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November 20, 2017 

Anton Collins 
Powers Construction 
8750 W. Bryn Mawr Ave., Suite 500 
Chicago, Illinois 60631 

RE: Radiological Survey of Electrical Utilities Installation 
Permit No.:  DOT800593 & DOT805638 
Permit Address: 465 N. Park Ave., Chicago, Illinois 
AECOM Project No. 60508241 

Dear Mr. Collins: 

Pursuant to conditions specified in a permit (see attached) issued by the City of Chicago Department of 
Public Health (CDPH), radiation monitoring was required to be performed at the above referenced site.  
AECOM Technical Services, Inc. (AECOM) provided the required radiation surveillance on May 31 
through June 16, 2017 for an installation of an electrical conduit.  Survey results were collected from 
within the trench as long as it could be safely entered, while at deeper depths the spoil from the trench 
was surveyed as it was excavated. 

Surveying was performed within the excavation and on the spoil removed in the E. Illinois ROW at 465 N. 
Park Ave. (refer to Drawing).  The excavation involved removal of concrete and additional trench 
excavations.  Powers Construction sub-contractor (Meade) removed approximately 260-feet of concrete 
sidewalk and roadway.  The trench excavation within the removed concrete areas was approximately 5 to 
7-feet wide, to a depth of 4 to 7-feet below ground surface (bgs). 

The U.S. Environmental Protection Agency (USEPA) removal action level for Chicago’s Streeterville area 
is 7.1 picocuries per gram (pCi/g) total radium (Ra-226 + Ra-228). Gamma radiation count measurements 
for the project were made using a Ludlum Model 2221 survey meter and a shielded 2 x 2 inch sodium 
iodide (Nal) probe Model 44-10.  For the instrument used, the gamma count indicative of the USEPA 
removal action level of 7.1 pCi/g was 17,193 counts per minute (cpm) unshielded and 7,097 cpm 
shielded.  The field instrument gamma background for the area was measured at approximately 6,901 
cpm unshielded.  Field gamma measurements greater than twice the field background represent potential 
anomalous results that require more cautious and frequent field screening, but are not necessarily 
indications of the presence of thorium contaminated fill soil.  Gamma readings above 17,193 unshielded 
or 7,097 shielded cpm could be considered a potential indication of the presence of radiologically 
contaminated fill.   

With the exception of June 13, 2017, the gamma surveying between May 31 and June16, 2017, for the 
trench excavation work did not indicate the potential presence of radiological contamination (refer to 
Annotated Drawing and Tabulated Results).  However, on June 13, 2017, AECOM identified elevated 
gamma readings above the instrument threshold equivalent to the removal action level established by the 
USEPA.  The readings were identified during the trench excavation, approximately 23-feet north of the 
southern curb of E. Illinois St. and approximately 45-feet west of the intersection of E. Illinois St. and N. 
New St (refer to Annotated Drawing).  The elevated readings were initially identified at approximately 24-
inches bgs, ranging between 7,000 to 44,000 cpm shielded.  The excavation activities were halted in the 
area of elevated gamma readings and USEPA was notified.  A sample was collected from the area with 
the highest gamma readings and delivered for analysis to RSSI Laboratories (refer to Gamma Spec. 
Results).  After the sample was collected the excavation area was covered with plastic sheeting and 
clean on-site gravel.  The trench was covered with steel plates prior to departure at the end of the work 
day.  The sample collected (465-CET) yielded results for radium-226 of 7.26 pCi/g and radium-228 of 
82.16 pCi/g, with a total radium activity (Ra-226 + Ra-228) of 89.42 pCi/g, which is above the USEPA 
removal action level of 7.1 pCi/g.  
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After discussion with the USEPA, the remediation excavation activities for radiologically-contaminated fill 
were initiated on June 15, 2017.  The goal of the remediation activities was to complete the excavation to 
the depth necessary for the conduit installation.  Andrew Kozak (AECOM) was present on-site to monitor 
and lead the remediation activities, while air monitoring and work within the exclusion zone was 
conducted by health physicist Glenn Huber (Stan A. Huber Consultants).  Based on the readings 
collected during the remediation excavations the contamination was identified at approximately 24 to 48-
inches bgs and predominantly along the north side of the trench excavation.  Shielded gamma readings 
of the contaminated zone ranged between 7,000 to 44,000 cpm.  Gamma readings decreased below the 
unit cut-off value after the excavation activities reached the depth of approximately 4-feet bgs.  
Additionally, a 1-ft2 area on the north wall was identified with elevated readings.  This area was at 
approximately 36-inches bgs and was removed using a shovel by the health physicist in order to get the 
field gamma readings below the USEPA removal action level threshold.  

Approximately 1.5 to 2 cubic yards (3,120 pounds) of contaminated fill were removed from the excavation 
site and placed in a bulk storage bag during the remediation operations.  A composite sample of the fill 
remediated was collected and submitted for analysis (refer to attached gamma spec results).  The bulk 
storage bag was closed and placed along the west side of the property boundary (N. Park Ave.) within the 
fenced construction site area to await completion of additional utility work.  The bag was wrapped in 
plastic sheeting and labeled orange snow fencing.  The remaining utility work was completed by AT&T in 
on November 10, 2017.  Therefore, the bulk storage bag was shipped on November 14, 2017 by truck to 
US Ecology in Grand View, Idaho.  A copy of the manifest/disposal information will be included within the 
Completion Report for the Site.  Table 1 summarizes bag weights, sample results (as received basis) and 
bag exterior dose rates. 

Table 1 
465 N. Park St. 

Bag # 
Weight 
(lbs) 

Total Radium (pCi/g)  Bag Exterior Max. 
Dose Rate 
(urem/hr) (Ra‐226 + Ra‐228) 

465‐CET‐1  3,120  17.65  9 

Excavating equipment used in the excavation of radiologically-contaminated fill was surveyed (released) 
to confirm the equipment was free of radiological contaminants prior to being released from the 
excavation project.  Similarly, the exterior of the bulk storage bags were wiped to confirm the absence of 
contamination.  Air monitoring was also conducted during the limited removal activities.  A copy of the air 
monitoring and release results are included within the attachments (refer to Health Physics Results). 

The USEPA was present on June 15, 2017, to collect a verification sample from the base of the 
excavation following the completion of the remediation and excavation activities.  The results of the 
USEPA sample indicated a total radium activity of 0.98 pCi/g (refer to USEPA Analytical Results), which 
is well below the USEPA removal action level of 7.1 pCi/g.  A sample from the north wall of the 
excavation was also collected by the USEPA to document the activity remaining in the wall.  Results for 
this sample indicated a total radium activity of 13.58 pCi/g, which is above the USEPA removal action 
level.  Although field gamma screening did not reveal elevated gamma readings on the north wall, it was 
not the intent of the remediation work to chase contaminated fill beyond the permitted limits of the trench 
excavation.  After the remediation and sample collection by the USEPA the north wall of the excavation 
was covered with plastic sheeting to eliminate direct contact with the sidewall so that conduit installation 
was able to be completed. 

In summary, the presence of radiologically-contaminated fill was discovered in a small section of the 
trench excavations completed within the E. Illinois St. ROW.  The contaminated fill discovered during the 
excavation was remediated under the supervision of the USEPA within the trench to allow completion of 
the conduit installation.  Sample results collected by the USEPA after the remediation indicated the base 
of the trench was completed, but that the north wall of the remediated trench section still likely contains 
some pockets of elevated radium.  This report contains the gamma surrey results for the trench 
excavation as well as the supporting documentation collected during the trench remediation activities. 



 
 
 

 

As part of the permit conditions, this letter has been forwarded to: 

 Chicago Department of Public Health 
 Attention:  Mr. Terry Sheahan 
 333 South State Street, Room 200 
 Chicago, Illinois  60604 

Please contact us with any questions you have regarding this letter or the reported results. 

Regards, 

     
Andrew Kozak Steven C. Kornder, Ph.D. 
Geologist Senior Project Geochemist 
 
cc: Terry Sheahan, Chicago Department of Public Health 
 Verneta Simon, USEPA 

Attachments: CDPH Permit 
  Annotated Drawing and Tabulated Results 
  Gamma Spec. Results 
  USEPA Analytical Results 
  Health Physics Results 
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Annotated Drawing and Tabulated Results
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June 13, 2017 -  
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44,000 cpm 
(instrument cutoff  
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 465 N. Park Ave
ComEd Conduit Installation (Shielded 

