the circt.!aEiry :';ater !jy~t~m 
components. PlNGP conlnues to pefiadfmny chiorinate the circufating tvaier system to controi 
mrcmbiofnglmi organisms and zebra mussets in acrxlrdanca uSth the NPDES p~umit requiremenls 

Given the Wermal charactcterisiics at the PiNGP discharge and the fact that NUC periodhally ckforinefm 
the cireufating water system, NMC does not expect PiNGP operations to stirnotate growth or repraduclion 
of thermophilic micsootganisms. Under certain circumsfances, these wganisms might b@ present In 
Itmited numbers in tfie sb80n7s discharge, but wouid nd  be expected in conceniralbns high enough to 
pose a threat to remeettonal users of the Mrsslssippi River. 

We appreciate your eariier response to genwal License Renewat issues. We t+dwfd appreciate a latter 
detailing any concwns you may have abwt  tizwaphrlio microorganisms in the araa d PLMQP or 
mniirming N M C s  conclusion %a$ operation of PINGP over ths Ilcanse renew! term wwfd not stimdata 
grow& of bermophilic: pathogens, NMC will rnctude a copy of this IsMr and p u r  response cn the license 
mnewaf application that we submit to the NRC, 

Please direct any requests for addrtlanat information, questruns and your response 60: 

James J. Hoithaus, PUP 
Environmental Project Manager 

Prairie Island Nudear Generating Piant 
172 7 Mtakanade Drive East 
43 - Pfsx (License Renewal) 

Welch, MN 55089 
851-388-1 121 @a 77268 

f amos heilhaus@nmcco.com 

Mike Wadfey U 
Praine island SIto Wco Presrdoni 
Nudear Management Company 

Enclosures: Figure 1 
figure 2 
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SEVERE ACCIDENT MITIGATION ALTERNATIVES 

The severe accident mitigation alternatives (SAMA) analysis discussed in Section 4.17 
of the Environmental Report is presented below. 

F.1 METHODOLOGY 

The methodology selected for this analysis involves identifying SAMA candidates that 
have potential for reducing plant risk and determining whether or not the implementation 
of those candidates is beneficial on a cost-risk reduction basis.  The metrics chosen to 
represent plant risk include the core damage frequency (CDF), the dose-risk, and the 
offsite economic cost-risk.  These values provide a measure of both the likelihood and 
consequences of a core damage event.   

The SAMA process consists of the following steps: 

• PINGP Probabilistic Risk Assessment (PRA) Model – Use the PINGP Internal 
Events PRA model as the basis for the analysis (Section F.2).  Incorporate External 
Events contributions as described in Section F.5.1.8. 

• Level 3 PRA Analysis – Use PINGP Level 1 and 2 Internal Events PRA output and 
site-specific meteorology, demographic, land use, and emergency response data as 
input in performing a Level 3 PRA using the MELCOR Accident Consequences 
Code System Version 2 (MACCS2) (Section F.3).  Incorporate External Events 
contributions as described in Section F.5.1.8. 

• Baseline Risk Monetization – Use U.S. Nuclear Regulatory Commission (NRC) 
regulatory analysis techniques to calculate the monetary value of the unmitigated 
PINGP severe accident risk.  This becomes the maximum averted cost-risk that is 
possible (Section F.4). 

• Phase I SAMA Analysis – Identify potential SAMA candidates based on the PINGP 
PRA Individual Plant Examination – External Events (IPEEE), and documentation 
from the industry and the NRC.  Screen out SAMA candidates that are not 
applicable to the PINGP design or are of low benefit in pressurized water reactors 
(PWRs) such as PINGP, candidates that have already been implemented at PINGP 
or whose benefits have been achieved at PINGP using other means, and candidates 
whose estimated cost exceeds the maximum possible averted cost-risk (Section 
F.5). 

• Phase II SAMA Analysis – Calculate the risk reduction attributable to each of the 
remaining SAMA candidates and compare to a more detailed cost analysis to 
identify the net cost-benefit.  PRA insights are also used to screen SAMA candidates 
in this phase (Section F.6). 
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• Uncertainty Analysis – Evaluate how changes in the SAMA analysis assumptions 
might affect the cost-benefit evaluation (Section F.7). 

• Conclusions – Summarize results and identify conclusions (Section F.8). 

The steps outlined above are described in more detail in the subsections of this 
appendix.  The graphic below summarizes the high level steps of the SAMA process. 

SAMA Screening Process 

Initial SAMA List Applicable to 
Plant?

Yes

Screened

No

No

Screened

Yes

Does the 
SAMA affect a 
risk significant 

system?

Yes

Screened

No

Implementation 
cost greater 

than cost-risk 
reduction?

No

Screened

Yes

Retain for 
potential 

implementation

Is 
Implementation 

cost greater 
than screening 

cost?

Phase I
Analysis

Phase II
Analysis

 
 
 
Environmental impact statements and environmental reports are prepared using the 
graded approach in which impacts of greater concern and mitigation measures of 
greater potential value are studied with correspondingly greater effort and rigor.  
Accordingly, NMC used screening methods and less detailed feasibility investigative 
and cost estimation techniques for SAMA candidates having disproportionately high 
cost or low benefits.  High level initial cost estimates for all Phase 1 SAMAs were 
developed by PINGP project department using plant basis and industry information.  
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F.2 PINGP PRA MODEL 

The SAMA analysis is based on the 2006 PINGP Level 1 and Level 2, Revision 2.2 
PRA models for internal events.  The original Individual Plant Examination (IPE) model 
submitted in 1994 has received a number of technical updates to maintain design 
fidelity with the operating plant and reflect the latest PRA technology.  This section 
provides an overview of the model revisions and technical upgrades, and provides a 
basis for conclusion that the PRA scope and quality is sufficient for this application. 

The PINGP PRA model peer review was conducted in September 2000.  The final 
report was prepared by Westinghouse, which was the lead in performing the PWR 
Utility peer assessment.  The peer assessment identified five Level A Facts & 
Observations (F&Os) and 32 Level B F&Os.  All A and B Level F&Os have been 
addressed and closed. 

The following subsections provide more detailed information related to the evolution of 
the PINGP internal events PRA model and the current results.  These topics include: 

• PRA changes since the IPE  

• Level 1 model overview  

• Level 2 model overview  

• PRA model review summary  

Section F.5.1.8 provides a description of the process used to integrate external events 
contributions into the PINGP SAMA process; therefore, no specific discussion of the 
external events models is included in this section.  

F.2.1 History of PINGP PRA Model Development 

This section describes the IPE and identifies subsequent model changes that were 
implemented.  The IPE, which included both Level 1 and Level 2 PRA analyses for Unit 
1 only, is discussed in Section F.2.1.1.  Revisions to the Level 1 PRA model since the 
IPE are discussed in Section F.2.1.2.  Revisions to the Level 2 PRA model since the 
IPE are discussed in Section F.2.1.3.  The current Level 1 and Level 2 (Rev. 2.2 
(SAMA)), which was used for the SAMA evaluation, is described in Sections F.2.2 and 
F.2.3, respectively.  Detailed descriptions of the changes for each revision are 
maintained as plant model documentation. 
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The historical nominal CDF and large early release frequency (LERF) results for PINGP 
are as follows:  

PINGP Model Model Revision 
Date 

Unit 1 CDF 
(per rx-yr) 

Unit 2 CDF 
(per rx-yr) 

Unit 1 LERF 
(per rx-yr) 

Unit 2 LERF 
(per rx-yr) 

IPE (Rev. 0) 1994 5.0E-05 NA NA NA 
Rev. 1.0 1996 2.4E-05 NA 3.8E-07 NA 
Rev. 1.1 1999 2.35E-05 NA 3.8E-07 NA 
Rev. 1.2 2001 2.20E-05 NA 6.9E-07 NA 
Rev. 2.0 2002 2.19E-05 2.52E-05 3.88E-07 3.90E-07 
Rev. 2.1 2005 1.47E-05 1.63E-05 5.74E-07 5.74E-07 
Rev. 2.2 2006 9.81E-06 1.13E-05 5.14E-08 1.35E-07 
Rev. 2.2 (SAMA) 2006 9.79E-06 1.21E-05 8.79E-08 1.75E-07 

This section reviews the PRA model development from the IPE to the current Revision 
2.2 model, including model enhancements and dominant accident classes. 

F.2.1.1 IPE (Level 1 and Level 2, Revision 0) 

The PINGP IPE was submitted to the NRC by letter dated March 1, 1994 to respond to 
Generic Letter 88-20, “Individual Plant Examination for Severe Accident Vulnerabilities – 
10CFR 50.54(f).”  The NRC sent requests for additional information (RAI) to Northern 
States Power Company on December 21, 1995.  The NRC accepted the IPE by letter 
dated May 16, 1997.  The NRC letters noted that the IPE submittals met the intent of 
Generic Letter 88-20, “Individual Plant Examination for Severe Accident Vulnerabilities – 
10CFR 50.54(f)”, dated November 23, 1988. 

The first full-scope PRA analysis done for PINGP was that performed to satisfy the IPE 
requirements, and was completed in February 1994.  This was a study to determine 
vulnerabilities to severe accidents from at-power operation.  It was based on a Level 1 
and Level 2 PRA model performed for Unit 1.  Unit 2 vulnerabilities were qualitatively 
evaluated based on the Unit 1 results and consideration of asymmetries in plant design 
and operation that exist between the units.  The study found no vulnerabilities to severe 
accidents at the PINGP.  Previously, a limited-scope Individual Plant Evaluation 
Methodology (IPEM) analysis was completed in 1992.  The IPE PRA analysis started 
with the models built for the IPEM study, and additional details, including the Level 2 
portions, were added to arrive at the full scope analysis.  The initial data collection effort 
for that analysis was performed for the period 1978 – 1987, except for the initiating 
event frequency analysis, which used plant trip information over the period 1975 – 1987.  
The IPE is now considered to be Revision 0 of the Level 1 and 2 PRA models.   
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The core damage frequency (CDF) calculated for the IPE was 5.0E-5/rx-yr.  The 
contributions by initiating event were: 

• Loss of coolant accident (LOCAs) (24%); 

• Loss of off-site power (LOOP) including station blackout (SBO) (22%); 

• Internal Flooding (21%); 

• Transients excluding LOOP (19%); and 

• Steam generator tube rupture (SGTR) (13%). 

LERF was not quantified for the IPE.  The total release frequency (the frequency of core 
damage followed by containment failure) was calculated to be 2.0E-5/rx-yr, giving a 
conditional containment failure probability (CCFP) of approximately 40% (69% including 
induced SGTR, which was addressed by an Emergency Operating Procedure (EOP) 
change almost as soon as the IPE was submitted).  The dominant contributors to the 
CCFP were: 

• Late containment failure due to overpressure following early core damage and 
vessel failure at high pressure (55%); and 

• SGTR (35%) 

• Other (10%). 

F.2.1.2 Level 1 Model Revisions since the IPE 

F.2.1.2.1 Level 1, Revision 1.0 

Revision 1.0 of the Unit 1, Level 1 PRA model was completed in 1996.  In addition to 
adding modeling for a few additional balance-of-plant systems (for example, the non-
safeguards station air system and the steam dump and circulating water systems), this 
update included modeling for a number of significant changes to the plant safeguards 
electrical systems that were not installed at the time of the IPE submittal.  Examples 
include elimination of sub-fed 480V motor control centers (MCCs), division of the two 
Unit 1 safeguards 480 V AC buses into four buses and relocation of those buses within 
the plant; and significant reliability upgrades for the DC power system.  Component 
failure and unavailability data for six key systems were updated for the period 1986 
through 1995, as were the initiating event frequencies.  LOCA frequencies were 
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reanalyzed to make them more plant-specific, using a pipe failure study technique 
developed by the Electric Power Research Institute (EPRI).  

The CDF calculated for the Revision 1.0 PRA model was 2.4E-5/rx-yr.  The 
contributions by initiating event were: 

• LOCAs (5%);  

• LOOP including SBO (34%); 

• Internal Flooding (36%); 

• Transients excluding LOOP (10%);  

• SGTR (14%); and  

• Other (1%). 

The decline in the CDF compared with the Revision 1.0 (IPE) model results was 
primarily due to the development of plant-specific LOCA initiating event frequencies, 
credit given for the station air to instrument air cross-tie capability, and credit given for 
an electrical system upgrade and equipment relocation on Unit 1 that effectively 
eliminated the 480 V safeguards bus dependency on room ventilation. 

F.2.1.2.2 Level 1, Revision 1.1 

Revision 1.1 of the Unit 1, Level 1 model was completed in 1999.  This was essentially 
the same model as Revision 1.0; however, a single top fault tree approach to the 
quantification of overall CDF was used, as was a standard truncation level of 1E-10.  
Previously, the PRA models were quantified using Set Equation Transformation System 
(SETS) software, which allowed different truncation levels for each individual core 
damage sequence.  The total CDF for the Revision 1.1 model was calculated to be 
2.35E-5/rx-yr, and the breakdown of the CDF by initiating event was similar to the 
Revision 1.0 model. 

F.2.1.2.3 Level 1, Revision 1.2  

Revision 1.2 of the Unit 1, Level 1 model was completed in 2001.  Significant changes 
were incorporated during this revision.  Many of these changes were based on 
comments received by the Westinghouse Owners Group (WOG) PRA Certification 
Team Review that took place in September 2000.  Changes included: 
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• New LOCA break size groupings (small LOCA, medium LOCA, large LOCA); 

• New LOCA break size frequencies based on generic data from NUREG/CR-5750; 

• Update to several initiating event frequencies (LOOP, loss of DC (LODC)); 

• Inclusion of Offsite Power recovery actions for non-SBO events; 

• Creation of initiating event trees for the cooling water system (CL), component 
cooling system (CC), and Instrument Air systems; 

• Power operated relief valve (PORV) LOCA events were added; 

• Changes to SBO success criteria (removal of diesel generator recovery); 

• Random reactor coolant pump (RCP) Seal Failure initiating event was added; 

• Updates to several system fault trees; 

• Credit for the pressurizer PORV accumulator; 

• Upgrade to the Human Reliability Analysis (key operator actions); and 

• The mission time for the emergency diesel generators (EDG) and CL pumps were 
changed from 6 hours to 24 hours since offsite power recovery is credited. 

The component failure rates from the 1995 update were reviewed against generic data.  
If significant differences were found and there was a large impact on the CDF, the 
component failure rate was updated.  Only a few changes were made.  Specifically, 
EDG D5 and D6 failure and unavailability data were changed based on the limited 
amount of operating experience available during the update period.  Generic failure 
rates from NUREG/CR-4550 were used for the D5 and D6 EDGs.    

The CDF calculated for the Revision 1.2 PRA model was 2.20E-5/rx-yr.  The 
contributions by initiating event were: 

• LOOP including SBO (23.9%); 

• LOCAs (23.8%);  

• Internal Flooding (22.5%); 

• SGTR (14.8%); and  

• Transients excluding LOOP (15.0%). 
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There was not a significant change in the overall CDF value compared with the Revision 
1.1 model.  However, the distribution of the accident sequences has changed 
significantly. The LOOP contribution decreased due to crediting offsite power recovery 
for the non-SBO sequences.  The SGTR contribution increased due to re-analysis of the 
human error actions associated with this event.  The LOCA contribution increased due 
to redefining the LOCA break sizes and the use of generic LOCA frequencies.  The 
internal flooding contribution decreased due to crediting the Pressurizer PORV 
accumulator.  The transient contribution increased due to several reasons since it 
encompasses many initiating events.   

• The loss of feedwater transient increased due to changes in the human reliability 
analysis (HRA). (Key operator actions were re-analyzed based on conditional 
events, which resulted in a higher probability of failure.  A key operator action in the 
loss of feedwater water transient affected by this includes: establishing feed and 
bleed conditional on restoring feedwater.);   

• The normal transient contribution increased due to the modeling addition of 
challenging a pressurizer PORV during the transient and resulting in a PORV LOCA; 
and 

• The contribution from a loss of CC and CL transients increased due to the addition 
of initiating event tree modeling for CL and CC systems. 

F.2.1.2.4 Unit 1 and Unit 2 Level 1, Revision 2.0 

Level 1, Revision 2.0 PRA model update was performed in order to obtain a working 
PRA model for Unit 2.  Previously, all probabilistic risk analysis for Unit 2 have involved 
application of the Unit 1 model results, with modifications that attempted to consider the 
impact of asymmetries between the units.  The update was also performed to correct 
some errors and make some enhancements to the existing Revision 1.2 PRA model.  
The model update was completed in 2002 and was built upon the Level 1 Revision 1.2 
model.  Major model changes included with this update are: 

• Addition of Unit 2 frontline and support system logic modeling; 

• Addition of Unit 2 accident sequence logic modeling;  

• Inclusion of CDF and LERF calculations for Unit 2; 

• Removal of the boric acid storage tank (BAST) input to the safety injection (SI) 
pumps suction logic. The primary suction supply is now only the refueling water 
storage tank (RWST); 
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• Enhancement of the existing quantification methodology, including incorporation of 
fault tree-based deletion of mutually exclusive events, including multiple initiating 
events; 

• Modification to the charging pump system fault tree logic to include an operator 
action to restart the pumps after a LOOP event since they are not included in the 
sequencer logic; 

• Use of the same common cause failure (CCF) event for the residual heat removal 
(RHR) pump discharge check valves in the injection, recirculation, and shutdown 
cooling modes; 

• A new operator action to prevent load sequencer failure due to loss of cooling to the 
4KV safeguards bus rooms (Bus 15, Bus 16, Bus 25, and Bus 26 rooms) were 
incorporated into the model.  In conjunction with this change, a factor for the 
sequencer failure at elevated temperatures was added to the fault tree logic for the 
safeguards bus; 

• Update to the logic modeling for the supply/exhaust fans 21, 22, 23, 24 which supply 
air to the Unit 2 safeguards bus rooms. The original modeling assumed that none of 
the fans were running (but one train is normally running).  This modeling change 
assumed supply/exhaust fan sets 21 and 22 are normally running and 
supply/exhaust 23 and 24 are in standby.  Therefore, the failure to start logic was 
only included for sets 23 and 24.  The CCF to start basic events (BEs) for all four 
sets was removed from the model; and 

• An incorrect and non-conservative mutually exclusive event related to the 
Screenhouse Flood Zone 2 Initiating event (I-SH2FLD) was removed from the logic.  
This resulted in an increase in the contribution of the Screenhouse Flood Zone 2 
(SH2FLD) event to the overall results. 

The CDF calculated for the Unit 1 Revision 2.0 PRA model was 2.19E-5/rx-yr.  The 
contributions by initiating event were: 

• LOOP including SBO (26.0%); 

• LOCAs (22.4%);  

• Internal Flooding (23.2%); 

• SGTR (13.2%); and  

• Transients excluding LOOP (15.2%). 
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There was not a significant change in the overall CDF value compared with the Revision 
1.2 model.  There were some changes in the distribution of the accident sequences.  
The LOOP contribution increased due to the additional cutsets (with higher probabilities) 
related to the LOOP event with a failure of the operator to start a charging pump and a 
loss of the CL pumps which lead to a RCP seal LOCA.  The small LOCA contribution 
decreased (which results in a decrease in the LOCA contribution) due to the removal of 
the BAST as a supply source to the SI pumps.  The SGTR contribution decreased due 
the new mutually exclusive logic incorporated into the model, specifically related to 
preventative maintenance on Emergency Diesel Generator (EDGs).  The flood 
contribution increased due to the removal of a mutually exclusive event related to the 
Screenhouse Flood Zone 2 initiating event. 

The CDF calculated for the Unit 2 Revision 2.0 PRA model was 2.52E-5/rx-yr.  The 
contributions by initiating event were: 

• LOOP including SBO (25.6%); 

• LOCAs (19.4%);  

• Internal Flooding (20.1%); 

• SGTR (11.8%); and   

• Transients excluding LOOP (23.1%). 

There is not a previous Unit 2 model to which the results can be compared; however, 
Unit 2 can be compared to the Unit 1 results.  Unit 2 CDF value is higher than the Unit 1 
result, due to an increase in the LOOP and LODC Power Train A initiating events.  The 
LOOP initiating event increase is due to the Unit 2 asymmetries associated with the 
auxiliary feedwater (AFW) system (Unit 2 motor driven AFW  (MDAFW) pump powered 
from Train A verses Unit 1 MDAFW pump powered from Train B) and the emergency 
diesel generators system (D5 and D6 have higher CCF to start probability verses D1 
and D2).  These asymmetries result in LOOP event cutsets that have higher 
probabilities than the Unit 1 results.  Also, since the Unit 2 MDAFW pump is powered 
from Train A, the LODC power Train A event has a larger impact on the Unit 2 CDF 
results (contributes almost 9% to the overall CDF).  This initiator causes the transient 
portion of the Unit 2 CDF to increase to 23.1% verses 15.2% in the Unit 1 results.   The 
internal flooding event probability remains virtually the same between the Unit 2 and 
Unit 1 results; however, due to the increase in Unit 2 CDF value, the contribution in the 
Unit 2 result is lower.  This is also the case for the SGTR event. 
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F.2.1.2.5 Unit 1 and Unit 2 Level 1, Revision 2.1 

Revision 2.1 of the Unit 1 and Unit 2, Level 1 model was completed in early 2005.  
Significant changes were incorporated during this revision.  Changes include: 

• Update to LOOP initiating event frequency including the addition of consequential 
LOOP; 

• Updates to the RHR, SI, AFW, CL, CC, 125 VDC system, EDG, and instrument 
power system fault trees; 

• Upgrade to the HRA for key operator actions and inclusion of misalignment and 
miscalibration events; 

• Correction to the process used to model pre-initiator latent errors; 

• Additional modeling of 120 V AC panel faults; 

• Updated failure data for the EDG and AFW systems; 

• Updated common cause values for the EDG and AFW systems; and 

• Updated internal flooding analysis. 

The CDF calculated for the Unit 1 Revision 2.1 PRA model was 1.47E-5/rx-yr.  The 
contributions by initiating event were: 

• LOCAs (53.5%); 

• Transients excluding LOOP (20.8%); 

• SGTR (14.2%); 

• LOOP, including SBO (9.8%); and 

• Internal flooding (1.7%). 

There was a significant change in the overall Unit 1 CDF value compared with the 
Revision 2.0 model.  The distribution of the accident sequences changed significantly. 
The LOOP contribution decreased due to recalculation of the LOOP initiating event 
frequency and new EDG common cause and failure data.  The LOCA contribution 
increased due to re-analysis of the human error actions associated with these events. 
The internal flooding contribution decreased due to reanalysis of the pipe break 
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frequencies and the flows from the break.  The transient contribution changed due to 
several reasons since it encompasses many initiating events:  

• Transients increased due to the addition of AFW recirculation line valve failure logic, 
which was added in the recent fault tree update. This added an extra failure mode 
for the AFW system;   

• The normal transient contribution decreased due to the modeling addition of a factor 
for the percentage of time that a pressurizer PORV might lift following a transient 
initiating event; and 

• The credit for the pressurizer PORV air accumulator was increased, which reduced 
the contribution of the loss of instrument air initiating event. 

The CDF calculated for the Unit 2 Revision 2.1 PRA model was 1.63E-5/rx-yr.  The 
contributions by initiating event were: 

• LOCAs (48.3%); 

• Transients excluding LOOP (27.2%); 

• SGTR (12.8%);  

• LOOP, including SBO (10.2%); and 

• Internal flooding (1.5%). 

There was a significant change in the overall Unit 2 CDF value compared with the 
Revision 2.0 model.  The distribution of the accident sequences also changed 
significantly.  The LOOP contribution decreased due to recalculation of the LOOP 
initiating event frequency and new EDG common cause and failure data.  The SGTR 
contribution decreased due to re-analysis of the human error actions associated with 
this event.  The LOCA contribution increased due to re-analysis of the human error 
actions associated with these events. The internal flooding contribution decreased due 
to reanalysis of the pipe break frequencies and the flows from the break.  The transient 
contribution changed due to several reasons, as it encompasses many initiating events. 

• Transients increased due to the addition of AFW recirculation line valve failure logic, 
which was added in the recent fault tree update. This added an extra failure mode 
for the AFW system;   

• The normal transient contribution decreased due to the modeling addition of a factor 
for the percentage of time that a pressurizer PORV might lift following a transient 
initiating event; and 
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• The credit for the pressurizer PORV air accumulator was increased which reduced 
the contribution of the loss of instrument air and loss of A train DC initiating events.  
As the impact of loss of Train A DC is more significant to Unit 2 than it is to Unit 1 
(see Section F.2.1.2.4), this change also reduced the difference in contribution to 
CDF from Transient events between the units.  
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F.2.1.2.6 Unit 1 and Unit 2 Level 1, Revision 2.2 

The most recent major update to the Level 1 PRA models was the Rev. 2.2 model 
update. 

Unit 1 Level 1 Rev. 2.2 Model 

The Unit 1 Level 1 Rev. 2.2 model update incorporated a number of model upgrades 
and enhancements necessary for application of the model to the initial implementation 
of the Mitigating Systems Performance Index (MSPI) program in 2006, including closure 
of all remaining open Level B WOG Peer Certification Review findings.  The most 
significant model improvements included: 

• Minor updates to the fault tree models for several MSPI systems. 

• Update to common cause failure (CCF) parameters using recent data and 
methodologies. 

• Updates to plant and generic failure data, plant maintenance unavailability data, and 
initiating event frequencies. 

• Inclusion of both quantitative and qualitative uncertainty analyses. 

In addition, the initiating event frequency update reflected the installation of new steam 
generators for Unit 1.  This change had relatively significant impact on the Level 1 
results. 

The contribution to core damage frequency (9.81E-06) due to initiating events shows 
that four initiators contribute 10% or more:  Small LOCA – Loop A (25%), Small LOCA – 
Loop B (25%), Loss of Cooling Water (18%), and Loss of Offsite Power (11%). 

The Small LOCA initiating events are the top contributors to the CDF due to their 
relatively high initiating event frequencies (relative to larger-break LOCAs)  and the fact 
that both methods of mitigation of the event (either Reactor Coolant System (RCS) cool 
down and depressurization and initiation of RHR shutdown cooling, or transfer to low 
head Emergency Core Cooling System (ECCS) recirculation) requires operator action.  
Common cause failures (across both safeguards trains) of component cooling water 
pumps and valves, and RHR system pumps also are significant contributors to the top 
Small LOCA sequences. 

The CL system (analogous to an emergency service water system at other PWRs) is 
very important to plant risk at PINGP.  CL provides equipment heat removal support for 
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operation of both the high and low pressure ECCS systems.  Any event that results in 
loss of the CL system (a Loss of CL initiating event) also removes the backup means of 
providing RCP seal cooling.  Therefore, on a Loss of CL initiator, failure of seal injection 
from the Chemical and Volume Control System (CVCS) charging pumps will result in an 
unrecoverable RCP seal LOCA. 

Loss of offsite AC power is significant due to its relatively high frequency and reliance 
upon the site emergency diesel generators (EDGs) and their support systems.  The 
EDGs are complex machines that have many subsystems and have relatively high 
random failure rates (compared to other plant components, i.e., motor-operated pumps 
or valves, etc.).  Typically, core damage sequences following this initiating event are a 
result of an eventual station blackout (SBO) condition, subsequent RCP seal failures 
and resulting RCS leakage without makeup capability.  In some cutsets, power may be 
lost on one train, and equipment fails on the energized train, causing a loss of a critical 
function.  Credit is taken for recovery of offsite power based on industry experience with 
the duration of loss of offsite power events. PINGP has the ability to manually cross-tie 
same-train 4kV buses across units (from the control room), and the EDGs have the 
capability to handle the loads that would be expected during a dual-unit LOOP.  In 
addition, the Unit 1 and Unit 2 EDGs have different designs and manufacturers, and 
require different systems for cooling.  Therefore, the contribution due to SBO is not as 
significant at PINGP as at some other PWRs. 

Unit 2 Level 1 Rev. 2.2 Model 

The Unit 2 Level 1 Rev. 2.2 model update incorporated all of the model upgrades and 
enhancements described above for the Unit 1 model, including all of those necessary to 
implement the MSPI program for Unit 2 in 2006, and closure of all remaining open Level 
B WOG Peer Certification Review findings.  The only significant difference between the 
update for Unit 1 and the update for Unit 2 was that the initiating event frequency 
update does not reflect an installation of new steam generators for Unit 2.  Steam 
generator replacement is planned for Unit 2 in 2013. 

Unit 1 and Unit 2 are near-mirror images of each other with respect to design and 
operation.  Therefore, as expected, the Level 1 PRA results (CDF and contributions by 
initiating event) are very similar between the units.  The contribution to core damage 
frequency (1.13E-05) due to initiating events shows that four initiators contribute 10% or 
more:  Small LOCA – Loop A (21%), Small LOCA – Loop B (21%), Loss of Cooling 
Water (16%), and Loss of Offsite Power (10%).  The discussion presented in this 
section of each of these top contributors to the Unit 1 CDF applies to the Unit 2 results 
as well. 
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The most significant asymmetries between the CDF results for Unit 1 and Unit 2 are in 
the contributions from the SGTR and Loss of Train A DC initiating events.  The SGTR 
contribution for Unit 2 is significantly larger than it is for Unit 1 (10.0% of the total CDF 
vs. 2.0%, respectively), due to the fact that the steam generators in Unit 1 have 
undergone replacement recently while Unit 2 is still using its original steam generators.  
The Loss of Train A DC initiating event is more significant to the Unit 2 results (3.5% of 
the total CDF) than to the Unit 1 results (0.4% of the total CDF) due to the fact that DC 
control power for operation of the motor-driven Auxiliary Feedwater pump on Unit 2 is 
supplied from Train A, whereas control power for operation of the Unit 1 motor-driven 
AFW pump is supplied from Train B DC.  Both units experience a reactor trip with loss 
of main feedwater on a loss of Train A DC (no loss of main feedwater on loss of Train B 
DC).  Therefore, since AFW is required for secondary heat removal when main 
feedwater is lost, the Loss of Train A DC initiating event is more severe for Unit 2 than 
for Unit 1. 

F.2.1.2.7 Unit 1 and Unit 2 Level 1, Revision 2.2 (SAMA) 

The latest version of the Unit 1 and Unit 2 Level 1 PRA is the Rev. 2.2 model (SAMA).  
This was the version of the model used for the SAMA evaluation supporting this LRA 
submittal.  For a discussion of the Level 1 Rev. 2.2 model (SAMA), see Section F.2.2. 

F.2.1.3 Level 2 Model Revisions since the IPE 

F.2.1.3.1 Level 2, Revision 1.0 

Revision 1.0 of the Unit 1, Level 2 PRA model was completed in 1999, and was built 
upon the Level 1 Revision 1.0 model.  In addition to the changes incorporated in the 
revision to the Level 1 model, the Level 2 update reflected credit for the potential for hot 
leg creep rupture phenomenon to facilitate vessel failure at low pressure for early core 
damage sequences and credit for a change to the emergency procedures that greatly 
reduced the risk from induced steam generator (SG) tube creep rupture events (these 
events were not modeled in the Revision 1.0 analysis).  Also, credit for containment 
spray (CS) recirculation was removed from the model, since procedural guidance for 
operator initiation of the system in the EOPs was removed (based on a licensing-basis 
calculation that showed that containment pressure would be below the threshold 
requiring CS recirculation operation for any analyzed event after the RWST had 
reached low-low level). 
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The total release frequency (the frequency of core damage followed by containment 
failure) was calculated to be 8.8E-6/rx-yr, giving a conditional containment failure 
probability (CCFP) of approximately 38%.   

The decline in the total release frequency was primarily due to the decline in the Level 1 
CDF (from the Revision 0 to the Revision 1 analysis).  The decline was slightly less than 
that seen in the CDF itself due to the relatively large CDF contribution to both measures 
from internal flooding events.  The contribution of flooding events to the total release 
frequency remained relatively constant at about 35% (9E-6). 

LERF was quantified for the Revision 1 Level 2 model.  Early core damage sequences 
involving containment bypass (SGTR and interfacing system LOCA (ISLOCA) 
sequences) and containment isolation failure were considered to be those with the 
potential to produce a large early release.  The calculated LERF was 3.8E-7/rx-yr.  The 
contributors to the LERF by initiating event (sub-bullets provide a discussion of 
dominant sequences within these categories) were: 

• ISLOCA (58% of LERF),  
o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction motor 

operated valves (MOVs) followed by operator failure to cool down and 
depressurize the reactor to limit RHR pump seal leakage. (41% of LERF),  

o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs,  
or rupture of two series SI injection check valves, or one SI injection check valve 
and the RHR shutdown cooling isolation MOV, followed by rupture of the low 
pressure RHR piping outside containment. (17% of LERF); 

• SGTR (15% of LERF), 
o SGTR followed by common cause failure of either the SI pumps (to start or run) 

or the RWST to SI suction MOVs to open, followed by operator failure to cool 
down and depressurize the RCS to RHR shutdown cooling conditions.  (14% of 
LERF); and 

• Transient or LOCA core damage sequences followed by early containment failure 
(typically through hydrogen combustion) (25% of LERF), 
o AFW Pump/Instrument Air Compressor room internal flood (15% of LERF), 
o RCP seal LOCA involving loss of CL and Train A 4kV AC power (5% of LERF), 
o Loss of secondary heat sink with failure of operator action to perform bleed and 

feed operation (3% of LERF), and 
o Medium or large LOCA with failure of Emergency Core Cooling System (ECCS) 

recirculation (1% of LERF). 

