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ABSTRACT

The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) provides
information on planning, conducting, evaluating, and documenting building surface and surface
soil radiological surveys for demonstrating compliance with requirements, often as part of a
dose- or risk-based regulation or standard.” MARSSIM is a multi-agency consensus document
that was developed collaboratively by four Federal agencies having authority and control over
radioactive materials: Department of Defense (DOD), Department of Energy (DOE),
Environmental Protection Agency (EPA), and Nuclear Regulatory Commission (NRC).
MARSSIM’s objective is to describe a consistent approach for planning, performing, and
assessing building surface and surface soil radiological surveys to meet established dose or
risk-based release criteria, while concurrently encouraging an effective use of resources.

" MARSSIM uses the word “should” as a recommendation, not as a requirement. Each recommendation in this
manual is not intended to be taken literally and applied at every site. MARSSIM’s survey planning documentation will
address how to apply the process on a site-specific basis.
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DISCLAIMER

This manual was prepared by four agencies of the United States Government. Neither the
United States Government nor any agency or branch thereof, or any of their employees, makes
any warranty, expressed or implied, or assumes any legal liability of responsibility for any third
party’s use, or the results of such use, of any information, apparatus, product, or process
disclosed in this manual, or represents that its use by such third party would not infringe on
privately owned rights.

References within this manual to any specific commercial product, process, or service by trade
name, trademark, or manufacturer does not constitute an endorsement or recommendation by
the United States Government.
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1st Lt.

AARST
AEA
AEC
AFI
AGL
AL
ALARA
AMC
AMS
ANSI
AR
ARA
ASQ
ASTM
ATSDR

CAA
Capt.
CAPT
CDR
CED
CEDE
CERCLA
CERCLIS

CFR
CHP
cocC
Col.
Ccv

DCF
DCGL
DCGLemc
DCGLw
DEFT
DGPS
DHS

DL

DLC
DOD
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ABBREVIATIONS

First Lieutenant

American Association of Radon Scientists and Technologists
Atomic Energy Act

Atomic Energy Commission

Air Force Instructions

above ground level

action level

as low as reasonably achievable

Army Materiel Command

accelerator mass spectrometry

American National Standards Institute

Army Regulations

Army Radiation Authorization

American Society for Quality

American Society of Testing and Materials

Agency for Toxic Substances and Disease Registry

Clean Air Act

Captain (Air Force)

Captain (Navy)

Commander

committed effective dose

committed effective dose equivalent

Comprehensive Environmental Response, Compensation, and Liability Act
Comprehensive Environmental Response, Compensation, and Liability
Information System

Code of Federal Regulations

Certified Health Physicist

chain of custody

Colonel

coefficient of variation

dose conversion factor

derived concentration guideline level

DCGL for small areas of elevated activity, used with the EMC

DCGL for average concentrations over a wide area, used with statistical tests
Decision Error Feasibility Trials

differential global positioning system

Department of Homeland Security

discrimination limit

Data Life Cycle

U.S. Department of Defense
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DOE

U.S. Department of Energy

DOT Department of Transportation

DQA Data Quality Assessment

DQls Data Quality Indicators

DQO Data Quality Objectives

ED electronic dosimeter

EERF Eastern Environmental Radiation Facility

Ehf human factors efficiency

EIC electret ion chamber

EMC elevated measurement comparison

EML Environmental Measurements Laboratory

EMMI Environmental Monitoring Methods Index

EPA U.S. Environmental Protection Agency

EPIC Environmental Photographic Interpretation Center
ERAMS Environmental Radiation Ambient Monitoring System
FA-MS flowing afterglow mass spectrometer

FEMA Federal Emergency Management Agency

FIRM Flood Insurance Rate Maps

FRDS Federal Reporting Data System

FSP Field Sampling Plan

FSS Final Status Survey

FUSRAP Formerly Utilized Sites Remedial Action Program
FWPCA Federal Water Pollution Control Act

