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1.0 Scope

1.1 Radioisotopic thermalization, performed in accordance with this standard,  
FDQ�HIIHFWLYHO\�EH�XVHG�LQ�WKH�URR¿QJ�LQGXVWU\�WR�
1.1.1� /RFDWH�DQG�TXDQWLI\�ODWHQW�PRLVWXUH�FRQWDLQHG�LQ�WKH�URR¿QJ�PDWHULDO� 

and/or roof deck materials.
1.1.2 Locate hidden sources of moisture entry by tracing subsurface paths  

of moisture migration.
1.1.3� 3URYLGH�D�EDVLV�IRU�LQYHVWLJDWLQJ�URR¿QJ�PDWHULDO�DQG�RU�URRI�GHFN�PDWHULDO�

degradation over a period of years when used as part of a preventive 
maintenance program. 

1.2 This standard provides a minimum set of procedures for conducting surveys of 
PRLVWXUH�LQ�PHPEUDQH�URR¿QJ�V\VWHPV��DQG�IRU�DQDO\VHV�RI�WKH�GDWD�REWDLQHG� 
LQ�VXFK�VXUYH\V��,QFOXGHG�DUH�RSHUDWLQJ��YHUL¿FDWLRQ��DQG�UHSRUWLQJ�SURFHGXUHV�� 
DV�ZHOO�DV�RSHUDWRU�TXDOL¿FDWLRQ�FULWHULD�

1.3 This standard addresses the effect of roof construction, material differences and 
roof conditions on the numerical data output provided by the nuclear equipment.

1.4 This standard addresses limitations in the use of radioisotopic thermalization.

1.5. This standard addresses the governmental control of the equipment used to 
conduct nuclear moisture surveys.

���� 7HUPLQRORJ\�'H¿QLWLRQV�
2.1 $JUHHPHQW�6WDWHV 

Certain States that have an agreement with the United States Nuclear Regulatory 
Commission (USNRC) which permits these States to control, within the State, 
those radioactive materials for which the USNRC is responsible.

2.2 Backscatter 

7KH�QXPEHU�RI�QHXWURQV�UHÀHFWHG�EDFN�LQ�FRQWUDVW�WR�WKH�QXPEHU�SDVVLQJ�WKURXJK�
a substance.

2.3 )LOP�%DGJH 

3KRWRJUDSKLF�¿OP�XVHG�WR�PHDVXUH�H[SRVXUH�WR�LRQL]LQJ�UDGLDWLRQ�IRU�SXUSRVHV� 
of personnel monitoring. See Commentary C2.3.

2.4 5DGLRLVRWRSLF�7KHUPDOL]DWLRQ 

The process undergone by high-energy (fast) neutrons as they lose energy by 
collision. Thermalization occurs when the energy of fast neutrons is partially 
absorbed by moderators of hydrogen atom collision. 

2.5 8QLWHG�6WDWHV�1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��8615&� 
The U.S. Nuclear Regulatory Commission (NRC) was created as an independent 
agency by Congress in 1974 to ensure the safe use of radioactive materials  
IRU�EHQH¿FLDO�FLYLOLDQ�SXUSRVHV�ZKLOH�SURWHFWLQJ�SHRSOH�DQG�WKH�HQYLURQPHQW�� 
The NRC has jurisdiction over licensing requirements for nuclear sources in the 
United States. Many other countries will have a similar agency with jurisdiction. 

���� 6XUYH\�(TXLSPHQW�DQG�/LFHQVLQJ�5HTXLUHPHQWV
3.1� 7KH�HTXLSPHQW�VKDOO�EH�VSHFL¿FDOO\�GHVLJQHG�IRU�SHUIRUPLQJ�URRI�PRLVWXUH�VXUYH\V��

An isotopic radioactive source consisting of Americum-241, Radium 226, or 
Cesium 137 with a Beryllium target is required.

3.2 The possession and use of by-product radioactive material in the US requires a 
license issued by the United States Nuclear Regulatory Commission (USNRC)  
or the equivalent agency of a State which has entered into an agreement with 
USNRC to assume control over the distribution. The following applies within the 
US, and many foreign countries have similar regulations. 
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3.2.1 Certain States have an agreement with the USNRC which 
permits these States to control, within the State, those 
radioactive materials for which the USNRC is responsible. 
These States, known as “Agreement States,” have, in 
general, enacted laws and regulations for the control of 
radioactive material.

3.2.2 Most “Agreement States” have a reciprocity clause in their 
regulations that permits a user, licensed in his own State,  
to operate in another State for certain periods of time.  
3ULRU�QRWL¿FDWLRQ�WR�WKH�YLVLWHG�6WDWH�LV�JHQHUDOO\�UHTXLUHG��

3.2.3 Licensing requirements can differ depending upon the 
radioactive element being used in the equipment.

3.3 Commercially available equipment utilized for radioisotope 
thermalization shall be capable of meeting the requirements  
of the governing regulatory agency. 

3.4 Since changes are continuously made governing regulation,  
the user shall stay current with the appropriate regulations. 
Responsibility for compliance with the regulations falls upon  
the owner of the equipment.