• Transient or LOCA core damage sequences followed by other early containment 
failure mechanisms (2% of LERF), 
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F.2.1.3.2 Level 2, Revision 1.1 

No Level 2 or LERF model was developed with this designation (no update to the Level 
2 models or to LERF was performed which used the Level 1, Revision 1.1 model as 
input).  The basis for this was the nearly identical nature of the Revision 1.0 and 
Revision 1.1 Level 1 models, that is, no significant difference in the Level 2 results could 
exist based solely on the move to the Revision 1.1 model.  

F.2.1.3.3 Level 2, Revision 1.2 

A full Level 2 revision to correspond with the Level 1, Revision 1.2 model was not 
performed.  However, the LERF results were updated based on the Level 1, Revision 
1.2 model, and changes to the LERF calculation were made.  

One change made to the Level 1 model incorporated in Revision 1.2 had a significant 
impact on the LERF results.  The human error probability (HEP) for the failure of the 
operator to cool down and depressurize the RCS to shutdown cooling following a 
SGTR, originally a screening value with a very low probability, was increased by an 
order of magnitude.  This change shifted the majority of the LERF contribution to SGTR 
sequences (from Interfacing System LOCA (ISLOCA) sequences). 

Other than the changes to the underlying Level 1 model, the following changes were 
made to the LERF calculation itself: 

1. Failure of containment isolation was modeled using a fault tree (FT) model for each 
unscreened containment penetration from the previous analysis.  The previous 
LERF analysis used a point value estimate for the failure of containment isolation. 

2. Core damage sequences involving early containment failure but without containment 
bypass (from the full Level 2 analysis) were excluded from the LERF result.  As 
stated previously, a full Level 2 model update based on the Level 1 Revision 1.2 
model was not performed.  In addition, these sequences had been conservatively 
added to the LERF calculation in the absence of certainty about whether they met an 
industry standard definition of large, early release that was still in development.  The 
American Society of Mechanical Engineers (ASME) PRA Standard defines a large 
early release as “the rapid, unmitigated release of airborne fission products from the 
containment to the environment occurring before the effective implementation of 
offsite emergency response and protective actions” (ASME 2005).  Under this 
definition, it is not clear that these early containment failure sequences actually 
would lead to large early releases, since containment is not directly bypassed.  The 
IPE source term analysis showed only the containment bypass events (induced-
SGTR, ISLOCA) to result in the highest releases of volatile (non-noble gas) 
radionuclides.   
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SGTR events also involved large releases of volatiles, but was considered to be a late 
release. Containment isolation failure sequences involved early releases but the 
magnitude of the volatiles was categorized as medium. Also, the majority of these 
sequences were assumed to lead to early containment failure due to very conservative 
treatment of the hydrogen combustion phenomenon.  However, position papers created 
for the IPE conclude that, even assuming worst-case hydrogen production conditions 
post core damage, pressures developed within the containment following a detonation 
of the hydrogen would not approach the ultimate failure pressure of the containment 
shell itself.   

Evidence also exists that ignition sources energetic enough for detonation of the 
hydrogen do not exist within the containment.   Even if containment failure were to occur 
by this mechanism, it is likely that the timing of the failure would be later than that 
specified in the LERF definition (time for implementation of protective action 
recommendations from the emergency plan response would be available due to the 
additional time required to pressurize containment to its ultimate failure pressure).   

Therefore, the non-bypass early containment failure sequences were excluded from the 
LERF calculation (SGTR and containment isolation failure sequences were left in). 

The calculated LERF for Revision 1.2 was 6.9E-7/rx-yr.  The contributors to the LERF 
by initiating event were (sub-bullets provide a discussion of dominant sequences within 
these categories): 

• SGTR (87% of LERF), 
o SGTR followed by common cause failure of either the SI pumps (to start or run) 

or the RWST to SI suction MOVs to open, followed by operator failure to cool 
down and depressurize the RCS to RHR shutdown cooling conditions.  (69% of 
LERF); 

• ISLOCA (13% of LERF),  
o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs,  

or rupture of two series SI injection check valves, or one SI injection check valve 
and the RHR shutdown cooling isolation MOV, followed by rupture of the low 
pressure RHR piping outside containment. (9% of LERF), 

o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs 
followed by operator failure to cool down and depressurize the reactor to limit 
RHR pump seal leakage. (4% of LERF); and  

• Other core damage sequences followed by failure of containment isolation (<1 % of 
LERF) 

F.2.1.3.4 Level 2, Revision 2.0 
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A full Level 2 revision to correspond with the Level 1, Revision 2.0 model was not 
performed.  However, the LERF results were updated based on the Level 1, Revision 
2.0 model, and changes to the LERF calculation were made.  

One change made to the Level 1 model incorporated in Revision 2.0 had a significant 
impact on the LERF results.  The removal of the BAST as a supply source to the SI 
pump suction logic significantly reduced the contribution of the SGTR event to the LERF 
result. 

Other than the changes to the underlying Level 1 model, the following changes were 
made to the LERF calculation itself: 

• The containment isolation failure logic modeling (gate 1CIF and 2CIF) was 
expanded to include catastrophic leakage from the equipment hatch door, the fuel 
transfer tube, and open personnel or maintenance airlock doors. 

The calculated LERF for the Unit 1 Revision 2.0 was 3.88E-7/rx-yr.  The contributors to 
the LERF by initiating event were (sub-bullets provide a discussion of dominant 
sequences within these categories): 

• SGTR (76% of LERF), 
o STGR followed by common cause failure of the SI pumps (to start or run), 

followed by operator failure to cool down and depressurize the RCS to RHR 
shutdown cooling conditions.  (28% of LERF); 

• ISLOCA (23% of LERF),  
o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs,  

rupture of two series SI injection check valves, or one SI injection check valve 
and the RHR shutdown cooling isolation MOV, followed by rupture of the low 
pressure RHR piping outside containment. (11% of LERF), 

o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs 
followed by operator failure to cool down and depressurize the reactor to limit 
RHR pump seal leakage. (7% of LERF); and    

• Other core damage sequences followed by failure of containment isolation (1% of 
LERF) 

The calculated LERF for Unit 2 Revision 2.0 was 3.90E-7/rx-yr.  The contributors to the 
LERF by initiating event were (sub-bullets provide a discussion of dominant sequences 
within these categories): 

• SGTR (76% of LERF), 
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o STGR followed by common cause failure of the SI pumps (to start or run), 
followed by operator failure to cool down and depressurize the RCS to RHR 
shutdown cooling conditions.  (28% of LERF); 

• ISLOCA (23% of LERF),  
o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs,  

or rupture of two series SI injection check valves, or one SI injection check valve 
and the RHR shutdown cooling isolation MOV, followed by rupture of the low 
pressure RHR piping outside containment. (11% of LERF), 

o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs 
followed by operator failure to cool down and depressurize the reactor to limit 
RHR pump seal leakage. (7% of LERF); and   

• Other core damage sequences followed by failure of containment isolation (1% of 
LERF) 

F.2.1.3.5 Level 2, Revision 2.1 

A full Level 2 revision to correspond with the Level 1, Revision 2.1 model was not 
performed.  However, an update to the LERF results based on the Level 1, Revision 2.1 
model was performed. Other than the changes to the underlying Level 1 model, there 
were no changes made to the LERF model. 

The calculated LERF for the Unit 1 Revision 2.1 was 5.74E-7/rx-yr.  The contributors to 
the LERF by initiating event were (sub-bullets provide a discussion of dominant 
sequences within these categories): 

• SGTR (54% of LERF), 
o STGR followed by common cause failure of the SI pumps (to start or run), 

followed by operator failure to cool down and depressurize the RCS to RHR 
shutdown cooling conditions; and 

• ISLOCA (45% of LERF),  
o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs 

followed by operator failure to cool down and depressurize the reactor to limit 
RHR pump seal leakage, and  

o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs,  
or rupture of two series SI injection check valves, or one SI injection check valve 
and the RHR shutdown cooling isolation MOV, followed by rupture of the low 
pressure RHR piping outside containment.  

• Other core damage sequences followed by failure of containment isolation (<1% of 
LERF) 
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The resulting LERF is higher than the Revision 2.0 model because the HRA updates for 
the Revision 2.1 model resulted in a higher failure probability for the operator actions to 
cool down and depressurize the RCS.  This resulted in a higher contribution from the 
ISLOCA sequences, and consequentially a higher LERF value. 

The calculated LERF for the Unit 2 Revision 2.1 was 5.74E-7/rx-yr.  The dominant 
contributors to the LERF were: 

• SGTR (54% of LERF), 
o STGR followed by common cause failure of the SI pumps (to start or run), 

followed by operator failure to cool down and depressurize the RCS to RHR 
shutdown cooling conditions; and 

• ISLOCA (45% of LERF),  
o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs 

followed by operator failure to cool down and depressurize the reactor to limit 
RHR pump seal leakage, and 

o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs,  
or rupture of two series SI injection check valves, or one SI injection check valve 
and the RHR shutdown cooling isolation MOV, followed by rupture of the low 
pressure RHR piping outside containment.  

• Other core damage sequences followed by failure of containment isolation (<1% of 
LERF) 

The resulting LERF is higher than the Revision 2.0 model because the recent HRA 
updates for the Revision 2.1 model resulted in a higher failure probability for the 
operator actions to cooldown and depressurize the RCS.  This resulted in a higher 
contribution from the ISLOCA sequences and consequentially, a higher LERF value. 

F.2.1.3.6 Level 2, Revision 2.2 

A full Level 2 revision to correspond with the Level 1, Revision 2.2 model was not 
performed.  However, an update to the LERF results based on the Level 1, Revision 2.1 
model was performed. Other than the changes to the underlying Level 1 model, there 
were no changes made to the LERF model. 

The calculated LERF for the Unit 1 Revision 2.2 was 5.14E-8/rx-yr.  The dominant 
contributors to the LERF were: 

• ISLOCA (63% of LERF),  
o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs,  

or rupture of two series SI injection check valves, or one SI injection check valve 
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and the RHR shutdown cooling isolation MOV, followed by rupture of the low 
pressure RHR piping outside containment, and  

o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs 
followed by operator failure to cool down and depressurize the reactor to limit 
RHR pump seal leakage. 

• SGTR (34% of LERF), 
o STGR followed by common cause failure of the CC pumps (to start or run), 

followed by operator failure to cool down and depressurize the RCS to RHR 
shutdown cooling conditions; and 

o STGR followed by common cause failure of the SI pumps (to start or run), 
followed by operator failure to cool down and depressurize the RCS to RHR 
shutdown cooling conditions 

• Other core damage sequences followed by failure of containment isolation (3% of 
LERF) 

The resulting LERF is lower than the Revision 2.1 model because the several factors 
including a decrease in the SGTR frequency to account for the new steam generator 
installation.  In addition, the Rev 2.2 model updated the component failure rates and 
common cause factors which resulted in a decrease in the failure rate associated with 
catastrophic leaks on containment penetration motor valves, and common cause 
multipliers associated with the RHR heat exchanger cooling water supply motor valves, 
RHR pumps and SI pumps, and Containment Isolation (CI) control valves.  These 
components are important for mitigating LERF consequences. 

The calculated LERF for the Unit 2 Revision 2.2 was 1.35E-7/rx-yr.  The dominant 
contributors to the LERF were: 

• SGTR (75% of LERF), 
o SGTR followed by common cause failure of the SI pumps (to start or run), 

followed by operator failure to cool down and depressurize the RCS to RHR 
shutdown cooling conditions; and 

• ISLOCA (24% of LERF),  
o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs 

followed by operator failure to cool down and depressurize the reactor to limit 
RHR pump seal leakage, and 

o Catastrophic rupture or transfer open of two series RHR Hot Leg Suction MOVs,  
or rupture of two series SI injection check valves, or one SI injection check valve 
and the RHR shutdown cooling isolation MOV, followed by rupture of the low 
pressure RHR piping outside containment.  

• Other core damage sequences followed by failure of containment isolation (1% of 
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LERF) 

The resulting LERF is lower than the Revision 2.1 model because of several factors, 
including a decrease to the SGTR frequency due to an updated Bayesian analysis.  In 
addition, the Rev 2.2 model updated the component failure rates and common cause 
factors which resulted in a decrease in the failure rate associated with catastrophic 
leaks on containment penetration motor valves, and common cause multipliers 
associated with the RHR heat exchanger cooling water supply motor valves, RHR 
pumps and SI pumps, and Containment Isolation (CI) control valves.  These 
components are important for mitigating LERF consequences. 

The most significant asymmetry between the LERF results for Unit 1 and Unit 2 is in the 
contribution from the SGTR initiating event.  The SGTR contribution is significantly 
larger for Unit 2 than it is for Unit 1 (75% of the total LERF vs. 34%, respectively), due to 
the fact that the steam generators in Unit 1 have undergone replacement recently while 
Unit 2 is still using its original steam generators.   

F.2.1.3.7 Level 2, Revision 2.2 (SAMA) 

The current version of the Unit 1 and Unit 2 Level 2 PRA is the Rev. 2.2 model (SAMA).  
This revision, an update of the full Level 2 analysis, was the version of the model used 
for the SAMA evaluation supporting this LAR submittal.  For a discussion of the Rev. 2.2 
Level 2 model (SAMA), see Section F.2.3. 

F.2.2 PINGP Level 1 PRA Model 

The SAMA analysis is based on the PINGP Level 1 PRA Model of Record developed in 
2006 (Rev. 2.2).  As described in Section F.2.1.2.6, this model includes the changes 
and analysis that were required to support the Unit 1 steam generator replacement that 
occurred in 2004.  In addition, all Level A and B Westinghouse Peer Certification 
comments (F&Os) have been dispositioned and those requiring model and/or 
documentation changes have been addressed with the issuance of this model.   

In addition to the Level 1, Rev. 2.2 changes described in Section F.2.1.2.6, two 
additional changes were made to support the SAMA analysis (described in Sections 
F.2.2.1 and F.2.2.2).  The Level 1 PRA model used for the SAMA evaluation is called 
the “Rev. 2.2 (SAMA)” model. 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

 

ATTACHMENT F Page F.2-23 

F.2.2.1 Unit 1, Level 1 Rev. 2.2 (SAMA) 

The latest version of the Unit 1 Level 1 PRA is the Rev. 2.2 model (SAMA).  This was 
the version of the model used for the SAMA evaluation supporting this LRA submittal.  
This model included one model correction that had a slight impact on Unit 1 CDF (final 
CDF decreased approximately 2E-8/yr, to 9.79E-6/yr).  The correction was made to the 
Level 1 core damage sequence success logic for the Small LOCA event.  As a result, a 
small number of illogical cutsets (previously retained) were deleted in the CDF metric for 
the SAMA model quantification.  

The changes for Unit 1 only slightly alter the core damage frequency results by initiating 
event from that described for the Rev. 2.2 model in Section F.2.1.2.6.  Four initiators 
contribute 10% or more:  Small LOCA – Loop A (25%), Small LOCA – Loop B (25%), 
Loss of Cooling Water (18%), and Loss of Offsite Power (11%). This is shown 
graphically in Figure F.2-1. 

The balance of the discussion provided in Section F.2.1.2.6 is also representative of the 
SAMA model results for Unit 1. 

F.2.2.2 Unit 2, Level 1 Rev. 2.2 (SAMA) 

The latest version of the Unit 2 Level 1 PRA is the Rev. 2.2 model (SAMA).  This was 
the version of the model used for the SAMA evaluation supporting this LRA submittal.  
In addition to the model correction described above for Unit 1 (Section F.2.2.1), this 
model included one additional correction that had a slight impact on Unit 2 CDF (final 
CDF increased approximately 8E-7/yr, to 1.21E-5/yr).   

The changes for Unit 2 only slightly alter the core damage frequency results by initiating 
event from that described for the Rev 2.2 model in Section F.2.1.2.6.  Four initiators 
contribute 10% or more:  Small LOCA – Loop A (22%), Small LOCA – Loop B (22%), 
Loss of Cooling Water (15%), and Loss of Offsite Power (10%).   On Unit 2, the SGTR 
initiating events for Loop A (5%) and Loop B (5%) (together) also contribute 10% to the 
CDF.  This is shown graphically in Figure F.2-2.  The balance of the discussion provided 
in Section F.2.1.2.6 above is also representative of the SAMA model results for Unit 2. 

Note that, at the time of the Rev. 2.2 model update, containment sump strainer 
modifications to address G.L. 2004-02 on Unit 2 had not been completed.  These 
modifications have now been completed.  Section F.7.4 discusses the results of an 
analysis to address the sensitivity of the SAMA results to this plant configuration 
change. 
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F.2.3  PINGP Level 2 PRA Model 

The SAMA analysis is based on the PINGP Level 2 PRA Model of Record (Level 2 
Revision 2.2 (SAMA)) that was developed in 2006.  This model is an update of the Level 
2, Rev. 1 model performed in 1999, and incorporates changes and analysis that were 
required to support the Level 1 Rev. 2.2 (SAMA) model updates. In addition, all PINGP 
Level A and B PRA model Westinghouse Peer Certification comments (F&Os) have 
been dispositioned and those requiring model and/or documentation changes have 
been addressed with the issuance of this model. 

The containment response analysis (Level 2) evaluates the best estimate performance 
of the containment during a severe accident.  The status of the containment safeguards 
systems is modeled to account for the effects of containment cooling and isolation.  This 
model accounts for core damage sequences that cause a direct bypass of containment, 
such as a SGTR or inter-system LOCA.  The design pressure of the PINGP 
containment is 46 psig, but based on a probabilistic evaluation of the containment 
structure, the mean expected failure pressure is 150 psig (165 psia).  The 5% lower 
bound and 95% upper bound failure pressures are 136 psia and 191 psia, respectively.  
Thus the containment is relatively robust against failure due to overpressure. 

The dynamic response to core debris expulsion as it is transported through the vessel 
cavity and through other containment compartments is analyzed to estimate the effects 
of direct containment heating and subsequent containment pressurization.  Other 
severe accident effects, such as hydrogen generation and ignition are evaluated as to 
their likelihood in each sequence.  The Level 2 analysis is used to predict the ability of 
the containment to mitigate severe accident challenges and, in the case of failure, to 
predict the timing of containment failure and subsequent radionuclide release for each 
release category. 

As is typical of most large dry containments, the PINGP containment is robust against 
severe accident challenges, such as hydrogen burns and the effects of high pressure 
melt ejection.  These failure mechanisms are calculated to produce pressure increases 
within the capability of the PINGP containment structure, and so are not likely to cause 
containment failure.   

It is important to define a special group of release categories where the radionuclide 
release from the containment would occur prior to the initiation of evacuation planning 
and is of such a magnitude that the potential for some measurable health effects cannot 
be precluded.  This variety of release is typically measured by the LERF.  A large early 
release from the containment can occur from containment breach due to containment 
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failure at the time of reactor vessel break or a bypass of containment due to such 
events as a steam generator tube rupture (SGTR), ISLOCA, or containment isolation 
failure.  Typically it involves the rapid, unscrubbed release of airborne aerosol fission 
products to the environment with core damage occurring, or a containment failure 
pathway of sufficient size to release the contents of the containment within one hour, 
which occurs before or within 4 hours of vessel breach.  One definition of LERF 
proposed in NUREG/CR-6595 is the “frequency of early failure and bypass containment 
failure modes that have a release fraction of iodine equal to or greater than about 10%”.  
Based on MAAP source term analysis for PINGP, the only release categories that meet 
these requirements include core damage with containment bypass scenarios (SGTR 
and ISLOCA).  Pressure- and temperature-induced SGTR sequences are included in 
the LERF definition, but SGTR sequences that leads to late core damage following SG 
overfill are not included due to the long time available prior to depletion of the RWST 
and core uncovery.  In addition to these scenarios, PINGP includes the frequencies of 
containment isolation failure release categories in the definition of LERF, as they 
represent scenarios involving core damage with early containment bypass. 

F.2.3.1 Unit 1, Level 2 Rev. 2.2 (SAMA) 

The large early release frequency (LERF) for unit 1 is calculated to be 8.79E-8 per year.  
Like the CDF, this numeric measure is used when applying the PRA results by 
evaluating relative changes, and together with CDF, are the two primary "risk metrics" 
used in describing PRA quantification results.   

The dominant contributors to the LERF by initiating event were ISLOCA (36.7%), Small 
LOCAs (25.4%), and SGTR (18.5%).  This is shown graphically in Figure F.2-3.  The 
Small LOCA initiating event category (the dominant Level 1 initiator category) is more 
significant in the Rev. 2.2 SAMA model LERF analysis due to inclusion of induced 
SGTR modeling as an additional LERF contributor in this update.  The balance of the 
discussion provided in Section F.2.1.3.6 is also representative of the SAMA model 
LERF results for Unit 1.  The LERF must be understood in context of the overall Level 2 
results. The conditional containment failure probability (CCFP) for Unit 1 is 0.26.  This 
equates to a containment success probability of 0.74.  Figure F.2-5 summarizes the 
contribution of the containment failure modes to the Unit 1 CCFP.  Early containment 
bypass failures, occurring near the time of core damage and reactor vessel failure, and 
resulting in large fission product releases, represent only about 3% of the CCFP.  Other 
non-bypass but early containment failure release classes make up only an additional 
2% of the CCFP.  Late containment bypass from slow developing SGTR scenarios 
(release category GLH) make up about 7% of the CCFP.  The large majority of 
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containment failure sequences are late failures that involve a significant time delay 
between core damage and containment failure of up to several days.  Significant time is 
available to implement emergency measures to protect the public for the most likely 
severe accident scenarios (>90% of core damage sequences), significant time is 
available to implement emergency measures to protect the public.  The amount of time 
available to implement emergency measures is significant when evaluating plant 
conditions using Level 2 results.  For cases involving late failure of containment, the 
dominant cause of containment breach involves core damage sequences that end with 
the RWST being depleted and no long-term decay heat removal mechanism available.  
For these sequences, the containment fails due to gradual overpressure of the 
containment due to steam and non-condensable gas generation.  Another significant 
cause of late containment failure is basemat failure resulting from long-term (greater 
than 3 days) concrete ablation by molten core material.   

F.2.3.2 Unit 2, Level 2 Rev. 2.2 (SAMA) 

The Unit 2 large early release frequency (LERF) is calculated to be 1.75E-7 per year.  
The Unit 2 LERF is larger than the Unit 1 LERF by about a factor of 2, primarily due to 
the assumed slightly higher potential for a SGTR initiating event on Unit 2.  The Unit 1 
steam generator replacement project was completed in 2004, while the Unit 2 steam 
generator replacement is planned for 2013.   

The dominant contributors to the LERF by initiating event were SGTR (56.4%), ISLOCA 
(18.4%) and Small LOCAs (14.4%).  This is shown graphically in Figure F.2-4.  The 
Small LOCA initiating event category (the dominant Level 1 initiator category) is more 
significant in the Rev. 2.2 SAMA model LERF analysis due to inclusion of induced 
SGTR modeling as an additional LERF contributor in this update.  The balance of the 
discussion provided in Section F.2.1.3.6 is also representative of the SAMA model 
LERF results for Unit 2. 

The conditional containment failure probability (CCFP) for Unit 2 is 0.30.  This equates 
to a containment success probability of 0.70.  Figure F.2-6 summarizes the contribution 
of the containment failure modes, which make up the Unit 2 CCFP.  The fraction of the 
CCFP from early containment bypass failures, about 5%, is slightly higher than for Unit 
1 due to the higher SGTR initiating event frequency on Unit 2.  The higher SGTR 
initiating event frequency for Unit 2 results also in a significantly larger fraction of the 
CCFP associated with late containment bypass sequences (28% vs. 7% for Unit 1).  
The remaining portion of the late containment failure results are similar to that 
discussed above for Unit 1.  
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F.2.4 PINGP Level 2 Release Categories 

The solution of the numerous event trees results in the generation of a large number of 
accident sequences.  Once developed, the accident sequences must be propagated 
through the containment safeguards assessment and the containment event tree to 
develop release categories.  To reduce the burden on the analyst, the accident 
sequences can be grouped, commonly referred to as binning, into accident sequence 
categories. 

The method of binning the accident sequences is much like that used to categorize the 
transient initiating events.  A set of parameters is identified that can be used to define 
unique accident sequence classes.  These parameters are typically defined based on 
the needs of the containment analysis.  For example, one parameter commonly used in 
the binning process is the RCS pressure (high or low) at the time of core damage.  The 
RCS pressure parameter is critical in the progression of potential Level 2 containment 
accident sequences.  For example, a high pressure core melt sequence was defined as 
the primary system pressure being high enough to entrain the core debris out of the 
cavity upon vessel failure.  A low pressure sequence was defined as the primary system 
pressure being low enough at vessel failure for the core debris to be retained in the 
cavity.  This parameter, therefore, is typically chosen for binning accident sequences.  
Once the important parameters are identified the next step is to determine the physically 
possible combinations of the parameters.  Each combination of the parameters defines 
an accident class or core damage bin (CDB).   

Once the CDBs are finalized, the Level 1 event tree accident sequences are assigned 
to them by comparing the CDB parameters and the cutsets that comprise the specific 
accident sequences.  

CDB information must be combined with the status of the containment safeguards 
systems to develop a complete accident sequence definition for containment 
assessment.  This is done in the Containment Event Trees (CETs).  The CETs provide 
a means for interfacing the core damage (Level 1) model with the containment 
safeguards functions, and the containment phenomenological processes.  The CETs 
address the status of the containment systems to complete the system-level information 
needed by the Level 2 PRA analyst.  The status of the containment systems is 
important in determining containment pressure challenges, source term composition, 
and other physical parameters associated with the Level 2 PRA.  Additionally, the use of 
a CET that incorporates fault tree and event tree models allows the core damage 
sequence cutsets to be linked directly to the CET.  The direct linking of the system 
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model results in containment and core safety system dependencies being identified and 
explicitly addressed.   

The CETs provide a convenient method to identify the various possible outcomes 
resulting from different combinations of CDBs, containment systems status, and 
containment phenomenological effects.  The CET sequences are solved to determine 
the conditional probabilities for each CET outcome, each of which are mapped to 
specific release categories.  Each of the release categories are given 4-letter 
designations identifying whether or not the reactor pressure vessel failed and at what 
pressure, whether or not the containment failed and by what mechanism, and timing of 
containment failure (if it occurred). Summing all the CET sequence frequencies for a 
release category class determines the frequency for that release category.   

The CET end states correspond to the outcome of possible severe accident sequences.  
Each end point defines a different containment state with an associated radionuclide 
release.  Simplifications can be attained by grouping sequences with similar release 
characteristics into release categories (at PINGP the CET end states and the release 
categories have similar 4-letter designators, although some release categories are 
considered bounding for other categories with respect to source term).  A set of 
bounding release categories is defined such that all accidents assigned to the same 
category are assumed to have the same set of release fractions. 

The main characteristics used to define the release categories are release energy, 
containment isolation failure size, timing of the release, and isotopic consumption. 

Specific Modular Accident Analysis Program (MAAP) sequences were developed to 
mimic CET end states and the estimated releases determined.  Like CET end states 
were grouped to minimize the number of MAAP sequences required.  The MAAP code 
outputs fission product data which is used to group similar sequences according to time 
of release and radionuclide release.  Of the 18 release categories, including 3 release 
categories in which the containment has remained intact (release of fission products is 
through containment leakage only), 10 bounding categories for source term analysis 
were identified.   

The following paragraphs define each release category and related assumptions are 
defined in the following subsections.  In addition, those release categories that were 
grouped with other, bounding categories for source term analysis are identified (note 
that those release categories calculated to have near-zero frequencies of occurrence 
are not discussed separately below).   
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F.2.4.1 Containment Intact (Release Categories X-XX-X, L-XX-X, H-XX-X) 

These release categories represent the accident sequences in which the containment 
remains intact.  The source term for this type of sequence is very small and limited to 
the containment design leakage rate.  Category H-XX-X was selected as the bounding 
category and a representative sequence was chosen from that category for X-XX-X, L-
XX-X and H-XX-X source term analysis.  The total baseline frequency for these release 
categories is 7.28E-06/yr for Unit 1 and 8.52E-06/yr for Unit 2. 

F.2.4.2 Release Category L-CC-L 

This release category includes core damage sequences that are not arrested in-vessel 
(the core goes ex-vessel at low reactor pressure) and ex-vessel injection to quench the 
debris in the reactor cavity fails.   Containment failure on overpressure occurs as a 
result of basemat penetration from core concrete interaction.  The total baseline 
frequency for this release category is 2.82E-07/yr for Unit 1 and 3.39E-07/yr for Unit 2. 

F.2.4.3 Release Category L-CI-E 

This release category includes core damage sequences where the reactor vessel fails 
at low reactor pressure, with failure of containment isolation.  Core damage from small 
LOCA sequences with failure of ECCS injection or recirculation dominates this release 
category.  Successful hot leg creep rupture allows the debris to exit the vessel at low 
pressure.  The release from the containment is scrubbed by either the containment 
sprays or a pool of water over the core debris.   The total baseline frequency for this 
release category is 1.85E-10/yr for both Unit 1 and Unit 2. 

F.2.4.4 Release Category L-DH-L 

This release category includes core damage sequences in where the reactor vessel 
fails at low reactor pressure, with overpressure failure of containment due to steam 
generation and failure of containment pressure control (failure of containment fan coil 
units or ECCS recirculation to remove decay heat).  Core damage from RCP seal LOCA 
sequences with failure of ECCS recirculation dominates this release category.  
Successful hot leg creep rupture allows the debris to exit the vessel at low pressure.  
The release from the containment is scrubbed by either containment spray or a pool of 
water over the core debris.   The total baseline frequency for this release category is 
1.92E-06/yr for Unit 1 and 1.97E-06/yr for Unit 2. 
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F.2.4.5 Release Category L-H2-E 

This release category is similar to release category L-DH-L, except that the containment 
fails from early containment failure modes such as hydrogen combustion or in-vessel 
steam explosion with the reactor at low pressure.  Core damage from RCP seal LOCA 
or small LOCA sequences with failure of ECCS recirculation dominates this release 
category.  The total baseline frequency for this release category is 2.23E-08/yr for Unit 1 
and 2.49E-08/yr for Unit 2. 

F.2.4.6 Release Category H-DH-L 

This category is similar to L-DH-L, except that hot leg creep rupture is not successful 
and the core debris exits the vessel at high pressure.  Containment fails very late on 
overpressure due to steam generation and failure of containment pressure control 
(failure of containment fan coil units and ECCS recirculation to remove decay heat).  
The total baseline frequency for this release category is 3.09E-08/yr for Unit 1 and 
3.14E-08/yr for Unit 2. 

F.2.4.7 Release Category H-H2-E 

This release category includes core damage sequences in where the reactor vessel 
fails at high reactor pressure, with overpressure failure of containment from early 
containment failure modes such as hydrogen combustion.  ECCS injection is not 
successful for these sequences, and hot leg creep rupture does not successfully 
depressurize the reactor prior to vessel failure.  The total baseline frequency for this 
release category is 2.32E-11/yr for both Unit 1 and Unit 2. 

F.2.4.8 Release Category H-OT-L 

This release category includes core damage sequences in which the reactor vessel fails 
at high reactor pressure, with late overtemperature or overpressure failure of 
containment due to inability to cool debris that may have relocated to the upper parts of 
containment.  Neither ECCS injection nor RWST injection to the containment through 
containment spray is available throughout this scenario.  The total baseline frequency 
for this release category is 4.89E-09/yr for Unit 1 and 5.87E-09/yr for Unit 2. 

F.2.4.9 Release Category X-CI-E 

This release category includes core damage sequences where containment isolation 
fails, but the reactor vessel does not fail (core damage is arrested in vessel due to 
successful ex-vessel cooling), leading to a lower source term than the other 
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containment isolation failure release categories.  The source term for this category is 
bounded by the L-CI-E case.  The total baseline frequency for this release category is 
6.55E-10/yr for Unit 1 and 7.32E-10/yr for Unit 2. 

F.2.4.10 Release Category X-H2-E 

This release category is similar to category L-H2-E, except that the reactor vessel does 
not fail (core damage is arrested in vessel due to successful ex-vessel cooling).  The 
source term for this category is bounded by the L-H2-E case.  The total baseline 
frequency for this release category is 3.39E-8/yr for Unit 1 and 4.03E-8/yr for Unit 2. 

F.2.4.11 Release Category GEH 

This release category involves core damage sequences due to SGTR with failure of 
high pressure injection from the Refueling Water Storage Tank (RWST).  This results in 
early core damage at high pressure, with containment bypass.  As these sequences 
bypass containment and occur early (prior to successful implementation of protective 
action recommendations), the frequency of this release category is considered to be a 
component of the LERF (large early release frequency).  The source term for this 
category is bounded by the SGTR case.  The total baseline frequency for this release 
category is 1.63E-8/yr for Unit 1 and 9.87E-8/yr for Unit 2. 