GCS geographic coordinate system

GEMS Geographical Exposure Modeling System

GIS geographic information system

GM Geiger-Mueller

GPR ground-penetrating radar

GPS global positioning system

GRIDS Geographic Resources Information Data System
GWSI Ground Water Site Inventory

HASP Health and Safety Plan

HPS Health Physics Society

HSA Historical Site Assessment

HSWA Hazardous and Solid Waste Amendments

HRS Hazard Ranking System

HTD hard-to-detect

HWP hazard work permit

IAEA International Atomic Energy Agency

ICP inductively coupled plasma

ICP-AES/MS inductively coupled plasma-atomic emission spectrometry/mass spectrometry
ICP-MS inductively coupled plasma mass spectrometer
IEEE Institute of Electrical and Electronics Engineers
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IR-MS

ISGS in situ gamma spectroscopy

ISI Information System Inventory

ISO International Organization for Standardization

v independent verification

JSA job safety analysis

KPA kinetic phosphorescence analysis

LA-ICP-AES laser ablation-inductively coupled plasma-atomic emission spectrometry

LA-ICP-MS laser ablation-inductively coupled plasma-mass spectrometry

LANL Los Alamos National Laboratory

LBGR lower bound of the gray region

LCD liquid crystal display

LCDR Lieutenant Commander

LLD lower limit of detection

LLNL Lawrence Livermore National Laboratory

LLRWPA Low-Level Radioactive Waste Policy Act, as Amended

LSC liquid scintillation counter

Lt. Lieutenant (Air Force)

LT Lieutenant (Navy)

Lt. Col. Lieutenant Colonel

MARLAP Multi-Agency Radiation Laboratory Analytical Protocols (Manual)

MARSAME Multi-Agency Radiation Survey and Assessment of Materials and Equipment
(Manual)

MARSSIM Multi-Agency Radiation Survey and Site Investigation Manual

MCA multichannel analyzer

MDA minimum detectable activity

MDC minimum detectable concentration

MDCR minimum detectable count rate

MDER minimum detectable exposure rate

MDLEST Mobile Demonstration Laboratory for Environmental Screening Technologies

MED Manhattan Engineering District

MeV megaelectron volt

MQC minimal quantifiable concentration

MQO Measurement Quality Objectives

MS mass spectrometry

MS/MD matrix spike/matrix duplicate

NAREL National Air and Radiation Environmental Laboratory

NARM naturally occurring and accelerator produced radioactive material

NCAPS National Corrective Action Prioritization System

NCP National Contingency Plan

NCRP National Council on Radiation Protection and Measurements

NIST National Institute of Standards and Technology
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NORM

naturally occurring radioactive material

NPDC National Planning Data Corporation

NPDES National Pollutant Discharge Elimination System

NPL National Priorities List

NRC U.S. Nuclear Regulatory Commission

NWPA Nuclear Waste Policy Act

NWWA National Water Well Association

ODES Ocean Data Evaluation System

ORISE Oak Ridge Institute for Science and Education

ORNL Oak Ridge National Laboratory

OSHA U.S. Occupational Safety and Health Administration

OSL optically stimulated luminescence

OSLNs optically stimulated luminescence devices sensitive to neutrons
PAEC potential alpha energy concentration

PCi picocurie

PE performance evaluation

PERALS photon electron rejecting alpha liquid scintillator

PIC pressurized ionization chamber

PMT photomultiplier tube

PPE personal protective equipment

QA quality assurance

QAM Quality Assurance Manual

QAPP Quality Assurance Project Plan

QC quality control

QMP Quality Management Plan

RAGS/HHEM Risk Assessment Guidance for Superfund/Human Health Evaluation Manual
RAS Remedial Action Support

RASP Radiological Affairs Support Program

RCRA Resource Conservation and Recovery Act

RCRIS Resource Conservation and Recovery Information System
RFI/CMS RCRA Facility Investigation/Corrective Measures Study
RFP Request for Proposal