3.5 Licensing Considerations

3.5.1 User Training 

The user shall complete an approved training program 
provided by the equipment manufacturer or other 
organization acceptable to the licensing authority.

3.5.2 Manufacturer’s Instruction Manual 

Each user shall have access to and be familiar with the 
equipment manufacturer’s instruction manual.

3.5.3 Storage, Transportation, and Use 

The equipment shall be stored in a locked area, base down, 
and in contact with shielding material such as concrete. 
Transportation shall be in an approved shipping container 
approved and labeled for use by the governing agency 
(typically provided by the equipment manufacturer), secured 
against removal by unauthorized personnel, and be 
DFFRPSDQLHG�E\�D�FXUUHQW�³6KLSSHU¶V�&HUWL¿FDWLRQ�IRU�
Radioactive Materials”. During cleaning and use of the 
equipment, the operator shall avoid direct contact with the 
base of the equipment and shall instruct others to do 
likewise.

3.5.4 Radiation Leak Testing 

Radiation leak tests shall be performed in accordance with 
WKH�PDQXIDFWXUHU¶V�VSHFL¿FDWLRQV��DW�SUHVFULEHG�LQWHUYDOV��
and in accordance with the procedures designated by the 
licensing authority.

3.5.5 Maintenance and Servicing 

The user shall not be authorized to remove the source or 
perform any maintenance on the source or source holder. 
These services shall be performed by the equipment 
PDQXIDFWXUHU�RU�RWKHU�SHUVRQV�VSHFL¿FDOO\�OLFHQVHG�WR�
perform these operations.
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3.5.6 Personal Protection 

Unless otherwise allowed by the Governing Agency having jurisdiction,  
DOO�XVHUV�VKDOO�EH�SURYLGHG�ZLWK�¿OP�EDGJH�W\SH�GRVLPHWHUV�WR�EH�ZRUQ�
when handling or using the equipment. Authorized personnel, meeting  
the requirements of part 4 below, shall see to it that other persons are  
kept away from the equipment during use, transportation, or storage.

3.5.7 Waste Disposal 

The equipment containing radioactive material shall be disposed of  
E\�HLWKHU�
�������� 7UDQVIHU�WR�DQRWKHU�VSHFL¿FDOO\�OLFHQVHG�XVHU�RU�GLVSRVDO�DJHQF\�
3.5.7.2 Return to equipment manufacturer. 

3.6 Moisture Detection

3.6.1 Fast neutrons from the radioactive source are involved with moisture 
content measurements. Fast neutrons from the radioactive source enter 
the material being surveyed and are both scattered and slowed down by 
collision with the nuclei of the atoms composing the material. Nuclei of all 
PDWHULDOV�VORZ�GRZQ�WKH�QHXWURQV�E\�PRPHQWXP�H[FKDQJH��EXW�WKH�VSHHG�
reduction is greatest for collisions with hydrogen nuclei, which have about 
the same mass as the neutrons. When water or moisture is present more 
K\GURJHQ�DWRPV�H[LVW�IRU�FROOLVLRQV��6RPH�RI�WKH�VORZ�QHXWURQV�RU�WKHUPDO�
neutrons are scattered in such a way that they reach the slow neutron 
GHWHFWRU�DQG�DUH�FRXQWHG�IRU�D�VSHFL¿HG�SHULRG�RI�WLPH�

3.6.2 In general, the detector measures the backscattering of slow neutrons that 
have collided with hydrogen nuclei. The resulting numerical readout 
displayed by the equipment is a relative measurement of hydrogen present 
in the material at the point of survey. It is important to note that elevated 
UHDGLQJV�FDQ�EH�LQÀXHQFHG�E\�VRXUFHV�RI�K\GURJHQ�RWKHU�WKDQ�PRLVWXUH�
content, i.e., bitumen thickness, wood deck, etc.

���� 6XUYH\�3HUVRQQHO
4.1 The moisture survey shall be performed under the supervision of a Survey 

Director. The Survey Director shall be thoroughly trained in the operation of the 
equipment and radiation safety, and have a thorough understanding of modern 
URR¿QJ�WHFKQRORJ\��LQFOXGLQJ�NQRZOHGJH�RI�
4.1.1� 7\SHV�RI�URR¿QJ�PHPEUDQH�PDWHULDO�DQG�WKH�DJLQJ�SURFHVV�
4.1.2 Construction procedures.
4.1.3� 7\SHV�RI�URR¿QJ�LQVXODWLRQV�
4.1.4� 7\SHV�RI�URR¿QJ�GHFNV�
4.1.5 Types of roof assemblies.
4.1.6 Equilibrium moisture contents.
4.1.7 Effects of structural building components on moisture survey results.
4.1.8 Moisture migration in buildings.

4.2� 7KH�6XUYH\�'LUHFWRU�VKDOO�KDYH�FRPSOHWHG�WKH�IROORZLQJ�WUDLQLQJ�
4.2.1 Operational and radiological safety training conducted by the manufacturer 

of the equipment being used.
4.2.2� 3UHYLRXV�¿HOG�H[SHULHQFH�LQ�WKLV�VXUYH\LQJ�GLVFLSOLQH�ZLWK�³KDQGV�

on application,” for a period of not less than two (2) years.

