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118TH CONGRESS 
2D SESSION S. 4144 

To improve the reliability and adequacy of the bulk-power system by ensuring 

that key uncertainties in generation, transmission, energy storage sys-

tems, and loads are considered in resource adequacy modeling and inte-

grated resource planning, and for other purposes. 

IN THE SENATE OF THE UNITED STATES 

APRIL 17, 2024 

Mr. HEINRICH (for himself, Mr. WYDEN, and Mr. PADILLA) introduced the 

following bill; which was read twice and referred to the Committee on En-

ergy and Natural Resources 

A BILL 
To improve the reliability and adequacy of the bulk-power 

system by ensuring that key uncertainties in generation, 

transmission, energy storage systems, and loads are con-

sidered in resource adequacy modeling and integrated 

resource planning, and for other purposes. 

Be it enacted by the Senate and House of Representa-1

tives of the United States of America in Congress assembled, 2

SECTION 1. SHORT TITLE. 3

This Act may be cited as the ‘‘Grid Modeling of Dy-4

namic Energy Loads and Resources Act of 2024’’ or the 5

‘‘Grid MODEL Act of 2024’’. 6
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SEC. 2. DEFINITIONS. 1

In this Act: 2

(1) BULK-POWER SYSTEM.—The term ‘‘bulk- 3

power system’’ has the meaning given the term in 4

section 215(a) of the Federal Power Act (16 U.S.C. 5

824o(a)). 6

(2) COMMISSION.—The term ‘‘Commission’’ 7

means the Federal Energy Regulatory Commission. 8

(3) EFFECTIVE LOAD CARRYING CAPABILITY; 9

ELCC.— 10

(A) IN GENERAL.—The term ‘‘effective 11

load carrying capability’’ or ‘‘ELCC’’ means the 12

ability of a generating resource to produce elec-13

tricity when the grid needs it, measured as the 14

additional load (or perfect replacement capac-15

ity) that the system can supply with a par-16

ticular generator of interest with no net change 17

in reliability. 18

(B) CLARIFICATION.—The additional load 19

(or perfect replacement capacity) referred to in 20

subparagraph (A)— 21

(i) may be measured using LOLE, 22

EUE, or other metrics; and 23

(ii) may be divided by the nameplate 24

capacity of the generating resource to yield 25

a percentage. 26
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(4) ELECTRIC RELIABILITY ORGANIZATION.— 1

The term ‘‘Electric Reliability Organization’’ has the 2

meaning given the term in section 215(a) of the 3

Federal Power Act (16 U.S.C. 824o(a)). 4

(5) ELECTRIC UTILITY.—The term ‘‘electric 5

utility’’ has the meaning given the term in section 6

3 of the Federal Power Act (16 U.S.C. 796). 7

(6) EXPECTED UNSERVED ENERGY; EUE.—The 8

term ‘‘expected unserved energy’’ or ‘‘EUE’’ means 9

the cumulative amount of energy (in megawatt- 10

hours) per year that is not provided to customers 11

due to outages. 12

(7) INDEPENDENT SYSTEM OPERATOR.—The 13

term ‘‘Independent System Operator’’ has the mean-14

ing given the term in section 3 of the Federal Power 15

Act (16 U.S.C. 796). 16

(8) INTEGRATED RESOURCE PLANNING.—The 17

term ‘‘integrated resource planning’’ means mod-18

eling and evaluating how projected long-term elec-19

tricity demands (such as electricity demands over pe-20

riods of 5, 10, 20, or more years) within a service 21

area can be met with a combination of electric gen-22

eration resources that best achieve desired metrics, 23

such as metrics relating to reliability, resilience, and 24

cost. 25
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(9) LOSS OF LOAD EXPECTATION; LOLE.— 1

