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Colorado Procedure — Laboratory 5303-15

Standard Method of Test for

Calibration Check of CDOT Nuclear Moisture/Density Gauges

1. SCOPE

1.1 It is the intent of these procedures to
describe the calibration check of a nuclear
moisture / density (M/D) gauge to be performed
within each CDOT Region. These procedures will
apply only to CDOT M/D gauges.

1.2 Since CDOT M/D gauges are calibrated
biennially, a calibration check will be performed
immediately afterwards by Region Lab personnel.
On the year when no calibration is performed, all
Regions will run a calibration check.

1.3 The calibration check performed
immediately after a calibration is designed to
establish values between the gauge and a different
set of standards. The calibration check performed
on the off year is used as a basis of comparison or
to check the validity of the current calibration table
and constants.

2. PRE-CALIBRATION CHECK INSPECTION

2.1 Inspect the gauge's U.S. DOT Type "A"
carrying case to ensure that all Manufacturer
(Troxler, Instrotek, = CPN) transportation
requirements are met: such as physical integrity
and labeling. Clean the carrying case, make any
repairs, and replace either of the required two
"RADIOACTIVE YELLOW II" labels or the "DOT
TYPE "A" RADIOACTIVE" label if necessary.

2.2 Inspect the gauge's reference standard
block for any damage. The seating of the gauge
on a reference standard block is critical to its
repeatability; therefore, any block that allows
variable seatings shall be repaired or replaced. If
the reference standard block is cracked, split, or
delaminating it shall also be replaced because this
can affect either the density or moisture counts.
Reference standard blocks are not
interchangeable; therefore, ensure that it is
assigned the same identification number as the
gauge.

2.3 Inspect the M/D gauge for damage or non-
compliance with required radioactive source
labels. If the label on the source rod handle is in
any way illegible it shall be replaced. Clean the

shell and the base plate of the gauge of any soil or
asphalt contamination, being careful to direct the
base away from anyone in the immediate area.
The On-Site Radiation Safety Officer is the only
authorized person in the field to remove the base
plate so that proper cleaning and lubrication can
be performed. Remove the sliding shield and the
shield spring. Clean the old grease and dirt out of
the cavity and off all of the parts. Remove the
retaining ring and extract the scraper ring from the
base plate. Installing a new scraper ring is very
important to minimizing moisture and soil
contamination within a gauge. The source rod
should be extended quickly, to reduce exposure to
radiation, and inspected for any damage, as well
as to be cleaned. Lubricate the bearings and the
sliding shield. Install the sliding shield and spring
into the cavity and re-attach the base plate.
Extend the source rod through the base plate to
verify the proper alignment.

Remove the scaler and inspect both the scaler and
the inside of the gauge body. Verify that the
electronics are clean, dry, and undamaged. If all
electronic connections are solid re-attach the
scaler.

2.4 The M/D gauge should be sufficiently
charged to allow for four hours of continuous
operation. Do not charge the gauge unless it has
indicated that it needs a charge. However, if in
doubt let the batteries run down and then apply a
full 14 hour charge.

2.5 If the Pre-Calibration Inspection has been
completed and all necessary repairs have been
accomplished the calibration check can begin. If
the gauge has been returned from Staff Materials
then this inspection has already been performed.

3. APPARATUS
3.1 CDOT calibration check blocks are
located at Staff Materials — Nuclear Lab (for
Region 1 only).
3.2 Region 2-5, calibration check blocks of:

3.2.1  Moisture Cal-Check Stand,
3.2.2 1/2" Polyethylene Sheet,
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3.2.3 3/4" Polyethylene Sheet,

3.2.4 Low-Density Concrete Block,
3.2.5 Medium-Density Concrete Block,
3.2.6  High-Density Concrete Block,

3.3 CDOT Form  #1151: NUCLEAR
EQUIPMENT STATISTICAL STABILITY / DRIFT
TEST.

34 CDOT  NUCLEAR  EQUIPMENT
CALIBRATION CHECK WORKSHEET (Regions
2-5).

3.5 CDOT NUCLEAR EQUIPMENT
MOISTURE/DENSITY ANNUAL CHECK SHEET.
(Region 1).

3.6 M/D gauge and reference standard block
that have passed the pre-calibration check
inspection.

3.7 Operators shall wear a personnel
dosimeter, have the gauge binder with all of the
required documentation, and a calculator.

4. CALIBRATION CHECK PROCEDURE
4.1 STATISTICAL STABILITY TEST

41.1 The M/D gauge should be turned on
allowing the electronics to warm up for a 30 minute
period before proceeding.

4.1.2 For Regions 2 - 5, the reference standard
block shall be placed upon the High-Density
Transmission block and centered. The long axis
of the reference standard block should match that
of the cal-check block, with the butt plate end
being in the front. There must be at least one
meter of clearance on all sides of this block. For
Region 1 the reference standard block shall be
placed on the Magnesium/Aluminum block.