Gamma Counts May 31 - June 16, 20/17

Section  Depth CPM Section Depth CPM

1 0" (concrete) ‐ 9 0" (concrete) ‐

12" (sub‐base) ‐ 18" 1,500 ‐ 1,800

12‐16" (fill) 1,200 ‐ 1,600 36" 1,800 ‐ 3,100

16‐60" (spoil) 1,500 ‐ 4,700 48" 1,700 ‐ 2,700

2 0" (concrete) ‐ 10 0" (concrete) ‐

6" (sub‐base) ‐ 18" 1,400 ‐ 1,700

24" 3,100 ‐ 3,400 36" 1,800 ‐ 2,300

24‐60" (spoil) 1,400 ‐ 3,400 48" 1,500 ‐ 1,700

60" 2,600 ‐ 4,100

3 0" (concrete) ‐ 11 0" (concrete) ‐

6" (sub‐base) 1,300 ‐ 1,400 18" 1,200 ‐ 1,800

6‐60" (spoil) 1,400 ‐ 3,400 36" 1,300 ‐ 1,700

60" 2,600 ‐ 3,900 48" 1,300 ‐ 1,900

4 0" (concrete) 12 0" (concrete) ‐

21" 1,900 ‐ 2,800 18" 700 ‐ 1,100

36" 3,100 ‐ 3,800 36" 1,200 ‐ 1800

54‐60" 2,200 ‐ 3,300 48" 1,100 ‐ 1,900

5 0" (concrete) ‐ 13 0" (concrete) ‐

18" 1,700 ‐ 2,200 18" 1,100 ‐ 1,600

36" 1,900 ‐ 2,300 36" 1,200 ‐ 1,800

54" 1,500 ‐ 2,600 48" 1,100 ‐ 1,900

54" 1,800 ‐ 2,200

6 0" (concrete) ‐

24" 2,200 ‐ 4,200 14 0" (concrete) ‐

40" 1,600 ‐ 3,100 18" 1,600 ‐ 2,100

46" 2,200 ‐ 3,200 36" 1,600 ‐ 2,300

64‐78" (south end) 1,500 ‐ 4,800 52" 1,800 ‐ 2,800

70" (north end) 2,200 ‐ 2,800

7 0" (concrete) ‐ 84" (north end) 2,100 ‐ 2,700

18" 1,400 ‐ 2,600

36" 1,400 ‐ 1,800

48" 1,800 ‐ 2,700

8 0" (concrete) ‐

18" 1,800 ‐ 2,300

36" 1,900 ‐ 2,400

48" 1,600 ‐ 2,400
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Gamma Spec. Results



Thursday, June 15, 2017 

Steve Kornder 
AECOM 
303 E. Wacker Dr. 
Suite 1400 
Chicago, IL 60601 

RE: 465-CET 

Dear Dr. Kornder: 

A summary of gamma spectroscopy results for our sample number 
G170132 is in Table 1.  AECOM identified the sample as 465-CET.  
The table below lists the concentrations of selected 
radionuclides.  Values with a less-than symbol (“<”) indicate a 
concentration below RSSI’s minimum detectable concentration 
(MDC).  Additional identified radionuclides are in the complete 
gamma spectroscopy report.   

Table 1.  High-resolution Gamma Spectroscopy Results [pCi/g] 
Sample 
G170132 Radionuclide 
465-CET 

Pb-214 7.35
Bi-214 7.17
Ra-2261 7.26
Ac-228 82.16
Ra-2282 82.16
Th-2323 82.16 
Tl-208 23.35
 K-40 7.35 
Pb-212 68.05
Bi-212 82.62
Th-234 8.83
Pa-234m 23.97
U-2384 16.40 

1 The concentration of Ra-226 is based on the average concentration of Pb-214 
and Bi-214. 
2 The concentration of Ra-228 is based on the surrogate Ac-228. 
3 The concentration of Th-232 is based on the surrogate Ac-228. 
4 The concentration of U-238 is based on the average concentrations of Th-234 
and Pa-234m. 

   6312 Oakton Street 
  Morton Grove, IL 60053-2723 
 847-965-1999 
Fax 847-965-1991 
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Some radionuclides of interest, thorium-232 (Th-232), radium-226 
(Ra-226), radium-228 (Ra-228), and uranium-238 (U-238), are 
difficult to identify and quantify directly at low 
concentrations with reasonable counting intervals.  The 
concentrations of surrogates with more abundant high energy 
photons usually represent the concentration of Th-232, Ra-226, 
Ra-228, and U-238.  The successful use of surrogates depends 
upon the radionuclides in each series being in equilibrium. 
 
Radium-226 (Ra-226), in the uranium series, has only one 
significant photon at 186.21 keV with a gamma fraction slightly 
greater than 0.03.  Analysis for Ra-226 using this energy is 
difficult because of the possible presence of uranium-235 (U-
235), which has an interfering 185.72 keV photon with a 0.57 
gamma fraction, and protactinium-234 (Pa-234) which emits an 
interfering 186.15 keV photon with a 0.02 gamma fraction.  The 
gamma fraction is the fraction of decays that produce a photon 
of a given energy.  Bismuth-214 (Bi-214) and lead-214 (Pb-214) 
are used as surrogates for Ra-226. 
 
The equilibrium between Ra-226 and its decay products, including 
Pb-214 and Bi-214, may be disturbed if radon-222 (Rn-222) is 
released when samples are collected.  Rn-222, a gaseous Ra-226 
decay product, has a half-life of 3.8 days.  Pb-214 and Bi-214 
reestablish equilibrium with Ra-226 in a sample after an in-
growth period, typically seven Rn-222 half-lives.  As a standard 
protocol, samples are normally held for 30-days to reestablish 
equilibrium.  These samples were analyzed as received and were 
not held for in-growth.  The average of the activities of Pb-214 
and Bi-214 is shown as the activity of Ra-226. 
 
Both Th-232 and Ra-228, in the thorium series, emit photons with 
very low gamma fractions at very low energies.  In the thorium 
series, actinium-228 (Ac-228) is usually in equilibrium with 
both Th-232 and Ra-228 when collected.  Bi-212 has a branching 
fraction of approximately 0.36 for decays to thallium-208 (Tl-
208).  Therefore, the activity of Tl-208 is approximately 36% 
the activity of other radionuclides in the thorium series.  The 
branching fraction is the fraction of decays that proceed 
through a given decay path. 
 
U-238, in the uranium series, emits photons with very low gamma 
fractions at low energies.  Thorium-234 (Th-234) and 
protactinium-234m (Pa-234m), both with photons at higher 
energies and with larger gamma fractions, are usually in 
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equilibrium with U-238.  The average of the activities of Th-234 
and Pa-234m is shown as the activity of U-238. 
 
These samples were run as-received and these results have not 
been corrected for moisture content. 
 
The complete spectroscopy analysis results are attached.  Please 
call me at 847-965-1999 if you have any questions. 
 
Sincerely, 

 
Aaron Morris 
 
attachment
 



      ORTEC g v - i (1215) Env32  G53W4.22  15-JUN-2017 10:17:20 
 RSSI                            Spectrum name: G170132.An1                       
                                                                                  
 Sample description                                              
      G170132 AECOM, 465-CET, 680.2 g                                  
 
 Spectrum Filename: H:\GammaVision\User\Spectra\G170132.An1 

- 1 - 

*****   S U M M A R Y   O F   N U C L I D E S   I N   S A M P L E   ***** 
          Time of Count   Uncertainty  1 Sigma 
 Nuclide    Activity        Counting     Total                
                uCi/g                                                                  
 _____________________________________________________________________________ 
 AC-228       8.2162E-05    3.566E-01%    2.741E+00% 
 PB-214       7.3541E-06    1.240E+00%    5.217E+00% 
 BI-214       7.1732E-06    1.594E+00%    3.774E+00% 
 K-40         7.3521E-06    4.893E+00%    6.098E+00% 
 Th-234  C    8.8288E-06    3.442E+01%    3.456E+01% 
 Pa-234m      2.3968E-05    1.705E+01%    1.723E+01% 
 Pb-212       6.8051E-05    1.771E-01%    6.421E+00% 
 Bi-212       8.2622E-05    1.041E+00%    3.314E+00% 
 Tl-208       2.3347E-05    3.991E-01%    3.517E+00% 
 U-235   <    1.6242E-07 
 Ra-224       6.9951E-05    1.524E+00%    6.581E+00% 
 Th-228       1.2370E-04    2.897E+00%    4.625E+00% 
   < - MDA value printed. 
   A - Activity printed, but activity < MDA. 
   B - Activity < MDA and failed test. 
   C - Area < Critical level. 
   F - Failed fraction or key line test. 
   H - Halflife limit exceeded 
 -----------------------------   S U M M A R Y   ---------------------------- 
 Total Activity ( 1729.5 to  1754.7 keV)     5.045E-04  uCi/g          
 This section based on library: AECOM - 2017-06.Lib              
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 RSSI                            Spectrum name: G170132.An1                       
                                                                                  
 Sample description                                              
      G170132 AECOM, 465-CET, 680.2 g                                  
 
 Spectrum Filename: H:\GammaVision\User\Spectra\G170132.An1 

- 2 - 

*****   S U M M A R Y   O F   L I B R A R Y   P E A K   U S A G E   ***** 
- Nuclide -  Average     ------------- Peak -------------- 
Name   Code  Activity     Energy   Activity Code MDA Value 
             uCi/g         keV     uCi/g         uCi/g          COMMENTS 
 _____________________________________________________________________________ 
  