F.2.4.12 Release Category GLH 

This release category involves core damage sequences due to SGTR with successful 
high pressure injection from RWST, but failure of ruptured SG isolation, or SG overfill, 
followed by failure of alternative actions to cool down and depressurize the RCS results 
in late core damage at high reactor pressure, with containment bypass.  Core damage 
is delayed for hours during this event due to the long time available prior to RWST 
depletion.  The source term for this category is bounded by the SGTR case.  The total 
baseline frequency for this release category is 1.78E-7/yr for Unit 1 and 1.03E-6/yr for 
Unit 2. 

F.2.4.13 Release Category L-SR-E 

This release category involves core damage sequences due to Pressure- or 
Temperature-Induced SGTR.  These sequences involve high RCS pressure with at 
least one dry, depressurized SG leads to failure of the SG tubes and assumed 
containment bypass. This may result in a short-duration release, terminated when the 
steam generator relief valves reseat.  However, assuming that the relief valves do not 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

 

ATTACHMENT F Page F.2-32 

reseat, the source term is similar to the SGTR release category GEH.  The frequency of 
this release category is considered to be a component of the LERF.  The total baseline 
frequency for this release category is 3.85E-8/yr for Unit 1 and 4.34E-8/yr for Unit 2. 

F.2.4.14 Release Category ISLOCA 

This release category involves core damage sequences due to interfacing system 
LOCA (ISLOCA).  ISLOCA results in loss of RCS inventory and failure of ECCS 
systems for makeup and/or recirculation, and ultimately core damage (assumed to be at 
high pressure) with containment bypass.  Core damage and vessel failure are assumed 
to occur within one hour.  Although the release is into the Auxiliary Building it is 
assumed to be essentially unscrubbed.  The frequency of this release category is 
considered to be a component of the LERF.  The total baseline frequency for this 
release category is 3.22E-8/yr for both Unit 1 and Unit 2. 
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F.3 LEVEL 3 PRA ANALYSIS 

This section addresses the critical input parameters and analysis of the Level 3 portion 
of the probabilistic risk assessment.  In addition, Section F.7.3 summarizes a series of 
sensitivity evaluations to potentially critical parameters. 

F.3.1 Analysis 

The MACCS2 code (NRC 1998) is used to perform the Level 3 PRA for the Prairie 
Island Nuclear Generating Plant.  PINGP site specific parameters are used for 
population distribution and economic parameters using the NRC endorsed 
SECPOP2000 code (NRC 2003).  Plant-specific release data included the time-
dependent distribution of nuclide releases and release frequencies.  The behavior of the 
population during a release (evacuation parameters) is based on plant decisions and 
when certain site-specific setpoints are reached.  Other input parameters given with 
“Sample Problem A” from the MACCS2 manual formed the basis for the present 
analysis.  These data are used in combination with site-specific meteorology to simulate 
the probability distribution of impact risks (both exposures and economic effects) to the 
surrounding 50-mile radius population as a result of the release accident sequences at 
PINGP. 

Note regarding errors with the SECPOP2000 code:  During performance of the PINGP 
analysis, three SECPOP2000 code errors were publicized, specifically:  1) incorrect 
column formatting of the output file, 2) incorrect 1997 economic database file end 
character resulting in the selection of data from wrong counties, and 3) gaps in the 1997 
economic database numbering scheme resulting in the selection of data from wrong 
counties.  All three errors have been addressed in the PINGP analysis (via industry-
developed formatting fixes) such that selection of proper counties by SECPOP2000 has 
been confirmed and the MAACS2 outputs used to quantify MMACR have been verified 
to be correct. 

F.3.2 Population 

The population surrounding the PINGP site is estimated for the year 2034.  

Population projections within 50 miles of PINGP are determined using SECPOP2000, 
(NRC 2003) utilizing a geographic information system (GIS). U.S Census block-group 
level population data is allocated to each sector based on the area fraction of the 
census block-groups in that sector.  U.S. Census data from 1990 and 2000 are used to 
determine a ten year population growth factor for each of the 50-mile radius rings.  The 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

Attachment F Page F.3-2 

population growth factor for each ring is applied uniformly to all sectors in the ring to 
calculate the year 2034 population distribution.   

Population distributions are given at distances to 1, 2, 3, 4, 5, 10, 20, 30, 40 and 50 
miles from the plant and in the direction of each of the 16 compass points (i.e., N, NNE, 
NE……NNW).   

The total year 2034 population estimate for the 160 sectors (10 distances × 16 
directions) in the region is provided in Table F.3-2.  The ten year population growth 
factor (in parenthesis) and distribution of the population is given for the 10-mile radius 
from PINGP and for the 50-mile radius from PINGP in Tables F.3-1 and F.3-2, 
respectively. 

F.3.3 Economy 

MACCS2 requires certain economic data (fraction of land devoted to farming, annual 
farm sales, fraction of farm sales resulting from dairy production, and property value of 
farm and non-farm land) for each of the 160 sectors.  These values are calculated using 
the SECPOP2000 code (NRC 2003).  SECPOP2000 utilizes economic data from the 
U.S. Department of Agriculture, “1997 Census of Agriculture” (USDA 1998) and from 
other 1998 and 1999 data sources.  Economic values for up to 97 economic zones are 
calculated and allocated to each of the 160 sectors. 

In addition, generic economic data that are applied to the region as a whole are revised 
from the MACCS2 sample problem input when better information is available. These 
revised parameters include per diem living expenses (applied to owners of interdicted 
properties and relocated populations), relocation costs (for owners of interdicted 
properties), and value of farm and non-farm wealth. These values are updated to the 
year 2006 value using the Consumer Price Index ratio. 

PINGP MACCS2 economic parameters are listed on next page: 
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PINGP MACCS2 Economic Parameters 

Variable Description PINGP Value 
DPRATE(1) Property depreciation rate (per yr) 0.2 
DSRATE(1) Investment rate of return (per yr) 0.12 
EVACST(2) Daily cost for a person who has been evacuated ($/person-day) 48.72 
POPCST(2) Population relocation cost ($/person) 9022.00 
RELCST(2) Daily cost for a person who is relocated ($/person-day) 48.72 
CDFRM0(2) Cost of farm decontamination for various levels of 

decontamination ($/hectare) 
1015.00(4) 
2256.00(4)

CDNFRM(2) Cost of non-farm decontamination per resident person for various 
levels of decontamination ($/person) 

5413.00(4) 
14435.00(4)

DLBCST(2) Average cost of decontamination labor  
($/man-year) 

63155.00 

VALWF0(3) Value of farm wealth ($/hectare) 2469.00 
VALWNF(3) Value of non-farm wealth ($/person) 130602.00 

(1) DPRATE and DSRATE are based on NUREG/CR-4551 value (NRC 1990). 
(2) These parameters for PINGP use the NUREG/CR-4551 value (NRC 1990), updated to the 2006 CPI 

value.   
(3) VALWF0 and VALWNF are based on SECPOP2000 values for PINGP, updated to the 2006 CPI 

value. 
(4) A value is provided for each level of the two levels of decontamination modeled.  Two levels of 

decontamination is consistent with Sample Problem A. 

F.3.4 Food and Agriculture 

Food ingestion is modeled using the new MACCS2 ingestion pathway model COMIDA2 
(NRC 1998a), consistent with Sample Problem A.  The COMIDA2 model utilizes 
national based food production parameters derived from the annual food consumption 
of an average individual such that site specific food production values are not utilized.  
The fraction of population dose due to food ingestion is typically small compared to 
other population dose sources.  For PINGP, approximately less than one percent of the 
total population dose is due to food ingestion.   

F.3.5 Nuclide Release 

MACCS2 requires input for 60 radionuclide. The core inventory at the time of the 
accident is based on a plant specific calculation and results provided in the PINGP 
USAR. PINGP USAR Appendix D, Rev. 18 Table D.1-1 provides the core inventory for 
20 significant nuclides that correspond to MACCS2. The core inventory corresponds to 
end-of-cycle values (core average exposure of 50,000 MWD/MTU) for the PINGP core.  
Additional core inventory for the remaining 40 nuclides is obtained from MACCS2 
Sample Problem A (NRC 1998a). The values for these 40 nuclides are adjusted to 
account for the PINGP power level (as compared to the Sample Problem A core power 
level). In addition, these values are increased by a factor of 1.39, which is the average 
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increase of the PINGP 20 nuclides compared to those provided in Sample Problem A. 
Table F.3-3 provides a comparison of the MACCS2 PINGP core inventory and the 
Sample Problem A core inventory (as adjusted to account for the PINGP power level). 

PINGP nuclide release categories are related to the MACCS categories as shown in 
Table F.3-4.  All releases are modeled as occurring at a height of 62 meters (204’-4½”) 
above grade elevation, which coincides with the top of the Containment Building (NMC 
2007).  The thermal content of each of the releases are assumed to be 1.0E+07 watts 
based on values provided in Sample Problem A and NUREG/CR-4551 (NRC 1990). 

Two nuclide release sensitivity cases were performed to determine the effect of release 
height and thermal content assumptions.  One sensitivity case modeled the releases 
occurring at ground level (0.0 meters).  The second sensitivity case modeled the 
thermal content of each release to be the same as ambient (i.e., buoyant plume rise is 
not modeled).  The results are discussed in Section F.7.3.4. 

A final aspect to consider is the magnitude and timing of the radionuclide releases.  
Multiple release duration periods were defined which represented the time distribution of 
each category’s releases.  Release inventories of each of the multiple chemical forms of 
the cesium (Cs) and tellurium (Te) releases were available from the MAAP code output.  
Representative MAAP cases for each of the release categories were chosen based on 
a review of the Level 2 model cutsets and the dominant types of scenarios that 
contributed to the results.  A brief description of each of those MAAP cases is provided 
in Table F.3-5, and a summary of the release magnitude and timing for those cases is 
provided in Table F.3-6. 

F.3.6 Evacuation 

A reactor scram (automatic shutdown) signal begins each evaluated accident sequence.  
A General Emergency is declared when plant conditions degrade to the point where it is 
judged that there is a credible risk to the public.  Therefore, the timing of the General 
Emergency declaration is sequence specific and ranges from 42 minutes to 24.1 hours 
for the release sequences evaluated. 

The MACCS2 User’s Guide input parameters of 95 percent of the population within 10 
miles of the plant [Emergency Planning Zone (EPZ)] evacuating and 5 percent not 
evacuating are employed.  These values have been used in similar studies (e.g., Hatch 
(SNOC 2000) and Calvert Cliffs (BGE 1998)) and are conservative relative to the 
NUREG-1150 study, which assumed evacuation of 99.5 percent of the population within 
the EPZ.  The evacuees are assumed to begin evacuating 90 minutes after a General 
Emergency has been declared and are evacuated at an average radial speed of 3.35 
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miles per hour (1.5 m/sec).  This speed is the time weighted value accounting for 
season, day of the week, time of day, weather conditions, and special events. The 
evacuation time weighted average of 268 minutes is for the full 0-10 mile EPZ, an 
assumed 15 minute notification time, 15 minutes for evacuation preparation, and 60 
minutes average departure time. (TCDS 2003) 

One evacuation sensitivity case was performed to determine the impact of evacuation 
assumptions.  The sensitivity case reduced the evacuation speed by a factor of two (to 
0.75 m/sec), resulting in a total evacuation time that exceeded the longest evacuation 
time used for the PINGP evacuation analysis.  The results are discussed in Section 
F.7.3.3. 

F.3.7 Meteorology 

Annual PINGP meteorology data from year 2003 is used in MACCS2 for the base case 
results. The year 2003 meteorological data set is utilized for the PINGP base case 
MACCS2 analysis based on the fact that the year 2003 provided the most complete 
data set, the highest population dose risk and offsite economic cost risk, and is judged 
to be the most conservative.  

Year 2003, 2004, and 2005 meteorology data for the PINGP site contains 10, 22, and 
60 meter wind speed, wind direction, and temperature tower data as well as site specific 
precipitation data.  The 2003 PINGP meteorological data set contained 33 total hours of 
missing data, representing 0.38% of the hourly readings.  The 2004 and 2005 PINGP 
meteorological data sets contained 70 and 65 total hours of missing data, respectively, 
representing 0.80% and 0.74% of the hourly readings.  Therefore, the year 2003 
provided the most complete data set. 

The year 2003 meteorological data set contained eight gaps of missing data (33 hours, 
0.38%).  Traditionally, up to 10% of missing data is considered acceptable.  Of the 
missing gaps, five gaps consisted of less than 6 hours and interpolation was used to fill 
in the missing meteorological data.  Three gaps consisted of six hours or more of 
missing data (6 hr., 6 hr., and 7 hr. gaps).  Missing meteorological data gaps of more 
than 6 hours were filled based on substituting data from the same time of day from the 
day just before or after the missing data in order to account for seasonal variations and 
the onset of severe weather.  It is noted that MACCS results used in the SAMA analysis 
are the statistical mean of 349 weather sequences (each sequence contains 120 hours 
of data) chosen at random from pre-sorted weather bins.  Due to the large number of 
samples analyzed, the adjustment of any particular weather sequence has negligible 
impact on the mean results. 
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PINGP MACCS2 analysis evaluated three representative meteorological data sets 
(Calendar years 2003, 2004, and 2005).  The use of the most conservative data set 
(year 2003) accounts for any weather sequences.  Based on the multiple years 
analyzed, minimum data gaps in the year 2003 meteorological data, and the sampling 
methodology used, the reported mean results are judged acceptable and appropriate for 
use in averted cost risk calculations. 

Meteorological data is prepared for MACCS2 input as follows: 
1. Wind speed and direction from the 10-meter sensor of the site tower were 

combined with precipitation (hourly cumulative).  If the lower wind speed or 
direction is unavailable, mid and/or upper directions are used to estimate the 
wind speed or direction. Onsite precipitation from PINGP is utilized. Missing or 
suspect precipitation data is supplemented with data from the Minneapolis – St. 
Paul International Airport. 

2. If a brief period (i.e., < 6 hr.) of missing data exists for all tower sensors, 
interpolation is used between hours. 

3. For larger data voids (i.e., > 6 hr.), tower data from the previous or following day 
is utilized to fill data gaps (for the same time of day). 

4. Atmospheric stability is calculated according to the vertical temperature gradient 
of the tower temperature data. 

5. Atmospheric mixing heights are specified for morning and afternoon.  These 
values were taken from the document Mixing Heights, Windspeeds, and Potential 
for Urban Air Pollution throughout the Contiguous United States (EPA 1972). 
 
This source defined morning as being the four-hour period from 0200 to 0600 
Local Standard Time and afternoon as being the four-hour period from 1200 to 
1600 Local Standard Time.  
 
The Code Manual for MACCS2: Volume 1 (from Appendix A, pages A-1 and A-2) 
states the following: 
 

“The first of these two values corresponds to the morning mixing height and 
the second to the afternoon height.  In the current implementation, the larger 
of these two values and the value of the boundary weather mixing height is 
used by the code.”  
  
“In its present form, that atmospheric model implemented in MACCS2 does 
not allow a change in the mixing layer to occur during transport of the plume.  
Mixing layer height is assumed to be constant and therefore only a single 
value is used by the code.” 

For the PINGP MACCS2 analyses, these conditions mean that, only the afternoon 
mixing height is used since it is larger than the morning mixing height.  Note that the 
boundary weather mixing height, wind speed and stability category are only used when 
there is no meteorological data.  These fixed boundary weather values are ignored by 
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the code when an hourly meteorological data file is supplied by the user, as was the 
case in the MACCS2 runs for PINGP. 

As noted above, site meteorological data for years 2004 and 2005 are also evaluated as 
sensitivity cases to ensure year 2003 data is an appropriate data set.  The results are 
discussed in Section F.7.3.1. 

F.3.8 MACCS2 Results 

Table F.3-7 shows the mean off-site doses and economic impacts to the region within 
50 miles of PINGP for each of ten release categories calculated using MACCS2.  Mean 
off-site dose impacts are multiplied by the annual frequency for each release category 
and then summed to obtain the dose-risk and offsite economic cost-risk (OECR) for 
each unit. Table F.3-7 provides the Unit 1 and Unit 2 results, respectively. 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

 

ATTACHMENT F Page F.4-1 

F.4 BASELINE RISK MONETIZATION 

This section explains how NMC calculated the monetized value of the status quo (i.e., 
accident consequences without SAMA implementation).  NMC also used this analysis to 
establish the maximum benefit that could be achieved if all on-line PINGP risk were 
eliminated, which is referred to as the Maximum Averted Cost-Risk (MACR). 

The calculations below have been performed using Unit 1 input.  The same process 
used for the Unit 1 case is also used to establish the MACR for Unit 2.  

Section F.4.6 summarizes the results for these cases. 

F.4.1 Off-Site Exposure Cost 

The baseline annual off-site exposure risk was converted to dollars using the NRC’s 
conversion factor of $2,000 per person-rem, and discounted to present value using 
NRC standard formula (NRC 1997): 

Wpha =  C x Zpha

Where: 

Wpha = monetary value of public health accident risk after discounting 

C = [1-exp(-rtf)]/r 

tf = years remaining until end of facility life = 20 years 

r = real discount rate (as fraction) = 0.03 per year 

Zpha = monetary value of public health (accident) risk per year before 
discounting ($ per year) 

The Level 3 analysis showed an annual off-site population dose risk of 2.94 person-rem.  
The calculated value for C using 20 years and a 3 percent discount rate is 
approximately 15.04. Therefore, calculating the discounted monetary equivalent of 
accident dose-risk involves multiplying the dose (person-rem per year) by $2,000 and 
by the C value (15.04).  The calculated off-site exposure cost for Unit 1 is $88,132 per 
person. 
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F.4.2 Off-Site Economic Cost Risk 

The Level 3 analysis showed an annual off-site economic risk of $15,852 for Unit 1.  
Calculated values for off-site economic costs caused by severe accidents must be 
discounted to present value as well.  This is performed in the same manner as for public 
health risks and uses the same C value.  The resulting value is $238,408. 

F.4.3 On-Site Exposure Cost Risk 

Occupational health was evaluated using the NRC recommended methodology that 
involves separately evaluating immediate and long-term doses (NRC 1997).   

For immediate dose, the NRC recommends using the following equation: 

Equation 1: 

WIO = R{(FDIO)S –(FDIO)A} {[1 – exp(-rtf)]/r} 

Where: 

WIO = monetary value of accident risk avoided due to immediate doses, 
after discounting 

R = monetary equivalent of unit dose ($2,000 per person-rem) 

F = accident frequency (events per year) (9.79E-06 (total CDF)) 

DIO = immediate occupational dose [3,300 person-rem per accident (NRC 
estimate)] 

S = subscript denoting status quo (current conditions) 

A = subscript denoting after implementation of proposed action 

r = real discount rate (0.03 per year) 

tf = years remaining until end of facility life (20 years). 

Assuming FA is zero, the best estimate of the immediate dose cost is: 

WIO = R (FDIO)S {[1 – exp(-rtf)]/r} 

 = 2,000∗9.79E-06 ∗3,300∗{[1 – exp(-0.03∗20)]/0.03} 
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 = $972 

For long-term dose, the NRC recommends using the following equation: 

Equation 2: 

WLTO = R{(FDLTO)S –(FDLTO)A} {[1 – exp(-rtf)]/r}{[1 – exp(-rm)]/rm} 

Where: 

WLTO = monetary value of accident risk avoided long-term doses, after 
discounting, $ 

DLTO = long-term dose [20,000 person-rem per accident (NRC estimate)]  

m = years over which long-term doses accrue (as long as 10 years) 

Using values defined for immediate dose and assuming FA is zero, the best estimate of 
the long-term dose is: 

WLTO = R (FDLTO)S {[1 – exp(-rtf)]/r} {[1 – exp(-rm)]/rm} 

 = 2,000∗9.79E-06∗20,000∗{ [1 – exp(-0.03∗20)]/0.03} {[1 –exp(-
0.03∗10)]/0.03∗10} 

 = $5,090 

The total occupational exposure is then calculated by combining Equations 1 and 2 
above.  The total accident related on-site (occupational) exposure risk (WO) for Unit 1 is: 

WO = WIO + WLTO = ($972 + $5,090) = $6,062 person-rem 

F.4.4 On-Site Cleanup and Decontamination Cost 

The total undiscounted cost of a single event in constant year dollars (CCD) that NRC 
provides for cleanup and decontamination is $1.5 billion (NRC 1997). The net present 
value of a single event is calculated as follows.  NRC uses the following equation to 
integrate the net present value over the average number of remaining service years: 

PVCD = [CCD/mr][1-exp(-rm)] 

Where: 
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PVCD = net present value of a single event 

CCD = total undiscounted cost for a single accident in constant dollar years 

r = real discount rate (0.03) 

m = years required to return site to a pre-accident state 

The resulting net present value of a single event is $1.3E+09.  The NRC uses the 
following equation to integrate the net present value over the average number of 
remaining service years: 

UCD = [PVCD/r][1-exp(-rtf)] 

Where: 

PVCD = net present value of a single event ($1.3E+09) 

r = real discount rate (0.03) 

tf = 20 years (license renewal period) 

The resulting net present value of cleanup integrated over the license renewal term, 
$1.95E+10, must be multiplied by the total CDF (9.79E-06) to determine the expected 
value of cleanup and decontamination costs.  The resulting monetary equivalent for Unit 
1 is $191,000. 

F.4.5 Replacement Power Cost 

Long-term replacement power costs were determined following the NRC methodology 
in NRC, 1997.  The net present value of replacement power for a single event, PVRP, 
was determined using the following equation: 

PVRP = [$1.2×108/r] * [1 – exp(-rtf)]2

Where:  

PVRP = net present value of replacement power for a single event, ($) 

r = 0.03 

tf = 20 years (license renewal period) 
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To attain a summation of the single-event costs over the entire license renewal period, 
the following equation is used: 

URP = [PVRP /r] * [1 – exp(-rtf)]2

Where: 

URP = net present value of replacement power over life of facility ($-year) 

After applying a correction factor to account for PINGP’s size relative to the “generic” 
reactor described in NUREG/BR-0184 (NRC 1997) (i.e., 560 megawatt electric/910 
megawatt electric), the replacement power costs are determined to be 3.40E+09 ($-
year).  Multiplying 3.40E+09 ($-year) by the CDF (9.79E-06) results in a replacement 
power cost of $33,300 for Unit 1. 

F.4.6 Total Cost-Risk 

The calculations presented in Sections F.4-1 through F.4-5 provide the on-line, internal 
events based MACR for a single unit.  Given that the PINGP SAMA analysis is 
performed on a site basis and must consider the external events contributions, further 
steps are required to obtain a site based maximum averted cost-risk estimate that 
accounts for external events. This estimate, which is referred to as the Modified 
Maximum Averted Cost-Risk (MMACR) is calculated according to the following steps: 

1. For presentation purposes, round each unit’s MACR to the next highest thousand, 

2. Multiply each unit’s rounded MACR from the previous step by a factor of 2 to 
account for External Events contributions (refer to Section F.5.1.8 for additional 
details related to the basis for this factor), 

3. Add the Unit 1 and Unit 2 results from step 2 together to obtain the MMACR. 

The table on the next page summarizes the results of this process. 
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PINGP MMACR DEVELOPMENT SUMMARY 

Input Unit 1 Unit 2 

CDF (per year) 9.79E-06 1.21E-05 

Dose-Risk (person-REM, single year) 2.94 8.43 

OECR ($/yr) 15,900 63,300 

Plant Net MWe 560 560 

Output     

Offsite Exposure Cost-Risk $88,100 $254,000 

Offsite Economic Cost-Risk $238,000 $953,000 

Onsite Exposure Cost-Risk $6,062 $7,461 

Onsite Cleanup Cost-Risk $191,000 $235,000 

Replacement Power Cost-Risk $33,300 $41,000 

Total Unit MACR (Rounded to Next Highest Thousand) $557,000 $1,490,000 

Unit MMACR (Includes External Events (MACR x 2)) $1,114,000 $2,980,000 

Site MMACR $4,094,000 
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F.5 PHASE I SAMA ANALYSIS 

The Phase I SAMA analysis, as discussed in Section F.1, includes the development of 
the initial SAMA list and a coarse screening process.  This screening process eliminated 
those candidates that are not applicable to the plant’s design or are too expensive to be 
cost beneficial even if the risk of on-line operations were completely eliminated.  The 
following subsections provide additional details of the Phase I process. 

F.5.1 SAMA Identification 

The initial list of SAMA candidates for PINGP was developed from a combination of 
resources.  These include the following: 

• PINGP PRA results and PRA Group Insights 

• Industry Phase II SAMAs (review of the potentially cost effective Phase II SAMAs for 
selected plants) 

• Prairie Island Nuclear Generating Plant Individual Plant Examination IPE (PINGP 
IPE) (NSP 1994) 

• PINGP IPEEE (NSP 1998) 

These resources are judged to provide a list of potential plant changes that are most 
likely to reduce risk in a cost-effective manner for PINGP. 

In addition to the “Industry Phase II SAMA” review identified above, an industry based 
SAMA list was used in a different way to aid in the development of the PINGP specific 
SAMA list.  While the industry SAMA review cited above was used to identify SAMAs 
that might have been overlooked in the development of the PINGP SAMA list due to 
PRA modeling issues, a generic SAMA list was used as an idea source to identify the 
types of changes that could be used to address the areas of concern identified through 
the PINGP importance list review.  For example, if Instrument Air availability were 
determined to be an important issue for PINGP, the industry list would be reviewed to 
determine if a plant enhancement had already been conceived that would address 
PINGP’s needs.  If an appropriate SAMA was found to exist, it would be used in the 
PINGP list to address the Instrument Air issue; otherwise, a new SAMA would be 
developed that would meet the site’s needs.  This generic list was compiled as part of 
the development of several industry SAMA analyses and has been provided in 
Addendum 1 for reference purposes. 
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F.5.1.1 Level 1 PINGP Importance List Review 

The PINGP PRA was used to generate a list of events sorted according to their risk 
reduction worth (RRW) values.  The top events in this list are those events that would 
provide the greatest reduction in the PINGP CDF if the failure probability were set to 
zero.  The events were reviewed down to the 1.02 level, which corresponds to about a 2 
percent reduction in the CDF given 100 percent reliability of the event.  If the dose-risk 
and offsite economic cost-risk were also assumed to be reduced by a factor of 1.02, the 
corresponding averted cost-risk would be about $22,000, which also accounts for the 
impact of External Events after applying a factor of 2.  Similarly, the Unit 2 result was 
determined to be about $58,000.  Both of these estimates are on the order of the dollar 
amount that would be expected to process a procedural change, i.e., no hardware 
modification. The lower end of implementation costs for SAMAs are expected to apply 
to procedural changes, which have previously been estimated to cost about $50,000 
(CPL 2004).  Given that the PINGP importance list was reviewed down to a level 
corresponding to an averted cost-risk of about $22,000 for Unit 1 and $58,000 for Unit 
2, all events that are likely to yield cost beneficial improvements were addressed by this 
review process.   

Tables F.5-1a and F.5-1b document the disposition of each event in the Level 1 PINGP 
RRW list for both Units 1 and 2, respectively.  Note that no basic events were 
preemptively screened from the process even if they solely represent sequence flags.  
Whatever the event, the intent of the process is to determine if insights can be gleaned 
to reduce the risk of the accident evolutions represented by the events listed.  However, 
unique SAMAs are not identified for all of the events in the RRW list.  Previously 
identified SAMAs are suggested as mitigating enhancements when those SAMAs (or 
similarly related changes) would reduce the RRW importance of the identified event.  It 
is recognized that in some cases, additional requirements may need to be imposed on 
the SAMA to get a reduction in the RRW value for the basic event listed.  In these 
cases, if an existing SAMA can approximate such an impact, then it is considered to 
address the relevant event and provide a first order indication of the potential benefit.  If 
warranted, a more detailed PRA analysis may then be required to provide a better 
estimate of the actual potential cost-benefit. 

F.5.1.2 Level 2 PINGP Importance List Review 

A similar review was performed on the importance listings from the Level 2 results that 
involved contributions to Large Early Release Frequencies (LERF).  In this case, cutsets 
that contribute to LERF that exhibited a RRW > 1.02 were reviewed for both Units 1 and 
2 to identify any potential SAMA improvements.  
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The Level 2 RRW values were reviewed down to the 1.02 level.  As described for the 
Level 1 RRW list, events below the 1.02 threshold value are estimated to yield an 
averted cost-risk less than that required for a procedural modification (approximately 
$50,000) and were not considered to be likely candidates for identifying cost effective 
SAMAs.  As such, the events with RRW values below 1.02 were not reviewed.  Tables 
F.5-2a and F.5-2b document the disposition of each event in the LERF PINGP RRW list 
for both Units 1 and 2.  The same ground rules related to event disposition in the Level 
1 importance tables were utilized in the Level 2 importance tables. 

F.5.1.3 PINGP PRA Group Insights 

A review of the current PRA model results and insights was conducted in order to 
identify any additional risk reduction opportunities that could be examined as potential 
SAMA improvements.  This review did not include potential PRA modeling 
enhancements (as these changes only result in enhancements to the ability to measure 
plant risk), but rather plant changes that reduce risk (through hardware modifications, 
procedural enhancements, operator training improvements, etc.).  The review indicated 
that the large majority of risk reduction opportunities available through implementation 
of individual plant changes are encompassed by the previously identified listing of 
SAMA improvements (most of these were identified from the importance list reviews for 
CDF and LERF based on the current PRA model of record, as described in Sections 
5.1.1 and 5.1.2 above).   There were no additional SAMA improvements identified by 
this review. 

F.5.1.4 Industry SAMA Analysis Review 

The SAMA identification process for PINGP is primarily based on the PRA importance 
listings/insights, the IPE, and the IPEEE.  In addition to these plant specific sources, 
selected industry SAMA analyses were reviewed to identify any Phase II SAMAs that 
were determined to be potentially cost beneficial at other plants.  These SAMAs were 
further analyzed and included in the PINGP SAMA list only if they were considered to 
be potentially cost beneficial for PINGP.  The following subsections provide a more 
detailed description of the identification process. 

While many of these SAMAs are ultimately shown not to be cost beneficial, some are 
close contenders and a small number have been shown to be cost beneficial at other 
plants.  Use of the PINGP importance ranking should identify the types of changes that 
would most likely be cost beneficial for PINGP, but review of selected industry Phase II 
SAMAs may capture potentially important changes not identified for PINGP due to PRA 
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modeling differences.  Given this potential, it was considered prudent to include a 
review of selected industry Phase II SAMAs in the PINGP SAMA identification process. 

The Phase II SAMAs from the following U.S. nuclear sites have been reviewed: 

• V.C. Summer (SCE&GC 2002) 

• H.B. Robinson (CPL 2002) 

• Palisades (NMC 2005b) 

• Dresden (Exelon 2003a) 

• Quad Cities (Exelon 2003b) 

• Brunswick (CPL 2004) 

• Monticello (NMC 2005a) 

• Susquehanna (PPL 2006) 

• Browns Ferry (NRC 2005c) 

• Calvert Cliffs (NRC 1999) 

• D.C. Cook (NRC 2005b) 

Five PWR and six boiling water reactor (BWR) sites were chosen from available 
documentation to serve as the Phase II SAMA sources.  Most of the Phase II SAMAs 
from these sources are not included in the PINGP SAMA list.  The industry Phase II 
SAMAs that were considered to have the potential to be cost effective for PINGP were 
independently identified through the PINGP importance list reviews.  The remaining 
industry Phase II SAMAs were judged not to provide any significant benefit or added 
insight to the plant, or were addressed by SAMAs more suitable to PINGP’s needs.  
These SAMAs were not considered further and no SAMAs unique to the review of the 
industry Phase II SAMAs were included in the PINGP SAMA list. 

F.5.1.5 PINGP IPE Plant Improvement Review 

The PINGP IPE generated a list of risk-based insights and potential plant 
improvements.  Typically, changes identified in the IPE process are implemented and 
closed out; however, there are some items that may not have been completed due to 
high projected costs or other criteria.  Because the criteria for implementation of a 
SAMA may be different than what was used in the post-IPE decision-making process, 
these recommended improvements are re-examined in this analysis.  The following 
table summarizes the status of the potential plant enhancements resulting from the IPE 
process and their treatment in the SAMA analysis: 
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Item 
No. 

Description of Potential Enhancement Status of Implementation Disposition 

1. Procedure revision to utilize the cross-tie from 
station air to instrument air.  The station air 
compressors are cooled from loop B cooling 
water and would not be affected by a LOOP A 
CL pipe break.  If the cross-tie could be 
accomplished within 1 hour after the flood 
initiator, main feedwater or bleed and feed 
cooling could be restored and core melt could 
be prevented. 

Procedural modifications have 
been implemented. 

No further 
review 
required. 