(A) IN GENERAL.—The term ‘‘loss of load 2

expectation’’ or ‘‘LOLE’’ means the expected 3

number of days per year that the available gen-4

eration capacity is less than the system load for 5

the applicable power grid region or service area. 6

(B) CLARIFICATION.—As of November 7

2023, a commonly acceptable value for loss of 8

load expectation is 0.1 days per year, as de-9

scribed in the standard of the North American 10

Electric Reliability Corporation entitled ‘‘Plan-11

ning Resource Adequacy Analysis, Assessment 12

and Documentation’’ and numbered BAL–502– 13

RF–03. 14

(10) PLANNING RESERVE MARGIN.— 15

(A) IN GENERAL.—The term ‘‘planning re-16

serve margin’’ means the quotient, expressed as 17

a percentage, obtained by dividing— 18

(i) the difference between— 19

(I) deliverable electric system 20

supply capacity for a power grid re-21

gion or service area; and 22

(II) net demand in that power 23

grid region or service area; by 24
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(ii) net demand in that power grid re-1

gion or service area. 2

(B) CLARIFICATION.—As of November 3

2023, a reserve margin falling within the range 4

from 15 percent to 25 percent is typical for a 5

power grid region or service area. 6

(11) POWER GRID.—The term ‘‘power grid’’ 7

means that portion of an Interconnection (as defined 8

in section 215(a) of the Federal Power Act (16 9

U.S.C. 824o(a))) that is located within the United 10

States, including the relevant portion of each of the 11

following: 12

(A) The Eastern Interconnection. 13

(B) The Western Interconnection. 14

(C) The Texas Interconnection. 15

(12) POWER GRID REGION.—The term ‘‘power 16

grid region’’ means a geographic area— 17

(A) located within a power grid; and 18

(B) for which a regional entity (as defined 19

in subsection (a) of section 215 of the Federal 20

Power Act (16 U.S.C. 824o)) has enforcement 21

authority under that section. 22

(13) PROBABILISTIC MODELING.— 23

(A) IN GENERAL.—The term ‘‘probabilistic 24

modeling’’ means a modeling approach that 25
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uses statistics to simulate and quantify the like-1

lihood of achieving desired metrics, taking into 2

consideration all modeled uncertainties, for de-3

termination of the optimal resource portfolio, 4

such as a modeling approach consistent with 5

the document of the North American Electric 6

Reliability Corporation entitled ‘‘Probabilistic 7

Assessment Technical Guideline Document’’ 8

and dated August 2016, including the rec-9

ommendations described in that document. 10

(B) INCLUSION.—The term ‘‘probabilistic 11

modeling’’ includes modeling that can identify 12

the most important parameters that impact a 13

simulated metric for further characterization or 14

optimization. 15

(14) REGIONAL TRANSMISSION ORGANIZA-16

TION.—The term ‘‘Regional Transmission Organiza-17

tion’’ has the meaning given the term in section 3 18

of the Federal Power Act (16 U.S.C. 796). 19

(15) RELIABILITY STANDARD.—The term ‘‘reli-20

ability standard’’ has the meaning given the term in 21

section 215(a) of the Federal Power Act (16 U.S.C. 22

824o(a)). 23

(16) RESOURCE ADEQUACY.—The term ‘‘re-24

source adequacy’’ means the adequate supply and 25
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provision of electricity from various electric genera-1

tion resources to meet projected electricity demands 2

in a particular power grid region or service area. 3

(17) SERVICE AREA.—The term ‘‘service area’’ 4

means the area or region served by— 5

(A) an electric utility; 6

(B) a Regional Transmission Organization; 7

or 8

(C) an Independent System Operator. 9

(18) STATE REGULATORY AUTHORITY.—The 10

term ‘‘State regulatory authority’’ has the meaning 11

given the term in section 3 of the Federal Power Act 12

(16 U.S.C. 796). 13

SEC. 3. PROBABILISTIC MODELING FOR BULK-POWER SYS-14

TEM RESOURCE ADEQUACY MODELING AND 15

INTEGRATED RESOURCE PLANNING. 16

(a) IN GENERAL.—The Commission, pursuant to sec-17

tion 215(d) of the Federal Power Act (16 U.S.C. 824o(d)), 18

shall— 19

(1) as soon as practicable after the date of en-20

actment of this Act, order the Electric Reliability 21

Organization to submit to the Commission, not later 22

than 18 months after the date of that order, or as 23

soon as practicable thereafter, 1 or more proposed 24

reliability standards or modifications to reliability 25
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standards to require, and ensure consistent methods 1