AC-228   N   8.2162E-05                                                            
                           911.20 8.278E-05  (P 9.870E-08 4.04E-01 G            
                           968.97 8.115E-05  (P 1.681E-07 5.87E-01 G            
                           338.32 6.801E-05 - P 3.921E-07 4.42E-01 G            
                           964.77 7.286E-05 - P 1.044E-06 1.67E+00 G            
                           463.00 6.671E-05 - P 8.118E-07 1.22E+00 G            
                            93.35 9.155E-05 +   1.301E-06 1.28E+00 XA           
                            89.96 8.216E-05 }   2.280E-06 2.02E+00 XA           
                          1638.28 1.117E-04 +   7.686E-06 9.82E+00 GA           
                          1630.63 1.095E-04 +   2.967E-06 2.70E+00 G            
                          1588.19 1.068E-04 + P 1.947E-06 1.40E+00 G            
                          1580.53 1.040E-04 +   5.674E-06 6.93E+00 GA           
                          1557.10 1.817E-04 +   1.749E-05 1.79E+01 GA           
                          1501.57 1.126E-04 +   7.140E-06 5.60E+00 GA           
                          1495.93 1.182E-04 +   4.669E-06 3.30E+00 GA           
                          1459.14 6.642E-05 -   5.287E-06 7.43E+00 GA           
                          1110.61 1.412E-04 +   8.553E-06 7.63E+00 GA           
                          1065.19 3.081E-04 +   1.860E-05 9.69E+00 GA           
                           904.19 6.929E-05 -   3.728E-06 7.84E+00 GA           
                           840.38 6.938E-05 -   3.280E-06 5.65E+00 GA           
                           835.71 7.313E-05 -   2.045E-06 3.05E+00 GA           
                           830.49 8.183E-05     4.805E-06 7.10E+00 GA           
                           794.95 7.036E-05 - P 1.063E-06 1.67E+00 G            
                           782.14 7.645E-05 -   5.407E-06 6.59E+00 GA           
                           772.29 6.668E-05 -   2.311E-06 4.75E+00 G            
                           755.32 7.455E-05 -   3.396E-06 5.62E+00 G            
                           562.50 7.428E-05 -   3.195E-06 5.31E+00 GA           
                           478.40 7.834E-05     9.321E-06 1.56E+01 GA           
                           409.46 6.415E-05 - P 1.374E-06 2.34E+00 G            
                           328.00 6.820E-05 - P 1.044E-06 1.89E+00 G            
                           270.25 6.415E-05 - P 8.223E-07 1.59E+00 G            
                           209.25 6.214E-05 - P 7.893E-07 1.50E+00 G            
                           153.98 6.668E-05 -   3.223E-06 6.38E+00 GA           
                           129.06 5.476E-05 - P 1.123E-06 2.45E+00 GA           
                           108.58 1.277E-04 +   9.530E-06 9.78E+00 XA           
                           105.60 1.373E-04 + P 4.418E-06 4.42E+00 XA           
                            99.51 5.699E-05 -   2.476E-06 4.18E+00 GA           
  
PB-214   N   7.3541E-06                                                            
                           351.93 7.402E-06  (P 5.226E-08 1.23E+00 G            
                           295.22 6.767E-06 - P 1.389E-07 2.83E+00 G            
                           242.00 7.110E-06  (P 3.708E-07 5.33E+00 G            
                           258.87 5.206E-06 -   3.110E-06 7.65E+01 G            
                           785.96 7.354E-06 }   2.827E-06 2.85E+01 G            
                                                            Energy duplication     
                            77.11 7.354E-06 } P 1.076E-06 3.61E+00 XA           
                                                            Energy duplication     
                            74.82 7.354E-06 }   1.741E-06 3.56E+00 XA           
                                                            Energy duplication     
                            89.78 7.354E-06 }   6.784E-06 4.76E+01 XA           
  
BI-214   N   7.1732E-06                                                            
                           609.31 7.173E-06  (P 5.896E-08 1.58E+00 G            
                          1120.29 9.376E-06 + P 2.632E-07 3.56E+00 G            



      ORTEC g v - i (1215) Env32  G53W4.22  15-JUN-2017 10:17:20 
 RSSI                            Spectrum name: G170132.An1                       
                                                                                  
 Sample description                                              
      G170132 AECOM, 465-CET, 680.2 g                                  
 
 Spectrum Filename: H:\GammaVision\User\Spectra\G170132.An1 

- 3 - 

                          1764.49 0.000E+00 =   0.000E+00 0.00E+00 G            
                           768.36 5.836E-06 - P 5.529E-07 1.30E+01 G            
                          1238.11 1.046E-05 + P 5.695E-07 8.60E+00 G            
                           934.06 8.593E-06 + P 7.610E-07 1.12E+01 G            
                          1377.67 1.781E-05 + P 9.098E-07 8.09E+00 G            
                          1729.60 2.517E-05 + P 1.561E-06 1.01E+01 G            
                          1509.23 0.000E+00 & P 4.809E-07 4.70E+03 G            
                          1407.98 1.176E-05 + P 1.252E-06 1.39E+01 G            
                          1401.50 1.359E-05 +   2.081E-06 2.46E+01 GA           
                          1280.96 1.031E-05 +   1.716E-06 2.52E+01 GA           
                           665.45 6.650E-06 -   1.581E-06 2.32E+01 GA           
                            89.81 0.000E+00     5.165E-08 0.00E+00 XA           
                            89.26 7.173E-06 }   4.365E-05 2.87E+02 XA           
  
K-40     N   7.3521E-06                                                            
                          1460.82 7.352E-06  (P 3.321E-07 3.78E+00 G            
  
Th-234   N   8.8288E-06                                                            
                            92.38 1.279E-08 } P 1.513E-06 6.41E+03 G            
                            92.80 5.663E-06 } P 1.518E-06 1.19E+01 G            
                            63.29 8.829E-06  (P 2.192E-06 3.34E+01 G            
  
Pa-234m  N   2.3968E-05                                                            
                          1001.03 2.397E-05  (P 2.085E-06 1.65E+01 G            
                            98.43 0.000E+00 % P 1.195E-05 1.08E+02 XA           
  
Pb-212   N   6.8051E-05                                                            
                           238.63 6.802E-05  (P 4.683E-08 1.77E-01 G            
                           300.09 6.453E-05 -   8.789E-07 1.95E+00 G            
                           115.18 7.010E-05  (  4.365E-06 8.90E+00 G            
                                                            Energy duplication     
                            77.11 6.690E-05 } P 3.280E-07 5.63E-01 XA           
                                                            Energy duplication     
                            74.82 6.805E-05 } P 6.626E-07 9.79E-01 XA           
                            87.35 6.805E-05 }   1.257E-06 1.21E+00 XA           
                            86.83 6.805E-05 }   2.504E-06 3.31E+00 XA           
                                                            Energy duplication     
                            89.78 6.805E-05 }   3.113E-06 2.12E+00 XA           
  
Bi-212   N   8.2622E-05                                                            
                           727.33 8.262E-05  (P 4.433E-07 1.04E+00 G            
                           785.37 6.865E-05 }   2.777E-06 3.33E+00 G            
                           288.20 7.368E-05 -   5.355E-06 6.99E+00 G            
                          1620.50 1.278E-04 +   3.455E-06 4.33E+00 G            
  
Tl-208   N   2.3347E-05                                                            
                           583.19 2.335E-05  (P 3.472E-08 3.99E-01 G            
                           277.35 2.105E-05 - P 3.976E-07 2.20E+00 G            
                           860.56 2.725E-05 + P 3.797E-07 1.33E+00 G            
                                                            Energy duplication     
                            74.97 2.335E-05 }   2.392E-06 7.45E+00 XA           
                            72.81 4.636E-05 +   3.434E-06 7.26E+00 XA           
 
U-235    N   0.0000E+00                                                            
                           143.76 0.000E+00 %   1.624E-07 1.00E+03 G            
                           163.36 0.000E+00 %   3.347E-07 1.00E+03 G            
                           205.31 0.000E+00 &   3.547E-07 1.00E+03 G            
                            93.35 0.000E+00 %   4.049E-07 1.00E+03 XA           
                            89.96 0.000E+00 %   7.219E-07 1.00E+03 XA           
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Ra-224   N   6.9951E-05                                                            
                           240.99 6.995E-05  (  1.002E-06 1.52E+00 G            
  
Th-228   N   1.2370E-04                                                            
                            84.37 1.237E-04  (  3.398E-06 2.90E+00 G            
                           215.98 8.343E-05 -   8.791E-06 1.48E+01 G            
                           166.41 8.983E-05 -   1.916E-05 2.78E+01 G            
   ( - This peak used in the nuclide activity average. 
 
   * - Peak is too wide, but only one peak in library. 
   ! - Peak is part of a multiplet and this area went 
       negative during deconvolution. 
   ? - Peak is too narrow. 
   @ - Peak is too wide at FW25M, but ok at FWHM. 
   % - Peak fails sensitivity test. 
   $ - Peak identified, but first peak of this nuclide 
       failed one or more qualification tests. 
   + - Peak activity higher than counting uncertainty range. 
   - - Peak activity lower than counting uncertainty range. 
   = - Peak outside analysis energy range. 
   & - Calculated peak centroid is not close enough to the 
       library energy centroid for positive identification. 
   P - Peakbackground subtraction 
   } - Peak is too close to another for the activity 
       to be found directly. 
 