4.3 All other personnel involved in the survey shall have been instructed in 
UDGLRORJLFDO�VDIHW\��HTXLSPHQW�RSHUDWLRQ��URRIWRS�VDIHW\��DQG�EDVLF�URR¿QJ�
technology.
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���� �6XUYH\�DQG�$QDO\VLV�3URFHGXUHV
5.1 Preparation

5.1.1 Prior to or as part of the nondestructive nuclear evaluation, a physical roof 
survey is required to visually determine areas that are not safe for access 
by persons required to perform the survey. To assist with the physical roof 
survey secure architectural or structural drawings (if possible), verify 
FRPSRVLWLRQ�RI�H[LVWLQJ�URRI�PDWHULDOV��DQG�VROLFLW�KLVWRULFDO�LQIRUPDWLRQ�
pertaining to the roof system performance. See Commentary C5.1.1.

���� ([HFXWLRQ
5.2.1 Establish a reference point for each roof section to be surveyed. A roof 

section is an area of homogeneous roof construction. The reference point 
VKDOO�EH�ORFDWHG�WR�SHUPLW�KRUL]RQWDO��[�D[LV��PHDVXUHPHQWV�WR�WKH�ULJKW�RI�
WKH�UHIHUHQFH�SRLQW�ZKHQ�IDFLQJ�WKH�UHIHUHQFH�SRLQW�DQG�YHUWLFDO��\�D[LV��
measurements toward the viewer when facing the reference point. All 
PHDVXUHPHQWV�UHODWLQJ�WR�[�\�FRRUGLQDWHV�DQG�WKH�ORFDWLRQ�RI�VWUXFWXUDO�
elements of the building rising above the roof surface, roof penetration(s), 
and/or membrane defects shall be made from this reference point. 

5.2.2 The entire roof area to be surveyed shall be laid out with a grid based upon 
WKH�[�\�FRRUGLQDWHV��'LVWDQFH�EHWZHHQ�WKH�[�\�FRRUGLQDWHV�VKDOO�EH�
determined by the Survey Director and shall be consistent in each direction 
resulting in a pattern best suited to provide an adequate number of 
equipment readings to permit a thorough evaluation. Grid size will be 
LQÀXHQFHG�E\�WKH�VL]H�DQG�FRQ¿JXUDWLRQ�RI�WKH�URRI�VHFWLRQ�EHLQJ�VXUYH\HG�
and the material make up of the roof system (see Table 1).
5.2.2.1� (TXDO�[�\�FRRUGLQDWHV�>H�J�����
�;���
�86�RU���P�;���P�0HWULF�� 

�
�;��
�86�RU���P�;���P�0HWULF��RU��
�;��
�86�RU���P�;���P�
Metric] in even increments and whole or half units of measure 
�86�RU�0HWULF�DSSOLHG��VKDOO�EH�XVHG��7KH�GLVWDQFH�EHWZHHQ�[�\�
coordinates shall not be greater than ten (10) feet US or three 
(3) meters Metric). Five feet US or 1.5 meters Metric is typically 
UHFRPPHQGHG��7KH�GLVWDQFH�EHWZHHQ�[�\�FRRUGLQDWHV�XVHG�VKDOO�
be consistent throughout the roof section being tested. A smaller 
increment between readings does improve the results by reducing 
the distance between readings but also increases the work 
required to provide the results. See Commentary C5.2.2.1.

5.2.2.2� [�\�FRRUGLQDWHV�VKDOO�EH�ORFDWHG�VXFK�WKDW�UHDGLQJV�ZLOO�QRW�EH�
required on the increased material thickness at perimeters and 
SHQHWUDWLRQ�ÀDVKLQJV��2QH�PHWKRG�RI�DYRLGLQJ�WKH�H[WUD�PDWHULDO�
WKLFNQHVV�LV�WR�FRPH�RII�WKH�H[WHULRU�SHULPHWHUV�DQG�DZD\�IURP�
DOO�SHQHWUDWLRQ�ÀDVKLQJV�D�GLVWDQFH�RI�WZR�����WR�WKUHH�����IHHW�
�RQH�PHWHU���,Q�WKH�¿HOG�RI�WKH�URRI��DUHDV�RI�LQFUHDVHG�PDWHULDO�
thickness that cannot be avoided shall be treated as a separate 
roof section for analysis purposes.

5.2.2.3� [�\�FRRUGLQDWH�PDUNLQJV�VKDOO�EH�PDGH�RQ�WKH�URRI�VXUIDFH�DQG�
RQ�ZDOO�ÀDVKLQJV�DURXQG�WKH�SHULPHWHU�RI�WKH�DUHD�EHLQJ�VXUYH\HG�
WR�DOORZ�IRU�LGHQWL¿FDWLRQ�RI�UHDGLQJV�REWDLQHG�IRU�VDPSOLQJ�DQG�
further investigation. Obtain permission from the building owner 
prior to the use of permanent marking material. Ensure that 
marking material is compatible with the surface being marked. 