RI/FS Remedial Investigation/Feasibility Study

ROD Record of Decision

RODS Records of Decision System

RSS Ranked Set Sampling

RSSI Radiation Survey and Site Investigation

RWP radiation work permit

SADA Visual Sample Plan and Spatial Analysis and Decision Assistance
SAP Sampling and Analysis Plan

SARA Superfund Amendments and Reauthorization Act

SDWA Safe Drinking Water Act

SFMP Surplus Facilities Management Program
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SOPs Standard Operating Procedures

SOR sum of the ratios

SOW statement of work

SPP systematic planning process

SRS simple random sampling

STORET Storage and Retrieval for Water Quality Data

TED total effective dose

TEDE total effective dose equivalent

TENORM technologically enhanced naturally occurring radioactive material
TIMS thermal ionizing mass spectrometry

TLD thermoluminescent dosimeter

TOF-MS time-of-flight mass spectrometry

TRU transuranic

TSCA Toxic Substances Control Act

TVA Tennessee Valley Authority

UBGR upper boundary of the gray region

UCL upper confidence limit

UFP Uniform Federal Policy

UFP-QAPP Uniform Federal Policy for Quality Assurance Project Plans
UFP-QS Uniform Federal Policy for Implementing Environmental Quality Systems
UMTRCA Uranium Mill Tailings Radiation Control Act

USGS United States Geological Survey

USPHS United States Public Health Service

USRADS Ultrasonic Ranging and Data System

Uxo unexploded ordnance

VOCs volatile organic compounds

WATSTORE National Water Data Storage and Retrieval System

WL working level

waQXx Water Quality Exchange

WRS Wilcoxon Rank Sum

WSR Wilcoxon signed rank

WT Wilcoxon test
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Symbols, Nomenclature, and Notations

< less than

> greater than

< less than or equal to

> greater than or equal to

e degrees (angle or temperature)

% percent

1-5 statistical power of a hypothesis test

a Type | decision-error rate

ap alpha used for the quantile test

oS alpha scintillation survey meter

a half-width of a rectangular or triangular probability distribution

A area

A overall sensitivity of a measurement

Ac actinium (isotope listed: ??2Ac)

Aga area of elevated activity

AL; action level value an individual radionuclide (i=1, 2, ..., n)

AL meas,mod modified action level for the radionuclide being measured when it is used as a
surrogate for other radionuclide(s)

ALmeas action level for the radionuclide being measured

ALinter action level for the inferred radionuclide (in surrogate measurements)

Am area factor

Am americium (isotope listed: 24'Am)

As surface activity

g Type Il decision-error rate

b background count rate

bi the average number of counts in the background interval (scanning)

B mean background counts

Be beryllium (isotope listed: 'Be)

Bi bismuth (isotopes listed: 2'°Bi, 2'?Bi, 2'*Bi)

Bqg becquerel

YS gamma scintillation (gross)

C carbon (isotope listed: *C)

C radionuclide concentration or activity

c constant

Cp number of background counts

Csip number of gross counts

Ci curie

Ci concentration value an individual radionuclide (i=1, 2, ..., n)
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Ci
cip(xi)
Cinfer/Cmeas

Cs
°C
cm
cm?
cm?
Cd
Co
cpm
Cr
Cs
Csl(Tl)
CZT

é

A
Ao
At;

d

d

d/

DCGL gross
DCGL;

DCG Lmin
DCG LS—mod
DCG LS-unmod

dpm

&
Es
Er

eV
E,
E;

°F

fi
ft
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sensitivity coefficient

component of the uncertainty in y due to x;
ratio of amount of the inferred radionuclide to that of the measured surrogate
radionuclide

concentration for the surrogate radionuclide
degrees Celsius

centimeter

square centimeter

cubic centimeter

cadmium (isotope listed: 19°Cd)

cobalt (isotopes listed: 5’Co, 8°Co)

counts per minute

chromium (isotope listed: *'Cr)

cesium (isotope listed: ¥’Cs)

cesium iodide (thallium activated)
cadmium-zinc telluride

estimate of the mean concentration of residual radioactive material in the
survey unit