   Nuclide Codes:                      Peak Codes: 
   T - Thermal Neutron Activation      G - Gamma Ray 
   F - Fast Neutron Activation         X - X-Ray 
   I - Fission Product                 P - Positron Decay 
   N - Naturally Occurring Isotope     S - Single-Escape 
   P - Photon Reaction                 D - Double-Escape 
   C - Charged Particle Reaction       K - Key Line 
   M - No MDA Calculation              A - Not in Average 
   R - Coincidence Corrected           C - Coincidence Peak 
   H - Halflife limit exceeded 
  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 This section based on library: AECOM - 2017-06.Lib              
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************ U N I D E N T I F I E D     P E A K    S U M M A R Y ************ 
   Peak Centroid  Background Net Area   Intensity   Uncert   FWHM  Suspected 
 Channel   Energy   Counts     Counts   Cts/Sec   1 Sigma %  keV   Nuclide 
 _____________________________________________________________________________ 
   112.26    24.01     47864.      7639.     0.707    4.21   1.084  -       D 
   114.19    24.43     36741.     28473.     2.636    1.12   1.084  -       D 
   125.30    26.82     59126.     12133.     1.123    2.98   1.084  -       D 
   138.08    29.57     55808.      1760.     0.163   25.23   0.936  -       D 
   156.37    33.50     56700.      1581.     0.146   30.23   1.424  -      sD 
   183.89    39.42     44710.      2875.     0.266   14.52   0.725  -      s  
   350.79    75.34     70290.      2769.     0.256   13.68   1.085  -       D 
   407.81    87.61     64229.      2652.     0.246   13.65   1.085  -       D 
   421.47    90.55     64229.      4230.     0.392    8.61   1.086  -       D 
   600.59   129.10     78254.       500.     0.046   79.24   1.089  -       c 
   613.53   131.89     53045.      1545.     0.143   28.00   0.837  -      sM 
   657.28   141.30     36956.       492.     0.046   65.97   0.608  -      s  
   679.09   146.00     39146.      1458.     0.135   23.65   0.971  -      s  
   865.74   186.17     56724.      8256.     0.764    6.22   1.263  -      s  
   928.42   199.66     45000.      2713.     0.251   15.76   1.212  -         
   958.33   206.10     32292.       594.     0.055   53.99   0.456  -      sM 
  1175.41   252.83     26977.      2241.     0.208   15.40   1.191  -         
  1312.59   282.36     17341.       954.     0.088   26.64   0.662  -      s  
  1495.38   321.71     14632.      1410.     0.131   15.10   1.430  -      s  
  1545.31   332.46     13544.      2176.     0.202    9.32   0.986  -       M 
  1585.61   341.05     18426.      2506.     0.232    7.92   1.147  -       D 
  1743.89   375.22      9112.       240.     0.022   64.80   0.347  -      s  
  1865.76   401.46      9036.       188.     0.017   77.15   0.522  -      sc 
  2057.69   442.78      4276.       128.     0.012   72.63   0.255  -      sc 
  2103.96   452.75      9819.      2267.     0.210    9.17   1.183  -      s  
  2341.76   503.96      8801.       787.     0.073   22.20   1.441  -         
  2372.87   510.66     16491.     36864.     3.413    1.21   1.389  -      s  
  2460.76   529.59      5341.       111.     0.010   98.29   0.398  -      sc 
  2908.91   626.11      4268.       246.     0.023   46.51   0.407  -      s  
  3105.64   668.44      7438.       169.     0.016   72.38   1.357  -      sc 
  3260.93   701.94      8579.       571.     0.053   31.70   0.430  -      s  
  3285.41   707.21      7833.       530.     0.049   29.72   1.036  -      s  
  3353.61   721.90      7740.       623.     0.058   31.83   0.706  -      sM 
  3404.55   732.88      4888.       174.     0.016   70.01   0.422  -      sM 
  3546.03   763.36      5583.      1837.     0.170    7.96   1.472  -       M 
  3610.69   777.29      4387.       137.     0.013   82.83   0.226  -       c 
  3743.67   805.94      4673.       450.     0.042   31.24   0.775  -      s  
  4149.57   893.40      3185.      1299.     0.120   10.41   1.624  -         
  4399.16   947.18      1935.       159.     0.015   65.36   0.665  -      s  
  4423.80   952.50      2948.       245.     0.023   52.45   0.441  -      sD 
  4479.27   964.45      5230.       404.     0.037   25.80   1.674  -       D 
  4589.96   988.30      2643.       513.     0.047   21.02   1.527  -         
  5009.89  1078.82      2282.      1321.     0.122    8.54   1.774  -         
  5081.71  1094.30      2509.      1963.     0.182    7.34   1.920  -      s  
  5263.96  1133.58      1641.       252.     0.023   33.80   0.454  -      s  
  5651.31  1217.09      1555.       189.     0.017   39.20   0.379  -      s  
  5790.19  1247.03      2405.      1971.     0.182    8.65   2.488  -      s  
  6070.77  1307.53      1253.       140.     0.013   48.17   0.408  -      s  
  7395.92  1593.18      3368.      3800.     0.352    2.70   2.748  -       D 
  7656.77  1649.62      1104.       444.     0.041   21.26   0.384  -      sM 
  7712.30  1661.60      1329.       212.     0.020   45.02   0.405  -      s  
  7824.37  1685.78      1230.       596.     0.055   16.97   0.578  -      s  
  7900.53  1702.27      1319.       312.     0.029   17.42   2.989  -       D 
  7934.01  1709.50       855.       265.     0.025   16.78   3.005  -       D 
 
   s - Peak fails shape tests. 



      ORTEC g v - i (1215) Env32  G53W4.22  15-JUN-2017 10:17:20 
 RSSI                            Spectrum name: G170132.An1                       
                                                                                  
 Sample description                                              
      G170132 AECOM, 465-CET, 680.2 g                                  
 
 Spectrum Filename: H:\GammaVision\User\Spectra\G170132.An1 

- 6 - 

   D - Peak area deconvoluted. 
   L - Peak written from unknown list. 
   C - Area < Critical level. 
   M - Peak is close to a library peak. 
 
------------------------------------------------------------ 
 This section based on library: AECOM - 2017-06.Lib              
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 Acquisition information 
        Start time:                 14-Jun-2017 17:37:16   
        Live time:              10800 
        Real time:              11117 
        Dead time:                  2.85 % 
        Detector ID:                    3 
 
 Detector system                                                 
      CLTCOMP MCB 9                                                    
                                                                       
 
 Calibration 
        Filename:                   G170132.Spc 
      2016-08-17 30% GEM-30185-P Calibration                           
                                                                       
 
        Energy Calibration                                       
             Created:               15-Jun-2017 09:25:07 
             Zero offset:          -0.146 keV 
             Gain:                  0.215 keV/channel 
             Quadratic:             3.721E-08 keV/channel^2 
 
        Efficiency Calibration 
             Created:               17-Aug-2016 11:26:50 
             Type:                  Polynomial 
             Uncertainty:           0.520 % 
             Coefficients:         -0.457794  -4.470239   0.642789 
                                   -0.080870   0.003615  -0.000068 
 
 Library Files 
        Main analysis library:      AECOM - 2017-06.Lib 
        Library Match Width:        0.500 
        Peak stripping:             Library based 
 
 Analysis parameters 
        Analysis engine:            Env32   G53W4.22 
        Start channel:             20 (     4.16keV ) 
        Stop channel:            8144 (  1754.75keV ) 
        Peak rejection level:     100.000% 
        Peak search sensitivity:    3 
        Sample Size:                6.8020E+02 
        Activity scaling factor:    1.0000E+00/(  1.0000E+00*  6.8020E+02) =  
                                    1.4702E-03 
        Detection limit method:     Traditional ORTEC method                                         
        Random error:               1.0000000E+00 
        Systematic error:           1.0000000E+00 
        Fraction Limit:             0.000% 
        Background width:           best method (based on spectrum).                                 
        Half lives decay limit:    12.000 
        Activity range factor:      2.000 
        Min. step backg. energy     0.000 
        Multiplet shift channel     2.000 
 
 Corrections                          Status          Comments 
        Decay correct to date:         NO    
        Decay during acquisition:      NO    
        Decay during collection:       NO    
        True coincidence correction:   NO    
        Peaked background correction:  YES       2017-02-06 GEM-30185-P Backgroun 
                                                 06-Feb-2017 11:25:12 
        Absorption (Internal):         NO    
        Geometry correction:           NO    
        Random summing:                NO    
 
 total peaks alloc.     87  cutoff   20.00000     % 
        Energy Calibration                                       
             Normalized diff:       0.1198 



Thursday, June 15, 2017 

Steve Kornder 
AECOM 
303 E. Wacker Dr. 
Suite 1400 
Chicago, IL 60601 

RE: 465-CET-1 

Dear Dr. Kornder: 

A summary of gamma spectroscopy results for our sample number 
G170133 is in Table 1.  AECOM identified the sample as 465-CET-
1. The table below lists the concentrations of selected
radionuclides.  Values with a less-than symbol (“<”) indicate a 
concentration below RSSI’s minimum detectable concentration 
(MDC).  Additional identified radionuclides are in the complete 
gamma spectroscopy report.   

Table 1.  High-resolution Gamma Spectroscopy Results [pCi/g] 
Sample 
G170133 Radionuclide 

465-CET-1 
Pb-214 1.64
Bi-214 1.80
Ra-2261 1.73
Ac-228 15.92
Ra-2282 15.92
Th-2323 15.92
Tl-208 5.35
 K-40 6.02
Pb-212 15.63
Bi-212 18.99
Th-234 4.16
Pa-234m 6.90
U-2384 5.53

1 The concentration of Ra-226 is based on the average concentration of Pb-214 
and Bi-214. 
2 The concentration of Ra-228 is based on the surrogate Ac-228. 
3 The concentration of Th-232 is based on the surrogate Ac-228. 
4 The concentration of U-238 is based on the average concentrations of Th-234 
and Pa-234m. 
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Some radionuclides of interest, thorium-232 (Th-232), radium-226 
(Ra-226), radium-228 (Ra-228), and uranium-238 (U-238), are 
difficult to identify and quantify directly at low 
concentrations with reasonable counting intervals.  The 
concentrations of surrogates with more abundant high energy 
photons usually represent the concentration of Th-232, Ra-226, 
Ra-228, and U-238.  The successful use of surrogates depends 
upon the radionuclides in each series being in equilibrium. 
 