5.2.2.4 All structural elements of the building rising above the roof surface, 
penetrations, and obvious patched areas shall be accurately 
recorded on the recording sheet.
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5.2.2.5 Prior to taking nuclear readings the device shall be tested on the 
URRI�WR�FRQ¿UP�LW�LV�IXQFWLRQLQJ�SURSHUO\�E\�WDNLQJ�WHQ�UHDGLQJV� 
in the same location without moving the equipment and recording 
them. When the equipment is functioning properly 99.7% of the 
readings recorded will fall between the plus or minus three (3) 
standard deviation limits established by the manufacturer for  
the equipment.

5.2.2.6� 1XFOHDU�UHDGLQJV�VKDOO�EH�WDNHQ�DQG�UHFRUGHG�DW�HDFK�[�\�
coordinate or grid point. 

���� /LPLWDWLRQV
5.3.1 In order for this technique to be useful in detecting moisture, the material 

WKLFNQHVV�LV�UHTXLUHG�WR�EH�FRQVWDQW���������SHUFHQW���([WUD�WKLFNQHVV�RI�
PDWHULDO��WKDW�QRUPDOO\�RFFXUV�DW�ÀDVKLQJV��SHQHWUDWLRQV��ZDONZD\�OD\HUV��
and patches, can alter the material thickness or reference level of the 
material composition being surveyed.
5.3.1.1 Over a deck or above-deck materials of varying thickness, the 

UHIHUHQFH�OHYHO�FDQ�EH�DOWHUHG��H�J���VLJQL¿FDQWO\�WDSHUHG�LQVXODWLRQ�
PDWHULDO��SUHFDVW�WHHV��RU�ZDIÀH�IRUP�GHFNV��

5.3.1.2 A change in material below the roof membrane surface (e.g., 
metal deck vs. concrete deck; isocyanurate (polyisocyanurate) 
YV��¿EHUERDUG��DGGLWLRQDO�SOLHV�RI�URR¿QJ�PDWHULDO��FDQ�DOWHU�WKH�
reference level.

5.3.1.3 Heavy, moist, and dirty gravel can alter the reference level.
5.3.1.4 Equipment readings shall not be taken as part of a roof section 

survey in areas covered with standing water, ice, or snow. If 
nuclear readings must be taken in these areas, they shall be 
analyzed as a separate roof section, and must include a uniform 
covering of water, ice, or snow.

5.3.1.5 Roof assemblies composed of multiple layers of various materials 
derived from roof recover operations can alter the reference level.

5.3.2 For ballasted membranes and protected membrane roof (PMR) 
assemblies, the aggregate or paver ballast shall be removed in appropriate 
[�\�FRRUGLQDWH�VSDFLQJ�WKURXJKRXW�WKH�URRI�DUHD�LQ�RUGHU�WR�REWDLQ�
equipment readings directly against the roof membrane and underlying 
insulation layers (if any). If the protective insulation layer of a PMR is left in 
place for the equipment reading, the core samples shall include this layer, 
since its moisture absorption level could adversely affect the overall survey.

5.3.3 Nuclear radioisotopic thermalization techniques for determining moisture 
contents of materials shall not be used over metal roof systems.

���� 9HUL¿FDWLRQ�DQG�4XDQWL¿FDWLRQ
6.1 General

6.1.1� 7KH�¿HOG�GDWD��QXPHULF�UHDGRXW��LV�RQO\�UHODWLYH�DQG�VKDOO�EH�TXDQWL¿HG�E\�
FRUH�FXWV��7KUHH�RU�PRUH�FRUHV�VKDOO�EH�H[WUDFWHG��ZLWK�D�FRUH�H[WUDFWHG�DW�
a general low (but not the lowest) reading, intermediate reading, and high 
(but not the highest) reading for each roof section surveyed. Core size shall 
not be less than a nominal two (2) inches (50 mm) in diameter and shall 
include all material down to the deck. If the deck material is capable of 
moisture absorption, a portion of it shall be included (structural concrete 
cores are not required). See Commentary C6.1.1.

6.1.2 Each element (membrane, each Insulation layer, if they are not multiple 
OD\HUV�RI�WKH�VDPH�PDWHULDO�ZLWKLQ�WKH�H[WUDFWHG�FRUHV��VKDOO�EH�LPPHGLDWHO\�
sealed in separate moisture tight containers and labeled to identify the 
GDWH��ORFDWLRQ��EXLOGLQJ��URRI�VHFWLRQ��DQG�[�\�FRRUGLQDWH���SHUVRQ�WDNLQJ�WKH�
core, and any other information required by the Survey Director. 
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6.1.3� 7KH�FRUH�FXWV�WR�SURYLGH�VDPSOHV�IRU�WHVWLQJ�VKDOO�EH�H[WUDFWHG�GLUHFWO\�DIWHU�
the equipment readings have been completed for the roof section to assure 
WKH�FRUH�FXWV�DUH�WDNHQ�IURP�WKH�FRUUHFW�[�\�FRRUGLQDWH�SRLQW�UHODWLRQDO�WR�
the equipment reading obtained.