4.1.3 Place the M/D gauge on the reference
standard block. Follow Manufacturer instructions
for reference standard block placement. The
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scaler end is toward the front of the blocks.

4.1.4 Complete the reference information on the
NUCLEAR EQUIPMENT STATISTICAL
STABILITY TEST, CDOT Form #1151 (page 1 of
2). Write the date, operator, CDOT No., model of
gauge, gauge No.., and serial No..

4.1.5 Perform the Statistical Stability Test. Most
gauges will be prompted to the Stat Mode. In Stat
Mode the gauge will run a twenty-minute test and
perform the mathematics internally. When the
gauge is finished record the average counts, ratio,
and each of the twenty, one- minute counts. CPN
model gauges will need to be placed into a one-
minute time base. Twenty one-minute counts will
need to be performed, recording both the density
standard count and the moisture standard count.
Perform the required mathematics and enter the
values on the worksheet.

The ideal ratio for Troxler 3430 and 3440 gauges
is 0.25, with acceptable limits of 0.17 to 0.33.

For Troxler 3450 gauges; record the density
counts for both systems. The ideal ratio is 0.354
with acceptable limits of 0.225 to 0.465.

For Troxler 4640 gauges; record the density
counts for both systems. The ideal ratio is 0.35,
with acceptable limits of 0.25 to 0.45

The ideal ratio for CPN gauges is 1.00, with
acceptable limits of 0.75 to 1.25.

The acceptable limits on Instrotek 3500 gauges
are 0.18 to 0.35.

4.1.6 If the gauge passes the statistical stability
test proceed with the calibration check. If the
gauge fails the statistical stability test, verify the
mathematics. If the mathematics check, perform
another statistical stability test. A second failure
will require the equipment to be repaired. If a
second statistical stability test passes, then
proceed with the calibration check.
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COLORADO DEPARTMENT OF TRANSPORTATION
NUCLEAR EQUIPMENT STATISTICAL STABILITY/DRIFT TEST
Statistical stability test, {Allow gauge to warm up 30 minutes, perform 20 one minute counts)
Counts N (or X) nsi ndar nf Moistur ndar
(M/D or TLD gauge) (M/D or AC gauge)

1 3667 G0

2 3703 G333

3 3697 ¢33

4 3699 (038

5 36AE48 G0

6 36GY 27

7 3G90 &YY

8 3705 .39

9 3692 G37

10 AGAE2._ G27

n 37/9 Q38

12 3G 99 G237

13 3683 GYo

14 37045 G3/

15 36345 36

16 3GA8Y G35

17 3GGG eXAH

18 370/ G YA

19 I3GA/ G35

2 3627 QY

Average counts N (or X) 3G0.8 4 G36.7
Standard deviation ¢ (or S) 140872 45903
Ratio (/X )} 232 222
ldealratio_, 25 _ /Acceptable limits __, /7 - .33

(Values found in the calibration procedures) '

e 11-1-00 et Steve Gonser
CDOT no: Mode! of gauge:

GaUQG no.: d / ?6 Serial no.: USE ar 3'y30 -/4

13748 2327/

CDOT Form #1151 1/93
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4.2 EQUIPMENT STANDARDIZATION

4.2.1 Center the reference standard block on
the High-Density Concrete block. The long axis of
the reference standard block should match that of
the block, with the butt plate being in the front.

4.2.2 Place the M/D gauge on the reference
standard block according to the manufacturer's
instructions. Perform a standard count according
to the manufacturer's instructions.

4.3 MOISTURE CALIBRATION CHECK
[REGIONS 2 - 5]

4.3.1  Complete the reference information on the
CDOT NUCLEAR EQUIPMENT CALIBRATION
CHECK WORKSHEET. This information is the
same as the information provided on CDOT Form
#1151.

4.3.2 Set up the moisture cal-check stand in an
area with a meter of clearance on all sides. Set
the 1/2" Polyethylene sheet within the stand. The
sheet should be marked, such as FR for front-
right, because repeatability can only be attained
through minimizing variables.

4.3.3 Place the gauge on the 1/2" Polyethylene
sheet within the outline. Place the gauge in the
backscatter position and record four one-minute
moisture content readings Note T, Average the four
readings and record the average

NOTE 1: Gauges may report moisture
contents as percent moisture. Prompt the gauge
to report moisture content in pounds per cubic foot
of water.

4.3.4 Place the 3/4" Polyethylene sheet beneath
the 1/2" sheet within the stand. The sheet should
also be marked to ensure consistency.