2. Revise procedure C35 AOP1, "Loss of 
Cooling Water Header A or B", to address the 
problem of closure of the turbine building 
cooling water header isolation valve and the 
subsequent loss of cooling water to the main 
feedwater lube oil coolers and condensate 
pump oil coolers.  Analysis has shown that the 
main feedwater pumps can conservatively 
operate without cooling water for 
approximately 20 minutes before possible 
pump damage. 

This recommendation was 
implemented through the 
disposition listed below for item 
#3. 

No further 
review 
required. 

3. To limit the impact of AFW pump room 
flooding due to Cooling Water System header 
rupture, provide a means to either allow 
additional water flow out of the room or to 
segregate the room into two compartments. 

Calculation ENG-ME-148, Rev. 
1, "Cooling Water Header Pipe 
Failure Causing Flooding in the 
Auxiliary Feedwater 
Pump/Instrument Air 
Compressor Room", addressed 
this recommendation.  This 
position paper documents the 
qualifications, design features 
and periodic inspections in place 
that provide confidence that the 
probability of occurrence of the 
pipe rupture is negligible.  In 
addition to pipe replacements 
and upgrades that were 
performed in 1992, it is likely that 
operators or other personnel 
who periodically transit these 
rooms would notice a substantial 
piping leak. 

No further 
review 
required. 
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Item 
No. 

Description of Potential Enhancement Status of Implementation Disposition 

4. Emphasize in training the importance of bleed 
and feed and the operator actions that are 
necessary for success as bleed and feed is a 
significant contributor to the overall CDF. 

Operator training, course 
outlines, and lesson plans have 
been revised to emphasize the 
importance of this and other IPE 
insights in the operation and 
maintenance of the plant. 

No further 
review 
required.  

5. Emphasize in training the importance of the 
crosstie between the motor driven AFW 
pumps and the operator actions that are 
necessary for success as the AFW crosstie is 
a significant contributor to the overall CDF. 

See implementation status for #4 
above.  

No further 
review 
required. 

6. Emphasize in training the importance of 
switchover to high and low head recirculation 
and the operator actions that are necessary 
for success as switchover to recirculation is a 
significant contributor to the overall CDF. 

See implementation status for #4 
above.  

No further 
review 
required. 

7. Emphasize in training the importance of RCS 
cooldown and depressurization to terminate 
safety injection before ruptured steam 
generator overfill and the operator actions that 
are necessary for success as this action is a 
significant contributor to the overall CDF. 

See implementation status for #4 
above.  

No further 
review 
required. 

8. Revise step 18 of FR-C.1, "Response to 
Inadequate Core Cooling", such that the 
operator checks for adequate steam 
generator level before attempting to start an 
RCP.  If the RCPs are started with a "dry" 
steam generator with core exit thermocouples 
greater than 1200°F, hot gases could be 
pushed up into the steam generator tubes 
causing creep rupture of the tubes and a 
possible containment bypass if one of the 
steam generator relief valves were to lift. 

Implemented. No further 
review 
required. 

9. The in-core instrument tube hatches for both 
units should be secured open during normal 
operation.  This could be accomplished by 
using a solid bar or other device, instead of a 
chain, to keep the hatch open but still prevent 
inadvertent entry during normal operation.  
Having this hatch open greatly improves the 
probability of recovering from a core damage 
event in-vessel (without vessel rupture), by 
allowing injection water from the RWST to 
flow into the reactor cavity and to provide 
cooling to the lower vessel head. 

The hatch was replaced with a 
metal cage to allow water to flow 
freely. 

No further 
review 
required. 
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F.5.1.6 PINGP IPEEE Plant Improvement Review 

The PINGP IPEEE also generated a list of risk-based insights and potential plant 
improvements.  Typically, changes identified in the IPEEE process are implemented 
and closed out; however, there are some items that may not have been completed due 
to high projected costs or other criteria.  Because the criteria for implementation of a 
SAMA may be different than what was used in the post-IPEEE decision-making 
process, these recommended improvements are re-examined in this analysis.  The 
following table summarizes the status of the potential plant enhancements resulting 
from the IPEEE process and their treatment in the SAMA analysis: 

Item 
No. 

Description of Potential Enhancement Status of Implementation Disposition 

1. Add fire wrap or other fire barrier material to the 
exposed length of cable 1DCB-1 (control power to 
Bus 16) above cable tray 1SG-LB22 in FA 32 
(Unit 1 side AFW pump/instrument air compressor 
room).  In the fire PRA, the critical component for 
this fire is the 12 AFW pump.  Although this pump 
resides in FA 31, loss of control power to Bus 16 
will result in loss of the automatic start of the 
pump. 

Implemented. No further review 
required. 

2. Add instructions to Fire Safety Procedure F5, 
Appendix D, for the operator to locally start an 
available roof exhaust fan to reestablish 
safeguards screenhouse ventilation.  In many fire 
core damage sequences (fire may be initiated in a 
number of fire areas), the 121 cooling water pump 
and a roof exhaust fan are available, but since (in 
these sequences) the fan and pump are powered 
from the opposite train, the fan is not running.  
This leads to failure of the 121 CL pump due to 
lack of sufficient ventilation. 

Subsequent review revealed 
that procedures already exist 
to accomplish this task for 
fires that cause loss of power 
from MCC 1AB1 or 1AB2.  For 
this operator action, the fire 
areas of concern are FA 80 
(480V Safeguards Swgr Room 
(Bus 111)), FA 81 (4kV 
Safeguards Swgr Room (Bus 
15)), and FA 22 (480V 
Safeguards Swgr Room (Bus 
121)). 

No further review 
required. 
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Item 
No. 

Description of Potential Enhancement Status of Implementation Disposition 

3. Add instructions to Fire Safety Procedure F5 App. 
D for the operator to manually open a suction 
supply valve to the 12 AF pump on a fire in FA 32 
(Unit 1 side AFW pump/IA compressor room).  On 
an air compressor large oil spill fire, the 
assumption is that the fire causes spurious 
closure of MV-32335 prior to loss of power from 
MCC 1A2.  The cooling water supply valve MV-
32027 could also be opened.  An alternative 
would be to wrap the length of conduit for cable 
1A2-6A that traverses FA 32. 

Upon further review of the 
procedure, it was found that 
direction is included in F5 
App. D for the operator to de-
energize MCC 1A2 and 
manually operate as 
necessary the suction valves 
for 12 MDAFWP for a fire in 
FA 32.  However, no credit 
was given to this operator 
action since it was postulated 
that the 12 MDAFWP 
discharge valves (MV-32381 
and MV-32382) could 
spuriously close through a hot 
short on cable 1CB-52, which 
would have the same impact 
as the hot short on cable 1A2-
6A for MV-32335.  Therefore, 
it was decided to 
conservatively not credit this 
operator action. 

No further review 
required. 

4. Ensure that existing training for manual fire 
suppression in the mitigation of fires in the control 
room and relay room (fire brigade to relay room) 
includes a discussion of the risk significance of 
this action in the prevention of core damage.  If 
successful, this action prevents the need for 
shutdown outside the main control room. 

Revisions were made to 
lesson plans to include this 
recommendation. 

No further review 
required. 

5. Ensure that existing training for the operator task 
to shutdown the plant from outside the control 
room per F5 App. B includes a discussion of the 
risk significance of this action in the prevention of 
a core damage accident. 

Revisions were made to 
lesson plans to include this 
recommendation. 

No further review 
required. 

6. Ensure that existing training for the operator task 
to perform bleed and feed cooling of the RCS 
includes a discussion of the risk significance of 
this action in the prevention of a core damage 
event due to internal fires. 

Revisions were made to 
lesson plans to include this 
recommendation. 

No further review 
required. 

7. Ensure that training (lesson plans, outplant 
checkoffs, etc. as appropriate) exists for the 
operator task to perform DC panel switching in the 
battery room and relay room for a fire in FA 59.  
Training should include information relative to the 
importance of this action to stopping loss of 
inventory through the RCS vent solenoid valves. 

Revisions were made to 
lesson plans to include this 
recommendation. 

No further review 
required. 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

 

ATTACHMENT F Page F.5-9 

Item 
No. 

Description of Potential Enhancement Status of Implementation Disposition 

8. Verify cable separation in the G-panel due to 
potential for a large fire internal to the panel to 
cause the loss of offsite and onsite power.  Power 
would then have to be restored from the diesel 
generators from outside the control room.  This 
recommendation is made only to provide added 
assurance of this critical assumption with respect 
to its impact on plant risk due to fires. 

A visual inspection was 
performed on the G panel and 
confirmation was made on the 
proper design separation 
between trains.  Additionally, 
proper separation of cables 
throughout the plant was 
verified. 

No further review 
required. 

9. Upgrade the anchorage for the main Cardox tank 
for Relay Room automatic fire suppression.  From 
walkdown activities, it was found that a potentially 
weak anchorage exists for the main CO2 storage 
tank in the Unit 1 Turbine Building.  Suppression 
in the Relay Room is important due to the critical 
equipment in this room required for safe shutdown 
of the plant. 

The installation of new 
anchors for the Cardox Tank 
was completed and 
documented under the plant 
design change process. 

No further review 
required. 

10. Upgrade the anchorage for the diesel driven fire 
water pump batteries and its fuel oil day tank.  
From walkdown activities, it was found that a 
potentially weak anchorage exists for the diesel 
driven fire water pump batteries and fuel oil day 
tank in the plant Screenhouse.  This is a concern 
in that seismic events of sufficient magnitude to 
cause a loss of offsite power could also render the 
diesel fire pump unavailable. 

The installation of new 
anchors for the diesel driven 
fire water pump batteries and 
its fuel oil day tank was 
completed and documented 
under the plant design change 
process. 

No further review 
required. 

F.5.1.7 Use of External Events in the PINGP SAMA Analysis 

The external events examination was conducted in three distinct phases: seismic, 
internal fires, and other external events.  The following summarizes the conclusions of 
these assessments, including specific insights and recommendations.  As a result of 
reviewing these historical analyses and their results, no additional SAMAs were 
identified that required further consideration for the Phase I analysis.  

F.5.1.7.1 Seismic Analysis 

Northern States Power (NSP) had originally planned to respond to Generic Letter 88-20, 
Supplement 4, by performing a seismic probabilistic risk assessment (PRA) for PINGP. 
By letter dated September 25, 1995, PINGP notified the NRC staff of a change in the 
manner in which the seismic IPEEE would be completed.  This change was based on 
new information regarding large reductions in the seismic hazard estimates for sites in 
the eastern United States, as presented in NUREG-1488 (NRC 1993). This information 
was incorporated within Supplement 5 of Generic Letter 88-20, which provides the basis 
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for NSP's decision to change the approach of completing the seismic IPEEE from a 
seismic PRA to a seismic margins assessment. 

A portion of the effort for the PRA was accomplished (i.e., walkdowns and initial 
screening) when the NRC issued Supplement 5 to the Generic Letter.  NSP elected to 
change its approach in accordance with Supplement 5 and completed the analysis of 
seismic events in the form of a reduced scope seismic margins assessment with the 
focus on a few known weaker, but critical, components.  The majority of the 
components included in the assessment were determined to meet the screening criteria 
established in EPRI NP-6041-SL (EPRI 1991).  This result in itself indicates that most of 
the components have a relatively high seismic capacity.  The remaining components; 
i.e., those not meeting the screening criteria, were evaluated further and were 
determined to be: 1) adequate for the safe shutdown earthquake (SSE); 2) unnecessary 
due to the particular seismic failure mode and/or available plant equipment redundancy; 
or 3) were to be addressed under the closure of the PINGP SQUG program.  Overall, it 
was concluded that there was no significant plant vulnerability to severe accidents 
attributable to seismic events at PINGP. 

It should be noted that the seismic analysis conducted as part of the IPEEE program 
was done in conjunction with the efforts at PINGP to address seismic issues associated 
with the USI A-46 program (NRC 1987).  Further, it was shown that many unscreened 
components that were not dispositioned in the USI A-46 program would not be expected 
to lead to the inability to cool the core if they were assumed to fail following a seismic 
event.  In each case, additional random failures of equipment are necessary before 
inadequate core cooling would be expected. 

Other significant conclusions of the seismic margins assessment include: 

• The seismic walkdowns performed as part of the IPEEE found most of the 
components and structures reviewed to be seismically adequate (i.e., suitably 
anchored and/or seismically rugged).  Those items that could be considered 
potentially vulnerable were subjected to the more rigorous seismic evaluation 
referred to above. 

• Concrete block walls were either screened from further consideration because their 
failure would cause no adverse consequences, or they were further evaluated and 
found to have sufficient seismic capacity. 

• The review of relays credited in the IPE revealed that there were relays beyond 
those considered in the SQUG program scope that had to be evaluated.  However, it 
was determined that none of these relays were considered "bad actors". 
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• Few flat bottom tanks fell solely under the scope of the seismic IPEEE (i.e., SQUG 
had identified some tanks as outliers that were addressed under the closure of that 
program).  Those that did were either screened or shown to have limited 
consequences should they fail. 

• A review of containment response revealed no conditions unique to seismic events 
or that were not already evaluated as part of the internal events PRA (IPE). 

• A recommendation from the seismic margins assessment was to restrain or remove 
wall hung ladders and scaffolding that were located near safety related equipment to 
reduce the impact of seismically induced relay chatter. 

F.5.1.7.2 Internal Fires Analysis 

The overall methodology used in the development of the PINGP Fire IPEEE conformed 
to the guidance provided by GL 88-20, Supplement 4 and detailed guidance provided by 
NUREG-1407 (NRC 1991), and has made use of past PRA experience, generic 
databases, and other defensible simplifications to the maximum extent possible.  This 
methodology was summarized in the PINGP IPEEE submittal of September 1998.  The 
PINGP fire study used an approach that combined the deterministic evaluation 
techniques from the Fire Induced Vulnerability Evaluation (FIVE) methodology with 
classical PRA techniques.  The FIVE methodology provided a means of establishing fire 
boundaries as well as methods to evaluate the probability and the timing of damage to 
components located in a compartment involved in a fire.  PRA techniques allow 
determination of compartment-specific core damage frequencies associated with fires 
within the various fire areas of the plant.  For the PINGP Fire IPEEE, compartments 
were identified and evaluated, then quantified using the fault trees and event trees from 
the updated internal events PRA.  The internal initiating events were evaluated to 
determine if they could also result from a fire.  The relevant fire-induced initiating events 
and related fault trees were used to perform the quantification. 

The core damage frequency resulting from fires was estimated to be less than 5E-5/yr. 
This total is on the same order of magnitude as the core damage frequency of the 
internal events PRA (Level 1, Rev. 1 – see Section F.2.1.2.1 above).  It should be noted 
that these results included a number of conservative assumptions.  For example, 
automatic and manual fire suppression techniques were not credited except in the 
control room, relay and cable spreading room, and the AFW pump rooms.  Also, in most 
cases, fires were also assumed to completely engulf an area once ignited.  In a few 
critical fire areas (FA), fire modeling was performed to more accurately predict the 
spread of credible fires occurring in those areas, and the scope of equipment affected 
by those fires.  The areas that received fire modeling were the control room (FA 13), 
cable spreading and relay room (FA 18), both of the Auxiliary Feedwater/Instrument Air 
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compressor rooms (FAs 31 and 32), the screenhouse basement (FA 41B), and the Unit 
1 side Auxiliary Building 695' elevation (FA 58). 

More than 89 percent of the plant risk associated with the internal fires can be traced to 
eight fire areas.  These areas are the main control room (FA 13), Unit 1 side Auxiliary 
Feedwater/Instrument Air compressor room (FA 32), 480V safeguards switchgear room-
Bus 111 (FA 80), 4160V safeguards switchgear room-Bus 16 (FA 20), Unit 1 Auxiliary 
Building elevation 715' (FA 59), Unit 2 Auxiliary Building elevation 695' (FA 73), the 
cable spreading and relay room (FA 18), and the Turbine Building ground and 
mezzanine floor (FA 69).  Of these, the largest contributors to core damage frequency 
were fires originating in the main control room.  Small fires in the panels that include the 
Main Feedwater system and Auxiliary Feedwater system controls that are successfully 
suppressed; along with large fires in the safeguards electrical panel (G-panel) 
dominated the risk from this fire area. 

It should be noted that FA 73, Unit 2 Auxiliary Building elevation 695', did not receive 
detailed fire modeling, as did its Unit 1 counterpart fire area, FA 58.  As a result, the 
core damage contribution from fires in FA 58 fell below the 1E-6/rx-yr reporting criteria, 
while the contribution from fires in FA 73 did not.  If fire modeling had been applied to 
FA 73, it is expected that this fire area would have been shown to be even less 
significant to the Unit 1 Fire PRA results than FA 58. 

Operator actions that dominated the fire PRA are associated with performing RCS bleed 
and feed operation, activation of the hot shutdown panel, local restoration of onsite 
power following station blackout from a control room G-panel fire, and manual fire 
suppression in the control room. 

The principal finding of the IPEEE fire analysis is that there were no major vulnerabilities 
due to fire events at PINGP.  Plant insights/improvements and their resolution were 
identified above in Section F.5.1.6, which also included two recommendations from the 
seismic/fire interactions review. 

F.5.1.7.3 High Winds, Floods, and Others 

The assessment of other external events in Appendix C of the IPEEE (NSP 1998) 
showed that there were no other credible external events besides fires and seismic 
activity that were a safety concern to the PINGP site.  No vulnerabilities were identified, 
and the screening criteria contained in NUREG-1407 (NRC 1991) and Generic Letter 
88-20 (Supplement 4) were satisfied for all events.  Because there were no 
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vulnerabilities found from this analysis, no changes to plant hardware or procedures 
were necessary.  

F.5.1.7.4 Post-IPEEE External Hazards Review 

In addition to the above summary of the PINGP IPEEE, an effort was made to review 
information since the conclusion of the original IPEEE in 1998 to determine if any 
outstanding issues exist that could warrant the implementation of any additional SAMAs 
with regard to external risk.  Information for this review was obtained from inspection 
audits, RAIs, USAR changes, etc.  Therefore, the following sources of information are 
outlined below with a summary of their review: 

F.5.1.7.4.1 PINGP Response to RAIs from NRC regarding IPEEE Submittal (NSP 
2000) 

There were five major requests for additional information, with some containing multiple 
sub-topics of interest.  Three of the requests can be categorized as related to seismic 
interactions, one related to non-seismic failures and human actions, and one related to 
seismic-induced fires.  The responses from NMC involved detailed explanations and 
evaluations that satisfactorily address each of the questions, but none involving any 
structural or hardware modifications.   

Since no outstanding items exist as a result of these RAIs, no new SAMAs are deemed 
necessary. 

F.5.1.7.4.2 Response to Generic Letter 2003-01, "Control Room Habitability" (NMC 
2003) 

The purpose of this generic letter was to ensure that licensees are capable of meeting 
the applicable habitability regulatory requirements and the control room is designed, 
constructed, configured, operated, and maintained in accordance with the facility’s 
design and licensing basis.  One of the results found within this report is that inspections 
during the initial set of tests indicated that the seals for the doors that enter the control 
room envelope and the outside air isolation dampers could be a significant vulnerability.  
Thus, following initial testing, the seals on all the doors entering the control room 
envelope were replaced, and the outside air isolation dampers were replaced with 
bubble tight design dampers.  Consistent with the current licensing bases, control room 
dose analyses were performed for the LOCA, the Main Steam Line Break (MSLB), and 
the Fuel Handling Accident (FHA).  The LOCA dose analysis demonstrated that the 
dose to the Control Room operator satisfied General Design Criteria (GDC) 19 using 
165 cfm unfiltered inleakage. The MSLB dose analysis demonstrated that the dose to 
the Control Room operator satisfied GDC-19 using 175 cfm unfiltered inleakage. An 
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evaluation for the dose to the control room operator following a FHA demonstrated that 
the dose to the Control Room operator is less than the GDC-19 limits with unfiltered 
inleakage up to 700 cfm. 

With regard to toxic chemicals, a probabilistic evaluation of chlorine and ammonia spills, 
determined that no automatic monitoring systems were required.  Following NRC 
approval, the chlorine detection system was removed.  PINGP used the guidance of 
Regulatory Guide 1.78 and 1.95 in determining the adequacy of operator protection in 
the event of a toxic chemical release.  RG 1.95 recommended that a six hour air 
capacity for the SCBAs be readily available on site to ensure that sufficient time is 
available to transport additional bottled air from offsite locations.  The regulatory 
guidance also stated that a minimum emergency crew should consist of those 
personnel required to maintain the plant in a safe condition, including orderly shutdown 
or scram (automatic shutdown) of the reactor.  When a toxic gas event is detected, 
control personnel will place the Control Room ventilation in recirculation and don their 
SCBAs. PINGP can provide a minimum of six hours of air for 14 people:  six Control 
Room operators, six out-plant operators and fire brigade, one chemist, and one shift 
manager.  The breathing air supply consists of an auto-cascade air system with two 
Quick-Fill stations located on the missile shield wall outside the Control Room.  The 
system also provides a redundant three hour supply of air in the event of an equipment 
failure on one of the stations.  All SCBAs in the plant have Quick-Fill capability.  
Annually, Operations personnel must complete SCBA training and must don an SCBA 
and have it functional within 2 minutes for potential hazardous chemicals capable of 
entering the Control Room.  With regard to reactor control capability in the event of 
smoke, it was concluded, using the guidance described in NEI 99-03, Rev. 1, Appendix 
A (NEI 2003), that a single smoke event originating from inside or outside the Control 
Room would not affect both the Control Room and the Hot Shutdown Panel areas.  
Plant Operators would be able to achieve and maintain safe shutdown (reactor control 
capability) from either the Control Room or the Hot Shutdown Panels if needed.   

As a result, no areas of concern or outstanding vulnerabilities were identified regarding 
control room habitability; therefore, no additional SAMAs are warranted. 

F.5.1.7.4.3 Prairie Island Nuclear Generating Plant, Units 1 and 2 NRC 
Tornado/Fire/Flood Integrated Inspection Report (NRC 2005a) 

On June 30, 2005, the NRC completed an integrated inspection for Units 1 and 2.  This 
inspection examined activities, selected procedures, records, observed activities, and 
personnel interviews.  Based on the results of this inspection, the inspectors identified 
two external event-related findings.  Both findings were determined to be of very low 
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safety significance.  As a result, no areas of concern or outstanding vulnerabilities were 
identified regarding this integrated inspection, and therefore, no additional SAMAs are 
warranted. 

F.5.1.7.4.4 Prairie Island Nuclear Generating Plant, Units 1 and 2 NRC Triennial Fire 
Protection Baseline Inspection (NRC 2006) 

Based on the results of this fire inspection, no significant outstanding vulnerabilities 
were identified that would warrant a specific SAMA to mitigate external risk.  Two of the 
four findings identified during this inspection were determined to be of very low safety 
significance, and two are being addressed through the corrective action program and 
NFPA 805 implementation. 

F.5.1.8 Quantitative Strategy for External Events 

The quantitative methods available to evaluate external events risk at PINGP are 
limited, as discussed above.  In order to account for the external events contributions in 
the SAMA analysis, the assumption that the risk posed by external and internal events 
is approximately equal was imposed to simplify the calculation of averted cost-risk 
based on external events accidents. 

Continuing on with the assumption that the internal and external events risks are 
assumed to be equal, the MACR calculated for the internal events model has been 
doubled to account for external events contributions.  As identified in Section F.4.6, this 
total is referred to as the MMACR.  The MMACR is used in the Phase I screening 
process to represent the maximum achievable benefit if all risk related to on-line power 
operations was eliminated.  Therefore, those SAMAs with costs of implementation that 
are greater than the MMACR were eliminated from further review.  The second stage of 
this strategy was to also apply the doubling factor to the Phase II analysis.  Any averted 
cost-risk calculated for a SAMA was multiplied by two to account for the corresponding 
reduction in external events risk.  The difference in the averted cost-risk estimates 
between the base case and the proposed SAMA were then compared with 
implementation costs to determine whether a particular SAMA was cost beneficial. 

F.5.2 Phase I Screening Process 

The initial list of SAMA candidates is presented in Table F.5-3.  The process used to 
develop the initial list is described in Section F.5.1. 
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The purpose of the Phase I analysis is to use high-level knowledge of the plant and 
SAMAs to preclude the need to perform detailed cost-benefit analyses on them.  The 
following screening criteria were used: 

• Applicability to the Plant:  If a proposed SAMA does not apply to the PINGP design, 
it is not retained. 

• Engineering Judgment:  Using extensive plant knowledge and sound engineering 
judgment, potential SAMAs are evaluated based on their expected maximum cost 
and dose benefits; those that are deemed not beneficial are screened from further 
analysis. 

Table F.5-3 provides a description of how each SAMA was disposition in Phase I.    
Those SAMAs that required a more detailed cost-benefit analysis are evaluated in 
Section F.6. 

Detailed cost-estimates were developed, using an outside vendor, for the most viable 
candidates.  These cost estimates included cost estimates related to the four project 
phases:  Study, Engineering and Design, Implementation and Life Cycle.  A summary of 
cost estimates by phase breakdown is included in Table F.5-3 to help determine which 
SAMAs should be retained for further analysis in Phase II. 

F.5.2.1 SAMA 6 (Install Equipment to Automatically Isolate Auxiliary 
Building Flooding): 

This SAMA attempts to address the risk of Auxiliary Building flooding, which is 
dominated by floods in the lowest level (Zone 7, the 695’ elevation, represented by 
initiating events I-AB7FLDA and I-AB7FLDB).  The flooding is assumed to be due to a 
ruptured Cooling Water (CL) system pipe. 

Risk Benefit: 

For either unit, Auxiliary Building Zone 7 flooding initiating events account for only about 
2% of the CDF and only about 1% of the LERF.  Also, by definition, implementation of 
this SAMA will not provide any benefit in reducing the risk of SGTR-initiated events, 
which are an important component of the LERF. 

SAMA Implementation Cost: 

The cost and complexity of implementing this SAMA would be significant—involving 
system modifications that would entail extensive engineering support, specialized 
hardware and instrumentation, and regulatory analyses to support modifications to the 
facility.  In order to minimize the cost of the modification, the existing ring header 
isolation MOVs would have to be used (those that currently split the ring header into two 
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safeguards headers on an S-signal on either unit) in order to prevent a dual-unit outage 
to install new isolation valves.  Under this design, however, isolation of an entire train of 
safeguards equipment (those supplied by CL) to stop the flooding event would leave 
both units susceptible to a single failure for important safety functions.  Also, adding 
level instrumentation and automatic isolation logic in order to achieve the most risk 
benefit from this modification, additional logic to identify the affected CL header and trip 
the pumps supplying that header would have to be installed.  If manual action to 
diagnose the situation and trip the right pumps is relied upon, a large portion of the risk 
benefit from this SAMA would not be realized.  Also, at a minimum, one CC pump on 
each unit must be assumed to have failed as they are located in the CCHX room 
underneath each CL header.  

Recommendation: 

Screen this SAMA from further consideration. 

F.5.2.2 SAMA 6a (Segregate Flooding Zones): 

This SAMA attempts to address the risk of Auxiliary Building flooding (see SAMA 6 
discussion above), which is dominated by floods in the lowest level (Zone 7, the 695’ 
elevation, represented by initiating events I-AB7FLDA and I-AB7FLDB).  However, this 
SAMA addresses the problem by building curbs or other barriers to physically protect 
trains of potentially affected equipment from each other.  Currently the SI pumps are not 
separated from each other with respect to flooding hazards.  The RHR pits (containing 
the RHR pumps and heat exchangers) are separated but would both flood nearly 
simultaneously when water level reaches top of curb.  Other equipment affected on the 
695’ elevation include MCCs supplying power to the ECCS MOVs, which are not 
separated and would fail simultaneously impacting both trains.  It may be possible to 
increase height of curb around RHR pits to provide extended time to flooding, or to 
increase the curb height for the RHR pits.    

Risk Benefit: 

The maximum risk benefit for this SAMA is low (see SAMA 6 discussion above).   

SAMA Implementation Cost:

The cost of implementing this SAMA is estimated to be significantly greater than that of 
SAMA 6.  Furthermore, this SAMA relies on operator action to identify and isolate the 
header with the break (the current, pre-SAMA implementation situation).  With the 
higher likelihood of isolation failure due to operator vs. automatic action, a large portion 
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of the risk benefit from this SAMA would not be realized.  Also, even with successful 
operator action, the result is the loss of at least one train of safeguards equipment.  

Recommendation: 

Screen this SAMA from further consideration. 

F.5.2.3 SAMA 8 (Install Additional Diesel Generator): 

This SAMA addresses the risk of Station Blackout (SBO) events by installing an 
additional diesel generator that can be aligned should the onsite EDGs fail to provide 
power before offsite power can be restored.  One option may be to provide an upgrade 
to the D3 and/or D4 non-safeguard diesel generators already onsite to provide a backup 
EDG supply. 

Risk Benefit: 

SBO is a significant contributor to CDF for both units (provides about 8% of the total 
CDF).  However, it contributes <1% to the LERF, and approximately 1% to the 
frequency of all early containment failure sequences.  All of the top SBO-related release 
categories involve sequences in which the containment and/or reactor vessel does not 
fail.  The risk benefit of this SAMA is further reduced by the need for operator action 
(including local actions) for implementation. 

SAMA Implementation Cost:

The cost of implementing this SAMA would be significant, involving (at a minimum) 
semi-permanent connection capability for D3 and/or D4 to the safeguards 4kV buses 
and analyses to show no degradation of the safeguards power supplies due to the 
modifications required.  Procedures and operator training would need to be 
implemented to obtain much benefit from this SAMA.  In addition, the reliability of D3 
and D4 may need to be improved. 

Recommendation: 

Screen this SAMA from further consideration. 

F.5.2.4 SAMA 13 (Install Automatic Sump Pump for Zone 7 AB Flooding): 

This SAMA attempts to address the risk of Auxiliary Building flooding (see SAMA 6 
discussion above), which is dominated by floods in the lowest level (Zone 7, the 695’ 
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elevation, represented by initiating events I-AB7FLDA and I-AB7FLDB).  However, this 
SAMA addresses the problem by installing a sump pump system that would remove 
water from the affected area, providing additional time for operator action to isolate the 
break. 

Risk Benefit: 

The maximum risk benefit for this SAMA is low (see SAMA 6 discussion above).   

SAMA Implementation Cost:

The cost of implementing this SAMA would be about the same, or slightly less, than the 
cost of SAMA 6, however, as with SAMA 6a, this SAMA relies on operator action to 
identify and isolate the header with the break (the current, pre-SAMA implementation 
situation).  Therefore, a large portion of the risk benefit from this SAMA would not be 
realized.  Also, even with successful operator action, the result is the loss of at least one 
train of safeguards equipment.  

Recommendation: 

Screen this SAMA from further consideration. 
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F.6 PHASE II SAMA ANALYSIS 

Not all of the Phase II SAMA candidates require detailed analysis.  The Phase II 
process allows for the screening of SAMAs known to be related to non-risk significant 
systems or to components/functions with low importance rankings.  Due to the nature of 
the PRA based process used to develop the PINGP SAMA list, there are limited 
avenues for SAMAs of this type to be included in the list.  However, potential pathways 
do exist: 

• Inclusion of unresolved proposed plant changes from previous PINGP risk analyses, 

• Inclusion of SAMAs based on the results of conservative modeling methods. 

While no calculations are required for eliminating a SAMA that is linked to a non-risk 
significant system or components, some quantitative efforts are usually required to 
screen SAMAs that were developed to address risk contributors based on conservative 
modeling techniques.  These cases are identified in Table F.6-1 and discussed in detail 
in the SAMA specific subsections of F.6. 

For the SAMAs requiring detailed analysis, a more detailed conceptual design was 
prepared along with a more detailed estimated cost.  This information was then used to 
evaluate the effect of the candidates’ changes upon the plant safety model. 

The final cost-risk based screening method is defined by the following equation: 

Net Value = (baseline cost-risk of plant operation (MMACR) – cost-risk of plant 

operation with SAMA implemented) – cost of implementation 

If the net value of the SAMA is negative, the cost of implementation is larger than the 
benefit associated with the SAMA and the SAMA is not considered cost beneficial.  The 
baseline cost-risk of plant operation was derived using the methodology presented in 
Section F.4.  The cost-risk of plant operation with the SAMA implemented is determined 
in the same manner with the exception that the revised PRA results reflect 
implementation of the SAMA. 

The implementation costs used in the Phase I and II analyses consist of PINGP specific 
estimates developed by plant personnel, as well as those from Sargent & Lundy for 
certain Phase II SAMAs (S&L 2007).  The basic components of the cost estimates 
included relevant work activities across the following major project phases:  study, 
analysis, design, implementation, and life cycle.  Where possible, the economic benefit 
of implementing proposed SAMAs across both units and taking credit for certain 
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duplicate work activities resulted in implementation costs for the second unit being 
reduced.  To average this economic benefit across both units, the SAMA cost for each 
unit was figured by dividing the total expected cost by a factor of two.  It should be noted 
that PINGP specific implementation costs do not account for any replacement power 
costs that may be incurred due to consequential shutdown time.  Table F.5-3 provides 
implementation costs for each Phase I and II SAMA.  Costs are delineated as ‘per unit’ 
and/or ‘total’ as appropriate. 