6.1.4 Core samples shall be analyzed for moisture content by weight. Separate 
different elements of the roof assembly, such as insulation layers and 
construction material layers (without damaging materials), and perform 
gravimetric analysis (see 6.2) separately for each layer of each core 
sample (i.e., membrane, insulation, base sheet, vapor retarder, moisture 
sensitive deck, etc.).

6.1.5 Sampling and the repair of core cuts made shall be accomplished  
in accordance with the manufacturer’s recommendations and/or  
15&$�5HSDLU�0DQXDO�IRU�/RZ�VORSH�0HPEUDQH�5RR¿QJ.

���� *UDYLPHWULF�$QDO\VLV
6.2.1 The different elements of the roof assembly (see 6.1.4) shall be separated 

at the time of sampling and analyzed separately. Each element (deck, 
vapor retarder, insulation, and membrane) shall be weighed immediately 
after removing from the sealed container. The sample container and 
PDWHULDO�H[WUDFWHG�IURP�WKH�URRI�VKDOO�EH�FKDPEHU�GULHG�IRU�D�PLQLPXP� 
of 24 hours at 220º F/104.4º C and re-weighed. The chamber drying 
procedure shall continue until no weight loss is observed (within limits  
of balance equipment). Moisture content by weight is determined by the 
IROORZLQJ�IRUPXOD�

>�:HW�ZHLJKW�'U\�ZHLJKW��'U\�:HLJKW@�[����
  >(T���@

See commentary C.6.2.1.
6.2.2 A determination of moisture content by dry weight shall be made for each 

analyzed material. For bituminous built up roof membrane materials 
moisture content shall be determined by ASTM D95, Standard Test Method 
for Water in Petroleum Products and Bituminous Materials by Distillation.

���� $QDO\VLV�RI�&ROOHFWHG�'DWD
7.1 The interpretation of the nuclear equipment readings and the correlation of  

core sample test data shall be accomplished by the Survey Director. See 
Commentary C7.1.

7.2 Once the actual moisture content levels have been determined for the low, mid, 
and high readings, a straight line graph shall be drawn relating count rates to 
DFWXDO�PRLVWXUH�OHYHOV��7KH�PHDVXUHPHQW�FRXQWV�PXVW�EH�FRQYHUWHG�WR�D�GH¿QHG�
unit of measurement, such as percent moisture (See Table 2).

���� +LVWRJUDP 

The volume of data collected is normally voluminous. A histogram shall be 
prepared to compile the data into a compact form. A histogram simply groups data 
SRLQWV�E\�GH¿QLQJ�LQWHUYDOV�DQG�FRPELQLQJ�DOO�GDWD�SRLQWV�WKDW�IDOO�ZLWKLQ�WKDW�
interval.
7.3.1 The interval size shall be carefully considered; it shall be large enough to 

ease the computational task, but small enough to easily distinguish the 
normal distribution produced by the dry sections of a dry roof (See Table 3).

7.3.2 The normal distribution curve shall be calculated for the main part of the 
data, with the three-sigma limits corresponding roughly to the acceptable 
moisture limits for “dry” insulation of the materials being considered  
(See Table 4).
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7.4 Graphic Plot 

2QFH�WKH�ZHW�DUHDV�FDQ�EH�GH¿QHG�IURP�WKH�FRXQW�UDWH�GDWD��D�JUDSK�RI�WKH�URRI�
plan shall be drawn to summarize the survey. The moisture map shall be prepared 
depicting a minimum of three (3) levels of moisture content (See Table 2) per 
material tested. The graphic plot (moisture map) shall be prepared by computer 
program, hand contouring, or colored graphics within a spreadsheet program.  
If possible, the graphic plot of suspected wet areas shall be overlaid onto scaled 
drawings of each surveyed section roof and compared to architectural and 
structural drawing available to determine potential impact of latent building and 
VWUXFWXUDO�IHDWXUHV�RQ�WKH�FROOHFWHG�¿HOG�GDWD��6HH�&RPPHQWDU\�&����

���� 6WDWLVWLFDO�$QDO\VLV�RI�'DWD
7.5.1 Statistically, the histogram produced by using a nuclear gauge on a dry  

roof section will form a bell-shaped curve. This curve is called the “normal 
distribution.” Two conditions shall be met to produce a statistically 
PHDQLQJIXO�FXUYH�
7.5.1.1 The roof section must be of similar composition throughout.
7.5.1.2 A minimum of 100 data points shall be taken within the roof  

section to allow the normal distribution to appear.
7.5.2 The “width” of the normal distribution is determined by the standard 

deviation of the main data. The importance of the standard deviation is that 
once the mean (average) and the standard deviation are known, the “end 
points” of the normal distribution, and therefore the count rate range for dry 
DUHDV�RI�WKH�URRI��FDQ�EH�GH¿QHG��

7.5.3 The normal distribution curve shall be overlaid on the measurement data 
histogram. To verify the end points for the overlay process, the mean and 
VWDQGDUG�GHYLDWLRQ�PXVW�EH�FDOFXODWHG�IRU�WKH�PDLQ�GDWD��H[FOXGLQJ�H[WUHPH�
outlying data points). The mean is simply the sum of the midpoint of the 
histogram interval multiplied by the frequency of occurrence and divided by 
WKH�WRWDO�QXPEHU�RI�SRLQWV��7KH�HTXDWLRQ�LV�

0HDQ  �;L�[�)L� � 1
� � >(T���@

7.5.4��7KH�HTXDWLRQ�IRU�VWDQGDUG�GHYLDWLRQ�IRU�JURXSHG�GDWD�LV�
^�>�;L�2�[�)L@�>;L�[�)L@2 }½

N

�1���½
� � >(T���@

Where 
;L = the midpoint of histogram interval

Fi = Frequency of occurrence

N = Total number of points

1RWH���7KHVH�HTXDWLRQV�DUH�HDVLO\�LPSOHPHQWHG� 
with a programmable calculator, computer,  
or spreadsheet
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8.0 Precision & Bias

8.1 Precision, 99.7% of the measurement counts for the dry areas of the roof will  
fall between the plus or minus three (3) standard deviation limits.

8.2 Bias, since there is no accepted reference material suitable for determining bias 
for this test method, bias has not been determined.

9.0 Reporting

9.1 The Nuclear Roof Moisture Survey Report shall include, at a minimum,  
WKH�IROORZLQJ�LQIRUPDWLRQ�
9.1.1 Description of methodology.
9.1.2 ,GHQWL¿FDWLRQ�RI�H[LVWLQJ�URRI�FRQVWUXFWLRQ�DQG�WKH�PDNH�DQG�PRGHO�RI� 

the nuclear equipment used.
9.1.3 A record of all nuclear readings including the ten test readings taken  

RQ�WKH�URRI�SULRU�WR�WKH�VWDUW�RI�WKH�VXUYH\�FRQ¿UPLQJ�SURSHU�IXQFWLRQ� 
of the equipment.

9.1.4 Analysis of data, including moisture content charts correlating to the 
moisture map.

9.1.5 A scaled drawing depicting at least three (3) distinct moisture levels  
and including major roof top structures and penetrations.

9.1.6 A histogram summarizing all data collected.
9.1.7� 5HFRUG�RI�ODERUDWRU\�JUDYLPHWULF�DQDO\VLV�RI�H[WUDFWHG�FRUH�FXWV�
9.1.8 A record of all core cuts including precise location.
9.1.9 A statement of basis for unacceptable moisture content levels established 

for each material present. See Commentary C9.1.9.

Table 1  
0RLVWXUH�/HYHOV�&RPSXWHG�)URP� 

*UDYLPHWULF�$QDO\VLV�RI�&RUH�6DPSOHV��([DPSOH�

Moisture Levels Based on Core Cuts

Core #1 = 1.4% Membrane  2.4% Insulation

Core #2 = 2.2% Membrane  223.0% Insulation

Core #3 = 3.1% Membrane  443.7% Insulation

Table 2  
0RLVWXUH�&RQWRXU�/HYHOV��([DPSOH�RQO\�

Moisture Level Moisture in Plies Moisture in 

Insulation

6T��)W��RI�$UHD

1 (Low) 1.4% 2.4%  1,540

2 1.8% 112% (Interpolated)  14,730 *

3 2.2% 223%  619 *

4 2.6% 333% (Interpolated)  357 *

5 (High) 3.1% 444%  111 *

*Water Saturated Areas Requiring Removal
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Table 3  
0RLVWXUH�&RQWHQW�RI�5RR¿QJ�0DWHULDOV� 

See commentary

7\SH�0DWHULDO (TXLOLEULXP� 
Moisture Content  

at 90% RH 75° F

0D[LPXP�0RLVWXUH�
&RQWHQW�2EWDLQHG� 
E\�,PPHUVLRQ

Organic Felt Membrane  1.0%  20%

Fiberboard  12.0%  430%

Perlite Board  4.0%  580%

Glass Fiber  2.0%  610%

Urethane  6.0%  520%

([SDQGHG�3RO\VW\UHQH  3.0%  540%

Lightweight Concrete  6.0%  110%

Dry Asphaltic Fills  0.1%  60%

Cellular Glass  0.01%  30%

([WUXGHG�3RO\VW\UHQH  0.5% 10% to 15%

6RXUFH��$QGHUVRQ��5LFKDUG�*���³'U\�5DQJH�DQG�:HW�5DQJH�0RLVWXUH�&RQWHQW�RI� 
5RR¿QJ�0DWHULDOV�DV�)RXQG�LQ�([LVWLQJ�5RRIV�´�Proceedings of the 1985 International  
6\PSRVLXP�RQ�5RR¿QJ�7HFKQRORJ\��$�'HFDGH�RI�&KDQJH�DQG�)XWXUH�7UHQGV�LQ�5RR¿QJ,  
1DWLRQDO�5RR¿QJ�&RQWUDFWRUV�$VVRFLDWLRQ��&KLFDJR������

Table 4  
(TXLOLEULXP�0RLVWXUH�&RQWHQW�DQG� 

Moisture Content at 80% TRR 

See commentary

(TRR = thermal resistance ratio) 