Radium-226 (Ra-226), in the uranium series, has only one 
significant photon at 186.21 keV with a gamma fraction slightly 
greater than 0.03.  Analysis for Ra-226 using this energy is 
difficult because of the possible presence of uranium-235 (U-
235), which has an interfering 185.72 keV photon with a 0.57 
gamma fraction, and protactinium-234 (Pa-234) which emits an 
interfering 186.15 keV photon with a 0.02 gamma fraction.  The 
gamma fraction is the fraction of decays that produce a photon 
of a given energy.  Bismuth-214 (Bi-214) and lead-214 (Pb-214) 
are used as surrogates for Ra-226. 
 
The equilibrium between Ra-226 and its decay products, including 
Pb-214 and Bi-214, may be disturbed if radon-222 (Rn-222) is 
released when samples are collected.  Rn-222, a gaseous Ra-226 
decay product, has a half-life of 3.8 days.  Pb-214 and Bi-214 
reestablish equilibrium with Ra-226 in a sample after an in-
growth period, typically seven Rn-222 half-lives.  As a standard 
protocol, samples are normally held for 30-days to reestablish 
equilibrium.  These samples were analyzed as received and were 
not held for in-growth.  The average of the activities of Pb-214 
and Bi-214 is shown as the activity of Ra-226. 
 
Both Th-232 and Ra-228, in the thorium series, emit photons with 
very low gamma fractions at very low energies.  In the thorium 
series, actinium-228 (Ac-228) is usually in equilibrium with 
both Th-232 and Ra-228 when collected.  Bi-212 has a branching 
fraction of approximately 0.36 for decays to thallium-208 (Tl-
208).  Therefore, the activity of Tl-208 is approximately 36% 
the activity of other radionuclides in the thorium series.  The 
branching fraction is the fraction of decays that proceed 
through a given decay path. 
 
U-238, in the uranium series, emits photons with very low gamma 
fractions at low energies.  Thorium-234 (Th-234) and 
protactinium-234m (Pa-234m), both with photons at higher 
energies and with larger gamma fractions, are usually in 
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equilibrium with U-238.  The average of the activities of Th-234 
and Pa-234m is shown as the activity of U-238. 
 
These samples were run as-received and these results have not 
been corrected for moisture content. 
 
The complete spectroscopy analysis results are attached.  Please 
call me at 847-965-1999 if you have any questions. 
 
Sincerely, 

 
Aaron Morris 
 
attachment
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*****   S U M M A R Y   O F   N U C L I D E S   I N   S A M P L E   ***** 
          Time of Count   Uncertainty  1 Sigma 
 Nuclide    Activity        Counting     Total                
                uCi/g                                                                  
 _____________________________________________________________________________ 
 AC-228       1.5920E-05    1.450E+00%    3.080E+00% 
 PB-214       1.6443E-06    5.184E+00%    7.250E+00% 
 BI-214       1.8094E-06    4.121E+00%    5.356E+00% 
 K-40         6.0213E-06    5.453E+00%    6.556E+00% 
 Th-234  C    4.1582E-06    4.637E+01%    4.648E+01% 
 Pa-234m#     6.8974E-06    3.451E+01%    3.460E+01% 
 Pb-212       1.5626E-05    5.547E-01%    6.443E+00% 
 Bi-212       1.8987E-05    3.666E+00%    4.831E+00% 
 Tl-208       5.3504E-06    1.146E+00%    3.678E+00% 
 U-235   <    1.1955E-07 
 Ra-224       1.4045E-05    5.942E+00%    8.735E+00% 
 Th-228  <    2.6917E-06 
 
   # - All peaks for activity calculation had bad shape. 
   * - Activity omitted from total 
   & - Activity omitted from total and all peaks had bad shape. 
   < - MDA value printed. 
   A - Activity printed, but activity < MDA. 
   B - Activity < MDA and failed test. 
   C - Area < Critical level. 
   F - Failed fraction or key line test. 
   H - Halflife limit exceeded 
 -----------------------------   S U M M A R Y   ---------------------------- 
 Total Activity ( 1495.8 to  1754.0 keV)     9.046E-05  uCi/g          
 This section based on library: AECOM - 2017-06.Lib              
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*****   S U M M A R Y   O F   L I B R A R Y   P E A K   U S A G E   ***** 
- Nuclide -  Average     ------------- Peak -------------- 
Name   Code  Activity     Energy   Activity Code MDA Value 
             uCi/g         keV     uCi/g         uCi/g          COMMENTS 
 _____________________________________________________________________________ 
  
AC-228   N   1.5920E-05                                                            
                           911.20 1.600E-05  (P 7.123E-08 1.44E+00 G            
                           968.97 1.588E-05  (P 1.138E-07 1.90E+00 G            
                           338.32 1.331E-05 - P 2.695E-07 1.89E+00 G            
                           964.77 1.450E-05 - P 6.965E-07 4.93E+00 G            
                           463.00 1.361E-05 - P 5.943E-07 5.06E+00 G            
                            93.35 1.761E-05 +   9.341E-07 4.86E+00 XA           
                                                            Energy duplication     
                            89.96 1.592E-05 }   1.598E-06 7.60E+00 XA           
                          1638.28 3.371E-05 +   5.235E-06 2.03E+01 GA           
                          1630.63 2.408E-05 +   2.162E-06 9.61E+00 G            
                          1588.19 1.810E-05 + P 1.280E-06 7.82E+00 G            
                          1580.53 2.749E-05 +   3.899E-06 1.53E+01 GA           
                          1557.10 2.816E-05 +   8.621E-06 3.54E+01 GA           
                          1501.57 2.269E-05 +   4.124E-06 1.94E+01 GA           
                          1495.93 2.885E-05 +   3.406E-06 1.54E+01 GA           
                          1459.14 2.156E-05 +   5.268E-06 2.30E+01 GA           
                          1110.61 4.288E-05 +   6.219E-06 1.79E+01 GA           
                          1065.19 0.000E+00     5.301E-07 0.00E+00 GA           
                           904.19 1.243E-05 -   2.447E-06 2.62E+01 GA           
                           840.38 1.905E-05 +   2.371E-06 1.71E+01 GA           
                           835.71 1.717E-05 +   1.451E-06 9.69E+00 GA           
                           830.49 2.108E-05 +   3.367E-06 2.03E+01 GA           
                           794.95 1.467E-05 - P 7.261E-07 4.81E+00 G            
                           782.14 1.579E-05     3.880E-06 2.28E+01 GA           
                           772.29 1.767E-05 +   1.649E-06 1.22E+01 G            
                           755.32 1.822E-05 +   2.462E-06 1.67E+01 G            
                           562.50 1.596E-05     2.294E-06 2.37E+01 GA           
                           478.40 3.551E-05 +   8.208E-06 3.11E+01 GA           
                           409.46 1.511E-05 @(P 8.032E-07 7.54E+00 G            
                           328.00 1.381E-05 - P 7.161E-07 6.16E+00 G            
                           270.25 1.325E-05 - P 5.703E-07 4.81E+00 G            
                           209.25 1.380E-05 - P 5.606E-07 5.26E+00 G            
                           153.98 1.662E-05     2.371E-06 1.87E+01 GA           
                           129.06 1.123E-05 - P 8.354E-07 9.19E+00 GA           
                           108.58 3.042E-05 +   6.634E-06 2.71E+01 XA           
                           105.60 3.340E-05 + P 3.274E-06 1.34E+01 XA           
                            99.51 1.207E-05 -   1.773E-06 1.41E+01 GA           
 
PB-214   N   1.6443E-06                                                            
                           351.93 1.630E-06  (P 4.630E-08 5.09E+00 G            
                           295.22 2.014E-06 + P 1.001E-07 6.18E+00 G            
                           242.00 1.715E-06  (P 2.642E-07 1.56E+01 G            
                           258.87 2.981E-06 +   2.099E-06 7.69E+01 G            
                           785.96 0.000E+00     4.908E-08 0.00E+00 G            
                                                            Energy duplication     
                            77.11 1.644E-06 } P 7.706E-07 6.19E+00 XA           
                                                            Energy duplication     
                            74.82 1.644E-06 }   1.057E-06 6.16E+00 XA           
                                                            Energy duplication     
                            89.78 0.000E+00     3.908E-08 0.00E+00 XA           
  
BI-214   N   1.8094E-06                                                            
                           609.31 1.809E-06  (P 3.909E-08 4.03E+00 G            
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                          1120.29 2.200E-06 + P 1.818E-07 8.67E+00 G            
                          1764.49 0.000E+00 =   0.000E+00 0.00E+00 G            
                           768.36 2.257E-06 + P 4.083E-07 2.17E+01 G            
                          1238.11 3.044E-06 + P 4.223E-07 1.85E+01 G            
                           934.06 4.295E-06 + P 6.066E-07 1.81E+01 G            
                          1377.67 3.051E-06 + P 5.731E-07 2.46E+01 G            
                          1729.60 5.245E-06 + P 9.441E-07 2.41E+01 G            
                          1509.23 3.153E-06 + P 8.227E-07 2.84E+01 G            
                          1407.98 3.623E-06 + P 9.662E-07 3.63E+01 G            
                          1401.50 6.305E-06 +   1.421E-06 2.58E+01 GA           
                          1280.96 5.417E-06 +   1.241E-06 2.98E+01 GA           
                           665.45 0.000E+00     3.077E-08 0.00E+00 GA           
                                                            Energy duplication     
                            89.81 0.000E+00     1.179E-07 0.00E+00 XA           
                            89.26 4.107E-05 +   3.027E-05 7.30E+01 XA           
  
K-40     N   6.0213E-06                                                            
                          1460.82 6.021E-06  (P 2.662E-07 4.28E+00 G            
  
