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1 Introduction 

Gamma radiation detectors arc routinel y used at landfill weighing scales to determine if 
entering trucks contain unauthorized radioacti ve materials. However. readings on the 
monitors cannot easil y be related to the quantity of radi oactive material s in loads. 
Computer algorithms to estimate radioactivity concentrations from gamma emiss ions 
from trucks have numerous uncertain input variables such as load density. truck wall 
thickness. container to detector geometry. and radionuclide series equilibrium. 
Therefore. an actual in- field correlation test was performed to more, accuratel y relate 
gamma count rate to radi onuclide concentration in a load. 

The spec ific situation studied during thi s test is the estimati on of the radium-226 
concentration in relati vely uni form material. 

2 Methods 

2.1 General Method 

A Ludlum M odel 375P- I 000 gamma radiation moni tor at the M cKean County. Pa. 
landfill was used to measure gamma emiss ions from a roll-off filled w ith radium-bearing 
sludge cake. The sludge cake was very uni form. having been de-watered and pressed 
into I " thick plates which were broken into chunks that fill ed the 30-cubic yard ro ll -off. 
The brown material had a moderatel y dry. clay-l ike consistency. Both visual observation 
and a perimeter scan with a hand-held uR meter indicated that the material was relatively 
uniform. The load contained 27.680 lbs of sludge cake. 

First. the radiation monitor background was recorded (3.5 KCPS) then the roll -off was 
moved in between the detectors. The resultant reading was recorded (36.8 KCPS). 
Gamma exposure rates at the two detectors were also checked w ith a hand held uR meter. 
An empty roll -off was then used to record an "empty truck'" background reading on the 
monitor (2.--1- KCPS). 

A composite sample of the sludge cake was collected from-+ spots near the center o f the 
load (approx imately where the detectors were positioned) and was sent to Pace 
Laboratori es (N ELAP-certilied) for gamma spectroscopic anal ys is after 2 1-day radon 
progeny ingrow th . 
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3 Results 
The gamma readings at the surface of the roll -off and at the Model I 000 detectors arc 
shown in the figure below: 
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Readings were performed with the following instrument: 

Manufacturer Meter Mod el Seria l # Detector or Meter Type Calib. Date 

Ludlum Measurements I 2S 77640 Nal-hascd uR meter 8/28/14 

Observations: 

The front of the rol l -off exhibited far less gamma emission than the middle of load 
because the front was only partially filled. The middle and rear of the roll-off were 
completel y full. The rear exhibited slightly less than the middle due to the difference in 
source geometry. 

The detectors were positioned at the center (maximum gamma reading) of the roll -off. 
The truck was not quite centered. being I .5 feet from the left detector and 4 feet from the 
ri ght detector. This should not affect the test since the count rate from the detectors arc 
summed. 

Readings: 

The readings on the Model 375- 1000 fo llow: 

Background (no truck present): 3.5 KCPS 

Background (empty truck present): 2.5 KCPS 

Hot Load Reading (detectors at middle or truck side wa lls) : 36.8 KCPS 

Laboratory Results (complete lab report shown in Attachment A): 

The pertinent radionuclide concentrations from the sample analysis are also shown below 
(rounded): 

Ra-226 ( 186 line) : 11 2 + - 15 pCi/g 
Bi -2 14 (609 Ii nc) : I 06 +- 14 pCi/g 
Ra-228 (Ac-228 9 11 l ine) : 15.5 +- 2.7 pCi/g 
K -40 0.5 +- 5.5 pCi/g 

Note: the above concentrations are based on in silll mass (sample not dried in the 
laboratory) . 

Calculation or Conversion Factor: 

= (36.8 KCPS - 2.5 KCPS ) / 11 2 pCi/g = 0.306 KCPS/(pCi/g) over background 
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4 Conclusion 

The result of thi s test of a 30-yard roll -o ff. f i lled to near capacity. resulted in a gamma 
count rate to radium concentration conversion factor or 0.306 KCPS/(pCi/g) over 
background. 