Insulation 

(TXLOLEULXP�0�&�����RI�GU\�ZHLJKW� Moisture Content  

���RI�GU\�ZHLJKW�� 
at 80% TRR at 45% RH at 90% RH

Cellular Glass 0.1  0.2 23

([SDQGHG�3RO\VW\UHQH� 
>���NJ�P3 (1 .0 pcf)] 1.9  2.0 383

([WUXGHG�3RO\VW\UHQH 0.5  0.8 185

Fibrous Glass 0.6  1.1 42

Isocyanurate 1.4  3.0 262

Perlite 1.7  5.0 17

Phenolic 6.4  23.4 25

Urethane 2.0  6.0 262

6RXUFH��*ULI¿Q��&�:���DQG�)ULFNODV��5�/���Manual of Low-Slope Roof Systems, Fourth Edition.  
The McGraw-Hill Companies, Inc., New York, 2006, Table. 5.2, pg.81.
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Table 5  
Moisture Content at 80% TRR 

See commentary

(TRR = thermal resistance ratio) 

7\SH�0DWHULDO� ���RI�GU\�ZHLJKW� ���RI�YROXPH�

Cork 39  9.9

Fibrous Glass 15  4.4

Perlite 17  2.7

Fibrous Glass 42  6.2

Cellular Glass 23  3.1

Gypsum 8  7.0

Lightweight Concrete 
369 kg/m3 (23 pcf)  

10  3.7

Lightweight Concrete 
594 kg/m3 (37 pcf)

9  5.3

([SDQGHG�3RO\VW\UHQH� 
>���NJ�P��������SFI�@

383  6.1

([SDQGHG�3RO\VW\UHQH� 
>���NJ�P�������SFI�@�

248  7.2

([SDQGHG�3RO\VW\UHQH� 
>���NJ�P�������SFI�@

82  4.3

([WUXGHG�3RO\VW\UHQH 185  5.9

Urethane/Isocyanurate 262  8.8

Foamed-in-place urethane 130  6.5

Phenolic 25  1.0

6RXUFH��*ULI¿Q��&�:���DQG�)ULFNODV��5�/���Manual of Low-Slope Roof Systems,  
)RXUWK�(GLWLRQ��7KH�0F*UDZ�+LOO�&RPSDQLHV��,QF�� New York, 2006, Table. 5.2, pg. 81 
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&RPPHQWDU\

This Commentary is not a part of this standard. It consists of explanatory and supplementary 
material designed to assist users in complying with the requirements. It is intended to create 
an understanding of the requirements through brief explanations of the reasoning employed 
LQ�DUULYLQJ�DW�WKHVH�UHTXLUHPHQWV�RU�WR�SURYLGH�RWKHU�FODUL¿FDWLRQV��,W�WKHUHIRUH�KDV�QRW�EHHQ�
SURFHVVHG�LQ�DFFRUGDQFH�ZLWK�$16,�(VVHQWLDO�5HTXLUHPHQWV��DQG�PD\�FRQWDLQ�PDWHULDO�WKDW�
has not been subjected to public review or a consensus process. Thus it does not contain 
requirements necessary for conformance with the standard.

C.2.3� 3HU�WKH�1XFOHDU�5HJXODWRU\�&RPPLVVLRQ��15&��WKH�¿OP�EDGJH�PD\�FRQWDLQ�WZR�RU�
WKUHH�¿OPV�RI�GLIIHULQJ�VHQVLWLYLWLHV��DQG�LW�PD\�DOVR�FRQWDLQ�D�¿OWHU�WKDW�VKLHOGV�SDUW�
RI�WKH�¿OP�IURP�FHUWDLQ�W\SHV�RI�UDGLDWLRQ�

C.5.1.1 Rooftop access should not be permitted without adequate roof and roof deck 
condition data. Prior to or as part of the nondestructive nuclear evaluation, a 
physical roof survey is required to visually determine areas that are not safe for 
access by persons required to perform the survey. The survey must include, at 
D�PLQLPXP��D�SK\VLFDO�LQWHULRU�GHFN�DQG�H[WHULRU�URRI�VXUYH\��8VH�D�FKHFNOLVW�WR�
ensure that all equipment, supplies, and documentation required for the survey 
are operational, packed, and transported to the job site.

C.5.2.2.1� ([DFW�86�WR�6,�FRQYHUVLRQV�DUH�QRW�UHTXLUHG�RU�LQFOXGHG�VLQFH�FRQVLVWHQF\�LQ�WKH�
LQFUHPHQWV�EHWZHHQ�[�\�FRRUGLQDWHV�WKURXJKRXW�WKH�URRI�VHFWLRQ�LV�PRVW�LPSRUWDQW��
and maintaining an even number of units of measure improves accuracy during 
OD\RXW�LQ�WKH�¿HOG��,I�WKH�URRI�VHFWLRQ�JULG�RU�[�\�FRRUGLQDWHV�OD\RXW�LV�EDVHG�XSRQ�
feet or meters, use feet or meters throughout. 

C.5.2.2.6 Additional readings may be taken in areas producing elevated readings and 
at other locations as determined by the Survey Director to optimize the survey 
results.

C.6.1.1� 7KH�6XUYH\�'LUHFWRU�PD\�GHFLGH�WR�H[WUDFW�PRUH�FRUHV�RQ�HDFK�URRI�VHFWLRQ�DV�
dictated by job conditions and the readings obtained. 