Th-234   N   4.1582E-06                                                            
                            92.38 0.000E+00 } P 1.044E-06 7.12E+03 G            
                            92.80 1.705E-06 } P 1.063E-06 5.20E+01 G            
                            63.29 4.158E-06 ?(P 1.490E-06 4.42E+01 G            
  
Pa-234m  N   6.8974E-06                                                            
                          1001.03 6.897E-06 ?(P 1.473E-06 3.19E+01 G            
                            98.43 0.000E+00 % P 9.377E-06 2.08E+02 XA           
  
Pb-212   N   1.5626E-05                                                            
                           238.63 1.565E-05  (P 3.279E-08 5.54E-01 G            
                           300.09 1.533E-05  (  3.852E-07 4.08E+00 G            
                           115.18 1.585E-05  (  2.969E-06 2.50E+01 G            
                                                            Energy duplication     
                            77.11 1.535E-05 } P 2.312E-07 1.82E+00 XA           
                                                            Energy duplication     
                            74.82 1.563E-05 } P 5.756E-07 3.02E+00 XA           
                            87.35 1.700E-05 +   9.233E-07 5.02E+00 XA           
                            86.83 1.660E-05 +   1.800E-06 1.04E+01 XA           
                                                            Energy duplication     
                            89.78 1.563E-05 }   2.174E-06 1.02E+01 XA           
  
Bi-212   N   1.8987E-05                                                            
                           727.33 1.899E-05  (P 3.263E-07 3.66E+00 G            
                           785.37 1.739E-05 -   1.984E-06 9.98E+00 G            
                           288.20 1.344E-05 &   4.014E-06 4.70E+01 G            
                          1620.50 2.766E-05 +   2.408E-06 1.04E+01 G            
  
Tl-208   N   5.3504E-06                                                            
                           583.19 5.367E-06  (P 2.319E-08 1.14E+00 G            
                           277.35 5.127E-06 @(P 2.335E-07 6.21E+00 G            
                           860.56 6.780E-06 + P 2.914E-07 4.53E+00 G            
                                                            Energy duplication     
                            74.97 5.350E-06 }   1.706E-06 2.20E+01 XA           
                            72.81 1.352E-05 +   2.478E-06 1.78E+01 XA           
  
U-235    N   0.0000E+00                                                            
                           143.76 0.000E+00 %   1.195E-07 1.00E+03 G            
                           163.36 0.000E+00 %   3.015E-07 1.00E+03 G            
                           205.31 0.000E+00 %   3.600E-07 1.00E+03 G            
                            93.35 0.000E+00 %   2.927E-07 1.00E+03 XA           
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                            89.96 0.000E+00 %   4.947E-07 1.00E+03 XA           
  
Ra-224   N   1.4045E-05                                                            
                           240.99 1.405E-05  (  7.989E-07 5.94E+00 G            
  
Th-228   N   0.0000E+00                                                            
                            84.37 0.000E+00 %   2.692E-06 1.00E+03 G            
                           215.98 0.000E+00 %   6.091E-06 1.00E+03 G            
                           166.41 0.000E+00 %   1.089E-05 1.00E+03 G            
   ( - This peak used in the nuclide activity average. 
 
   * - Peak is too wide, but only one peak in library. 
   ! - Peak is part of a multiplet and this area went 
       negative during deconvolution. 
   ? - Peak is too narrow. 
   @ - Peak is too wide at FW25M, but ok at FWHM. 
   % - Peak fails sensitivity test. 
   $ - Peak identified, but first peak of this nuclide 
       failed one or more qualification tests. 
   + - Peak activity higher than counting uncertainty range. 
   - - Peak activity lower than counting uncertainty range. 
   = - Peak outside analysis energy range. 
   & - Calculated peak centroid is not close enough to the 
       library energy centroid for positive identification. 
   P - Peakbackground subtraction 
   } - Peak is too close to another for the activity 
       to be found directly. 
 
   Nuclide Codes:                      Peak Codes: 
   T - Thermal Neutron Activation      G - Gamma Ray 
   F - Fast Neutron Activation         X - X-Ray 
   I - Fission Product                 P - Positron Decay 
   N - Naturally Occurring Isotope     S - Single-Escape 
   P - Photon Reaction                 D - Double-Escape 
   C - Charged Particle Reaction       K - Key Line 
   M - No MDA Calculation              A - Not in Average 
   R - Coincidence Corrected           C - Coincidence Peak 
   H - Halflife limit exceeded 
  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 This section based on library: AECOM - 2017-06.Lib              
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************ U N I D E N T I F I E D     P E A K    S U M M A R Y ************ 
   Peak Centroid  Background Net Area   Intensity   Uncert   FWHM  Suspected 
 Channel   Energy   Counts     Counts   Cts/Sec   1 Sigma %  keV   Nuclide 
 _____________________________________________________________________________ 
   114.86    24.46      8001.      7350.     2.042    2.83   1.170  -      s  
   138.12    29.47      8150.       857.     0.238   19.54   1.160  -         
   184.35    39.42      4965.      1144.     0.318   12.67   1.119  -      s  
   353.03    75.72      7447.       210.     0.058   58.56   1.027  -       D 
   393.54    84.36      4775.      1126.     0.313    9.18   1.035  -       D 
   421.00    90.35      6578.       201.     0.056   57.56   1.040  -       D 
   689.22   148.01      3513.       160.     0.044   53.06   1.087  -       D 
   865.98   186.13      4185.       814.     0.226   15.28   1.226  -         
   992.55   213.37      2764.       156.     0.043   54.03   0.478  -      sM 
  1098.63   236.02      2456.       227.     0.063   31.52   1.157  -       D 
  1811.80   389.73       776.        70.     0.020   67.55   0.416  -      s  
  2106.93   453.27      1112.       344.     0.096   22.34   1.072  -      s  
  2373.87   510.75      1812.      3707.     1.030    3.15   1.328  -      s  
  2402.01   516.81       394.       126.     0.035   31.83   0.656  -      s  
  2783.00   598.85       656.        76.     0.021   58.13   0.269  -      s  
  2863.99   616.29       477.        57.     0.016   64.83   0.211  -      sM 
  4451.93   958.31       238.       144.     0.040   31.43   0.512  -      sM 
  4887.66  1052.19       226.        70.     0.019   49.59   0.326  -      sM 
  5123.80  1103.06        71.        58.     0.016   31.22   0.522  -      s  
  5788.06  1246.20       140.        27.     0.007   82.29   0.189  -      sc 
  6070.54  1307.07        22.        17.     0.005   47.84   0.547  -      s  
 
   s - Peak fails shape tests. 
   D - Peak area deconvoluted. 
   L - Peak written from unknown list. 
   C - Area < Critical level. 
   M - Peak is close to a library peak. 
 
 ------------------------------------------------------------ 
 This section based on library: AECOM - 2017-06.Lib              
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 Acquisition information 
        Start time:                 15-Jun-2017 15:55:21   
        Live time:               3600 
        Real time:               3635 
        Dead time:                  0.95 % 
        Detector ID:                    3 
 
 Detector system                                                 
      CLTCOMP MCB 9                                                    
                                                                       
 
 Calibration 
        Filename:                   G170133.An1 
      2016-08-17 30% GEM-30185-P Calibration                           
                                                                       
 
        Energy Calibration                                       
             Created:               15-Jun-2017 15:53:38 
             Zero offset:          -0.255 keV 
             Gain:                  0.215 keV/channel 
             Quadratic:             2.512E-08 keV/channel^2 
 
        Efficiency Calibration 
             Created:               17-Aug-2016 11:26:50 
             Type:                  Polynomial 
             Uncertainty:           0.520 % 
             Coefficients:         -0.457794  -4.470239   0.642789 
                                   -0.080870   0.003615  -0.000068 
 
 Library Files 
        Main analysis library:      AECOM - 2017-06.Lib 
        Library Match Width:        0.500 
        Peak stripping:             Library based 
 
 Analysis parameters 
        Analysis engine:            Env32   G53W4.22 
        Start channel:             20 (     4.05keV ) 
        Stop channel:            8144 (  1754.03keV ) 
        Peak rejection level:     100.000% 
        Peak search sensitivity:    3 
        Sample Size:                8.9410E+02 
        Activity scaling factor:    1.0000E+00/(  1.0000E+00*  8.9410E+02) =  
                                    1.1184E-03 
        Detection limit method:     Traditional ORTEC method                                         
        Random error:               1.0000000E+00 
        Systematic error:           1.0000000E+00 
        Fraction Limit:             0.000% 
        Background width:           best method (based on spectrum).                                 
        Half lives decay limit:    12.000 
        Activity range factor:      2.000 
        Min. step backg. energy     0.000 
        Multiplet shift channel     2.000 
 
 Corrections                          Status          Comments 
        Decay correct to date:         NO    
        Decay during acquisition:      NO    
        Decay during collection:       NO    
        True coincidence correction:   NO    
        Peaked background correction:  YES       2017-02-06 GEM-30185-P Backgroun 
                                                 06-Feb-2017 11:25:12 
        Absorption (Internal):         NO    
        Geometry correction:           NO    
        Random summing:                NO    
 
 total peaks alloc.     79  cutoff   20.00000     % 
        Energy Calibration                                       
             Normalized diff:       0.1196 
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Gamma Spectroscopy

Case Narrative 

Tetra Tech, Inc. 
Lindsay Light – 465 N. Park 

Work Order Number:  1706376 
 
1. This report consists of analytical results and supporting documentation for two soil samples 

received by ALS on 06/16/2017.   
 