Sections F.6.1 – F.6.14 describe the detailed cost-benefit analysis that was used for 
each of the remaining candidates.  It should be noted that the release category results 
provided for each SAMA do not include contributions from the negligible release 
category. 

F.6.1 SAMA 2:  Alternate Cooling Water (CL) Supply 

Loss of the Cooling Water (CL) system is a highly risk-significant initiating event.  
Provision of an additional, alternate means of supplying CL may reduce the risk 
associated with these events.  Although crossties from the fire protection system (FPS) 
are available, these crossties were intended to supply CL to FPS, not the other 
direction.  As a result, the amount of water flow available from the FP system to CL may 
not be sufficient to meet the CL system needs, even for one train of safeguards 
equipment.  Therefore, this SAMA investigates the risk impact of installing a redundant 
CL pump train, diverse and independent from the existing pump trains (for example, a 
separate diesel-driven CL pump located in a building onsite that can be tied into the 
existing system and will start automatically on low system pressure). 

Assumptions: 

1. For the purposes of this SAMA, it is assumed that the existing diesel-driven fire 
pump (DDFP) in the basement of the Screenhouse is upgraded and piped such that 
it can supply both the needs of the FP system and needs of the CL system (as a 
backup CL system pump).   

2. The SAMA 2 pump would remain diesel-driven, with fuel, cooling and ventilation 
requirements independent of the diesel-driven cooling water pumps (DDCLPs), and 
would otherwise be diverse enough from the design of the existing DDCLPs such 
that no CCF potential existed between these pumps.   

3. The suction source of the SAMA 2 pump is assumed to be the same suction source 
currently available to the DDFP (Unit 1 side Circ Water Bay).   
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4. The SAMA 2 pump is assumed to start automatically on low system pressure (when 
all of the other pumps have failed – setpoint below the current DDCLP start 
setpoint). 

5. For operating flexibility, it was assumed that the SAMA 2 pump unavailability for 
testing or maintenance and existing CL pump unavailability for testing or 
maintenance are not mutually-exclusive events. 

SAMA 2 pump failure modeling: 

1. The pump FTR BE probability was determined by summing the diesel-driver and 
pump-portion FTR BE probabilities for one of the existing DDCLPs. 

2. The pump FTS BE probability was determined by summing the diesel-driver and 
pump-portion FTS BE probabilities for one of the existing DDCLPs. 

3. A double-check valve design on the outlet of the SAMA 2 pump was assumed in 
order to prevent a significant failure likelihood from flow diversion through the non-
running pump (no such modeling was included in the fault tree).   

4. It is assumed that the SAMA 2 pump discharge will be piped into the CL header 
similar to the location of 121 CL pump discharge, between the A/B and C/D header 
isolation MOVs, such that the pump is able to supply either CL header A or B on a 
unit SI signal.  The existing FT models failure of one of these header isolation valves 
to remain open, together with failure of the remaining pumps available to that header 
to provide flow.  However, due to the low risk significance of these failures, no 
additional modeling (to include the SAMA 2 pump failures) was felt to be necessary 
as this would only drive down the frequency of these sequences. 

5. The fuel supply design for the SAMA 2 diesel engine was assumed to be similar (but 
independent) to that of the existing DDCLPs.   

6. No failure basic events were included for pump ventilation issues over its mission 
time to run.  The pump was assumed to have minimal ventilation requirements due 
to its location within the large, open Screenhouse basement room (or the ventilation 
design was assumed to have high reliability). 

7. The design of the pump was assumed to not have a requirement for external bearing 
water cooling as the existing safeguards pumps have (pump has a self-sealing or 
other reliable seal design). 

8. The SAMA 2 pump was assumed to be susceptible to failure from Screenhouse 
flooding initiating events. 

9. The SAMA 2 pump was assumed to NOT be available as a safeguards (Technical 
Specifications) replacement for the existing DDCLPs (as the 121 motor-driven pump 
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is) since it is modeled as taking suction from the circulating water bay (not the 
safeguards pump bay). 

PRA Model Changes to Model SAMA: 

The table below provides a listing of the new basic events included in the PRA model 
for this sensitivity analysis: 

SAMA 2 New Basic Events 

Description Probability Comments 

SAMA DIESEL CL PUMP UNAVAILABLE DUE 
TO CORRECTIVE MAINTENANCE 

1.29E-03 Assumes same unavailability as 12, 22 
CL pumps 

SAMA DIESEL CL PUMP UNAVAILABLE DUE 
TO PREVENTIVE MAINTENANCE 

1.58E-02 Assumes same unavailability as 12, 22 
CL pumps 

SAMA 2 DIESEL CL PUMP FAILS TO RUN (24 
HR MISSION) 

4.01E-02 Probability derived by summing event 
probabilities for  

SAMA 2 DIESEL CL PUMP FAILS TO START 3.45E-03 Probability derived by summing event 
probabilities for  

SAMA 2 DIESEL CL PUMP OUT OF FUEL 6.40E-03 Probability determined by summing all 
BEs under 12 DDCLP. 

SAMA 2 PUMP CHECK VALVE 1 FAILS TO 
OPEN 

5.00E-05 Standard check valve FTO probability. 

SAMA 2 PUMP CHECK VALVE 2 FAILS TO 
OPEN 

5.00E-05 Standard check valve FTO probability. 
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Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-Risk, and Offsite 
Economic Cost-Risk (OECR).  The results are summarized in the following table for 
Units 1 and 2: 

  CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 7.72E-06 2.73 $15,396  
Unit 1 Percent Reduction 21.2% 6.8% 2.9% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.00E-05 8.22 $62,884  
Unit 2 Percent Reduction 17.1% 2.5% 0.7% 

 

SAMA 2 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.02E-06 1.82E-07 2.64E-07 2.27E-07 4.89E-08 3.22E-08 2.45E-09 4.84E-09 8.40E-10 2.32E-11 7.72E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.01 0.59 1.29 0.10 0.73 0.00 0.00 0.00 0.00 2.73 
OECRBASE $0  $18  $961  $11,706  $741  $2,408  $0  $0  $18  $0  $15,852  
OECRSAMA $0  $2  $900  $11,422  $646  $2,408  $0  $0  $18  $0  $15,396  

 

SAMA 2 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 8.28E-06 2.18E-07 3.23E-07 1.16E-06 5.79E-08 3.22E-08 2.80E-09 5.82E-09 9.17E-10 2.32E-11 1.00E-05 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.01 0.72 6.63 0.12 0.73 0.00 0.00 0.00 0.00 8.22 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $2 $1,101 $58,589 $765 $2,408 $0 $0 $19 $0 $62,884 

 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 
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SAMA 2 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $990,624  $123,376  
Unit 2 $2,980,000  $2,856,908  $123,092  

The SAMA 2 results indicate a relatively significant reduction in CDF.  Most of the CDF 
reduction is due to the decrease in the frequency of release category L-DH-L (late 
vessel failure with late containment failure due to failure of containment heat removal); 
however, this category is not very significant to the overall risk from offsite releases. 

Based on a $300,000 cost of implementation for each unit, the net value for this SAMA 
is -$176,624 ($123,376 - $300,000) for Unit 1 and -$176,908 ($123,092 - $300,000) for 
Unit 2, which implies that this SAMA is not cost beneficial for either unit. 

F.6.2 SAMA 3:  Provide Alternate Flow Path from RWST to Charging Pump 
Suction  

In the PINGP PRA model, failure to maintain cooling to the reactor coolant pump (RCP) 
seal package is assumed to result in a small LOCA through the RCP seals.  The normal 
means of providing seal cooling during plant operation is through RCP seal injection 
from the Chemical and Volume Control System (CVCS) charging pumps.  Water for 
seal injection is taken from the Volume Control Tank (VCT) and pumped into the RCP 
seal packages by the charging pumps.  On low VCT level, the charging pump suction is 
automatically supplied from the RWST (VCT isolation MOV closes and RWST MOV 
opens).  The current plant design provides only one flow path from the RWST to 
charging.  This SAMA investigates the risk benefit of adding a bypass line around the 
motor-operated valve that must open to supply charging pump suction flow from the 
RWST upon loss of VCT level (MV-32060 for Unit 1, MV-32062 for Unit 2).   

Assumptions: 

1. The bypass line for each unit is assumed to contain a normally closed, fail closed 
air-operated valve that opens on low VCT level (same instrumentation that provides 
open signal to the MOV).   

2.  The bypass line air operated valve (AOV) is assumed to be supplied with an air 
accumulator in the event that normal plant instrument air is lost (due to the high 
reliability of such an air supply system, no air dependency is modeled in the fault 
tree).  The purpose of this design requirement is to eliminate the common 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

 

ATTACHMENT F Page F.6-7 

dependency of the Component Cooling Water (CC) system and the Instrument Air 
(SA) system on the Cooling Water (CL) system.  As CC is a backup for seal cooling 
in the event of loss of seal injection flow from the charging pumps, the elimination of 
this dependency is critical to obtaining maximum value from this SAMA. 

PRA Model Changes to Model SAMA: 

The table below provides a listing of the new basic events included in the PRA model 
for this sensitivity analysis: 

SAMA 3 New Basic Events 

Description Probability Comments 

SAMA 3 AIR OPERATED VALVE FAILS TO OPEN 3.00E-03 Standard air-operated valve FTO probability. 
SAMA 3 AIR OPERATED VALVE FAILS TO REMAIN 
OPEN 

1.01E-05 Standard air-operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 8.52E-06 2.83 $15,548  
Unit 1 Percent Reduction 13.0% 3.4% 1.9% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.08E-05 8.32 $63,030  
Unit 2 Percent Reduction 10.7% 1.3% 0.5% 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 

SAMA 3 - Unit 1 Results By Release Category 

 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.17E-06 7.85E-07 2.82E-07 2.29E-07 4.95E-08 3.22E-08 1.12E-08 4.89E-09 8.40E-10 2.32E-11 8.52E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.05 0.63 1.30 0.11 0.73 0.00 0.00 0.00 0.00 2.83 
OECRBASE $0  $18  $961  $11,706  $741  $2,408  $0  $0  $18  $0  $15,852  
OECRSAMA $0  $8  $961  $11,500  $653  $2,408  $0  $0  $18  $0  $15,548  
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SAMA 3 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 8.41E-06 8.14E-07 3.39E-07 1.17E-06 5.85E-08 3.22E-08 1.15E-08 5.87E-09 9.17E-10 2.32E-11 1.08E-05 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.05 0.76 6.64 0.13 0.73 0.00 0.00 0.00 0.00 8.32 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $8 $1,157 $58,666 $772 $2,408 $0 $0 $19 $0 $63,030 

 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 

SAMA 3 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $1,039,044  $74,956  
Unit 2 $2,980,000  $2,903,346  $76,654  

The SAMA 3 results are similar to the SAMA 2 results, although the magnitude of the 
reductions in CDF and LERF are slightly lower.  Both SAMAs act to reduce the potential 
for RCP seal LOCA-induced core damage, however, addition of the diverse CL pump of 
SAMA 2 provides additional benefits that the more focused SAMA 3 does not provide.  
Most of the CDF reduction is due to the decrease in the frequency of release category 
L-DH-L (late vessel failure with late containment failure due to failure of containment 
heat removal), however, this category is not very significant to the overall risk from 
offsite releases.  The small drop seen in release category L-SR-E (pressure or 
temperature-induced SGTR), a component of the LERF, is the most significant risk 
benefit associated with this SAMA. 

Based on a $250,000 cost of implementation for each unit, the net value for this SAMA 
is -$175,044 ($74,956 - $250,000) for Unit 1 and -$173,346 ($76,654 - $250,000) for 
Unit 2, which implies that this SAMA is not cost beneficial for either unit. 

F.6.3 SAMA 5:  Diesel-Driven HPI Pump 

SAMA 5 investigates the potential risk reduction for installing an additional diesel-driven, 
high pressure injection (HPI) pump that could use a large volume, cold suction source.  
The intent of this SAMA is to reduce the risk of Station Blackout events (by prolonging 
the time the plant can operate without AC power) and SGTR events (by providing a 
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diverse means of providing high pressure injection from the RWST).  No containment 
sump recirculation capability was assumed for this pump train. 

Assumptions: 

An additional, diesel-driven HPI pump train is assumed to be made available to the 
ECCS, in parallel to the two existing SI pumps on both units (the SAMA 5 pump would 
be common to both units).   

The following additional assumptions are made regarding this pump train: 

1. The initial suction source to the SAMA 5 pump train is assumed to be the RWST.  
However, it is assumed that the design allows for highly reliable, automatic transfer 
to an alternate supply (other unit RWST, BAST, SFP, etc.) on loss of RWST level.  
(NOTE:  This design addresses SAMA 19a as well). 

a. Use of a river water source, while having the advantage of unlimited 
supply, is assumed to not be a viable alternative as it is not a borated 
water source. 

2. The SAMA 5 pump train is assumed to be independent of the existing SI pumps both 
in design (including location) and operation such that the potential for common 
cause failures associated with all three HPI pump trains is negligible.  The pump 
train is also assumed to be of a design that is diverse from the existing diesel CL 
pump trains. 

3. The SAMA 5 pump train is assumed to be supplied with water for pump cooling by 
either train (header) of the site cooling water system (provides some diversity from 
the CC system means of equipment heat removal used by the existing SI pumps).  A 
normally-open MOV is assumed for isolation (must remain open during pump 
mission time to run). 

a. Self cooling (through recirculation of borated RWST water) is not 
considered to be a viable alternative. 

4. The SAMA 5 pump train is assumed to start on an S-signal for either train/either unit 
and run on recirculation until flow is lost from the SI pump trains on the affected unit.  
The shutoff head for the SAMA 5 pump train is slightly lower than the SI pumps, 
such that it will automatically supply HPI flow should flow from the SI pump trains on 
the affected unit be lost. 

5. The SAMA 5 pump train is assumed to either be provided with a highly reliable 
ventilation system, or be located in a large volume such that pump train failures due 
to ventilation failures are not likely. 
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6. For operating flexibility, it was assumed that the SAMA 5 pump unavailability for 
testing or maintenance and existing SI pump unavailability for testing or 
maintenance are not mutually-exclusive events. 

SAMA 5 pump failure modeling: 

1. The SAMA 5 pump FTR BE probability was determined by summing the diesel-
driver and pump-portion FTR BE probabilities for one of the existing DDCLPs. 

2. The SAMA 5 pump FTS BE probability was determined by summing the diesel-driver 
and pump-portion FTS BE probabilities for one of the existing DDCLPs. 

3. A check valve on the outlet of the SAMA 5 pump was assumed to be required in 
order to prevent a significant failure likelihood from flow diversion through the pump 
should it fail to start (no such modeling was included in the fault tree).   

4. It is assumed that the SAMA 5 pump discharge will be piped into the high head 
safety injection (HHSI) header in the section of SI pump discharge piping common to 
both existing pump trains, such that the SAMA 5 pump is able to supply either the A 
or B HPI header on a unit SI signal.   

5. The fuel supply design for the SAMA 5 diesel engine was assumed to be similar (but 
independent) to that of the existing DDCLPs.   

PRA Model Changes to Model SAMA: 

The table below provides a listing of the new basic events included in the PRA model 
for this sensitivity analysis: 

SAMA 5 New Basic Events 

Description Probability Comments 

SAMA 5 HP INJECTION PUMP FAILS TO RUN 4.01E-02 Probability determined by summing the CLP 
diesel-driver and pump-portion FTR BE 

SAMA 5 HP INJECTION PUMP FAILS TO START 3.45E-03 Probability determined by summing the CLP 
diesel-driver and pump-portion FTS BE 

SAMA 2 DIESEL HPI PUMP UNAVAILABLE DUE TO CORRECTIVE 
MAINTENANCE 

1.29E-03 Assumes same unavailability as 12, 22 CL 
pumps 

SAMA 2 DIESEL HPI PUMP UNAVAILABLE DUE TO PREVENTIVE 
MAINTENANCE 

1.58E-02 Assumes same unavailability as 12, 22 CL 
pumps 

SAMA 2 DIESEL HPI PUMP OUT OF FUEL 6.40E-03 Probability determined by summing all BEs 
under 12 DDCLP. 

SAMA 5 DIESEL HPI PUMP DISCHARGE CHECK VALVE FAILS TO 
OPEN 

5.00E-05 Standard check valve FTO probability. 

SAMA 5 PUMP COOLING WATER MOTOR OPERATED ISOLATION 
VALVE FTRO 

4.80E-06 Standard motor-operated valve FTRO 
probability.  Assumes standard 24 hour 
mission time. 
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Results of SAMA Quantification: 

Implementation of this SAMA yields a slight reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 9.77E-06 2.39 $14,450  
Unit 1 Percent Reduction 0.3% 18.4% 8.8% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.20E-05 7.37 $58,219  
Unit 2 Percent Reduction 0.8% 12.6% 8.1% 

 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 

SAMA 5 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.51E-06 1.92E-06 6.95E-08 2.21E-07 5.09E-08 3.22E-08 3.06E-08 5.45E-10 8.40E-10 0.00E+00 9.77E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.12 0.16 1.26 0.11 0.73 0.00 0.00 0.00 0.00 2.39 
OECRBASE $0  $18  $961  $11,706  $741  $2,408  $0  $0  $18  $0  $15,852  
OECRSAMA $0  $18  $237  $11,098  $671  $2,408  $0  $0  $18  $0  $14,450  

 
SAMA 5 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 8.74E-06 2.02E-06 7.99E-08 1.09E-06 5.99E-08 3.22E-08 3.11E-08 6.02E-10 9.17E-10 0.00E+00 1.20E-05 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.13 0.18 6.19 0.13 0.73 0.00 0.00 0.00 0.00 7.37 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $19 $272 $54,710 $791 $2,408 $0 $0 $19 $0 $58,219 

 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 
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SAMA 5 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $1,038,058  $75,942  
Unit 2 $2,980,000  $2,757,390  $222,610  

The SAMA 5 results show a reduction in the potential for core damage with containment 
bypass due to SGTR events.  This is due to the ability to align an alternate, diverse 
pump train to supply RCS makeup following a SGTR, in the event that both safety 
injection pump trains are unavailable or failed.  The independence of the pump from the 
component cooling system also provides a significant risk benefit. Also, the beneficial 
impact of this SAMA is greater for Unit 2, which has a higher potential for SGTR events 
(SGs have not been replaced on Unit 2 as they have on Unit 1).  However, the high cost 
of this modification is not offset by the expected risk benefit from either unit. 

Based on a $1,500,000 cost of implementation for each unit, the net value for this 
SAMA is -$1,424,058 ($75,942 - $1,500,000) for Unit 1 and -$1,277,390 ($222,610 - 
$1,500,000) for Unit 2, which implies that this SAMA is not cost beneficial for either unit. 

F.6.4 SAMA 9:  Analyze Room Heat-up for Natural/Forced Circulation 
(Screenhouse Ventilation) 

The purpose of this SAMA is to investigate the risk benefit of implementing procedural 
practices (opening doors, installing portable fans) or a plant modification to improve 
ventilation for safeguards equipment in the screenhouse.  In particular, failures of the 
ventilation system associated with the safeguards vertical cooling water (CL) pumps 
currently provide a significant contribution to plant core damage risk.  This SAMA 
determines the maximum benefit achievable if the Screenhouse ventilation system 
reliability is improved. 

Assumptions: 

1. It is assumed that the implementation of this SAMA either: 

a. allows all combinations of running safeguards CL pumps to run for at least 
a 24-hour mission time without forced ventilation (and with room 
temperatures stable or trending lower at 24 hours), or 

b. increases the reliability of the Screenhouse ventilation system such that 
the potential for loss of running safeguards CL pumps provides a 
negligible contribution to plant risk. 
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2. For the purposes of SAMA cost estimation, it is assumed that a best-estimate room 
heatup analysis (the least expensive option) is chosen, and that the reanalysis 
provides results that adequately support Assumption 1a above. 

 

PRA Model Changes to Model SAMA: 

In order to model this SAMA, all of the PRA fault tree model logic associated with 
failures of the safeguards vertical CL pumps (12, 121, and 22) due to Screenhouse 
ventilation system failures was set to logical FALSE.  This treatment demonstrates the 
maximum risk benefit of this SAMA. 

Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 8.75E-06 2.83 $15,600  
Unit 1 Percent Reduction 10.7% 3.4% 1.6% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.10E-05 8.32 $63,088  
Unit 2 Percent Reduction 8.6% 1.3% 0.4% 

 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 

SAMA 9 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.24E-06 9.47E-07 2.79E-07 2.29E-07 5.16E-08 3.22E-08 1.39E-08 4.89E-09 8.40E-10 2.32E-11 8.75E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.06 0.62 1.30 0.11 0.73 0.00 0.00 0.00 0.00 2.83 
OECRBASE $0  $18  $961  $11,706  $741  $2,408  $0  $0  $18  $0  $15,852  
OECRSAMA $0  $9  $953  $11,531  $681  $2,408  $0  $0  $18  $0  $15,600  
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SAMA 9 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 8.49E-06 9.92E-07 3.38E-07 1.17E-06 6.06E-08 3.22E-08 1.44E-08 5.87E-09 9.17E-10 2.32E-11 1.10E-05 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.06 0.75 6.64 0.13 0.73 0.00 0.00 0.00 0.00 8.32 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $10 $1,151 $58,700 $800 $2,408 $0 $0 $19 $0 $63,088 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 

SAMA 9 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $1,051,254  $62,746  
Unit 2 $2,980,000  $2,917,082  $62,918  

The SAMA 9 risk reduction results are similar to the SAMA 3 results, both in magnitude 
and in release categories benefited.  SAMA 9 also reduces the potential for seal 
LOCAs, as the availability of the CL system is enhanced, although it also has the 
potential to reduce the loss of cooling water (LOCL) initiating event frequency.  The 
impact of eliminating the Screenhouse ventilation dependency is not as great as the 
impact of adding another diverse CL pump, however (SAMA 2). 

Based on a $62,500 cost of implementation for each unit, the net value for this SAMA is 
$246 ($62,746 - $62,500) for Unit 1 and $418 ($62,918 - $62,500) for Unit 2, which 
implies that this SAMA is cost beneficial for both units. 

F.6.5 SAMA 12: Alternate Component Cooling Water Supply 

The Component Cooling Water (CC) system provides cooling for the ECCS and other 
safeguards components, and provides a backup to the Chemical and Volume Control 
System (CVCS) seal injection system for cooling the reactor coolant pump (RCP) seals.  
The purpose of this SAMA is to investigate the risk benefit of enabling an alternate 
means of supplying water to the Component Cooling Water (CC) system.   

The most risk-significant events associated with the CC system are those in which the 
entire system is lost (loss of CC initiating event, or those initiated by other events, but in 
which both CC pump trains subsequently fail to supply flow for mitigation of the event).  
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Therefore, any alternate CC supply source should provide sufficient flow to support the 
removal of heat through the CC heat exchangers.   

In addition to pump train failures, passive CC system piping and head tank faults 
contribute to potential for loss of the CC system, although only the head tank faults 
contribute significantly to the initiating event frequency.  These passive faults must be 
isolatable in order to maintain flow to the supplied equipment.    

Normal makeup to the CC system is from the reactor makeup water (RM) system.  
Makeup from RM system is low-volume and intended only for minor makeup 
requirements to the closed-loop CC system.  Therefore, an alternate source of water is 
necessary for this SAMA.  The CCW pumps and heat exchangers are located on the 
695’ elevation of the Auxiliary Building.  Available alternate supply sources in this 
location include headers include the CL and Fire Protection (FP) system piping.   These 
alternate makeup sources are not closed loop systems.  Therefore, use of these 
systems will require availability of a system outlet (note that this outlet flow will also 
provide additional heat removal for the system).   

The CL system currently provides the ultimate heat sink for the CC system through the 
CC heat exchangers.  Therefore, if the FP system is used as the alternate CC system 
supply the design should either provide an alternate means of system heat removal, or 
should ensure that a sufficient amount of flow is available to circulate water through the 
CC heat exchangers for significant heat removal to the CL system (to avoid rejection of 
an excessive amount of heat through the existing FP discharge piping).  If the CL 
system is used as the alternate CC system supply the design may require the addition 
of CL pumping capacity to maintain design requirements.   

Assumptions: 

1. Neither the existing CL system nor the existing FP is assumed to be a viable source 
of alternate supply water to the CC system without additional flow capacity.  One 
possibility may be to combine SAMA 2 (which investigates upgrading the existing 
diesel-driven fire pump and using it as an additional backup CL pump train) to this 
SAMA in order to achieve the benefits from both.  For the purposes of this SAMA, 
the CL system upgrade, as described for SAMA 2, is assumed to have been 
performed (with SAMA 12 design requirements also incorporated).   

2. It is assumed that an automatic means of supplying water from the alternate train 
upon loss of CC system flow (loss of flow, loss of pressure, and/or other signal, such 
as both CC pumps tripped) is available.  A normally-closed MOV for each CC 
header (A or B) is assumed to be required to open in order to provide this supply.  A 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

 

ATTACHMENT F Page F.6-16 

return MOV from each header is also assumed to be required to open to provide the 
return path from the CC system to the CL return header. 

3. It is assumed that an attempt to limit the potential for MOV common cause failures, 
resulting in the loss of the entire alternate CC supply, is made in the SAMA 12 
design process.  Therefore, CCF of the CL supply and return MOVs to open are 
modeled across trains, but not across supply/return applications (i.e., the Train A 
and Train B supply MOVs are modeled as having the potential for CCF, but the Train 
A supply and Train B return MOVs are not). 

4. Except for the loss of all CL initiating event (I-LOCL), failures involving flow from the 
CL system headers are not modeled under the alternate supply logic, because loss 
of flow from these headers will directly result in loss of the affected CC train (due to 
loss of CL flow to the associated CC heat exchanger).  Due to flagging issues, the I-
LOCL event must be included as a failure of the SAMA 12 alternate supply in order 
for the model to quantify correctly. 

5. Internal flooding events in the 695’ elevation of the Auxiliary Building are assumed to 
be due to failures of CL system piping in the CC pump/heat exchanger room.  
Therefore, these initiating events are included as failures of the SAMA 12 alternate 
CC supply. 

6. Rupture of the CC surge tank on a given unit is modeled as a failure of all 
component cooling water for that unit in the current PRA revision (no credit is given 
for operator action to isolate the break and to operate either train of the CC system 
without an expansion volume).  This assumption is maintained for the SAMA 12 
quantification; however, if the CC surge tank failure is manually isolated (using the 
CC pump suction isolation MOVs, which can be operated from the control room), 
then the alternate SAMA 12 supply from the CL system should not be impacted.  
Credit for operator identification and manual isolation of the surge tank rupture event 
is given in the model. 
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PRA Model Changes to Model SAMA 12: 

The table below provides a listing of the new basic events included in the PRA model 
for this sensitivity analysis: 

SAMA 12 New Basic Events 

Description Probability Comments 

OPERATOR FAILS TO ISOLATE CC SURGE TANK 
RUPTURE 

5.00E-2 Standard HRA screening value. 

UNIT 1 TRAIN A SAMA 12 SUPPLY MOV FAILS TO OPEN 2.88E-03 Standard motor operated valve FTO probability. 
UNIT 1 TRAIN A SAMA 12 SUPPLY MOV FAILS TO 
REMAIN OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

UNIT 1 SAMA 12 CL TRAIN A AND B SUPPLY MOVs FTO 
DUE TO CCF 

1.23E-04 Standard motor operated valve FTO CCF 
probability.   

UNIT 1 TRAIN A SAMA 12 RETURN MOV FAILS TO OPEN 2.88E-03 Standard motor operated valve FTO probability. 
UNIT 1 TRAIN A SAMA 12 RETURN MOV FAILS TO 
REMAIN OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

UNIT 1 SAMA 12 CL TRAIN A AND B RETURN MOVs FTO 
DUE TO CCF 

1.23E-04 Standard motor operated valve FTO CCF 
probability.   

MV-32200 (11 CC SURGE TANK TO 11 CC PUMP) FAILS 
TO CLOSE 

2.94E-03 Standard motor operated valve FTC probability. 

MV-32201 (11 CC SURGE TANK TO 12 CC PUMP) FAILS 
TO CLOSE 

2.94E-03 Standard motor operated valve FTC probability. 

MV-32200 & MV-32201 FTC DUE TO CCF (CC SURGE 
TANK ISOLATION MOVs) 

6.21E-05 Standard motor operated valve FTC CCF 
probability. 

UNIT 1 TRAIN B SAMA 12 SUPPLY MOV FAILS TO OPEN 2.88E-03 Standard motor operated valve FTO probability. 
UNIT 1 TRAIN B SAMA 12 SUPPLY MOV FAILS TO 
REMAIN OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

UNIT 1 TRAIN B SAMA 12 RETURN MOV FAILS TO OPEN 2.88E-03 Standard motor operated valve FTO probability. 
UNIT 1 TRAIN B SAMA 12 RETURN MOV FAILS TO 
REMAIN OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

UNIT 2 TRAIN A SAMA 12 SUPPLY MOV FAILS TO OPEN 2.88E-03 Standard motor operated valve FTO probability. 
UNIT 2 TRAIN A SAMA 12 SUPPLY MOV FAILS TO 
REMAIN OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

UNIT 2 SAMA 12 CL TRAIN A AND B SUPPLY MOVs FTO 
DUE TO CCF 

1.23E-04 Standard motor operated valve FTO CCF 
probability.   

UNIT 2 TRAIN A SAMA 12 RETURN MOV FAILS TO OPEN 2.88E-03 Standard motor operated valve FTO probability. 
UNIT 2 TRAIN A SAMA 12 RETURN MOV FAILS TO 
REMAIN OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

UNIT 2 SAMA 12 CL TRAIN A AND B RETURN MOVs FTO 
DUE TO CCF 

1.23E-04 Standard motor operated valve FTO CCF 
probability.   

MV-32211 (21 CC SURGE TANK TO 21 CC PUMP) FAILS 
TO CLOSE 

2.94E-03 Standard motor operated valve FTC probability. 

MV-32212 (21 CC SURGE TANK TO 22 CC PUMP) FAILS 
TO CLOSE 

2.94E-03 Standard motor operated valve FTC probability. 

MV-32200 & MV-32201 FTC DUE TO CCF (CC SURGE 
TANK ISOLATION MOVs) 

6.21E-05 Standard motor operated valve FTC CCF 
probability. 

UNIT 2 TRAIN B SAMA 12 SUPPLY MOV FAILS TO OPEN 2.88E-03 Standard motor operated valve FTO probability. 
UNIT 2 TRAIN B SAMA 12 SUPPLY MOV FAILS TO 
REMAIN OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

UNIT 1 TRAIN B SAMA 12 RETURN MOV FAILS TO OPEN 2.88E-03 Standard motor operated valve FTO probability. 
UNIT 2 TRAIN B SAMA 12 RETURN MOV FAILS TO 
REMAIN OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 
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Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 6.85E-06 2.67 $14,791  
Unit 1 Percent Reduction 30.1% 8.9% 6.7% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 9.01E-06 7.74 $59,428  
Unit 2 Percent Reduction 25.2% 8.2% 6.2% 

 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 

SAMA 12 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 6.15E-06 1.63E-07 2.64E-07 2.17E-07 4.09E-08 3.22E-08 2.13E-09 4.84E-09 8.40E-10 2.32E-11 6.85E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.01 0.59 1.24 0.09 0.73 0.00 0.00 0.00 0.00 2.67 
OECRBASE $0  $18  $961  $11,706  $741  $2,408  $0  $0  $18  $0  $15,852  
OECRSAMA $0  $2  $900  $10,923  $540  $2,408  $0  $0  $18  $0  $14,791  

 
SAMA 12 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 7.41E-06 1.95E-07 2.73E-07 1.10E-06 4.97E-08 3.22E-08 2.48E-09 4.87E-09 9.17E-10 2.32E-11 9.01E-06 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.01 0.61 6.27 0.11 0.73 0.00 0.00 0.00 0.00 7.74 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $2 $931 $55,413 $655 $2,408 $0 $0 $19 $0 $59,428 

 

 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 
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SAMA 12 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $927,812 $186,188  
Unit 2 $2,980,000  $2,677,868  $302,132  

As expected, the results of the SAMA 12 risk benefit quantification exceed those of 
SAMA 2, as this alternative also assumes the implementation of SAMA 2, but also 
provides a backup supply of water to the CC header for safeguards equipment heat 
removal.  A significant additional decrease is seen in CDF, primarily due to reduction in 
the frequency of loss of CC (LOCC) initiating events that lead to core damage without 
containment failure (release categories X-XX-X and L-XX-X).  However, the significant 
benefit added by SAMA 12 is in the additional large drop in the frequency of release 
category GEH (SGTR with early core damage at high reactor pressure).  This is due to 
the dependence of the high head injection system (SI system) on CC for equipment 
heat removal.  SGTR events without high head injection capability are assumed to lead 
to the GEH accident class, unless the operators manage to depressurize the primary 
system to below the secondary side pressure (stop the primary to secondary leak) prior 
to overfilling the faulted steam generator.  The beneficial impact of this SAMA is even 
greater for Unit 2, which has a higher potential for SGTR events (SGs have not been 
replaced on Unit 2 as they have on Unit 1). 