4.3.5 Place the gauge on the 3/4" Polyethylene
sheet within the outline. Place the gauge in the
backscatter position and record four one-minute
moisture content readings " . Average the four
readings and record the average

[REGION 1]

4.3.6 Follow Subsections 4.3.1 through 4.3.3 of
Colorado Procedure L 5306.

4.4 BACKSCATTER CALIBRATION CHECK
[REGIONS 2 - 5]

441 Place the gauge on the Low-Density
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Concrete Block and place the source rod in the
backscatter position. CDOT defines the
backscatter positions as the positioning in which
the tip of the source rod attains near contact with
the block surface. Perform and record four one-
minute wet density readings "*° 2. Average the
four readings and record the average.

NOTE 2: Gauges may report both wet
density and dry density. It is important to record
the wet density because the reading will be
compared to the wet density of the calibration
blocks. Some gauges have automatic depth
sensors, for those that don't make sure to prompt
the gauge to the correct depth.

4.4.2 Place the gauge on the Medium-Density
Concrete Block and place the source rod in the
backscatter position. Perform and record four
one-minute wet density readings. Average the
four readings and record the average. Repeat this
step for the High-Density Concrete Block.

[REGION 1]

443 Follow Subsections 4.4.1 through 4.4.2 of
Colorado Procedure L 5306. The only deviation to
CP-L 5306 will be not utilizing the Limestone and
the Granite blocks.

4.5 TRANSMISSION CALIBRATION CHECKS
[REGIONS 2 -5]

451 Place the gauge on the Low-Density
Concrete Block and extend the source rod no
more than two inches until it has been inserted into
the rod hole.

4.5.2 Extend the source rod to the 4” depth.
Pull the gauge forward to eliminate any air gap
between the block and source rod. Perform and
record four one-minute wet density readings "°*®°.

Average the four readings and record the average.

453 Extend the source rod to 6”. Pull the
gauge forward to eliminate any air gap between
the block and source rod and perform and record
four one-minute wet density readings "¢ °.
Average the four readings and record the average.

454 Extend the source rod to 8. Pull the
gauge forward to eliminate any air gap between
the block and source rod and perform and record
four one-minute wet density readings "¢ °.
Average the four readings and record the average.

NOTE 3: Gauges may report both wet
density and dry density. It is important to record
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the wet density because the reading will be
compared to the wet density of the calibration
blocks. Some gauges have automatic depth
sensors, for those that don't make sure to prompt
the gauge to the correct depth.

45,5 Repeat procedures 4.5.2 through 4.5.4 on
the Medium-Density and High-Density Blocks.

[REGION 1]
456 Follow Subsections 4.5.1 through 4.5.5 of
Colorado Procedure L 5306. The only deviation to

CP-L 5306 will be not utilizing the Limestone and
the Granite blocks.
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4.6 DRIFT TEST

4.6.1 The M/D gauge should be on and active a
minimum of 3 hours after the completion of the
Statistical Stability Test. If a calibration check has
been performed, a minimum of three hours has
passed, with the gauge extremely active.

4.6.2 The reference standard block shall be
placed upon the High-Density Block and centered.
Establish the same placement that existed during
the stat test. For Regions 1and 6 the reference
standard block shall be placed on the
Magnesium/Aluminum block..

4.6.3 NUCLEAR EQUIPMENT DRIFT TEST,
CDOT Form #1151 (page 2 of 2), will be used to
record the respective counts.

4.6.4 Perform the Drift Test. Most gauges can
be prompted to the Drift Mode. In Drift Mode the
gauge will run a twenty-minute test and perform
the mathematics internally. When the gauge is
finished record the average counts, drift, and each
of the five four-minute counts. CPN model gauges
will need to be placed into a four-minute time
base. Five four-minute counts will need to be
performed, recording both the density standard
count and the moisture standard count.

The acceptable drift for Instrotek 3500 and Troxler
3430, 3440 and 3450 gauges is less than 0.50%
for density and less than 1.00% for moisture.

For Troxler 4640 gauges; record the density
counts for both systems. The acceptable drift for
System 1 is less than 0.50%, and for System 2 is
less than 0.80%.
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On CPN gauges the Drift Average Counts (DAC)
are either acceptable or unacceptable based on
the Statistical Stability Average Counts (SSAC).
The DAC acceptable range is:

SSAC +/- 2.0 YSSAC

4.6.5 Ifthe M/D gauge passes the drift test, then
proceed to Subsection 4.7. If the gauge fails the
drift test, verify the mathematics. If the failure is
valid perform another drift test, whereby a second
failure will require the equipment to be repaired.