2. These samples were prepared according to the current revision of SOP739.  
 
3. The samples were analyzed for the presence of gamma emitting radionuclides according to the 

current revision of SOP713.  The analyses were completed on 06/19/2017. 
 
4. The analysis results for these samples are reported on a “Dry Weight” basis in units of pCi/gram.   
 
5. Sample volume was insufficient to allow preparation of a duplicate.  A duplicate analysis of 

sample 1706376-1 was performed in lieu of a prepared duplicate.  
 

6. Activity concentrations above the calculated MDC are reported in some instances where 
minimum nuclide identification criteria are not met.  Such tentative identifications result when the 
software attempts to calculate net activity concentrations for analytes where either one or both of 
the following criteria are not satisfied: the ‘diagnostic’ peak for a nuclide must be identified above 
the critical level, or the minimum library peak abundance must be attained.  Nuclides not meeting 
these requirements have been flagged with a “TI” qualifier.    

 
7. In cases where there are no peaks found in the peak search routine, the software performs a net 

quantification.  This indicates that nuclides are not detected or supported at any level above the 
reported MDC.  Consequently, these nuclides are flagged with an “NQ” qualifier on the final 
reports.  Please refer to the Technical Bulletin Addendum in section 5 of this report.   

 
8. There are cases where the sample density is less than the associated calibration standard 

density.  Cases that exceed the limit of +/- 15% of the density of the calibration standard are 
flagged with a ‘G’, denoting a significant density difference between the sample and calibration 
standard.  Consequently, the results may be biased high for the flagged results in this work order.  
If requested, ALS can perform a transmission spike in order to estimate a magnitude of this bias.  
The results are reported without further qualification.  
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9. The volume of all samples was not within 0.5 cm of the associated calibration volume as 
required per the current revision of SOP 739.  Therefore, any reported results for these 
samples are flagged with a “J” qualifier, indicating the activity values to be an estimated 
value.  Results are reported without further qualification. 
 

10. Technical considerations made in the creation of the gamma spectroscopy library used in this 
analysis are detailed in the document “Technical Comments Regarding Gamma Spectroscopy 
Libraries” found in Section 5. 

 
11. There are cases where the magnitude of negative activity is greater than the 3  TPU.  ALS is 

currently investigating the possible cause and frequency of this occurrence.  Review of the data 
does not indicate a problem with the instrument or reporting systems and results are reported 
without further qualification. 

 
12. ALS uses the following convention for reporting significant digits in the TPU and MDC 

results.  The TPU value is rounded to two significant digits. The MDC value is rounded to the 
same decimal place as the TPU value.  In practice, this could result in an MDC reported value of 
zero for samples with significant activity, including the batch laboratory control sample.   

 
13. No further problems were encountered with either the client samples or the associated quality 

control samples.  All remaining quality control criteria were met. 
 
 
The data contained in the following report have been reviewed and approved by the personnel listed 
below.  In addition, ALS certifies that the analyses reported herein are true, complete and correct within 
the limits of the methods employed. 
 
 
_______________________________   __6/20/17____    
Pik Yee Yuen       Date 
Radiochemistry Primary Data Reviewer 
  

 
_______________________________   ____________ 
Radiochemistry Final Data Reviewer    Date 
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OrderNum: 1706376
Client Name: Tetra Tech, Inc.

Client Project Name: Lindsay Light - 465 N. Park
Client Project Number:

Client PO Number:

Lab Sample
Number

Client Sample
Number

Matrix Date
Collected

Time
Collected

COC Number

Sample Number(s) Cross-Reference Table

ALS -- Fort Collins

1706376-1LL-170615-AFV SOIL 15-Jun-17

1706376-2LL-170615-BW SOIL 15-Jun-17

Page 1 of 1 Tuesday, June 20, 2017Date Printed:
LIMS Version: 6.843

ALS -- Fort Collins
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Due to the nature of gamma spectroscopy data, a summary report is 
not provided. 

 
 

Please refer to the individual sample results in Section 4. 
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Gamma Spectroscopy Results

PAI 713 Rev 14Method Blank Results

Prep SOP: PAI 739 Rev 12

NATURAL.LIB

Final Aliquot: 500 g

Library:

Count Time: 1000 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Lab ID: GS170616-1MB

Date Analyzed: 19-Jun-17

Date Collected: 16-Jun-17

Sample Matrix: SOIL

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1 Result Units: pCi/g
File Name: 170688d01

Target Nuclide Lab
Qualifier

Result +/- s TPU2 MDC

PAI 713 Rev 14

CASNO Requested
MDC

ALS -- Fort Collins

DL

Ac-22814331-83-0 NQ0.0390.042 +/- 0.025 1 NA

Bi-21214913-49-6 U0.1480.009 +/- 0.087 1 NA

Bi-21414733-03-0 U0.0220.016 +/- 0.013 1 NA

K-4013966-00-2 U0.42-0.40 +/- 0.25 2 NA

Pa-234m15100-28-4 U1.70-0.05 +/- 0.99 35 NA

Pb-21215092-94-1 U0.029-0.001 +/- 0.018 1 NA

Pb-21415067-28-4 U0.043-0.006 +/- 0.026 1 NA

Ra-22815262-20-1 NQ0.0390.042 +/- 0.025 1 NA

Th-22814274-82-9 NQ0.0390.042 +/- 0.025 1 NA

Th-23415065-10-8 NQ0.1400.194 +/- 0.092 2 NA

Tl-20814913-50-9 NQ0.00970.0099 +/- 0.0062 1 NA

Data Package ID: GSS1706376-1

Page 1 of 2Tuesday, June 20, 2017Date Printed:
LIMS Version: 6.843

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative.

Comments:

U - Result is less than the sample specific MDC or less than the associated TP
U

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives.

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results

PAI 713 Rev 14Method Blank Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 500 g

Library:

Count Time: 1000 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Lab ID: GS170616-1MB

Date Analyzed: 19-Jun-17

Date Collected: 16-Jun-17

Sample Matrix: SOIL

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1 Result Units: pCi/g
File Name: 170688d01A

Target Nuclide Lab
Qualifier

Result +/- s TPU2 MDC

PAI 713 Rev 14

CASNO Requested
MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 U,J0.0200.009 +/- 0.012 1 NA

Data Package ID: GSS1706376-1

Page 2 of 2Tuesday, June 20, 2017Date Printed:
LIMS Version: 6.843

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative.

Comments:

U - Result is less than the sample specific MDC or less than the associated TP
U

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives.

M - Requested MDC not met.

B3 - Analyte concentration greater than MDC but less than Requested MDC.

B - Analyte concentration greater than MDC.

BDL - Below Detection Limit

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Laboratory Control Sample(s)

Prep SOP: PAI 739 Rev 12

ANALYTICAL.LI

Final Aliquot: 500 g

Library:
Count Time: 30 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Lab ID: GS170616-1LCS

Date Analyzed: 18-Jun-17

Date Collected: 16-Jun-17

Sample Matrix: SOIL

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1 Result Units: pCi/g
File Name: 170682d01

ALS -- Fort Collins

Target
Nuclide

Lab
Qualifier

Spike Added Contro
l LimitsResults +/- s TPU2

MDC % RecCASNO

Am-241 212 26 8 P201.7 105 85 - 115+/-14596-10-2

Co-60 95 11 0 P90.78 104 85 - 115+/-10198-40-0

Cs-137 83.1 9.8 0.6 P78.26 106 85 - 115+/-10045-97-3

Data Package ID: GSS1706376-1

Page 1 of 1Tuesday, June 20, 2017Date Printed:

LIMS Version: 6.843

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Minimum Detectable ConcentrationLT - Result is less than Requested MDC, greater than sample specific MDC.

U - Result is less than the sample specific MDC or less than the associated TP
U

Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS Recovery within control limits.
TI - Nuclide identification is tentative.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives.M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported
activity is greater than the reported MDC.

ALS -- Fort Collins
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Gamma Spectroscopy Results
PAI 713 Rev 14

Duplicate Sample Results (DER)

Prep SOP: PAI 739 Rev 12

NATURAL.LIB

Final Aliquot: 418 g

Library: Count Time: 1000 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Field ID: LL-170615-AFV

Lab ID: 1706376-1DUP

Date Analyzed: 19-Jun-17

Date Collected: 15-Jun-17

Sample Matrix: SOIL

Report Basis: Dry Weight

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1

Result Units: pCi/g

File Name: 170260d02

Prep Basis: As Received
Moisture(%): 11.207

ALS -- Fort Collins

Analyte DER
Lim

CASNO Sample Duplicate
Result +/- s TPU2 Result +/- s TPU2MDC Flags FlagsMDC

DER

Ac-228 0.0227 2.1314331-83-0 LT,G,J0.537 +/- 0.0780.534 +/- 0.083 0.113 LT,G,J 0.097

Bi-212 0.175 2.1314913-49-6 LT,G0.54 +/- 0.130.51 +/- 0.18 0.25 LT,G,J 0.17

Bi-214 0.648 2.1314733-03-0 LT,G,J0.36 +/- 0.120.456 +/- 0.069 0.066 LT,G,J 0.20

K-40 0.199 2.1313966-00-2 G8.0 +/- 1.07.8 +/- 1.0 0.6 G,J 0.4

Pa-234m 0.375 2.1315100-28-4 U,G,J0.6 +/- 1.5-0.2 +/- 1.7 3.0 U,G,J 2.4

Pb-212 0.252 2.1315092-94-1 LT,G,J0.568 +/- 0.0740.595 +/- 0.077 0.046 LT,G,J 0.048

Pb-214 0.0724 2.1315067-28-4 LT,G,J0.445 +/- 0.0620.452 +/- 0.061 0.053 LT,G,J 0.051

Ra-228 0.0227 2.1315262-20-1 LT,G,J0.537 +/- 0.0780.534 +/- 0.083 0.113 LT,G,J 0.097

Th-228 0.0227 2.1314274-82-9 LT,G,J0.537 +/- 0.0780.534 +/- 0.083 0.113 LT,G,J 0.097

Th-234 0.303 2.1315065-10-8 LT,G,TI,J0.67 +/- 0.400.50 +/- 0.42 0.67 U,G,J 0.64

Tl-208 0.733 2.1314913-50-9 LT,G,J0.159 +/- 0.0260.188 +/- 0.030 0.030 LT,G,J 0.029

Data Package ID: GSS1706376-1

Page 1 of 2Tuesday, June 20, 2017Date Printed:

LIMS Version: 6.843

Comments:

Duplicate Qualifiers/Flags: Abbreviations:

TPU - Total Propagated Uncertainty

DER - Duplicate Error Ratio

TI - Nuclide identification is tentative.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives.