Based on a $900,000 cost of implementation for each unit, the net value for this SAMA 
is -$713,812 ($186,188 - $900,000) for Unit 1 and -$597,868 ($302,132 - $900,000) for 
Unit 2, which implies that this SAMA is not cost beneficial for either unit. 

F.6.6 SAMA 15: Portable DC Power Source 

The reliability of Unit 2 Train A DC power (DC Panel 21) has a higher importance to the 
risk of a core damaging event on its dedicated unit (Unit 2) than do any of the other DC 
power trains.  Loss of Train A DC on either unit results in the loss of all main feedwater, 
and the loss of instrument air to containment (important for bleed and feed operation of 
the RCS PORVs).  However, unlike Unit 1, the Unit 2 motor-driven AFW pump (21 AFW 
pump), powered from 4160 V AC Bus 25, is also dependent on Train A DC for breaker 
control power.  Therefore, on a loss of Unit 2 Train A DC power initiating event, if the 
Unit 2 turbine-driven AFW pump fails to start or run, only operator action is available to 
prevent core damage (local action to restore an AFW pump, or action from the control 
room to perform bleed and feed).  Note that, on this event, the reliability of the bleed 
and feed action is potentially impacted as the PORV operation must rely on PORV air 
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accumulators that have not been positively tested under a complete range of potential 
bleed and feed scenarios. 

Assumptions: 

1. It is assumed that the primary DC backup supply for 21 AFW pump breaker control 
power is provided by a battery bank, with a failure rate similar to the existing 
safeguards (i.e., 21 and 22) batteries.  

2. The SAMA 15 battery bank is assumed to be operable whenever the 21 AFW pump 
is required to be operable. 

3. The SAMA 15 battery bank has no common-cause failure potential with any of the 
existing safeguards batteries. 

4. Due to the relatively high reliability of the battery source, no credit for the SAMA 15 
battery charger as a DC power source is included in the modeling.  

PRA Model Changes to Model SAMA: 

As described above, the unavailability of the 21 AFW pump auto-start capability is the 
primary risk contributor on a loss of Unit 2 Train A DC power.  Although a modification 
providing additional DC power backup to Panel 21 (possibly from an independent and 
remotely-located source) would be a more comprehensive means of implementing this 
SAMA, this would require a larger DC power supply and a potentially much more 
expensive modification than would providing Bus 25 control power.  However, a study of 
the Unit 2 CDF cutsets shows that loss of DC control power to the other loads on this 
bus provides very little contribution to CDF (all DC power-related failures in the cutset 
file not associated with the loss of DC initiating event are panel circuit (fuse) failures 
unrelated to Bus 25 breaker control power).  As the DC control power requirement is 
only required to close the breaker one time during an accident condition, this DC supply 
could be provided by a small battery bank receiving a continuous “trickle” charge during 
normal operation.  Therefore, to simplify the PRA modeling of this SAMA, the backup 
DC power source will be applied to only the 21 AFW pump control power logic.  The 
table below provides a listing of the new basic events included in the PRA model for this 
sensitivity analysis: 

SAMA 15 New Basic Events 

Description Probability Comments 

SAMA 15 BATTERY FAILS ON DEMAND 3.95E-04 Standard battery failure on 
demand probability. 
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Results of SAMA Quantification: 

Implementation of this SAMA yields a slight reduction in the Unit 2 CDF, Dose-risk, and 
Offsite Economic cost-risk only.  The results are summarized in the following table for 
Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 9.79E-06 2.93 $15,852  
Unit 1 Percent Reduction 0.0% 0.0% 0.0% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.17E-05 8.41 $63,260  
Unit 2 Percent Reduction 2.8% 0.3% 0.1% 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 

SAMA 15 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
OECRBASE $0  $18  $961  $11,706  $741  $2,408  $0  $0  $18  $0  $15,852  
OECRSAMA $0  $18  $961  $11,706  $741  $2,408  $0  $0  $18  $0  $15,852  

 
SAMA 15 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 8.20E-06 1.96E-06 3.39E-07 1.17E-06 6.37E-08 3.22E-08 3.13E-08 5.87E-09 9.17E-10 2.32E-11 1.17E-05 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.12 0.76 6.65 0.14 0.73 0.00 0.00 0.00 0.00 8.41 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $19 $1,157 $58,816 $841 $2,408 $0 $0 $19 $0 $63,260 

 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 
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SAMA 15 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $1,114,000  $0  
Unit 2 $2,980,000  $2,960,676  $19,324  

The SAMA 15 results show a modest drop in the CDF and LERF metrics for Unit 2, 
primarily in release categories that do not involve containment failure.  This is expected 
as, although the loss of the main feedwater and AFW systems on a loss of Train A DC 
power is important to decay heat removal and prevention of core damage, one train of 
support systems remains available for containment heat removal.  There is virtually no 
risk benefit provided to Unit 1 upon implementation of this SAMA. 

Based on a $130,000 cost of implementation for each unit, the net value for this SAMA 
is -$130,000 ($0 - $130,000) for Unit 1 and -$110,676 ($19,324 - $130,000) for Unit 2, 
which implies that this SAMA is not cost beneficial for either unit. 

F.6.7 SAMA 19: Upgrade RHR Suction Piping and Install Containment 
Isolation Valve 

During plant shutdown conditions, the RHR shutdown cooling function on both units is 
facilitated by opening both of the two RHR pump suction MOVs in at least one of the 
parallel flowpaths (one from each RCS hot leg).  All four of these hot leg suction 
isolation valves are located inside containment.  A common 10” line passes through the 
containment, before dividing again at the suction to each RHR pump.  The primary 
contributor to the risk of intersystem LOCA (ISLOCA) events is the catastrophic failure 
of the RCS hot leg-to-RHR suction MOVs during power operation, which exposes the 
low-pressure RHR suction piping and RHR pump seals outside containment (in the 
Auxiliary Building RHR pits) to RCS pressure.  These events can result in large LOCAs 
outside containment that lead to core damage with direct containment bypass.   

The RHR pump suction piping outside containment is designed for low pressure (<600 
psig).  RCS pressure is approximately 2235 psig during power operation.  While the 
RHR piping likely would not rupture given exposure to RCS pressure (due to margin 
available in the as-built piping), the RHR pump seals are not likely to remain intact, and 
at least a small LOCA outside containment is the likely result.  Manual valves for local 
isolation of the suction piping to each RHR pump are available.  However, the valve 
handwheels are located in the RHR pits and environmental conditions in the area 
following rupture of the RHR pump seals are likely to prevent local operation of the 
valves.  Also, the valves each isolate the suction to only one pump, so that both valves 
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would have to be locally closed to stop the flow of reactor coolant out of the RHR pump 
seals.  There is no automatic isolation valve available outside containment to prevent 
continuous loss of RCS inventory into the RHR pits inside the Auxiliary Building.  The 
purpose of this SAMA is to investigate the risk benefit of upgrading the RHR suction 
piping and installing a normally open, automatic isolation valve in the 10” piping 
common to the suction of both RHR pumps outside containment. 

Assumptions: 

1. The SAMA 19 automatic isolation valve is assumed to be an MOV.  Neither the 
design of this valve nor its power supply need be independent of the other hot leg 
suction valves, as the active and passive functions of this valve required during 
normal and emergency operation are opposite that required for other valves -- the 
active function required for this valve, to close, is only required if the other valves 
have failed to remain closed.  For shutdown cooling operation, the valve is only 
required to remain open, while the other valves are required to open.  For the 
purposes of this analysis, 480V MCC 1LA1 [2LA1] is assumed to be the power 
supply for the SAMA 19 MOV. 

2. The signal providing automatic closure of the SAMA 19 MOV is high RHR pump 
suction pressure.  Redundant pressure instrumentation that could be upgraded to 
provide this signal is available (2PT-620 and 2PT-621 [2PT-620 and 2PT-621]).  As 
closure of this valve could impact operation of the shutdown cooling function, a 2/2 
logic is assumed to be required for closure of the valve. 

3. Successful automatic closure of the SAMA 19 MOV is not assumed to successfully 
prevent rupture of the RHR pump seals.  However, this will stop the ISLOCA and 
allow the CVCS charging or high-head SI pumps to replace the lost RCS inventory, 
with decay heat removal through the steam generators.  Therefore, the RHR pumps 
are assumed to be unavailable for recovery from the event following successful 
operation of the SAMA 19 MOV. 

PRA Model Changes to Model SAMA: 

The table below provides a listing of the new basic events included in the PRA model 
for this sensitivity analysis: 
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SAMA 19 New Basic Events 

Description Probability Comments 

BISTABLE FOR PRESSURE CHANNEL PC-620 FAILS TO 
FUNCTION 

7.46E-04 Standard bistable failure on demand probability. 

BISTABLE FOR PRESSURE CHANNEL PC-621 FAILS TO 
FUNCTION 

7.46E-04 Standard bistable failure on demand probability. 

SAMA 19 MOV FAILS TO CLOSE 2.94E-03 Standard motor operated valve FTC probability. 
PRESSURE TRANSMITTER 1PT-620 FAILS TO FUNCTION 2.52E-05 Standard pressure transmitter failure probability.  

Assumes standard 24-hour mission time. 
PRESSURE TRANSMITTER 1PT-621 FAILS TO FUNCTION 2.52E-05 Standard pressure transmitter failure probability.  

Assumes standard 24-hour mission time. 
SAMA 19 MOTOR OPERATED VALVE FAILS TO REMAIN 
OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

SAMA 19 MOV FAILS TO REMAIN CLOSED 4.80E-06 Standard motor operated valve FTRC probability.  
Assumes standard 24-hour mission time. 

BISTABLE FOR PRESSURE CHANNEL PC-620 FAILS TO 
FUNCTION 

7.46E-04 Standard bistable failure on demand probability. 

BISTABLE FOR PRESSURE CHANNEL PC-621 FAILS TO 
FUNCTION 

7.46E-04 Standard bistable failure on demand probability. 

SAMA 19 MOV FAILS TO CLOSE 2.94E-03 Standard motor operated valve FTC probability. 
PRESSURE TRANSMITTER 2PT-620 FAILS TO FUNCTION 2.52E-05 Standard pressure transmitter failure probability.  

Assumes standard 24-hour mission time. 
PRESSURE TRANSMITTER 2PT-621 FAILS TO FUNCTION 2.52E-05 Standard pressure transmitter failure probability.  

Assumes standard 24-hour mission time. 
SAMA 19 MOTOR OPERATED VALVE FAILS TO REMAIN 
OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

SAMA 19 MOV FAILS TO REMAIN CLOSED 4.80E-06 Standard motor operated valve FTRC probability.  
Assumes standard 24-hour mission time. 

 

Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 9.78E-06 2.56 $14,612  
Unit 1 Percent Reduction 0.2% 12.6% 7.8% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.20E-05 8.05 $62,115  
Unit 2 Percent Reduction 0.1% 4.5% 1.9% 

 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 
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SAMA 19 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 1.56E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.78E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.12 0.63 1.32 0.12 0.36 0.00 0.00 0.00 0.00 2.56 
OECRBASE $0  $18  $961  $11,706 $741  $2,408  $0  $0  $18  $0  $15,852 
OECRSAMA $0  $18  $961  $11,709 $741  $1,165  $0  $0  $18  $0  $14,612 

 
SAMA 19 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 1.56E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.20E-05 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.12 0.76 6.66 0.14 0.36 0.00 0.00 0.00 0.00 8.05 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $19 $1,157 $58,895 $860 $1,165 $0 $0 $19 $0 $62,115 

 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 

SAMA 19 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $1,053,670  $60,330  
Unit 2 $2,980,000  $2,919,486  $60,514  

The results of the SAMA 19 sensitivity analysis show a relatively significant reduction in 
LERF risk metrics for both units.  SAMA 19 provides risk benefit only to the ISLOCA 
release category, a component of the LERF.  ISLOCA events that lead to core damage 
are also components of the CDF, but are small relative to the contributions from other 
initiating events.  Although the reduction in the ISLOCA frequency is comparable 
between units, the percent change on Unit 1 relative to the LERF is higher, as Unit 2 
LERF contains a larger component from SGTR-initiated core damage events (SGs have 
not yet been replaced on Unit 2 as they have on Unit 1). 

Based on a $700,000 cost of implementation for each unit, the net value for this SAMA 
is -$639,670 ($60,330 - $700,000) for Unit 1 and -$639,486 ($60,514 - $700,000) for 
Unit 2, which implies that this SAMA is not cost beneficial for either unit. 
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F.6.8 SAMA 20:  Close Low Head Injection MOVs to Prevent RCS Backflow 
to SI System 

This SAMA investigates the risk benefit of changing the normal operation position of the 
low head reactor vessel injection motor-operated valves (MV-32064, MV-32065 [MV-
32167, MV-32168]) from open to closed.  These valves function as low head SI reactor 
vessel isolation valves and deliver RH system flow directly to the reactor vessel from the 
RH pumps following a large break LOCA.  Two check valves are supplied in each 
injection line between the MOV and the reactor vessel.  The check valves function as 
the containment isolation valves for the low head injection lines.  As these lines 
interface directly between the RCS and the low head RHR system, they represent 
potential intersystem LOCA (ISLOCA) pathways.   

The current PRA results show that low head injection line check valve rupture and 
failure to close events are significant contributors to the overall likelihood of an ISLOCA 
event.  As ISLOCA events are assumed to lead directly to core damage with 
containment bypass, operating with these valves normally closed would provide a clear 
benefit to prevention of an offsite release due to an ISLOCA.  However, operation with 
these valves normally closed requires that the valves automatically open following a 
LOCA event to supply flow to the reactor vessel if required.  Therefore, failure of these 
valves to open would contribute to loss of low head injection capability during LOCA 
events. 

The low head injection MOVs were originally maintained normally closed during power 
operation, but were changed to normally open in the mid-1990’s to eliminate concerns 
with pressure locking and thermal binding of the valves.  An assessment of the risk 
benefit of this mode of operation was performed prior to the change.  This pre-IPE 
evaluation, which focused on the change in core damage frequency (CDF), found the 
change in operating state for the valves to be risk-insignificant.  However, the SAMA 
evaluation will focus on change in both CDF and LERF (large, early release frequency), 
and the changes in the offsite release category frequencies. 

 
Assumptions: 
1. It is assumed that failure of a low head injection MOV to remain closed would be 

alarmed in the control room.  Therefore, the analysis does not assume exposure to 
failure during the whole operating cycle (mission time for failure to remain closed is 
the standard 24 hours).   

2. The current double-check valve design of the low head injection lines is leak-tight 
such that the RHR piping upstream does not experience high pressures during 
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normal operation.  Therefore, the analysis does not assume exposure of the low 
head injection MOVs (when operated normally closed) to catastrophic failure during 
the whole operating cycle (mission time for catastrophic failure when subjected to 
RCS pressure is the standard 24 hours). 

PRA Model Changes to Model SAMA: 

Basic events representing failures of the low head injection MOVs to open were added 
next to the valve “failure to remain open” basic events, wherever those events are 
currently located in the existing plant fault tree model.  Common cause failures to open 
between the Train A and B MOVs on each unit were also modeled.  Also, failures of the 
power supplies to the valves were included in the model, as the valves cannot be 
opened without AC power.  The Train A MOVs (MV-32064 [MV-32167] are supplied 
with 480 V AC power from safeguards MCCs 1LA1 [2LA1] and the Train B MOVs (MV-
32065 [MV-32168] are supplied from safeguards MCCs 1LA2 [2LA2].  Logic associated 
with loss of the train-associated S-signal was also included as failures of the valves to 
open.   

The table below provides a listing of the new basic events included in the PRA model 
for this sensitivity analysis: 

SAMA 20 New Basic Events 

Description Probability Comments 

MV-32064  (LOW HEAD INJECTION TO 
RX VESSEL) FAILS TO OPEN 

2.88E-03 Standard motor operated valve FTO probability. 

MV-32064 AND MV-32065 (LOW HEAD 
INJECTION TO RX VESSEL) FAIL TO 
OPEN DUE TO CCF 

1.23E-04 Standard motor operated valve FTO CCF 
probability. 

MV-32065 (LOW HEAD INJECTION TO 
RX VESSEL) FAILS TO OPEN 

2.88E-03 Standard motor operated valve FTO probability. 

MV-32167 (LOW HEAD INJECTION TO 
RX VESSEL) FAILS TO OPEN 

2.88E-03 Standard motor operated valve FTO probability. 

MV-32167 AND MV-32168 (LOW HEAD 
INJECTION TO RX VESSEL) FAIL TO 
OPEN DUE TO CCF 

1.23E-04 Standard motor operated valve FTO CCF 
probability. 

MV-32167 (LOW HEAD INJECTION TO 
RX VESSEL) FAILS TO OPEN 

2.88E-03 Standard motor operated valve FTO probability. 

MV-32064 (LOW HEAD INJECTION TO 
RX VESSEL) FAILS TO REMAIN 
CLOSED 

4.80E-06 Standard motor operated valve FTRC 
probability.  Assumes standard 24-hour mission 
time. 

MV-32064 (LOW HEAD INJECTION TO 
RX VESSEL) CATASTROPHIC LEAK 

2.40E-07 Standard normally-closed MOV catastrophic 
failure probability.  Assumes standard 24-hour 
mission time (see Assumption #2). 
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SAMA 20 New Basic Events 

Description Probability Comments 

MV-32065 (LOW HEAD INJECTION TO 
RX VESSEL) FAILS TO REMAIN 
CLOSED 

4.80E-06 Standard motor operated valve FTRC 
probability.  Assumes standard 24-hour mission 
time. 

MV-32065 (LOW HEAD INJECTION TO 
RX VESSEL) CATASTROPHIC LEAK 

2.40E-07 Standard normally-closed MOV catastrophic 
failure probability.  Assumes standard 24-hour 
mission time (see Assumption #2). 

MV-32167 (LOW HEAD INJECTION TO 
RX VESSEL) FAILS TO REMAIN 
CLOSED 

4.80E-06 Standard motor operated valve FTRC 
probability.  Assumes standard 24-hour mission 
time. 

MV-32167 (LOW HEAD INJECTION TO 
RX VESSEL) CATASTROPHIC LEAK 

2.40E-07 Standard normally-closed MOV catastrophic 
failure probability.  Assumes standard 24-hour 
mission time (see Assumption #2). 

MV-32168 (LOW HEAD INJECTION TO 
RX VESSEL) FAILS TO REMAIN 
CLOSED 

4.80E-06 Standard motor operated valve FTRC 
probability.  Assumes standard 24-hour mission 
time. 

MV-32168 (LOW HEAD INJECTION TO 
RX VESSEL) CATASTROPHIC LEAK 

2.40E-07 Standard normally-closed MOV catastrophic 
failure probability.  Assumes standard 24-hour 
mission time (see Assumption #2). 

Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 9.78E-06 2.60 $14,742  
Unit 1 Percent Reduction 0.1% 11.3% 7.0% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.20E-05 8.09 $62,227  
Unit 2 Percent Reduction 0.1% 4.1% 1.8% 

 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 
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SAMA 20 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 1.74E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.78E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.12 0.63 1.32 0.12 0.40 0.00 0.00 0.00 0.00 2.60 
OECRBASE $0  $18  $961  $11,706 $741  $2,408  $0  $0  $18  $0  $15,852 
OECRSAMA $0  $18  $961  $11,706 $741  $1,298  $0  $0  $18  $0  $14,742 

SAMA 20 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05
FrequencySAMA 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 1.74E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.20E-05
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.12 0.76 6.66 0.14 0.40 0.00 0.00 0.00 0.00 8.09 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $19 $1,157 $58,874 $860 $1,298 $0 $0 $19 $0 $62,227 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 

SAMA 20 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $1,060,090  $53,910  
Unit 2 $2,980,000  $2,925,354  $54,646  

As ISLOCA is only a very small contributor to the CDF, the primary impact of this SAMA 
is in the reduction of the LERF risk metric.  This reduction is significant for both units 
(again, the percent LERF change on Unit 1 is more significant than on Unit 2 due to the 
higher contribution from SGTR sequences on that unit). 

Based on a $313,000 cost of implementation for each unit, the net value for this SAMA 
is -$259,090 ($53,910 - $313,000) for Unit 1 and -$258,354 ($54,646 - $313,000) for 
Unit 2, which implies that this SAMA is not cost beneficial for either unit.    

F.6.9 SAMA 22:  Provide Compressed Air Backup for Instrument Air to 
Containment 

The risk significant function of the instrument air system supplying the containment is to 
support the operation of the RCS power-operated relief valves (PORVs) during bleed 
and feed operation for decay heat removal.  On a loss of instrument air to containment, 
the PORVs are each supplied with air from separate backup air accumulators.  These 
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accumulators are sized for a certain number of valve operations during overpressure 
conditions following an accident (testing shows that the valves have capacity for 15 
valve operating cycles, according to Section 5.6.1.B of Station and Instrument Air 
Design Basis Document, Rev. 4).   

It is suspected that the air requirements during bleed and feed operations may be less 
than required for overpressure.  However, the PRA model does not take full credit for 
the ability of these accumulators because their ability to supply sufficient air to support 
bleed and feed operation over the full range of RCS break sizes has not been verified 
(through testing or through engineering calculations).  Bench testing of the valves for 
bleed and feed operation at operating pressures may not be practical.  The risk benefit 
from this SAMA can be achieved by either:  

a.  Qualification of the existing accumulator air supply for bleed and feed operation, 
through either testing or analysis, or 

b. Implementation of a plant modification that would provide a backup to the 
accumulators during normal plant operation to support bleed and feed operation.  
One possibility would be to tie into the nitrogen (or air) bottle source that supplies 
air to the LTOP system during outages.  

Assumptions: 

1. To estimate an upper bound on the risk benefit for this SAMA with a minimum cost, it 
was assumed that the PORVs accumulator air supply is successfully qualified for 
bleed and feed operation through analysis. 

2. The upper bound on the risk benefit for this SAMA is represented in the model by 
setting the existing PRA failure basic events to logical FALSE.   

PRA Model Changes to Model SAMA: 

The only changes to the PRA necessary to model this SAMA were to reduce the 
probability of events representing failure of the PORV accumulator to provide sufficient 
air for bleed and feed operation.  As described in Assumption #1, the PORVs 
accumulator air supply is assumed to be qualified for bleed and feed operation, such 
that the existing PRA failure basic events can be set to logical FALSE.   

The table below shows the basic events that were modified to model this SAMA: 
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SAMA 22 Changes to Basic Events 

Description Original  
Probability 

SAMA21 
Probability 

FAILURE OF PZR PORV AIR ACCUMULATOR FOLLOWING 
LOSS OF AIR 

1.0E-01 [FALSE] 

FAILURE OF PZR PORV AIR ACCUMULATOR FOLLOWING 
LOSS OF AIR 

1.0E-01 [FALSE] 

Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 9.75E-06 2.89 $15,488  
Unit 1 Percent Reduction 0.4% 1.4% 2.3% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.18E-05 8.25 $61,792  
Unit 2 Percent Reduction 1.8% 2.2% 2.4% 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 

SAMA 22 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.25E-06 1.92E-06 2.82E-07 2.25E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.75E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.12 0.63 1.28 0.12 0.73 0.00 0.00 0.00 0.00 2.89 
OECRBASE $0  $18  $961  $11,706  $741  $2,408  $0  $0  $18  $0  $15,852  
OECRSAMA $0  $18  $961  $11,342  $741  $2,408  $0  $0  $18  $0  $15,488  

 
SAMA 22 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 8.33E-06 1.97E-06 3.39E-07 1.14E-06 6.45E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.18E-05 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.12 0.76 6.49 0.14 0.73 0.00 0.00 0.00 0.00 8.25 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $19 $1,157 $57,337 $852 $2,408 $0 $0 $19 $0 $61,792 

 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

 

ATTACHMENT F Page F.6-32 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 

SAMA 22 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $1,098,650  $15,350  
Unit 2 $2,980,000  $2,912,350  $67,650  

Similar to the SAMA 21 results, the SAMA 22 results show the primary risk benefit to be 
the reduction in the frequency of release category L-SR-E (pressure and temperature-
induced SGTR core damage sequences).  There also is a small reduction in sequences 
that do not lead to containment failure (primarily core damage events due to failure of 
secondary decay heat removal and bleed and feed failure), although these categories 
do not significantly impact the risk of offsite release. 

Based on a $39,000 cost of implementation for each unit, the net value for this SAMA is 
-$23,650 ($15,350 - $39,000) for Unit 1 and $28,650 ($67,650 - $39,000) for Unit 2, 
which implies that this SAMA is not cost beneficial for Unit 1, but is cost beneficial for 
Unit 2. 

F.6.10 Summary 

All of the SAMAs reviewed showed at least some benefit with respect to the traditional 
CDF and LERF risk metrics.  From a cost of implementation perspective, SAMA 9 
provided a positive net value for both Units 1 and 2, while SAMA 22 returned a positive 
net value for only Unit 2.  All other SAMAs returned a negative net value.  SAMAs 9 and 
22 are represented by engineering analyses and procedure modifications, which are 
both low cost options.  

SAMA 9 attempts to show through engineering analyses and procedure modifications 
that loss of Screenhouse Ventilation is not expected to fail operation of the safeguards 
vertical cooling water (CL) pumps.  Computer modeling of expected room temperatures 
due to maximum mechanical and electrical heat loads during summer operation is 
anticipated to show that running electrical equipment would continue to successfully 
operate for a 24 hour mission time, with minimal mitigative efforts by equipment 
operators, e.g., opening doors, dampers, etc. 

SAMA 22 is meant to qualify the capacity of the backup air accumulators for adequate 
operation of the PORV during bleed and feed operation in removing heat from the 
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primary system when the steam generators are unavailable.  The assumed operating 
conditions are based on the expected sequence of operator actions found in emergency 
procedures.  However, costs for any required procedural changes or plant modifications 
resulting from the analysis were not included in the cost estimate. 
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F.7 UNCERTAINTY ANALYSIS 

The following three uncertainties were further investigated as to their impact on the 
overall SAMA evaluation: 

• Use a discount rate of 7 percent, instead of 3 percent used in the base case 
analysis. 

• Use the 95th percentile PRA results in place of the mean PRA results. 

• Selected MACCS2 input variables. 

F.7.1 Real Discount Rate 

A sensitivity study has been performed in order to identify how the conclusions of the 
SAMA analysis might change based on the value assigned to the real discount rate 
(RDR).  The original RDR of 3 percent, which could be viewed as conservative, has 
been changed to 7 percent and the modified maximum averted cost-risk was re-
calculated using the methodology outlined in Section F.4.   

Phase I SAMAs are not impacted by use of the 7 percent RDR.  The Phase I screening 
process involved qualitative disposition of (11) SAMAs, and hence, no PRA 
requantification nor implementation cost data was generated for these SAMAs.  Refer to 
Section F.5 and Table F.5-3 for a detailed analysis of each Phase I SAMA that was 
screened from further analysis.   

The Phase II analysis was re-performed using the 7 percent RDR.  Implementation of 
the 7 percent RDR reduced the MMACR by 28.4 percent compared with the case where 
a 3 percent RDR was used.  This corresponds to a decrease in the MMACR from 
$1,048,000 to $750,000 for Unit 1 and from 2,706,000 to 1,938,000 for Unit 2. 

The Phase II SAMAs are disposition based on PRA insights or detailed analysis.  All of 
the PRA insights used to screen the SAMAs are still applicable given the use of the 7 
percent real discount rate as the change only strengthens the factors used to screen 
them.  The SAMA candidates screened based on these insights are considered to be 
addressed and are not investigated any further. 

The remaining Phase II SAMAs were disposition based on the results of a SAMA 
specific cost-benefit analysis.  This step has been re-performed using the 7 percent real 
discount rate to calculate the net values for the SAMAs. As shown below, the 
determination of cost effectiveness changed for one Phase II SAMA for both units when 
the 7 percent RDR was used in lieu of 3 percent.  Since the margin by which SAMA 9 
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becomes “not cost beneficial” is less than $20,000, this is considered within the noise of 
statistical uncertainty.  This does not mean that this SAMA would be screened from 
consideration if a 7 percent real discount rate were applied in the SAMA analysis since 
other factors, such as the 95th percentile accident frequency sensitivity analysis, can 
also influence the decision making process. 

Unit 1 Summary of the Impact of the RDR Value on the Detailed SAMA Analyses 

SAMA 
ID 

Cost of 
Implementation 

Averted 
Cost Risk 
(3 percent 

RDR) 

Net Value 
(3 percent

RDR) 

Averted 
Cost Risk
(7 percent

RDR) 

Net Value 
(7 percent 

RDR) 

Change in
Cost 

Effective-
ness? 

1 $4,250,000  $268,252  ($3,981,748) $186,958  ($4,063,042) No 
2 $300,000  $123,376  ($176,624) $87,054  ($212,946) No 
3 $250,000  $74,956  ($175,044) $53,680  ($196,320) No 
5 $1,500,000  $75,942  ($1,424,058) $51,184  ($1,448,816) No 
9 $62,500  $62,746  $246  $44,670  ($17,830) Yes 

10 $2,866,000  $46,870  ($2,819,130) $34,054  ($2,831,946) No 
12 $900,000  $186,188  ($713,812) $131,094  ($768,906) No 
15 $130,000  $0  ($130,000) $0  ($130,000) No 
17 $2,362,000  $88,030  ($2,273,970) $56,160  ($2,305,840) No 
19 $700,000  $60,330  ($639,670) $39,456  ($660,544) No 
19a $1,935,000  $329,802  ($1,605,198) $222,090  ($1,712,910) No 
20 $313,000  $53,910  ($259,090) $35,312  ($277,688) No 
21 $3,000,000  $11,286  ($2,988,714) $7,480  ($2,992,520) No 
22 $39,000  $15,350  ($23,650) $9,894  ($29,106) No 

Unit 2 Summary of the Impact of the RDR Value on the Detailed SAMA Analyses 

SAMA 
ID 

Cost of 
Implementation 

Averted 
Cost Risk 
(3 percent 

RDR) 

Net Value 
(3 percent

RDR) 

Averted 
Cost Risk
(7 percent

RDR) 

Net Value 
(7 percent 

RDR) 

Change in
Cost 

Effective-
ness? 

1 $4,250,000  $270,474  ($3,979,526) $188,620  ($4,061,380) No 
2 $300,000  $123,092  ($176,908) $86,958  ($213,042) No 
3 $250,000  $76,654  ($173,346) $54,550  ($195,450) No 
5 $1,500,000  $222,610  ($1,277,390) $144,138  ($1,355,862) No 
9 $62,500  $62,918  $418  $44,020  ($18,480) Yes 

10 $2,866,000  $48,630  ($2,817,370) $34,154  ($2,831,846) No 
12 $900,000  $302,132  ($597,868) $204,688  ($695,312) No 
15 $130,000  $19,324  ($110,676) $13,352  ($116,648) No 
17 $2,362,000  $488,118  ($1,873,882) $309,512  ($2,052,488) No 
19 $700,000  $60,514  ($639,486) $39,352  ($660,648) No 
19a $1,935,000  $929,586  ($1,005,414) $601,740  ($1,333,260) No 
20 $313,000  $54,646  ($258,354) $35,516  ($277,484) No 
21 $3,000,000  $12,518  ($2,987,482) $8,426  ($2,991,574) No 
22 $39,000  $67,650  $28,650  $43,452  $4,452  No 
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F.7.2 95th Percentile PRA Results 

The results of the SAMA analysis can be impacted by implementing conservative values 
from the PRA’s uncertainty distribution (i.e., failure probabilities associated with plant 
equipment and operator actions).  If the best estimate failure probability values were  
lower than the “actual” failure probabilities, the PRA model could underestimate plant 
risk and yield lower than “actual” averted cost-risk values for potential SAMAs.  
Therefore, using the high end of the failure probability distribution is a means of 
assessing the possible effect of best-estimate failure probabilities being too low. 