4.7 ANALYSIS OF CALIBRATION CHECK

471 If this calibration check has been
performed after a Calibration at Staff Materials,
check your PCF of water and PCF of each of the
three density blocks against the established
ranges of other gauges. If the gauge falls outside
of the range, contact Staff Materials-Nuclear Lab.

472 If this calibration check has been
performed on an "off" year, the values need to be
compared against the previous year's calibration
check. The moisture content and wet density
readings will be compared to the block's moisture
contents and densities that were established after
the Calibration. The acceptable deviance from the
moisture content is less than or equal to 1.0 PCF.
The acceptable deviance from the known wet
density in the backscatter position is less than or
equal to 2.0 PCF. The acceptable deviance from
the known wet density in the transmission
positions is less than or equal to 1.0 PCF.

4.7.3 If the gauges readings are outside the
acceptable deviances on a block, rerun that block
and compare the readings to the known wet
density or moisture content. If after the second
readings, the gauge is outside the acceptable
deviance, the gauge will have to be calibrated.
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COLORADO DEPARTMENT OF TRANSPORTATION
NUCLEAR EQUIPMENT STATISTICAL STABILITY/DRIFT TEST

DRIFT TEST (Gauge must be on and active a minimum of 3 hours after the completion of the Statistical Stability Test, perform 5

four minute counts)
Gounts N {or X) nsity standard coun Moisture standard coun
(M/D or TLD gauge) {(M/D or AC gauge)
1 3648/ 436
2 3G8Y 37
3 3677 G35
4 J693 @34
J 3686 (38
Average counts N (or )-() 3 GAY G (o3G0

[Total average = the sum of the Statistical Stability average count and the Drift Test average count, divided by 2)

Density total average = ( :3(590 A4+ 3&&%& )+ 2= BGAL725
Moisture total average = ( (E 3(3 Z ) 3& 0 )+ 2= Cz 36 3 5:

[Ditference = the value between the Statistical Stability average count and the Drift Test average count]

Density difference = ,5(52(!.&5 - 3(725Z(§ = G25
Moisture difierence = _ (0.3(5, 7 - (360 - 07

(it - _ Diflerence v 400 %

Total average

Densiy drift = @g;ﬁgazzz_{xmm QlG] %
Moisture drit = Q,Z/Q,m, 34 X100= 0. /10 %

CDOT Form #1151 1/93
page 2012

CDOT Form #1151

Page 8 of 10



CP-L 5303

8-01-2014

2015 CDOT LMTP

102/10/L pasiasy

ElN AAY AT
| Wy, unw |
| U u | oeiadg
i | VI arw |
I urwy Ui
Ha Haay] [EnUUY [ 49347 [EBIM] Ha Haau] [endUy | HIEY] (B Ha HaaL] [erUuy HaaL] ey
amsayaul g amsayu) g amsayau| g 2120 UoHEIqIE]
El AAY E
Ul uwg U
Uy uwy U Bl
RN W ETITY uw |,
i Iy ET o
BO | 4eag] Uy | qaagg (e HO | woalp [Enuuy | woauD [em wa WoaLp [eraUy | waa ERG o)
amsayaul g amsaywulg amsayaul g U
=LA AT AN HO Hoay] [emuUy | Haau ey
CIL uwg U 42d 232019
urw |, | uiu ATOdWNIS INOYW
T ST ST JHNLSION
| T o}
WO [woaug Eruuy [seayd e wo | woaug Eruuy | woayd ey wa Woay [enuuy | oAy (e IAY
am S|yl ¢ am syl am syl U
ETN AAY AT U
Uy urwy U U
i | VI i | i
arw g W | oy Ty WamLE [EULY | wosip) Y
Ul Uy g 42d 42019
Ha HIRD [BRUUY | 433U [BIIM| Ha Ho3LD [BRUUY | HIEYD [BlIY Ho HIALD [BRUUY | HIELD [BIY WNsINOYW
JUNLSION
am 1apexsyoie g am BPpeIsaeg s 1aed=ye g
WNHIWNY WNHIWNTYWNIS IHOYN WNISINOYW
ALISH3O ALISHIO ALISH3O
WNno] pUEpUELS BauAIRay fusuag WNCT PUEPUELS S0UAUAMEY RUMGS|opy
(12pop) @Bneq yo adi ) ‘opy abneg ‘o [EUAG ‘o wawdinkg 1002
EDES 1dD | UoIDay I0J 183US ¥ayJd [enully Allsuad/ainisiow wawdinb3 eaanp

NOILFLHOdSNedl 40 INJWLYY d30 Odv 407102

CDOT NUCLEAR EQUIPMENT CALIBRATION CHECK WORKSHEET for REGION 1
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