shift (width of the gray region, UBGR-LBGR)

relative shift

the observation interval

parameter in the Stapleton Equation for the critical net signal

width of the detector in the direction of the scan

detectability index (scanning)

derived concentration guideline level for a gross measurement

derived concentration guideline level of the ith component leading to dose or
risk

lowest of the derived concentration guideline levels

modified derived concentration guideline level of the surrogate radionuclide
derived concentration guideline level of the surrogate radionuclide before
modification

disintegrations per minute

instrument efficiency
surface (or source) efficiency
total efficiency of the instrument

electron-volt
energy of a gamma photon of concern in kiloelectron-volts (keV)
energy of a photon of interest

degrees Fahrenheit

relative fraction of activity contributed by radionuclide i to the total
foot (feet)
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ft3
Fe

GBq
GGaL
GM
GPa
GPB

cubic foot (feet)
iron (isotopes listed: 5°Fe, *°Fe)

gram
activity

gigabecquerel (1x10° becquerels)
gross gamma action level
Geiger-Mueller survey meter

gas-flow proportional counter (o mode)
gas-flow proportional counter (8 mode)

hour

hydrogen (isotope listed: *H [tritium])
null hypothesis

alternative hypothesis

hertz

ith sample or measurement in a set
observation time interval length (scanning)
iodine (isotopes listed: 21, 129], 131])

inch

iridium (isotope listed: '*2Ir)

in situ gamma spectrometry

k-statistic for the quantile test

coverage factor for the expanded uncertainty, U

Poisson probability sum for @ and 8 (assuming a and g are equal)
critical value of the sign test

potassium (isotope listed: “°K)

distribution coefficient

kilobecquerel (1x10° becquerels)

kiloelectron-volt (1x103 electron-volts)

kilogram

kilometer

multiple of the standard deviation defining yq, usually chosen to be 10

L length

L liter

L grid size spacing

L¢ critical level

Lp detection limit

LEa revised spacing of the systematic pattern
LaBr lanthanum bromide

Ib pound

n micro (107°)

V] true mean
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U
(,uen /p)air

nBq
uCi
uR

uSv

m
m

m

m

m2

M;

mBq

M DCRsurveyor
MeV

mg

mGy

mm

Mn

M/R

mR

mrad

mrem

mSv

>=5 53

Na

Nal
Nal(TI)
nBq
NEA

ng

Ni

Np

B
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theoretical mean of a population distribution

mass energy absorption coefficient in air centimeters squared per gram
(cm?/g)

microbecquerel

microcuries

microroentgen (1x107° roentgen)

microsievert

number of reference measurements (WRS test or Quantile test)
number of ranking categories

adjusted reference sample measurements
meter

square meter

total amount of [dose counts, activity, etc.]
millibecquerels

required number of net source counts
megaelectron-volt (1x10° electron-volt)
milligram(s)

milligray

millimeter(s)

manganese (isotope listed: **Mn)
mass-to-charge ratio

milliroentgen

millirad

millirem (1x1073 rem)

milliseivert (11072 Sv)

number of survey unit measurements (WRS test or Quantile test)

nth sample or measurement in a set

number of laboratory samples (for the Ranked Set Sampling test)

sample size (i.e., number of data points [or samples]) for the Sign test
number of field screening measurements (for the Ranked Set Sampling test)
survey unit area divided by the maximum area corresponding to the area
factor, which yields the number of measurements needed so the scan MDC is
adequate

sodium (isotope listed: 22Na)

sodium iodide

sodium iodide (thallium activated)

nanobecquerels

required number of data points for assessing small areas of elevated activity
nanogram

nickel (isotope listed: °"Ni, %3Ni)

neptunium (isotope listed: 23’Np)

non-Poisson variance component of the background count rate correction
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p coverage probability for expanded uncertainty

p efficiency of a less than ideal surveyor (scanning)

P probabilityr

Pa protactinium (isotopes listed: 2*Pa, 23™Pa)

PA probe area

Pb lead (isotopes listed: 2'?Pb, 2'*Pb)