For a monitor with a background of 3.6 KCPS (the background occurring during the most 
recent calihration of the Chemung County Landfill monitor). the count rale corresponding 
LO a 25 pCi/g raclium-226 investigation level would be (0.306 x 25) + 3.6 = 11 .25 KCPS. 

Present ly the Chemung County monitor' s alarm levels arc IO KCPS sum alarm (sum of 
both detectors) and a sigma alarm of 110 which equates to approx imately 7 KCPS 
depending 011 truck speed entering the detection area. (The sigma alarm sounds if il 
detects a rapid increase in count rate even i f the sum alarm is not reached.) T hese alarm 
settings are well within the I 1.25 KCPS level corresponding lo 25 pCi/g of radium. 
Therefore, the present alarm settings at the Chemung County Landfi ll are suffic ient to 
detect a roll-off containing 25 pCi/g or more of radium-226. 
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1~e Analytical~ 

PtOJCCI 

Pace Pro;ee1 No 

WcKoa, Momt01 lc-,;i 

301<5525 

ANALYTICAL RESULTS- RADIOCHEMISTRY 

Pace An11yoca1 servk:"' Inc. 

l 8~ Ro;,1..~·tuwn R011d Su t!~ 2.3 c. 

C,..,nwvg. PA ISijOI 

(724;850-5600 

Sam pto: 03761 f>A 
FWS· 

Lab ID: 30145575001 Cdlecled 03176/15 11·4.: Rece,v"'1 M/14/15 09-~5 Mein• · SOiid 
Site ID Semple Ty~e 

Re.suits reporrP.d on a -dry-wetghr - b~sts 

Pararreter~ Method Act t Unc (~'OCI Can Tr• c Units Ana~1,ed CASNo Qual 

B1sr,11.1tl1-212 EPA901 1 15.936 t 5.49d (5.370) pClig 05120115 15 11 149 13-~9-6 
C: rlA TNA 

Bisn'lJth-214 EPl\901 1 106.260 t 14.760 (1.160) .c110 051.10115 15·13 14733-03--0 
C:NA T NA 

Lea~212 EPA9:l1 1 12.398 t 1.899 (1.114) pClio OS/20115 15. n 15092-94-1 
C:rlA T: NA 

Lead-21 L L'-'A9J1 1 116.180 t H .563 (1.450) ~Cllg 051.10115 15 13 15057-28-~ 
C:NA T:NA 

Pctassu.m-40 [Pl\901 I 0.491 t 5 .4 75 (4 .931 ) pCl/g 05120115 15. 13 13966-00.2 
C:NA T·NA 

Radium 226 f PA!i:il 1 111 .950 t 14.908 (1 .160) pCVg 05/20! 15 15·1 3 13952-6:>-3 
C:llA T:PIA 

Raciurn-228 i.:PI\S01 I 15.476 t2.686 (1. 6681 pClig 051.10/15 15 13 15262, 20-1 
C:NA T:NA 

Thalhum-208 EPA!101 1 4.766 t 1.015 (0.6'181 pCVg 051.10/15 15.13 14913-50.9 
C:IIA TPIA 

Thonum-23 < EPA901 1 11 .446 :!: 11.778 (18.300) pCl/g 051.10115 15:13 150$5-10-8 
C·NA T:NI\ 

Uraoium-235 EPASJ1 I 8.633 :I: 1.515 (0.9-19) pCilO 05/20/15 15.13 15117-96-1 
C:llA T NA 

REPORT OF LABORATORY ANALYSIS 

Thrs ,~, 1 ~·Ht1 "'ICI bo rcproo..1cnd. t:'<C~t ,n full 

w'1.t wt th!' w11tlt!rt CO'l$~1I ol PttCt,AA•lytK"I S t1w1~n. fnc Page 6o!11 
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