D�� &DXWLRQ�VKRXOG�EH�WDNHQ�WR�QRW�H[WUDFW�FRUHV�DW�H[WUHPH�ORZ�DQG�KLJK�HQG�
readings unless there are a number of other readings at similar levels 
(preferably in the immediate vicinity). The low and high reading locations 
sampled for testing should represent at least ten percent of equipment 
readings obtained.

E�� ,I�WKH�³KLJK´�FRUH�VDPSOH�H[KLELWV�IUHH�ZDWHU��LW�PD\�EH�DGYLVDEOH�WR�H[WUDFW�
another core sample of more moderate moisture content, as determined by  
a review of the equipment readings obtained.

C.6.2.1� 2YHQ�GU\LQJ�RI�H[WUDFWHG�URRI�PDWHULDOV�DW�WHPSHUDWXUHV�H[FHHGLQJ�WKRVH�WROHUDWHG�
E\�WKH�PDWHULDOV�ZLOO�DIIHFW�UHVXOWV��

a) High temperatures may damage or otherwise modify the chemical 
composition of styrene-based foam insulations, gypsum-based products, 
lightweight concretes, and sample containers. It is recommended that a lower 
temperature (e.g., 110° F/43° C) be utilized for such materials.

b) Moisture contents of organic felt-based BUR membranes cannot be accurately 
determined by oven drying, since the low end volatiles are typically cooked off 
with the moisture. These membranes require the use of distillation methods, 
such as ASTM D 95.

C.7.1  A licensed architect, Professional Engineer (PE) or Registered Roof Consultant 
�55&��ZKR�PHHWV�WKH�UHTXLUHPHQWV�RI�D�VXUYH\�GLUHFWRU�DQG�LV�H[SHULHQFHG�ZLWK�
ERWK�URR¿QJ�DQG�WKH�QXFOHDU�VXUYH\�HTXLSPHQW�LV�SUHIHUUHG�EXW�QRW�UHTXLUHG�
provided the survey director meets the requirements otherwise stated.
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C.7.4� ,W�LV�RIWHQ�VXI¿FLHQW�WR�XWLOL]H�WKUHH�RU�IRXU�FRORU�UDQJHV�WR�LQGLFDWH�WKH�GHJUHH�RI�
moisture saturation. Red may be “failed,” Orange may be “high,” Yellow may be 
³ORZ�´�DQG�:KLWH��RU�EODQN��FRXOG�EH�³GU\�´�+RZHYHU��VRPH�GH¿QLWLRQ�RI�WKHVH�WHUPV�
VKRXOG�EH�SURYLGHG�LQ�UHODWLRQ�WR�WKH�H[WUDSRODWHG�PRLVWXUH�OHYHOV�HVWLPDWHG�ZLWKLQ�
HDFK�URRI��7KH�LQWHUYDOV�FKRVHQ�PD\�EH�PRGL¿HG�GHSHQGLQJ�RQ�WKH�DVVHPEO\�
under evaluation and the type of insulation within the roof system.

C.9.1.9� $Q�HYDOXDWLRQ�RI�WKH�DFFHSWDELOLW\�RI�PRLVWXUH�FRQWHQWV�ZLWKLQ�LQVWDOOHG�URR¿QJ�
materials is a highly subjective matter, and should be conducted on the basis 
RI�H[SHULHQFH��SUDFWLFDOLW\��DQG�MXGJPHQW��&HUWDLQ�JXLGHOLQHV�PD\�EH�GHULYHG�
from data available pertaining to the thermal resistance ratio (TRR) of insulation 
materials. The thermal resistance ratio is equal to the wet thermal resistivity 
GLYLGHG�E\�WKH�GU\�WKHUPDO�UHVLVWLYLW\��6RPH�H[SHUWV�KDYH�HVWDEOLVKHG�D�755�RI�
80% or higher as acceptable from the perspective of thermal performance. For 
some materials, while the thermal resistance is still considered acceptable, the 
suitability of the product with highly elevated moisture content above equilibrium 
PD\�QRW�EH�VXLWDEOH�DV�D�VXEVWUDWH�IRU�URR¿QJ�PDWHULDO�DSSOLFDWLRQV�DV�GHWHUPLQHG�
E\�D�URRI�H[SHUW�RU�URRI�PDWHULDO�PDQXIDFWXUHU�

&�7DEOH�������� 

Tables 3, 4, and 5 provide published values for materials available and commonly 
XVHG�LQ�URR¿QJ�DVVHPEOLHV�DW�WKH�WLPH�RI�WKH�VWXG\�WR�GHYHORS�WKH�GDWD�SUHVHQWHG�
in the tables. Other materials may be encountered that are not listed. For those 
materials not listed the manufacturer of the material may be the only source for 
VLPLODU�GDWD�DQG�WHVW�UHVXOW�LQIRUPDWLRQ��([HUFLVH�FDXWLRQ�WR�DVVXUH�DOO�SURGXFWV�
are judged on the same basis since 80% TRR data may not be available for all 
products that may be encountered. 