PC personal computer

pCi picocurie (1x107'? curies)

PIC pressurized ionization chamber

Pm promethium (isotope listed: *’Pm)

Po polonium (isotopes listed: 2'°Po, 2'?Po, 2'*Po, 2'°Po)

ppt parts per trillion

Pu plutonium (isotopes listed: 8P, °Pu, 24°Pu, 24'Pu)

q critical value for statistical tests

p density

P(Xi, X)) correlation coefficient for two input quantities, X; and X;

r number of cycles

r random number from a data set

r r-statistic for the quantile test

R ratio

R roentgen (exposure rate)

Ra radium (isotopes listed: ?>*Ra, ?*Ra, ??’Ra)

Rs mean background count rate

R established ratio of the concentration of the ith radionuclinde to the
concentration of the surrogate radionuclide for /= 2,...n

Ri mean interference count rate

Rh rhodium

Rn radon (isotopes listed: 2°Rn, #??Rn)

Rnet net counting rate

Ru ruthenium (isotope listed: '%Ru)

r(Xxi, x;) correlation coefficient for two input estimates, x; and x;

o theoretical total standard deviation of the population distribution being
sampled

0 theoretical total variance of the population distribution being sampled

om theoretical measurement standard deviation of the population distribution
being sampled, estimated by the combined standard uncertainty of the
measurement

om’ theoretical measurement variance of the population distribution being
sampled

OMR required measurement method standard deviation (upper limit)

On standard deviation of the net count rate result

or estimate of the measurement variability in the reference area
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Os estimate of the measurement variability in the survey unit

05> theoretical sampling variance of the population distribution being sampled

o(Xi, X)) covariance for two input quantities, X; and X;

ay total uncertainty

S standard deviation of the survey unit

S+ Sign test statistic

S(x) sample standard deviation of the input estimate, xi

sp? mean square between reference areas

Sc critical value of the net instrument signal

Sp mean value of the net signal that gives a specified probability, 1-3, of yielding
an observed signal greater than its critical value S¢

Si minimum detectable number of net source counts in the observation interval
(scanning)

Sisurveyor minimum detectable number of net source counts in the observation interval
by a less than ideal surveyor (scanning)

Sr strontium (isotope listed: *°Sr)

Sv seivert

Sy? mean square within reference areas

t t-test statistic

t number of “less than” values

T weighted sum

tir2 half-life

Tc techicium (isotopes listed: **Tc, ®™Tc)

Th thorium (isotopes listed: 22Th: 250Th, 2%2Th, 24Th)

Th nat natural thorium

Tl thalium (isotopes listed: 2°'Tl, 294T|, 208T])

to count time for the background

L time interval

ts count time for the source

ts+b gross count time

U expanded uncertainty

U uranium (isotopes listed: 234U, 25U, 2%8U)

U nat natural uranium

u(xi) standard uncertainty of the input estimate, x;

u(x)/ | xi| relative standard uncertainty of x;

u(xi,x;) covariance of two input estimates, x; and x;

uc(y) combined standard uncertainty of y

uc(y)ly relative combined standard uncertainty of the output quantity for a particular
measurement

uc(y) combined variance of y

ui(y) component of the combined standard uncertainty, uc(y), generated by the
standard uncertainty of the input estimate x;, u(x;), multiplied by the sensitivity
coefficient, ¢;

May 2020 XXXiii NUREG-1575, Revision 2

DRAFT FOR PUBLIC COMMENT DO NOT CITE OR QUOTE



Um measurement method uncertainty

Umr required measurement method uncertainty

PUR required relative measurement method uncertainty

@(xi) relative standard uncertainty of a nonzero input estimate, x;, for a particular
measurement. @(x;) = u(x)/x;

PD(z) cumulative normal distribution function

Vv volt(s)

v scan speed

»* variance

w physical probe area

W- sum of the ranks of the (adjusted) reference measurements (WRS test)