(based on best-practices) for, the use of probabilistic 2

modeling that includes consideration of key uncer-3

tainties in generation, transmission, energy storage 4

systems, and loads for resource adequacy modeling 5

and integrated resource planning relating to the 6

bulk-power system, reflecting the specific needs, re-7

sources, and attributes of a given power grid region 8

or service area; and 9

(2) as soon as practicable after the submission 10

of a proposed reliability standard or modification of 11

a reliability standard under paragraph (1), approve 12

the proposed reliability standard or modification in 13

accordance with that section, if appropriate. 14

(b) REQUIREMENTS.— 15

(1) GENERATION.—With respect to generation, 16

the reliability standards approved under subsection 17

(a) shall require that probabilistic modeling for re-18

source adequacy modeling and integrated resource 19

planning shall include, to the maximum extent prac-20

ticable, consideration of uncertainties relating to, as 21

applicable for a given power grid region or service 22

area— 23

(A) the impact of distributed generation 24

resources; 25
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(B) degradation from aging (such as soil-1

ing and degradation of photovoltaic modules 2

and batteries); 3

(C) planned and unplanned outages; 4

(D) the impact of weather (such as solar 5

irradiance, wind, precipitation, snowpack, and 6

extreme temperatures) on conventional and dis-7

tributed generation resources; 8

(E) correlated outages (such as correlated 9

outages due to winter storms, extreme heat, 10

wildfires, and other extreme weather events); 11

(F) costs of generation resources, including 12

costs of acquired energy efficiency as a re-13

source; and 14

(G) other relevant generation uncertain-15

ties, as determined by the relevant electric util-16

ity, Regional Transmission Organization, Inde-17

pendent System Operator, or State regulatory 18

authority. 19

(2) TRANSMISSION.—With respect to trans-20

mission, the reliability standards approved under 21

subsection (a) shall require that probabilistic mod-22

eling for resource adequacy modeling and integrated 23

resource planning shall include, to the maximum ex-24

tent practicable, consideration of uncertainties relat-25
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ing to, as applicable for a given power grid region 1

or service area— 2

(A) the impact of weather (such as the im-3

pact of temperature on transmission facilities, 4

including line ratings); 5

(B) congestion and thermal overload; 6

(C) costs of new or modified transmission 7

infrastructure; and 8

(D) other relevant transmission uncertain-9

ties, as determined by the relevant electric util-10

ity, Regional Transmission Organization, Inde-11

pendent System Operator, or State regulatory 12

authority. 13

(3) ENERGY STORAGE.—With respect to energy 14

storage, the reliability standards approved under 15

subsection (a) shall require that probabilistic mod-16

eling for resource adequacy modeling and integrated 17

resource planning shall include, to the maximum ex-18

tent practicable, consideration of uncertainties relat-19

ing to, as applicable for a given power grid region 20

or service area— 21

(A) round-trip efficiency; 22

(B) battery capacity fade; 23

(C) the impact of weather (such as the im-24

pact of drought on pumped hydrologic storage); 25
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(D) the impact of distributed energy stor-1