A Level 1 internal events model uncertainty analysis was performed for PINGP Units 1 
and 2.  Most plants incorporate only Level 1 analyses in their SAMA reports.  The 
reason Level 2 analyses are not typically used is due to the differing degree of 
development and uncertainties between the two models.  Specifically, the Level 1 model 
tends to represent the plant in a more thorough and comprehensive manner as opposed 
to the Level 2 model.  Furthermore, there are more release contributors beyond those 
captured by LERF.  As such, for the purposes of the 95th percentile analysis, only Level 
1 results are used in the uncertainty process.  The results of the Level 1 calculation are 
provided below: 

In performing the sensitivity analysis, each of the SAMA PRA model changes (the 
Phase I and II SAMAs identified in Table F.5-3) were used in determining the 
appropriate value for the 95th percentile since different events and failure frequencies 
may be more important when comparing one model change with another.  For those 
SAMAs that required the addition of new basic events, no new uncertainty distributions 
were assigned since the design and implementation of each SAMA was arbitrary and 
was defined by the analysis assumptions.  The results of this uncertainty analysis, 
therefore, show the expected statistical uncertainty of the CDF risk metrics under the 
assumption that each SAMA was designed and implemented as it was specified in this 
analysis.  The analysis was run using the EPRI R&R Workstation UNCERT code 
(version 2.3a) using 25,000 trials for each simulation: 

The results of these calculations are provided in the below tables.  The term CDFpe 
refers to the CDF point estimate for each unit, i.e., 9.79E-06 for Unit 1 and 1.21E-5 for 
Unit 2. 
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Summary of Unit 1 Uncertainty Distribution 

Unit 1 
SAMA Mean 5% 50% 95% 

Factor 
> CDFpe Std Dev 

1 6.35E-06 1.87E-06 4.38E-06 1.56E-05 1.6 1.50E-05 
2 8.20E-06 1.88E-06 4.60E-06 2.08E-05 2.1 3.50E-05 
3 9.05E-06 2.26E-06 5.42E-06 2.34E-05 2.4 1.89E-05 
5 1.07E-05 2.55E-06 6.42E-06 2.79E-05 2.8 2.91E-05 
9 9.52E-06 2.28E-06 5.62E-06 2.51E-05 2.6 2.49E-05 

10 9.76E-06 2.23E-06 5.64E-06 2.54E-05 2.6 2.76E-05 
12 7.14E-06 1.38E-06 3.68E-06 1.91E-05 2.0 2.77E-05 
15 1.08E-05 2.55E-06 6.41E-06 2.84E-05 2.9 3.89E-05 
17 1.08E-05 2.54E-06 6.36E-06 2.80E-05 2.9 2.70E-05 
19 1.08E-05 2.54E-06 6.35E-06 2.80E-05 2.9 4.44E-05 
19a 7.30E-06 2.15E-06 5.05E-06 1.79E-05 1.8 1.23E-05 
20 1.06E-05 2.54E-06 6.40E-06 2.79E-05 2.8 2.62E-05 
21 1.08E-05 2.51E-06 6.35E-06 2.83E-05 2.9 2.89E-05 
22 1.07E-05 2.54E-06 6.33E-06 2.82E-05 2.9 3.33E-05 

 

Summary of Unit 2 Uncertainty Distribution 

Unit 2 
SAMA Mean 5% 50% 95% 

Factor 
> CDFpe Std Dev 

1 8.62E-06 2.54E-06 6.02E-06 2.15E-05 1.8 1.11E-05 
2 1.06E-05 2.58E-06 6.25E-06 2.79E-05 2.3 2.94E-05 
3 1.15E-05 2.96E-06 7.17E-06 2.92E-05 2.4 2.75E-05 
5 1.33E-05 3.25E-06 8.06E-06 3.45E-05 2.9 3.40E-05 
9 1.21E-05 3.03E-06 7.33E-06 3.03E-05 2.5 4.37E-05 

10 1.22E-05 2.93E-06 7.37E-06 3.20E-05 2.7 2.55E-05 
12 9.51E-06 2.00E-06 5.34E-06 2.63E-05 2.2 2.84E-05 
15 1.28E-05 3.17E-06 7.83E-06 3.33E-05 2.8 2.98E-05 
17 1.29E-05 3.26E-06 7.95E-06 3.34E-05 2.8 4.65E-05 
19 1.32E-05 3.33E-06 8.19E-06 3.46E-05 2.9 2.95E-05 
19a 9.37E-06 2.79E-06 6.56E-06 2.29E-05 1.9 1.62E-05 
20 1.32E-05 3.34E-06 8.15E-06 3.43E-05 2.8 3.68E-05 
21 1.31E-05 3.26E-06 8.08E-06 3.31E-05 2.7 4.28E-05 
22 1.26E-05 3.18E-06 7.93E-06 3.36E-05 2.8 2.33E-05 

In general, the above tables reveal an average factor of about 2.5 greater than the 
respective point estimate CDF for each unit, which is in agreement with industry 
experience.  Using the factors for each individual SAMA are determined to represent a 
more realistic and case-specific value than that obtained when applying one overall 
estimate for the 95th percentile.  Therefore, for this analysis, the 95th percentile for each 
SAMA is used to examine Phase I and II impacts.  
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F.7.2.1 Phase I Impact 

For the impacts on Phase I screening, use of the 95th percentile PRA results will 
increase the MACR and may reveal potential cost benefits due to implementing some of 
the high cost SAMAs originally screened in Table F.5-3.  Therefore, five of the SAMAs 
(1, 10, 17, 19a, and 21) that were not evaluated in Phase II are presented here, 
following the same methodology and process as was used in Section F.6.  The results 
of these SAMA evaluations are then used in Section F.7.2.3 to quantitatively determine 
any potential cost or risk benefits.  However, due to their high implementation costs, the 
benefit gleaned from the implementation of these SAMAs must be extremely large in 
order to be cost beneficial. 

F.7.2.1.1 SAMA 1:  Recirculation Automatic Swap to Containment Sump 

Following the injection phase of a LOCA, the Refueling Water Storage Tank (RWST) is 
emptied and the suction supply to the high and low head ECCS systems must be 
transferred to the containment sump.  The transfer currently relies on operator action, 
including some local, manual actions.  These operator actions are among the most risk-
significant human actions modeled in the PRA.  This SAMA investigates the risk benefit 
of installing control logic to automatically swap to recirculation mode of ECCS, drawing 
suction from containment sump prior to depletion of RWST.  (Locally operators need to 
vent valve bonnets on Sump B to RHR MVs to prevent hydraulic lock.  Also improper 
action by not closing RWST to RHR MVs first can potentially drain RWST back to Sump 
B). 

Assumptions: 

1. For the purposes of this SAMA, it was assumed that all of the existing ECCS 
equipment (piping, valves, breakers, pumps, etc.) that must actively change state to 
affect the transfer to recirculation still exists following implementation of the 
automatic switchover modification.  The only difference is that the operator action 
required to initiate the transfer has been replaced by an automatic signal.  Therefore, 
the failure rates of valves to open, pumps to start, etc. are not changed from the 
original Level 2 PRA analysis. 

2. It is assumed that the automatic logic function producing the transfer-to-recirculation 
actuation signal is designed such that it is highly reliable.  Although the final 
implementation is not likely to produce a system with a negligible failure rate, a “near 
zero” failure rate may be assumed for the purposes of this calculation (determination 
of the maximum risk benefit for the SAMA implementation).   
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PRA Model Changes to Model SAMA: 

All operator actions associated with transfer to recirculation were set to logical FALSE to 
model the maximum risk benefit that could be obtained with this plant modification.  The 
basic event changes are shown in the table below: 

SAMA 1 Basic Event Changes 

Original 
Probability 

Sensitivity 
Probability (1) 

Description 

5.30E-02 FALSE OPERATOR FAIL TO INITIATE HIGH HEAD RECIRC COND. ON 
EOPHXCONXY 

5.30E-02 FALSE OPERATOR FAILS TO INITIATE HH RECIRC COND. ON FAILURE OF RCS 
COOLDOWN AND DEPRESSURIZATION. 

1.50E-01 FALSE OPERATOR FAILS TO INITIATE HH RECIRC FOR SLOCA COND. ON 
FAILURE OF RCS COOLDOWN AND DEPRESSURIZATION. 

3.60E-03 FALSE OPERATOR FAILS TO INITIATE HIGH HEAD RECIRC. FOR A SMALL LOCA 
9.50E-03 FALSE OPERATOR FAILS TO INITATE HIGH HEAD RECIRC. FOR A MEDIUM LOCA 
6.80E-02 FALSE OPERATOR FAILS TO INITIATE LOW HEAD RECIRC. WHEN REQUIRED 

(1) Basic Event set to logical FALSE to obtain maximum risk benefit for sensitivity case 

Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 5.40E-06 2.72 $14,225  
Unit 1 Percent Reduction 44.9% 7.2% 10.3% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 7.62E-06 8.22 $61,702  
Unit 2 Percent Reduction 36.8% 2.5% 2.6% 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 

SAMA 1 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06
FrequencySAMA 2.90E-06 1.92E-06 2.82E-07 2.09E-07 2.33E-08 3.22E-08 3.09E-08 4.89E-09 1.23E-10 2.32E-11 5.40E-06
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.00 0.12 0.63 1.19 0.05 0.73 0.00 0.00 0.00 0.00 2.72 
OECRBASE $0  $18  $961  $11,706 $741  $2,408  $0  $0  $18  $0  $15,852 
OECRSAMA $0  $18  $961  $10,527 $308  $2,408  $0  $0  $3  $0  $14,225 
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SAMA 1 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05
FrequencySAMA 4.10E-06 1.97E-06 3.39E-07 1.15E-06 3.22E-08 3.22E-08 3.14E-08 5.87E-09 2.00E-10 2.32E-11 7.62E-06
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.12 0.76 6.53 0.07 0.73 0.00 0.00 0.00 0.00 8.22 
OECRBASE $0 $16 $1,007 $50,425 $669 $2,034 $0 $0 $16 $0 $63,337 
OECRSAMA $0 $19 $1,157 $57,689 $425 $2,408 $0 $0 $4 $0 $61,702 

 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 

SAMA 1 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $845,748  $268,252  
Unit 2 $2,980,000  $2,709,526  $270,474  

The results of the SAMA 1 quantification show a large reduction in the CDF risk metrics 
for both units, and a corresponding decrease in the frequencies of a number of release 
categories.  The release categories that showed the largest decrease in frequency 
relative to CDF were in those categories in which containment remained intact (category 
H-XX-X is considered to be bounding among these and represents all of the risk 
reduction from containment intact categories in the table above). 

Based on a $4,250,000 cost of implementation for each unit, the net value for this 
SAMA is -3,981,748 ($268,252 - $4,250,000) for Unit 1 and -$3,979,526 ($270,474 - 
$4,250,000) for Unit 2, which implies that this SAMA is not cost beneficial for both Units 
1 and 2. 

F.7.2.1.2 SAMA 10:  Alternate Means of Charging Pump Suction Transfer (VCT to 
RWST) 

The purpose of this SAMA is to investigate the risk benefit of improving the reliability of 
the automatic transfer of charging pump suction (from the VCT to the RWST on low 
VCT level).  Specifically, this SAMA investigates installation of a third level transmitter 
and instrumentation channel, and logic change (from 2/2 to 2/3) for initiation of the 
automatic transfer. 
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Although level channel 1LT-112 [2LT-112] also supports automatic VCT makeup 
control, which is modeled in the PRA, no similar function was assumed for the new 
SAMA 10 level channel as this is not a risk significant function of the VCT level 
instrumentation. 

PRA Model Changes to Model SAMA: 

The table below provides a listing of the new basic events included in the PRA model 
for this sensitivity analysis: 

SAMA 10 New Basic Events 

Description Probability Comments 

BISTABLE SAMA 10 FAILS TO FUNCTION 7.46E-04 Standard bistable failure probability. 
VC:  LEVEL TRANSMITTER FAILS TO FUNCTION (SAMA 10) 1.90E-04 Standard level transmitter failure 

probability.  Assumes standard 24-hour 
mission time. 

VC:  TWO LEVEL TRANSMITTERS FAIL DUE TO CCF (SAMA 
10 AND 1LT-112) 

8.04E-06 Standard level transmitter CCF probability.  
Assumes standard 24-hour mission time. 

VC:  TWO LEVEL TRANSMITTERS FAIL DUE TO CCF (SAMA 
10 AND 1LT-141) 

8.04E-06 Standard level transmitter CCF probability.  
Assumes standard 24-hour mission time. 

BISTABLE SAMA 10 FAILS TO FUNCTION 7.46E-04 Standard bistable failure probability. 
VC:  LEVEL TRANSMITTER FAILS TO FUNCTION (SAMA10) 1.90E-04 Standard level transmitter failure 

probability.  Assumes standard 24-hour 
mission time. 

VC:  TWO LEVEL TRANSMITTERS FAIL DUE TO CCF (SAMA 
10 AND 2LT-112) 

8.04E-06 Standard level transmitter CCF probability.  
Assumes standard 24-hour mission time. 

VC:  TWO LEVEL TRANSMITTERS FAIL DUE TO CCF (SAMA 
10 AND 2LT-141) 

8.04E-06 Standard level transmitter CCF probability.  
Assumes standard 24-hour mission time. 

Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 8.95E-06 2.88 $15,711  
Unit 1 Percent Reduction 8.6% 1.7% 0.9% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.12E-05 8.36 $63,197  
Unit 2 Percent Reduction 7.1% 0.9% 0.2% 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 
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SAMA 10 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.10E-06 1.27E-06 2.82E-07 2.31E-07 5.19E-08 3.22E-08 2.10E-08 4.89E-09 8.40E-10 2.32E-11 8.95E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.08 0.63 1.32 0.11 0.73 0.00 0.00 0.00 0.00 2.88 
OECRBASE $0  $18  $961  $11,706  $741  $2,408  $0  $0  $18  $0  $15,852  
OECRSAMA $0  $12  $961  $11,628  $684  $2,408  $0  $0  $18  $0  $15,711  

 
SAMA 10 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 8.34E-06 1.30E-06 3.39E-07 1.17E-06 6.09E-08 3.22E-08 2.14E-08 5.87E-09 9.17E-10 2.32E-11 1.12E-05 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.08 0.76 6.65 0.13 0.73 0.00 0.00 0.00 0.00 8.36 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $13 $1,157 $58,796 $804 $2,408 $0 $0 $19 $0 $63,197 

 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 

SAMA 10 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $1,067,130  $46,870  
Unit 2 $2,980,000  $2,931,370  $48,630  

The SAMA 10 results are similar to the SAMA 3 results, as the concern addressed with 
this alternative is shared by both SAMAs (charging pump suction supply).  Both SAMAs 
reduce the CDF primarily by reducing the potential for RCP seal LOCAs due to failures 
of the suction switchover from the VCT to the RWST on low VCT level.  The magnitude 
of the SAMA 10 benefits are generally lower than the SAMA 3 benefits simply because 
the likelihood of level transmitter failure is lower than the likelihood of MOV failure. 

Based on a $2,866,000 cost of implementation for each unit, the net value for this 
SAMA is -$2,819,130 ($46,870 - $2,866,000) for Unit 1 and -$2,817,370 ($48,630 - 
$2,866,000) for Unit 2, which implies that this SAMA is not cost beneficial for either unit. 
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F.7.2.1.3 SAMA 17: Bypass Around RHR Loop B Return Valves 

The RHR to RCS Loop B return valve (MV-32066 [MV-32169]) is important to plant risk 
in two ways: 

1. As a normally-closed, motor-operated valve located in the low pressure RHR return 
piping to the RCS, it represents a single failure point for shutdown cooling (SDC). 

2. As a containment isolation valve for a system that interfaces with the RCS during 
power operation, its failure to remain closed (or catastrophic rupture) contributes to 
the potential for an ISLOCA. 

The purpose of this SAMA is to investigate the risk benefit of including a bypass line 
with an isolation valve around the RHR Loop B return valve.  The intent of this 
modification would be to reduce the risk associated with failure of the return valve to 
open.   

Assumptions: 

1. The modification design is assumed to prevent a significant increase in the potential 
for ISLOCA.  For the purposes of this analysis, it is assumed that multiple normally-
closed isolation valves are included in the bypass line (i.e., the primary, power-
operated isolation valve, and a check valve).  This would provide 3 valves for 
isolating the RCS from ISLOCA through the bypass line (SI-6-2 [2SI-6-2], the SAMA 
17 bypass isolation power-operated valve, and the SAMA 17 bypass isolation check 
valve).  

2. The RCS pressure interlock preventing inadvertent operation of the existing RHR 
Loop B isolation MOV are assumed to also apply to the SAMA 17 bypass MOV.  
However, the pressure transmitters providing signals for the interlock are assumed 
to operate from the opposite train (SAMA 17 MOV uses 1PT-419 [2PT-419] instead 
of 1PT-420 [2PT-420]).  The potential for common cause failure of the pressure 
transmitters is included in the SAMA 17 MOV failure modeling.  

3. The SAMA 17 power-operated isolation valve is assumed to be a motor-operated 
valve, using an opposite-train power supply than that used by MV-32066 [MV-
32169].  In addition, the valve and its motor operator are assumed to be of a 
different make than MV-32066 [MV-32169] in order to minimize the risk contribution 
from common-cause failures.  Use of an MOV instead of an AOV eliminates the 
dependence on instrument air inside containment (the reliability of the containment 
air supply is already a significant contributor to risk). 

4. The SAMA 17 MOV is assumed to be powered from an AC source of the opposite 
train than that used by MV-32066 [MV-32169].  For the purposes of this analysis, the 
480V MCC assumed to power the SAMA 17 MOV is 1LA2 [2LA2].  
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5. The SAMA 17 isolation check valve is assumed to be of a different make and design 
than the other RHR and SI injection check valves in order to minimize the risk 
contribution from common-cause failures.  

PRA Model Changes to Model SAMA: 

The table below provides a listing of the new basic events included in the PRA model 
for this sensitivity analysis: 

SAMA 17 New Basic Events 

Description Probability Comments 

SAMA 17 MOTOR OPERATED VALVE FAILS TO OPEN 3.00E-03 Standard motor operated valve FTO probability. 
SAMA 17 MOTOR OPERATED VALVE FAILS TO REMAIN 
OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

SAMA 17 CHECK VALVE FAILS TO OPEN 5.00E-05 Standard check valve FTO probability.   
SAMA 17 MOTOR OPERATED VALVE FAILS TO OPEN 3.00E-03 Standard motor operated valve FTO probability. 
SAMA 17 MOTOR OPERATED VALVE FAILS TO REMAIN 
OPEN 

4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

SAMA 17 CHECK VALVE FAILS TO OPEN 5.00E-05 Standard check valve FTO probability.   

 

Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 9.69E-06 2.68 $13,592  
Unit 1 Percent Reduction 1.1% 8.5% 14.3% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.17E-05 6.98 $50,616  
Unit 2 Percent Reduction 3.2% 17.2% 20.1% 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 

SAMA 17 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.22E-06 1.92E-06 2.82E-07 1.88E-07 5.59E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.69E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.12 0.63 1.07 0.12 0.73 0.00 0.00 0.00 0.00 2.68 
OECRBASE $0  $18  $961  $11,706 $741  $2,408  $0  $0  $18  $0  $15,852 
OECRSAMA $0  $18  $961  $9,450  $737  $2,408  $0  $0  $18  $0  $13,592 
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SAMA 17 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 8.39E-06 1.97E-06 3.39E-07 9.18E-07 6.45E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.17E-05 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.12 0.76 5.22 0.14 0.73 0.00 0.00 0.00 0.00 6.98 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $19 $1,157 $46,162 $851 $2,408 $0 $0 $19 $0 $50,616 

 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 

SAMA 17 Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $1,025,970  $88,030  
Unit 2 $2,980,000  $2,491,882  $488,118  

SAMA 17 provides a relatively slight reduction in the CDF values for Unit 1 and Unit 2 
primarily due to the increased reliability of SDC on events involving small LOCAs and 
SGTR with successful high head injection.  As the sequences which benefit from the 
SAMA 17 modification are those in which the SDC containment isolation MOV fails to 
open, the low-head RHR system and its support systems are likely to be available to 
support containment heat removal.  The most significant benefit provided by this SAMA 
is to reduce the frequency of late core damage from SGTR events (accident 
class/release category GLH).  The PRA model assumes that SDC must be functional for 
long term recovery from SGTR events involving operator failure to reduce RCS 
pressure to below SG pressure prior to SG overfill.  Note that, as with SAMA 12, the 
beneficial impact of this SAMA is even greater for Unit 2, which has a higher potential 
for SGTR events (SGs have not been replaced on Unit 2 as they have on Unit 1). 

Based on a $2,362,000 cost of implementation for each unit, the net value for this 
SAMA is -$2,273,970 ($88,030 - $2,362,000) for Unit 1 and -$1,873,882 ($488,118 - 
$2,362,000) for Unit 2, which implies that this SAMA is not cost beneficial for either unit. 

F.7.2.1.4 SAMA 19a:  Replenish RWST from Large Water Source  

The RWST is the initial suction supply for the high and low pressure ECCS subsystems 
(SI and RHR pumps, respectively).  When the RWST has been depleted following the 
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injection phase of a loss of coolant accident, the ECCS trains are realigned for 
recirculation operation with suction taken from the containment sump.  This realignment 
requires successful manual (and some local) operator actions.  The time available to the 
operators to perform these actions varies from a few minutes to hours depending upon 
the size of the primary system break flow.  Therefore, for LOCA accident sequences, it 
is clear that there would be some risk benefit for implementation of a plant change that 
would allow the time available for operator action to be extended. 

For accidents which involve LOCAs outside containment however (i.e., steam generator 
tube rupture events, or intersystem LOCAs), recirculation is not an option.  Intersystem 
LOCAs are risk significant for offsite releases, but typically the ECCS subsystem 
components cannot be expected to remain operable in these events for any significant 
length of time following the initiator (due to harsh environmental conditions produced in 
the Auxiliary Building).  For SGTR events however, the ECCS subsystems (including 
the high pressure SI system) remain available and will inject the contents of the RWST 
into the RCS.  In these events, quick operator action is required to cool down and 
depressurize the RCS to stop the leakage into the steam generator.  If this action fails, 
then a period of hours is available to complete cooldown and depressurization and to 
initiate long term decay heat removal with RHR shutdown cooling before the RWST is 
completely emptied.  Therefore, during a SGTR event, it would be beneficial to have the 
ability to replenish the RWST in order to give the operators more time to perform the 
required actions for initiation of long term decay heat removal.   

This SAMA investigates the risk benefit of providing a reliable backup large water 
source for replenishing the RWST following an accident.  Sources available onsite that 
could be connected (either through existing connections and piping or via a plant 
modification) include the Spent Fuel Pool (SFP), the opposite unit RWST, CVCS 
monitor tanks, CVCS holdup tanks, and CVCS boric acid storage tanks (BASTs).  Each 
of these sources would likely require a pump (i.e., SFP pump, RWST purification pump, 
CVCS monitor tank pump, etc.) to ensure that the inventory is successfully transferred 
to the RWST on the affected unit. 

For the purposes of this analysis, the opposite unit RWST is chosen as the alternate 
source, as it is already designed as a supply for ECCS injection.  Piping a pump to 
assist in the water transfer operation, and procedural guidance to allow transfer of one 
RWST to another are currently available (see procedure C16, Rev. 46).  However, the 
existing equipment and procedure are not designed for post-accident operations and 
will likely need to be upgraded to support this SAMA. 

Assumptions: 
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1. For the purposes of this analysis, it is assumed that modifications to the plant are 
made such that the RWST refill is highly likely to be successful, including pump(s), 
piping and valves necessary to perform the transfer. 

2. For the purposes of this analysis, it is assumed that the RWST refill is accomplished 
using operator action that can be performed from the control room using 
proceduralized actions to start a pump and operate two power-operated valves (both 
valves must operate for success; one must open and the other must close). 

3. For the purposes of this analysis, it is assumed that the benefit for RWST refill is 
limited to an enhanced probability of operator success in transferring to high head 
recirculation and in cooling down and depressurizing the RCS and initiating 
shutdown cooling for SGTR events.  Other benefits (such as increased time for 
repair of failed equipment, etc.) are not credited in this analysis. 

4. Due to the short time available and requirement for other local operator actions 
performed at the same time, a minimum amount of credit for RWST refill is taken for 
Medium LOCA and Large LOCA scenarios (50% reduction in transfer to recirculation 
failure probability).  Due to the significantly longer time available, it is assumed that a 
larger amount of credit can be applied to all other scenarios requiring ECCS injection 
(order of magnitude reduction in failure probabilities for transfer to high head 
recirculation and SGTR RCS cooldown, etc. operator actions). 

5. The pump and valves required to actively function to support the RWST refill 
operation are assumed to be motor-operated, with power from a safeguards 
electrical source (MCC 1T1, the AC source for 121 SFP pump). 

6. The potential that the SAMA19a operator action may be conditional upon the 
transfer to recirculation or SGTR recovery actions was not investigated in detail for 
this analysis.  As SAMA19a involves an operator action performed from the control 
room, which is applied to sequences involving failure of other operator actions that 
are at least partially performed from the control room, there are issues of 
dependency between the failure rates of these actions.  Preliminary quantification 
runs for this SAMA indicate that it provides very little benefit if no credit is given for 
sequences involving other dependent operator actions, as these failures are the 
dominant means of failing the transfer function.  For the purposes of this SAMA, it is 
assumed that the issue of HRA dependency is resolved in the design and 
implementation of SAMA19a to the extent that all dependence can be covered by 
multiplying the standard 5E-2 HRA screening value by a factor of 2 (HRA applied = 
1E-1). 

7. Credit for improvement of the manual transfer to containment spray recirculation 
(CSR) was not given for this SAMA.  Previous analyses have shown that failure of 
CSR is not a large risk contributor to the PINGP Level 2 results. 
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PRA Model Changes to Model SAMA: 

The table below provides a listing of the new basic events included in the PRA model 
for this sensitivity analysis: 

SAMA 19a New Basic Events 

Description Probability Comments 

OPERATOR FAILS TO PERFORM SAMA19a (REFILL 
RWST) WHEN REQUIRED 

1.00E-01 Standard HRA screening value, multiplied by 2 (to 
account for dependency; all actions assumed to be 
performed from CRM) 

SAMA19a MOTOR OPERATED VALVE #1 FAILS TO 
OPEN 

3.00E-03 Standard motor operated valve FTO probability. 

SAMA19a MOV #1 FAILS TO REMAIN OPEN 4.80E-06 Standard motor operated valve FTRO probability.  
Assumes standard 24-hour mission time. 

SAMA19a MOTOR OPERATED VALVE #2 FAILS TO 
CLOSE 

2.94E-03 Standard motor operated valve FTC probability. 

SAMA19a MOV #1 FAILS TO REMAIN CLOSED 4.80E-06 Standard motor operated valve FTRC probability.  
Assumes standard 24-hour mission time. 

SAMA19a OPERATOR ACTION SUCCESS CREDIT 
(OTHER THAN LG/MED LOCA) 

1.00E-01 See Assumption #4. 

SAMA19a SUCCESS CREDIT FOR HI HEAD RECIRC 
TRANSFER (LG./MED. LOCAs) 

5.00E-01 See Assumption #4. 

Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 6.46E-06 2.39 $11,184  
Unit 1 Percent Reduction 34.1% 18.4% 29.4% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 8.37E-06 6.09 $42,874  
Unit 2 Percent Reduction 30.6% 27.8% 32.3% 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 

SAMA 19a - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 4.02E-06 1.92E-06 2.82E-07 1.46E-07 3.33E-08 3.22E-08 3.09E-08 4.89E-09 1.23E-10 2.32E-11 6.46E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.12 0.63 0.83 0.07 0.73 0.00 0.00 0.00 0.00 2.39 
OECRBASE $0  $18  $961  $11,706 $741  $2,408  $0  $0  $18  $0  $15,852 
OECRSAMA $0  $18  $961  $7,355  $439  $2,408  $0  $0  $3  $0  $11,184 
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SAMA 19a - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 5.23E-06 1.97E-06 3.39E-07 7.70E-07 4.22E-08 3.22E-08 3.14E-08 5.87E-09 2.00E-10 2.32E-11 8.37E-06 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.12 0.76 4.38 0.09 0.73 0.00 0.00 0.00 0.00 6.09 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $19 $1,157 $38,729 $557 $2,408 $0 $0 $4 $0 $42,874 

 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 

SAMA 19a Net Value 

Unit Base Case 
Cost-Risk 

Revised 
Cost-Risk 

Averted 
Cost-Risk 

Unit 1 $1,114,000  $784,198  $329,802  
Unit 2 $2,980,000  $2,050,414  $929,586  

The results of the SAMA 19a sensitivity analysis show a large drop in both the CDF and 
LERF risk metrics for both units.  This CDF reduction is primarily due to the high 
importance of the transfer to recirculation operator action in preventing core damage 
following a LOCA.  The LERF reduction is due to a significant reduction in the frequency 
of L-SR-E release category sequences as failure of the recirculation transfer leads to 
core damage at high pressure.  The percent LERF change on Unit 1 is more significant 
than on Unit 2 due to the higher contribution from SGTR sequences on Unit 2 (SGs 
have not been replaced on that unit). 

Based on a $1,935,000 cost of implementation for each unit, the net value for this 
SAMA is -$1,605,198 ($329,802 - $1,935,000) for Unit 1 and -$1,005,414 ($929,586 - 
$1,935,000) for Unit 2, which implies that this SAMA is not cost beneficial for either unit. 

F.7.2.1.5 SAMA 21: Increase Reliability of PORV Closure  

The RCS PORVs are designed to open to relieve RCS pressure during overpressure 
conditions.  The valves are then required to reclose when pressure is reduced to below 
the valve set pressure (there is essentially no dead band associated with the PINGP 
PORV design).  In the PRA model, failure of either PORV on a unit to reclose following 
a pressure challenge is assumed to result in a “PORV LOCA” initiating event, an event 
having an accident progression similar to a small-break LOCA event. 
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PORV failure-to-reclose events are significant contributors to the LERF, as certain 
initiating events (particularly MSLB events) involve pressure challenges that also involve 
secondary side depressurization.  If the PORV failure leads to core damage at high 
RCS pressure, the potential exists for a pressure-induced SGTR which would provide a 
fission product release pathway outside of containment. 

Assumptions: 

1. To estimate an upper bound on the risk benefit for this SAMA, it was assumed that a 
new or enhanced PORV design was implemented, such that the valve re-closure 
probability was reduced by an order of magnitude.   

PRA Model Changes to Model SAMA: 

The only changes to the PRA necessary to model this SAMA were to reduce the 
probability of events representing failure of the PORV to reclose.   

The table below shows the basic events that were modified to model this SAMA: 

SAMA 21 Changes to Basic Events 

Description Original  
Probability 

SAMA21 
Probability 

PORV CV-31231 FAILS TO CLOSE 2.94E-03 2.94E-04 
PORV CV-31232 FAILS TO CLOSE 2.94E-03 2.94E-04 
PORV CV-31233 FAILS TO CLOSE 2.94E-03 2.94E-04 
PORV CV-31234 FAILS TO CLOSE 2.94E-03 2.94E-04 

Results of SAMA Quantification: 

Implementation of this SAMA yields a reduction in the CDF, Dose-risk, and Offsite 
Economic cost-risk.  The results are summarized in the following table for Units 1 and 2: 

 CDF Dose-Risk OECR 

Unit 1Base 9.79E-06 2.93 $15,852  
Unit 1SAMA 9.71E-06 2.91 $15,644  
Unit 1 Percent Reduction 0.8% 0.7% 1.3% 
Unit 2Base 1.21E-05 8.43 $63,337  
Unit 2SAMA 1.20E-05 8.40 $63,114  
Unit 2 Percent Reduction 0.7% 0.4% 0.4% 

A further breakdown of the Dose-risk and OECR information is provided below 
according to release category. 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

 

ATTACHMENT F Page F.7-18 

SAMA 21 - Unit 1 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 7.28E-06 1.92E-06 2.82E-07 2.33E-07 5.61E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.79E-06 
FrequencySAMA 7.20E-06 1.92E-06 2.82E-07 2.29E-07 5.57E-08 3.22E-08 3.09E-08 4.89E-09 8.40E-10 2.32E-11 9.71E-06 
Dose-RiskBASE 0.01 0.12 0.63 1.32 0.12 0.73 0.00 0.00 0.00 0.00 2.93 
Dose-RiskSAMA 0.01 0.12 0.63 1.30 0.12 0.73 0.00 0.00 0.00 0.00 2.91 
OECRBASE $0  $18  $961  $11,706 $741  $2,408  $0  $0  $18  $0  $15,852 
OECRSAMA $0  $18  $961  $11,504 $735  $2,408  $0  $0  $18  $0  $15,644 

 
SAMA 21 - Unit 2 Results By Release Category 

Release 
Category 

H-XX-X L-DH-L L-CC-L SGTR L-H2-E ISLOCA H-DH-L H-OT-L L-CI-E H-H2-E Total 

FrequencyBASE 8.52E-06 1.97E-06 3.39E-07 1.17E-06 6.52E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.21E-05 
FrequencySAMA 8.44E-06 1.97E-06 3.39E-07 1.17E-06 6.47E-08 3.22E-08 3.14E-08 5.87E-09 9.17E-10 2.32E-11 1.20E-05 
Dose-RiskBASE 0.01 0.12 0.76 6.66 0.14 0.73 0.00 0.00 0.00 0.00 8.43 
Dose-RiskSAMA 0.01 0.12 0.76 6.64 0.14 0.73 0.00 0.00 0.00 0.00 8.40 
OECRBASE $0 $19 $1,157 $58,874 $860 $2,408 $0 $0 $19 $0 $63,337 
OECRSAMA $0 $19 $1,157 $58,657 $854 $2,408 $0 $0 $19 $0 $63,114 

This information was used in the cost-benefit calculation.  The results of this calculation 
are provided in the following table. 