W sum of the ranks of the (adjusted) sample measurements (WRS test)

ws weighted instrument sensitivity

X estimate of the input quantity, X

X reference area measurement

x sample mean

X maximum length

Xl survey unit measurements

X; results of the individual samples

Xi an input quantity

Xc the critical value of the response variable, x

Xa minimum quantifiable value of the response variable, x

y year

y estimate of the output quantity for a particular measurement, Y

Y maximum width

Y yttrium

Y output quantity, measurand

yc critical value of the concentration

%) minimum detectable concentration (MDC)

ya minimum quantifiable concentration (MQC)

yd yard

yd? cubic yard

zZ adjusted reference area measurements

z atomic number

Ziq (1 = a)-quantile of the standard normal distribution

Z1.p (1 - B)-quantile of the standard normal distribution

ZnS(Ag) zinc sulfide (silver activated)
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To Convert

CONVERSION FACTORS

To Convert

From Multiply By From Multiply By
acre hectare 0.405 meter (m) inch 39.4
m? 4,050 mile 0.000621
ft 43,600 m? acre 0.000247
Bq Ci 2.7x10" hectare 0.0001
dps 1 ft2 10.8
pCi 27 square mile 3.86x107
Ba/kg pCilg 0.027 m?3 liter 1,000
Bg/m? dpm/100 cm2 | 0.60 mrem mSv 0.01
Bg/m3 Bag/L 0.001 mrem/y mSv/y 0.01
pCi/L 0.027 mSv mrem 100
centimeter inch 0.394 mSvl/y mrem/y 100
(cm)
Ci Bq 3.70x101° ounce (0z) L 0.0296
pCi 1x1012 pCi Bq 0.037
dps dpm 60 dpm 2.22
pCi 27 pCi/g Ba/kg 37
dpm dps 0.0167 pCi/L Bg/m3 37
pCi 0.451 rad Gy 0.01
gray (Gy) rad 100 rem mrem 1,000
hectare acre 2.47 mSv 10
liter (L) cmd 1000 Sv 0.01
m3 0.001 seivert (Sv) mrem 100,000
ounce 0z 33.8 mSv 1,000
(fluid)
rem 100

Abbreviations: m = meter; ft = foot; Bq = becquerel; Ci = curie; dps = decays per second; pCi = picocurie; kg =
kilogram; g = gram; L = liter; cm = centimeter; in. = inch; dpm = decays per minute; oz = ounce; mrem = millirem; mSv
= millisievert; y = year; Gy = gray; Sv = sievert.
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MARSSIM Introduction

1 INTRODUCTION
1.1 Purpose and Scope of MARSSIM

Radioactive materials have been produced, processed, used, and stored at thousands of sites
throughout the United States. Many of them at one time had or now have residual radioactive
material in excess of natural background. The sites range in size from Federal weapons-
production facilities covering hundreds of square kilometers to the nuclear medicine
departments of small hospitals. Owners and managers would like to find and remove any
excess residual radioactive material and release these sites for restricted use or for unrestricted
public use.

The U.S. Environmental Protection Agency (EPA), the U.S. Nuclear Regulatory Commission
(NRC), and the U.S. Department of Energy (DOE), and the U.S. Department of Defense (DoD)
are responsible for the release of federally controlled sites after cleanup. Such sites include
DOE and DoD sites, sites licensed by the NRC and its Agreement States, and former
unlicensed industrial facilities that handled ores containing radioactive materials that are
addressed under Federal or State regulatory programs.

The Multi-Agency Radiation Survey and Site Investigation Manual (MARSSIM) provides a
nationally consistent consensus approach to conducting radiation surveys and investigations at
sites with the potential for residual radioactive material. This approach is both scientifically
rigorous and flexible enough to be applied to a diversity of site cleanup conditions.

To release a site after remediation, it is normally necessary to demonstrate to the responsible
Federal or State agency that the cleanup effort was successful and that the release criteria
(specific regulatory limits) were met. In MARSSIM, the “Final Status Survey” (FSS) provides this
demonstration. This manual assists site personnel or others in performing or assessing such a
demonst