age; 2

(E) costs of energy storage; and 3

(F) other relevant energy storage uncer-4

tainties, as determined by the relevant electric 5

utility, Regional Transmission Organization, 6

Independent System Operator, or State regu-7

latory authority. 8

(4) LOADS.—With respect to loads, the reli-9

ability standards approved under subsection (a) shall 10

require that probabilistic modeling for resource ade-11

quacy modeling and integrated resource planning 12

shall include, to the maximum extent practicable, 13

consideration of uncertainties relating to, as applica-14

ble for a given power grid region or service area— 15

(A) the impact of temperature and weath-16

er, including extreme weather events, on loads; 17

(B) the timing and changing mix of loads, 18

including— 19

(i) increased electrification of trans-20

portation, including bidirectional charging 21

and discharging of batteries used in elec-22

tric vehicles; 23

VerDate Sep 11 2014 21:35 May 03, 2024 Jkt 049200 PO 00000 Frm 00011 Fmt 6652 Sfmt 6201 E:\BILLS\S4144.IS S4144ss
av

ag
e 

on
 L

A
P

JG
3W

LY
3P

R
O

D
 w

ith
 B

IL
LS



12 

•S 4144 IS

(ii) increased electrification of home 1

appliances, such as hot-water heaters and 2

ovens, and space heating and cooling; and 3

(iii) increased electrification of indus-4

trial processes; and 5

(C) other relevant electric-load uncertain-6

ties, as determined by the relevant electric util-7

ity, Regional Transmission Organization, Inde-8

pendent System Operator, or State regulatory 9

authority. 10

(c) USE OF MODELING.—The reliability standards 11

approved under subsection (a) shall require probabilistic 12

modeling to be used, at a minimum— 13

(1) to simulate and quantify desired metrics 14

(such as loss of load expectation, expected unserved 15

energy, effective load carrying capability (also known 16

as ‘‘capacity value’’), planning reserve margin, and 17

cost), taking into consideration the relevant uncer-18

tainties described in subsection (b), to assist in the 19

determination of the optimal resource portfolio for 20

the applicable power grid region or service area; and 21

(2) to identify the parameters and processes 22

considered under subsection (b) that— 23

(A) are the most important, in that they 24

have the most impact on the magnitude or un-25
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certainty of the applicable simulated metrics; 1

and 2

(B) can be further characterized or opti-3

mized to improve the modeling and determina-4

tion of the optimal resource portfolio for the ap-5

plicable power grid region or service area. 6

(d) EXISTING APPROACHES; STATE REQUIRE-7

MENTS.— 8

(1) IN GENERAL.—The reliability standards ap-9

proved under subsection (a)— 10

(A) shall take into consideration, and shall 11

allow for the continued use of, any probabilistic 12

modeling in use by an electric utility, a Re-13

gional Transmission Organization, or an Inde-14

pendent System Operator as of the date of en-15

actment of this Act; and 16

(B) shall not preempt, or exempt any elec-17

tric utility, Regional Transmission Organiza-18

tion, or Independent System Operator from 19

compliance with, any probabilistic modeling re-20

quirement under State law. 21

(2) REQUIREMENTS.—To the maximum extent 22

practicable, the reliability standards approved under 23

subsection (a) shall allow for compliance with those 24

reliability standards to be achieved— 25
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(A) in a manner consistent with— 1

(i) the probabilistic modeling de-2

scribed in subparagraph (A) of paragraph 3

(1); and 4

(ii) any requirements described in 5

subparagraph (B) of that paragraph; and 6

(B) by demonstrating— 7

(i) the use of probabilistic modeling in 8

accordance with subparagraph (A) or (B) 9

of that paragraph; and 10

(ii) that the probabilistic modeling 11

adequately reflects, or has been modified 12

or used in a manner to adequately reflect, 13

the requirements described in subsections 14

(b) and (c). 15

Æ 

VerDate Sep 11 2014 21:35 May 03, 2024 Jkt 049200 PO 00000 Frm 00014 Fmt 6652 Sfmt 6301 E:\BILLS\S4144.IS S4144ss
av

ag
e 

on
 L

A
P

JG
3W

LY
3P

R
O

D
 w

ith
 B

IL
LS



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue true
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


		Superintendent of Documents
	2024-05-06T19:15:34-0400
	Government Publishing Office, Washington, DC 20401
	Government Publishing Office
	Government Publishing Office attests that this document has not been altered since it was disseminated by Government Publishing Office