SAMA 21 Net Value 

Unit Base Case Cost-Risk Revised Cost-Risk Averted Cost-Risk 

Unit 1 $1,114,000  $1,102,714  $11,286  
Unit 2 $2,980,000  $2,967,482  $12,518  

As expected, the SAMA 21 results show the primary risk benefit to be the reduction in 
the frequency of release category L-SR-E (pressure and temperature-induced SGTR 
core damage sequences).  This release category is a component of the LERF for both 
units, although the impact (percent change) on the Unit 1 LERF is larger than the 
change on Unit 2 due to the higher contribution from SGTR sequences on Unit 2 (as 
previously described). 

Based on a $3,000,000 cost of implementation for each unit, the net value for this 
SAMA is -$2,988,714 ($11,286 - $3,000,000) for Unit 1 and -$2,987,482 ($12,518 - 
$3,000,000) for Unit 2, which implies that this SAMA is not cost beneficial for either unit. 
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F.7.2.2 Phase II Impact 

As discussed above, the 95th percentile PRA results for each individual Phase II SAMA 
were used to determine the impact of the cost-benefit analysis for the proposed SAMA 
candidates.  The uncertainty analyses that are available for the Level 1 model are not 
available (or not used) for the Level 2 and 3 PRA models.  In order to simulate the use 
of the 95th percentile results for the Level 2 and 3 models, the same scaling factor 
calculated for the Level 1 results was applied to the Level 2 and 3 models.  Because the 
MMACR calculations scale linearly with the CDF, dose-risk, and offsite economic cost-
risk, the 95th percentile MMACR for each SAMA can be re-calculated by multiplying the 
base case by the 95th percentile for each of the individual SAMAs.   

The Phase II SAMA list has been re-examined using the revised MMACR to identify 
SAMAs that would be re-characterized as cost beneficial, i.e., positive net value.  Those 
SAMAs that were previously determined not cost beneficial due to costs of 
implementation that exceeded their associated MMACR are now potentially cost 
beneficial if the implementation costs are less than the revised MMACR.  In this case, 
one additional Phase II SAMA (SAMA 22) becomes cost beneficial for Unit 1 and no 
additional SAMAs for Unit 2. 

 

F.7.2.3 Summary 

The following table provides a summary of the impact of using the 95th percentile PRA 
results on the detailed cost-benefit calculations that have been performed for Phase II 
SAMAs and those Phase I SAMAs identified above in Section F.7.2.1 

 

 

 

 

 

 

 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

 

ATTACHMENT F Page F.7-20 

Unit 1 Summary of the Impact of Using the 95th Percentile PRA Results 

SAMA 
ID 

Cost of 
Implementation 

Averted 
Cost Risk 

(Base) 

Net Value 
(Base) 

Averted 
Cost Risk 

(95th Percentile)

Net Value 
(95th 

Percentile) 

Change in 
Cost 

Effectiveness?

1 $4,250,000  $268,252 ($3,981,748) $429,203  ($3,820,797) No 
2 $300,000  $123,376 ($176,624) $259,090  ($40,910) No 
3 $250,000  $74,956  ($175,044) $179,894  ($70,106) No 
5 $1,500,000  $75,942  ($1,424,058) $212,638  ($1,287,362) No 
9 $62,500  $62,746  $246  $163,140  $100,640  No 
10 $2,866,000  $46,870  ($2,819,130) $121,862  ($2,744,138) No 
12 $900,000  $186,188 ($713,812) $372,376  ($527,624) No 
15 $130,000  $0  ($130,000) $0  ($130,000) No 
17 $2,362,000  $88,030  ($2,273,970) $255,287  ($2,106,713) No 
19 $700,000  $60,330  ($639,670) $174,957  ($525,043) No 
19a $1,935,000  $329,802 ($1,605,198) $593,644  ($1,341,356) No 
20 $313,000  $53,910  ($259,090) $150,948  ($162,052) No 
21 $3,000,000  $11,286  ($2,988,714) $32,729  ($2,967,271) No 
22 $39,000  $15,350  ($23,650) $44,515  $5,515  Yes 
 

Unit 2 Summary of the Impact of Using the 95th Percentile PRA Results 

SAMA 
ID 

Cost of 
Implementation 

Averted 
Cost Risk

(Base) 

Net Value
(Base) 

Averted 
Cost Risk 

(95th Percentile)

Net Value 
(95th 

Percentile) 

Change in 
Cost 

Effectiveness?

1 $4,250,000  $270,474 ($3,979,526) $486,853  ($3,763,147) No 
2 $300,000  $123,092 ($176,908) $283,112  ($16,888) No 
3 $250,000  $76,654  ($173,346) $183,970  ($66,030) No 
5 $1,500,000  $222,610 ($1,277,390) $645,569  ($854,431) No 
9 $62,500  $62,918  $418  $157,295  $94,795  No 

10 $2,866,000  $48,630  ($2,817,370) $131,301  ($2,734,699) No 
12 $900,000  $302,132 ($597,868) $664,690  ($235,310) No 
15 $130,000  $19,324  ($110,676) $54,107  ($75,893) No 
17 $2,362,000  $488,118 ($1,873,882) $1,366,730  ($995,270) No 
19 $700,000  $60,514  ($639,486) $175,491  ($524,509) No 
19a $1,935,000  $929,586 ($1,005,414) $1,766,213  ($168,787) No 
20 $313,000  $54,646  ($258,354) $153,009  ($159,991) No 
21 $3,000,000  $12,518  ($2,987,482) $33,799  ($2,966,201) No 
22 $39,000  $67,650  $28,650  $189,420  $150,420  No 

 

In reviewing the above results, none of the Phase I SAMAs identified in Section F.7.2.1 
proved to be cost-beneficial at the 95th percentile.  When the 95th percentile PRA results 
were applied to the Phase II SAMAs, only SAMA 22 for Unit 1 was shown to now be 
marginally cost effective.  The use of the 95th percentile PRA result is not considered to 
provide the most rational assessment of the cost effectiveness of a SAMA; however, 
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this additional SAMA should be considered for implementation to address the 
uncertainties inherent in the SAMA risk analysis, especially since its consideration for 
Unit 2 was shown to provide a cost benefit. 

F.7.3 MACCS2 Input Variations 

The MACCS2 model was developed using the best information available for the PINGP 
site; however, reasonable changes to modeling assumptions can lead to variations in 
the Level 3 results.  In order to determine how certain assumptions could impact the 
SAMA results, a sensitivity analysis was performed on a group of parameters that has 
previously been shown to impact the Level 3 results.  These parameters (and 
associated sensitivity cases) include: 

• Meteorological data (PI2004; PI2005) 

• Population estimates (PI30INC; PISIT00) 

• Evacuation effectiveness (PISLOW) 

• Radionuclide release characteristics (PIATM1; PIATM2) 

• Recovery, decontamination, and resettlement factors (Intermediate Phase) 
(PICHR1, PICHR2) 

The risk metrics produced by MACCS2 that are evaluated in the sensitivity analyses are 
the 50 mile population dose and the 50 mile offsite economic cost for Unit 2.  (Similar 
impacts would be expected for Unit 1).  The subsections below discuss the changes in 
these results for each of the sensitivity cases that are shown below.  The final 
subsection, F.7.3.6, correlates the worst case changes identified in the sensitivity runs 
to a change in the site’s averted cost-risk and discusses the implications of the 
sensitivity analysis on the SAMA analysis. 
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Case Description Unit 2 Pop. Dose 
Risk Δ Base (%) 

Unit 2 Cost Risk 
Δ Base (%) 

PI2003 Base Case (Year 2003 MET data) -- -- 

PI2004 Year 2004 MET data -1.5% -4.7% 

PI2005 Year 2005 MET data -4.3% -13.4% 

PI30INC Year 2034 population values increased 
uniformly 30% over base case. 

28.6% 29.6% 

PISit00 Year 2000 population based (Base Case is 
Year 2034) 

-39.2% -39.3% 

PISlow Evacuation speed decreased 50% to 1.67 
mph, 0.75 m/sec (Base Case is 3.35 mph). 

1.7% 0% 

PIATM1 Release height set to ground level 2.3% -5.8% 

PIATM2 Plume thermal heat content set to ambient 
(i.e., buoyant plume rise not modeled) 

negligible  -6.1% 

PICHR1 

Long Term Phase starts immediately after 
the Early Phase is over (No Intermediate 
Phase; Base Case is 6 month Intermediate 
Phase) 

19.2% -33.2% 

PICHR2 1 Year Intermediate Phase following the 
Early Phase (Base Case is 6 month 
Intermediate Phase) 

-15.3% 34.9% 

F.7.3.1 Meteorological Sensitivity 

In addition to the base case meteorological data (year 2003), data is also analyzed for 
the years 2004 and 2005.  Analysis of these alternate data sets yielded population 
dose-risks and offsite economic cost-risks that are lower than the 2003 data by at least 
1.5 percent and by as much as 13.4 percent.   

As no particular criteria have been defined by the industry related to determining which 
meteorological data set should be used as a base case for a site, the year 2003 data is 
conservatively chosen for PINGP given that it yielded the largest results.   

F.7.3.2 Population Sensitivity 

Two population sensitivity cases (PI30INC, PISIT00) are analyzed to determine the 
dependence of population estimates on the MAACS2 results. 

In case PI30INC, the baseline 2034 population is uniformly increased by 30 percent in 
all sectors of the 50-mile radius.  This change increased the estimated population dose-
risk and offsite economic cost by over 28 percent each. 
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A second population based sensitivity (PISIT00) is performed to determine the impact of 
using year 2000 census data rather than projecting to the end of the license renewal 
period (Year 2034).  The baseline SAMA case is based on a population projection to 
year 2034 based on the population growth trends shown between the years 1990 and 
2000.  When year 2000 data is utilized, the overall dose-risk and OECR decrease, as 
expected.  Specifically, the dose-risk and the OECR each decreased by about 39 
percent. 

The population sensitivity cases (PI30INC, PISIT00) demonstrate a significant 
dependence on population estimates.  This is expected given that the population dose 
and offsite economic costs are primarily driven by the regional population. 

F.7.3.3 Evacuation Sensitivity 

One evacuation sensitivity case (PISLOW) is analyzed to determine the impacts 
associated with evacuation assumptions.  While evacuation assumptions do impact the 
population dose-risk estimates, they do not impact MACCS2 offsite economic cost-risk 
estimates because MACCS2 calculated cost-risks are based on land contamination 
levels which remain unaffected by evacuation assumptions and the number of people 
evacuating. 

For PINGP, evacuation assumptions have a relatively minor impact on dose-risk.  A 50 
percent decrease in the evacuation speed increased the dose-risk by only 
approximately 2 percent.   

The evacuation sensitivity case (PISLOW) demonstrates minor population dose-risk 
impacts associated with evacuation assumptions due to the relatively slow base case 
PINGP evacuation.   

F.7.3.4 Radioactive Release Sensitivity 

The sensitivity cases PIATM1 and PIATM2 quantify the impact of the assumptions 
related to the height of the release and thermal energy of the plume, respectively.   
PIATM1 assumes that the release occurs at ground level rather than at an elevation that 
could correspond to a release through the stack or a break high in the reactor building.  
The lower release height shows a small increase in dose-risk of 2 percent and a 
reduction in OECR of over approximately 6 percent.  Reducing the thermal plume heat 
content to ambient conditions has a similar impact.  PIATM2 shows a negligible change 
(0 percent) in the dose-risk and a decrease of about 6 percent in the OECR. 
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F.7.3.5 Intermediate Phase Duration Sensitivity 

The Intermediate Phase, as modeled by MACCS2, is the time period beginning after the 
early phase (one week emergency phase) and extends to the time when recovery 
actions such as decontamination and resettlement are started (long term phase).  
MACCS2 allows the habitation of land during the intermediate phase unless the 
projected dose criterion is exceeded.  If the projected dose criterion is exceeded during 
the intermediate phase, the individual is relocated.  MACCS2 allows an intermediate 
phase ranging from no intermediate phase to one (1) year.  The Intermediate Phase 
related sensitivity cases (PICHR1 and PICHR2) show significant dependence in relation 
to economic impact, and are therefore discussed further: 

• The No Intermediate Phase case (PICHR1) is developed based on the NUREG-
1150 modeling approach.  However, the 33 percent reduction in economic cost 
estimates based on the approach are judged too optimistic in that the land 
decontamination efforts are modeled as starting one week after the accident (i.e., 
directly after the early phase ends) such that a significant portion of population 
relocation costs are omitted.  For example, the costs associated with temporary 
housing while decontamination strategies are developed and decontamination teams 
are contracted are not accounted for without an intermediate phase.  It is believed 
that NUREG-1150 studies omitted the intermediate phase because the MACCS2 
intermediate phase coding was not validated at that time.  A competing factor is that 
the population dose increases because people are allowed to re-occupy the land 
sooner (19 percent increase over the base case). 

• The 1 Year Intermediate Phase case (PICHR2) is developed based on the maximum 
length of time allowed by MACCS2 for the intermediate phase.  A long intermediate 
phase can be unrealistic in that re-occupation of the contaminated land is not 
performed during this phase even if contamination levels decrease (by natural 
radioactive decay) to levels which would allow it (i.e., resettlement is evaluated as 
part of the long term phase, not the intermediate phase).  Therefore, population 
relocation costs may be over estimated using a long (i.e., one year) intermediate 
phase.  An Intermediate Phase of one year shows a 35 percent increase in the 
OECR estimates compared with the six month (base case) Intermediate phase.  
However, the population dose decreased by 15 percent with a longer Intermediate 
Phase due to later resettlement on decontaminated land. 

The six month intermediate phase (base case) is judged to be a best estimate approach 
in that it provides a reasonable time for both decontamination efforts and resettlement to 
begin.  The sensitivity cases demonstrate that this six month modeling approach is mid-
range of the modeling choices available and is used as the base case. 
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F.7.3.6 Impact on SAMA Analysis 

Several different Level 3 input parameters are examined as part of the PINGP MACCS2 
sensitivity analysis.  The primary reason for performing these sensitivity runs is to 
identify any reasonable changes that could be made to the Level 3 input parameters 
that would impact the conclusions of the SAMA analysis.  While the table in Section 
F.7.3 summarizes the changes to the dose-risk and OECR estimates for each sensitivity 
case, it is prudent to consider if any of these changes would result in the retention of the 
SAMAs that were screened using the baseline results. 

Of all the MACCS2 sensitivity cases, the largest increase in the dose-risk is 29 percent 
in the population sensitivity case PI30INC (2034 population uniformly increased by 
30%) while the largest increase in OECR is 35 percent in the intermediate phase 
duration sensitivity case PICHR2 (one year intermediate phase).  While these are 
separate cases, the PINGP MMACR is recalculated using these results to determine the 
impact of using the worst case for each parameter simultaneously.  The resulting Unit 2 
MMACR is a factor of 1.24 greater than the base case, which is less than the average 
factor of 2.5 calculated in Section F.7.2 for the 95th percentile individual SAMA PRA 
model results.  Therefore, the 95th percentile PRA results sensitivity is considered to 
bound this case and no SAMAs would be retained based on this sensitivity that were 
not already identified in Section F.7.2. 

F.7.4 Unit 2 Containment Sump Sensitivity Analysis 

As described in Section F.2.2.2, the Unit 2 SAMA probabilistic analysis results were 
quantified using the Unit 2, Level 1 Rev. 2.2 (SAMA) model.  At the time of the Rev. 2.2 
model update, containment sump strainer modifications to address G.L. 2004-02 on 
Unit 2 had not been completed.  However, during the Unit 2 refueling outage in Fall 
2006 (prior to the submittal of this LAR), the containment sump modifications were 
completed.  Therefore, a sensitivity analysis is considered necessary to demonstrate 
the impact of this significant plant modification to the results of the Unit 2 SAMA 
analysis. 

The containment sump strainer modifications implemented in Unit 1 and Unit 2 are very 
similar in design and operation.  Therefore, in order to perform this sensitivity analysis, 
the reliability (assumed plugging failure rate) for the Unit 2 sump strainers was reduced 
to match the failure rate of the Unit 1 sump strainers (reduced by an order of 
magnitude).  The probabilistic analyses for each of the Phase II SAMAs were re-
performed, and the results used to regenerate new averted cost values for each of the 
SAMAs.  
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The results of the sensitivity analysis showed the change in averted costs were on the 
order of a few thousand dollars or less for most of the identified Phase II SAMAs when 
accounting for a more reliable sump strainer for Unit 2.  However, this did not change 
the overall outcome for Unit 2 regarding whether or not a particular SAMA was cost-
beneficial.  The change in averted costs due to the implementation of a more reliable 
containment sump strainer for Unit 2 is judged to be within the statistical uncertainty of 
the SAMA analysis. 

The Unit 2 Level 1 PRA model used for the SAMA analysis is therefore deemed slightly 
conservative in the sense that the modeled reliability of the strainer is less than the 
actual plant configuration following the Fall 2006 outage.  However, the sensitivity 
analysis showed that this does not affect the applicability of using the existing Level 1 
model for Unit 2. 
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F.8 CONCLUSIONS 

The benefits of revising the operational strategies in place at PINGP and/or 
implementing hardware modifications can be evaluated without the insight from a risk-
based analysis.  Use of the PRA in conjunction with cost-benefit analysis methodologies 
has, however, provided an enhanced understanding of the effects of the proposed 
changes relative to the cost of implementation and projected impact on a larger future 
population.  The results of this study indicate that of the identified potential 
improvements that can be made at PINGP, a few are cost beneficial based on the 
methodology applied in this analysis and warrant further review for potential 
implementation.  It should be noted that the following conclusions were drawn based on 
the use of a 3% RDR, which is viewed as a more appropriate discount rate.  However, if 
a 7% RDR were used, there would be fewer SAMAs identified as being cost-beneficial. 

F.8.1 Unit 1 Conclusions 

The base case analysis shows that implementation of the following SAMA for Unit 1 
would be cost beneficial: 

• SAMA 9:  Analyze Room Heat-up for Natural/Forced Circulation (Screenhouse 
Ventilation) 

SAMA 9 is a potentially cost beneficial enhancement at PINGP.  This SAMA represents 
engineering analyses and possible procedure modifications that loss of Screenhouse 
Ventilation is not expected to fail operation of the safeguards vertical cooling water (CL) 
pumps.  Computer modeling of expected room temperatures due to maximum 
mechanical and electrical heat loads during summer operation is anticipated to show 
that running electrical equipment would continue to successfully operate for a 24 hour 
mission time, with minimal mitigative efforts by equipment operators, e.g., opening 
doors, dampers, etc. 

The 95th percentile PRA results showed that the following additional SAMA was cost 
beneficial for Unit 1: 

• SAMA22:  Provide Compressed Air Backup for Instrument Air to Containment 

SAMA 22 is a cost-effective change for PINGP, given the results of the sensitivity 
analysis involving 95th percentile PRA values (see Section F.7.2).  This SAMA deals 
with analyzing the actual capability of the backup air accumulators for adequate 
operation of the PORV during bleed and feed operation in removing heat from the 
primary system when the steam generators are unavailable.  On a loss of instrument air 
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to containment, the PORVs are each supplied with air from separate backup air 
accumulators.  However, it is suspected that the air requirements during bleed and feed 
operations may be less than that required for overpressure conditions.  Previous 
analyses involving these air accumulators included conservative assumptions and 
operating conditions that implied PORV operation would be compromised given a loss 
of the normal air supply.  Therefore, a more realistic analysis of the PORV backup air 
accumulators, using the expected procedural sequence of operator actions, is expected 
to show that additional hardware modification is unnecessary.  However, costs for any 
required procedural changes or plant modifications resulting from this analysis were not 
included in the SAMA cost estimate (S&L 2007). 

F.8.2 Unit 2 Conclusions 

The base case analysis shows that implementation of the following two SAMAs for Unit 
2 would be cost beneficial: 

• SAMA 9:  Analyze Room Heat-up for Natural/Forced Circulation (Screenhouse 
Ventilation) 

• SAMA22:  Provide Compressed Air Backup for Instrument Air to Containment 

The discussion of these SAMAs in Section F.8.1 applies to Unit 2 as well. 

The 95th percentile PRA results showed that there were no additional cost beneficial 
SAMAs for Unit 2. 
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F.9 TABLES 

Table F.3-1 
Estimated Population Distribution within a 10-Mile Radius of PINGP, Year 2034(2)

Sector 
0-1 mile 
(1.84) (1)

1-2 miles 
(1.21) (1)

2-3 miles 
(1.00) (1)

3-4 miles 
(1.03) (1)

4-5 miles 
(1.02) (1)

5-10 miles 
(1.09) (1)

10-mile 
total 

N 0 14 25 25 16 493 573 
NNE 0 109 34 137 41 712 1033 
NE 0 143 30 0 52 868 1093 
ENE 0 0 9 0 30 553 592 
E 0 0 134 0 100 461 695 
ESE 0 0 0 81 124 2810 3015 
SE 0 0 0 0 228 17066 17294 
SSE 0 0 0 864 856 575 2295 
S 0 91 0 856 228 311 1486 
SSW 0 0 20 57 78 415 570 
SW 0 0 20 1 140 409 570 
WSW 0 0 47 0 0 347 394 
W 142 0 0 26 70 716 954 
WNW 1349 10 1 141 7 2377 3885 
NW 208 19 0 18 0 647 892 
NNW 125 0 0 34 0 999 1158 
Total 1824 386 320 2240 1970 29759 36499 
(1) Ten year radial population growth factor applied to year 2000 census data to develop year 2034 
estimate. 
(2) Population estimates are based on year 2000 census data as processed by SECPOP2000.  Any 
minor differences from the population estimates and actual population are judged to have a negligible 
impact on the results given the MACCS2 modeling methodology. 

 



Prairie Island Nuclear Generating Plant 
License Renewal Application 

Appendix E – Environmental Report 

 

ATTACHMENT F Page F.9-2 

Table F.3-2 
Estimated Population Distribution within a 50-Mile Radius of PINGP, Year 2034(2) 

Sector 0-10 miles 
10-20 miles 

(1.18) (1) 
20-30 miles 

(1.34) (1) 
30-40 miles 

(1.10) (1) 
40-50 miles 

(1.12) (1) 
50-mile 

total 

N 573 27938 36153 23733 17081 105478 
NNE 1033 3290 17862 3660 12635 38480 
NE 1093 8039 11719 6543 6963 34357 
ENE 592 2167 6284 24257 12927 46227 
E 695 1647 5869 6240 8427 22878 
ESE 3015 2784 12460 7073 3564 28896 
SE 17294 1555 9864 7079 4809 40601 
SSE 2295 1988 5839 20093 62859 93074 
S 1486 2771 21155 35417 61632 122461 
SSW 570 1575 6412 3852 7529 19938 
SW 570 3642 9064 23698 47250 84224 
WSW 394 9691 53668 11743 14428 89924 
W 954 4230 64056 53846 35935 159021 
WNW 3885 21326 250009 460884 409761 1145865 
NW 892 35228 445530 838915 749278 2069843 
NNW 1158 5115 141140 134921 66497 348831 
Total 36499 132986 1097084 1661954 1521575 4450098 
(1) Ten year radial population growth factor applied to year 2000 census data to develop year 2034 
estimate. 
(2) Population estimates are based on year 2000 census data as processed by SECPOP2000.  Any 
minor differences from the population estimates and actual population are judged to have a negligible 
impact on the results given the MACCS2 modeling methodology. 
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Table F.3-3 
Comparison of PINGP MACCS2 Core Inventory and Sample Problem A 

Entry Nuclide(2) Sample 
Problem A(1) 

(Bq) 

PINGP 
MACCS2(3) 

(Bq) 

Entry Nuclide(2) Sample 
Problem A(1) 

(Bq) 

PINGP 
MACCS2(3) 

(Bq) 
1 Co-58 1.56E+16 2.17E+16 31 Te-131m 2.26E+17 2.63E+17(3) 
2 Co-60 1.19E+16 1.66E+16 32 Te-132 2.25E+18 2.41E+18(3) 
3 Kr-85 1.20E+16 2.55E+16(3) 33 I-131 1.55E+18 1.70E+18(3) 
4 Kr-85m 5.60E+17 4.07E+17(3) 34 I-132 2.28E+18 2.44E+18(3) 
5 Kr-87 1.02E+18 7.77E+17(3) 35 I-133 3.28E+18 3.40E+18(3) 
6 Kr-88 1.38E+18 1.07E+18(3) 36 I-134 3.60E+18 3.66E+18(3) 
7 Rb-86 9.13E+14 1.27E+15 37 I-135 3.09E+18 3.15E+18(3) 
8 Sr-89 1.74E+18 2.41E+18 38 Xe-133 3.28E+18 3.40E+18(3) 
9 Sr-90 9.37E+16 1.30E+17 39 Xe-135 6.16E+17 7.03E+17(3) 
10 Sr-91 2.23E+18 3.10E+18 40 Cs-134 2.09E+17 7.40E+17(3) 
11 Sr-92 2.32E+18 3.23E+18 41 Cs-136 6.36E+16 1.48E+17(3) 
12 Y-90 1.01E+17 1.40E+17 42 Cs-137 1.17E+17 3.15E+17(3) 
13 Y-91 2.12E+18 2.94E+18 43 Ba-139 3.04E+18 4.22E+18 
14 Y-92 2.33E+18 3.24E+18 44 Ba-140 3.01E+18 4.18E+18 
15 Y-93 2.64E+18 3.67E+18 45 La-140 3.07E+18 4.27E+18 
16 Zr-95 2.67E+18 3.72E+18 46 La-141 2.82E+18 3.92E+18 
17 Zr-97 2.78E+18 3.87E+18 47 La-142 2.72E+18 3.78E+18 
18 Nb-95 2.53E+18 3.51E+18 48 Ce-141 2.73E+18 3.80E+18 
19 Mo-99 2.95E+18 4.10E+18 49 Ce-143 2.66E+18 3.70E+18 
20 Tc-99m 2.55E+18 3.54E+18 50 Ce-144 1.65E+18 2.29E+18 
21 Ru-103 2.20E+18 3.05E+18 51 Pr-143 2.61E+18 3.63E+18 
22 Ru-105 1.43E+18 1.99E+18 52 Nd-147 1.17E+18 1.62E+18 
23 Ru-106 4.99E+17 6.94E+17 53 Np-239 3.13E+19 4.35E+19 
24 Rh-105 9.89E+17 1.38E+18 54 Pu-238 1.77E+15 2.46E+15 
25 Sb-127 1.35E+17 1.87E+17 55 Pu-239 4.00E+14 5.56E+14 
26 Sb-129 4.77E+17 6.64E+17 56 Pu-240 5.04E+14 7.01E+14 
27 Te-127 1.30E+17 1.70E+17(3) 57 Pu-241 8.49E+16 1.18E+17 
28 Te-127m 1.72E+16 2.59E+16(3) 58 Am-241 5.60E+13 7.79E+13 
29 Te-129 4.48E+17 5.18E+17(3) 59 Cm-242 2.15E+16 2.98E+16 
30 Te-129m 1.18E+17 1.48E+17(3) 60 Cm-244 1.26E+15 1.75E+15 

(1) Core inventory obtained from MACCS2 Sample Problem A, adjusted to account for the PINGP power level 

(2) MACCS2 allows up to 60 nuclides input 

(3) PINGP USAR Appendix D, Rev. 18 Table D.1-1 provides 20 significant nuclide core inventories. These values are 
converted from Curies to Becquerels (3.7E10 bq/ci) for input into MACCS2.  The remaining 40 nuclides inventories are 
based on Sample Problem A, adjusted to account for the PINGP power level, and increased by the average increase over 
the Sample Problem A inventory of the 20 PINGP specific nuclides. 
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Table F.3-4 

MACCS2 Release Categories vs. PINGP Release Categories 

MACCS2 Release Categories PINGP Release Categories(3) 

1-Xe/Kr Noble Gases 
2-I CsI 

3-Cs CsOH 
4-Te TeO2 (Sb(1) & Te2(2) are included) 
5-Sr SrO 

6-Ru(Mo) MoO2 (Mo is in Ru MACCS category) 
7-La La2O3 
8-Ce CeO2 (UO2(2) are included) 
9-Ba BaO 

(1) The largest release fraction of the TeO2 and Sb category is used 
(2) These release fractions are typically negligible.  
(3) Fission product groups from Table F.3-6 are grouped into Release Categories for input into 

MACCS2. 
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Appendix E – Environmental Report 

 

ATTACHMENT F Page F.9-11 

Table F.3-7 
MACCS2 Base Case Mean Results 

Source 
Term 

Release 
Category 

Dose   
(p-sv)(1) 

Offsite 
Economic 
Cost ($) 

Unit 1 
Freq. 
(/yr) 

Unit 1 Dose-
Risk  

(p-rem/yr)(1)

Unit 1 
OECR 
($/yr) 

Unit 2 
Freq. 
(/yr) 

Unit 2 Dose-
Risk  

(p-rem/ yr)(1) 

Unit 2 
OECR 
($/yr) 

1 H-XX-X 1.75E+01 1.35E+02 7.28E-06 1.27E-02 9.83E-04 8.52E-06 1.49E-02 1.15E-03 
2 H-H2-E 2.12E+04 1.05E+10 2.32E-11 4.91E-05 2.43E-01 2.32E-11 4.91E-05 2.43E-01 
3 L-H2-E 2.15E+04 1.15E+10 5.61E-08 1.21E-01 6.46E+02 6.52E-08 1.40E-01 7.50E+02 
4 L-CL-E 3.40E+04 1.85E+10 8.40E-10 2.86E-03 1.55E+01 9.17E-10 3.12E-03 1.70E+01 
5 H-OT-L 2.63E+03 4.74E+07 4.89E-09 1.29E-03 2.32E-01 5.87E-09 1.54E-03 2.78E-01 
6 L-CC-L 2.26E+04 2.97E+09 2.82E-07 6.37E-01 8.37E+02 3.39E-07 7.67E-01 1.01E+03 
7 H-DH-L 2.11E+02 1.02E+06 3.09E-08 6.53E-04 3.16E-02 3.14E-08 6.63E-04 3.21E-02 
8 L-DH-L 6.68E+02 7.89E+06 1.92E-06 1.28E-01 1.52E+01 1.97E-06 1.32E-01 1.55E+01 
9 SGTR 5.62E+04 4.32E+10 2.33E-07 1.31E+00 1.01E+04 1.17E-06 6.58E+00 5.06E+04 

10 ISLOCA 2.26E+05 6.31E+10 3.22E-08 7.28E-01 2.03E+03 3.22E-08 7.28E-01 2.03E+03 
FREQUENCY WEIGHTED TOTALS 9.85E-06 2.94E+00 1.36E+04 1.21E-05 8.37E+00 5.44E+04 

 
(1) MAACS2 provides dose results in Sieverts (sv).  The MAACS2 result is converted to rem (1 sv = 100 rem) for the 
Dose-Risk results to be used in Section F.4. 
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F.10 FIGURES 

PINGP Unit 1 CDF by Initiating Event

Small LOCA 49%

Loss of Cooling Water 18%

Loss of Offsite Power 11%

Loss of Main Feedwater 
4%

Medium LOCA 3%

Loss of CCW 3%

Large  LOCA 3%

Internal Flooding 2%

Normal Transient 2%
Other 2%

SGTR 2%

 
Figure F.2-1 

Contribution to Unit 1 CDF by Initiator 

 
 

PINGP Unit 2 CDF by Initiating Event

Small LOCA 45%

Loss of Cooling Water 15%
Loss of Offsite Power 10%

SGTR 9%

Medium LOCA 4%

Loss of Main Feedwater 
3%

Loss of Train A DC 3%

Large  LOCA 3%

Loss of CCW 2%

Normal Transient 2%

Internal Flooding 2%
Other 1%

 
Figure F.2-2 

Contribution to Unit 2 CDF by Initiator 
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PINGP Unit 1 LERF by Initiating Event

Intersystem LOCA 37%

Small LOCA 25%

SGTR 19%

Main Steamline Break 7%

Loss of Cooling Water 6%

Loss of Main Feedwater 
2%

Loss of Offsite Power 1%

Other 3%

 
Figure F.2-3 

Contribution to Unit 1 LERF by Initiator 

 

PINGP Unit 2 LERF by Initiating Event

SGTR 56%

Intersystem LOCA 18%

Small LOCA 14%

Main Steamline Break 4%

Loss of Cooling Water 3%

Other 4%

 
Figure F.2-4 

Contribution to Unit 2 LERF by Initiator 
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Early Cont. Failure 
(Bypass), 3%

Early Cont. Failure (H2 
Combustion, etc.), 2%

Late Cont. Failure (Late 
Bypass - GLH), 7%

Late Cont. Failure 
(Decay Heat Removal), 

76%

Late Cont. Failure (MCCI 
- Basemat), 11%

 
Figure F.2-5 

Unit 1 Containment Failure Modes 

 

Late Cont. Failure (Late 
Bypass - GLH), 28%

Late Cont. Failure 
(Decay Heat Removal), 

56%

Late Cont. Failure (MCCI 
- Basemat), 9%

Early Cont. Failure (H2 
Combustion, etc.), 2%

Early Cont. Failure 
(Bypass), 5%

 
Figure F.2-6 

Unit 2 Containment Failure Modes 
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