BDL - Below Detection Limit

NR - Not Reported

M - Requested MDC not met.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

U - Result is less than the sample specific MDC.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Request MDC, greater than sample specific MDC

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

D - DER is greater than Control Limit of 2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14

Duplicate Sample Results (DER)

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 418 g

Library: Count Time: 1000 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Field ID: LL-170615-AFV

Lab ID: 1706376-1DUP

Date Analyzed: 19-Jun-17

Date Collected: 15-Jun-17

Sample Matrix: SOIL

Report Basis: Dry Weight

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1

Result Units: pCi/g

File Name: 170260d02A

Prep Basis: As Received
Moisture(%): 11.207

ALS -- Fort Collins

Analyte DER
Lim

CASNO Sample Duplicate
Result +/- s TPU2 Result +/- s TPU2MDC Flags FlagsMDC

DER

Ra-226 0.153 2.1313982-63-3 LT,G,J0.439 +/- 0.0610.452 +/- 0.060 0.053 LT,G,J 0.051

Data Package ID: GSS1706376-1

Page 2 of 2Tuesday, June 20, 2017Date Printed:

LIMS Version: 6.843

Comments:

Duplicate Qualifiers/Flags: Abbreviations:

TPU - Total Propagated Uncertainty

DER - Duplicate Error Ratio

TI - Nuclide identification is tentative.

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives.

BDL - Below Detection Limit

NR - Not Reported

M - Requested MDC not met.

L - LCS Recovery below lower control limit.

H - LCS Recovery above upper control limit.

P - LCS, Matrix Spike Recovery within control limits.

N - Matrix Spike Recovery outside control limits

U - Result is less than the sample specific MDC.

Y2 - Chemical Yield outside default limits.

LT - Result is less than Request MDC, greater than sample specific MDC

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

D - DER is greater than Control Limit of 2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

NATURAL.LIB

Final Aliquot: 418 g

Library: Count Time: 1000 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Field ID: LL-170615-AFV

Lab ID: 1706376-1

Date Analyzed: 18-Jun-17

Date Collected: 15-Jun-17

Sample Matrix: SOIL

Report Basis: Dry Weight

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1

Result Units: pCi/g
File Name: 170683d01

Target Nuclide Lab
Qualifier

Result +/- s TPU2 MDC

Prep Basis: As Received
Moisture(%): 11.207

CASNO

ALS -- Fort Collins

Requested
MDC

DL

Ac-228 LT,G,J0.1130.534 +/- 0.08314331-83-0 1 NA

Bi-212 LT,G,J0.250.51 +/- 0.1814913-49-6 1 NA

Bi-214 LT,G,J0.0660.456 +/- 0.06914733-03-0 1 NA

K-40 G,J0.67.8 +/- 1.013966-00-2 2 NA

Pa-234m U,G,J3.0-0.2 +/- 1.715100-28-4 35 NA

Pb-212 LT,G,J0.0460.595 +/- 0.07715092-94-1 1 NA

Pb-214 LT,G,J0.0530.452 +/- 0.06115067-28-4 1 NA

Ra-228 LT,G,J0.1130.534 +/- 0.08315262-20-1 1 NA

Th-228 LT,G,J0.1130.534 +/- 0.08314274-82-9 1 NA

Th-234 U,G,J0.670.50 +/- 0.4215065-10-8 2 NA

Tl-208 LT,G,J0.0300.188 +/- 0.03014913-50-9 1 NA

Data Package ID: GSS1706376-1

Page 1 of 4Tuesday, June 20, 2017Date Printed:

LIMS Version: 6.843

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative.

Comments:

U - Result is less than the sample specific MDC or less than the associated TP
U

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 418 g

Library: Count Time: 1000 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Field ID: LL-170615-AFV

Lab ID: 1706376-1

Date Analyzed: 18-Jun-17

Date Collected: 15-Jun-17

Sample Matrix: SOIL

Report Basis: Dry Weight

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1

Result Units: pCi/g
File Name: 170683d01A

Target Nuclide Lab
Qualifier

Result +/- s TPU2 MDC

Prep Basis: As Received
Moisture(%): 11.207

CASNO

ALS -- Fort Collins

Requested
MDC

DL

Ra-226 LT,G,J0.0530.452 +/- 0.06013982-63-3 1 NA

Data Package ID: GSS1706376-1

Page 2 of 4Tuesday, June 20, 2017Date Printed:

LIMS Version: 6.843

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative.

Comments:

U - Result is less than the sample specific MDC or less than the associated TP
U

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14

Sample Duplicate Results

Prep SOP: PAI 739 Rev 12

NATURAL.LIB

Final Aliquot: 418 g

Library: Count Time: 1000 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Field ID: LL-170615-AFV

Lab ID: 1706376-1DUP

Date Analyzed: 19-Jun-17

Date Collected: 15-Jun-17

Sample Matrix: SOIL

Report Basis: Dry Weight

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1

Result Units: pCi/g

File Name: 170260d02

Target Nuclide Lab
Qualifier

Result +/- s TPU2 MDC

Prep Basis: As Received
Moisture(%): 11.207

CASNO Requested
MDC

ALS -- Fort Collins

DL

Ac-22814331-83-0 LT,G,J0.0970.537 +/- 0.078 1 NA

Bi-21214913-49-6 LT,G0.170.54 +/- 0.13 1 NA

Bi-21414733-03-0 LT,G,J0.200.36 +/- 0.12 1 NA

K-4013966-00-2 G0.48.0 +/- 1.0 2 NA

Pa-234m15100-28-4 U,G,J2.40.6 +/- 1.5 35 NA

Pb-21215092-94-1 LT,G,J0.0480.568 +/- 0.074 1 NA

Pb-21415067-28-4 LT,G,J0.0510.445 +/- 0.062 1 NA

Ra-22815262-20-1 LT,G,J0.0970.537 +/- 0.078 1 NA

Th-22814274-82-9 LT,G,J0.0970.537 +/- 0.078 1 NA

Th-23415065-10-8 LT,G,TI,J0.640.67 +/- 0.40 2 NA

Tl-20814913-50-9 LT,G,J0.0290.159 +/- 0.026 1 NA

Data Package ID: GSS1706376-1

Page 1 of 2Tuesday, June 20, 2017
Date Printed:

LIMS Version: 6.843

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative.

U - Result is less than the sample specific MDC or less than the associated TPU. SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives.

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.

BDL - Below Detection Limit

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level

D - DER is greater than Control Limit of 2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14

Sample Duplicate Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 418 g

Library: Count Time: 1000 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Field ID: LL-170615-AFV

Lab ID: 1706376-1DUP

Date Analyzed: 19-Jun-17

Date Collected: 15-Jun-17

Sample Matrix: SOIL

Report Basis: Dry Weight

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1

Result Units: pCi/g

File Name: 170260d02A

Target Nuclide Lab
Qualifier

Result +/- s TPU2 MDC

Prep Basis: As Received
Moisture(%): 11.207

CASNO Requested
MDC

ALS -- Fort Collins

DL

Ra-22613982-63-3 LT,G,J0.0510.439 +/- 0.061 1 NA

Data Package ID: GSS1706376-1

Page 2 of 2Tuesday, June 20, 2017
Date Printed:

LIMS Version: 6.843

Comments:

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative.

U - Result is less than the sample specific MDC or less than the associated TPU. SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.

R - Nuclide has exceeded 8 halflives.

Y1 - Chemical Yield is in control at 100-110%. Quantitative yield is assumed.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but thereported activity is greater than the reported MDC.

BDL - Below Detection Limit

W - DER is greater than Warning Limit of 1.42

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level

D - DER is greater than Control Limit of 2.13
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

NATURAL.LIB

Final Aliquot: 355 g

Library: Count Time: 1000 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Field ID: LL-170615-BW

Lab ID: 1706376-2

Date Analyzed: 18-Jun-17

Date Collected: 15-Jun-17

Sample Matrix: SOIL

Report Basis: Dry Weight

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1

Result Units: pCi/g
File Name: 170257d02

Target Nuclide Lab
Qualifier

Result +/- s TPU2 MDC

Prep Basis: As Received
Moisture(%): 10.962

CASNO

ALS -- Fort Collins

Requested
MDC

DL

Ac-228 G,J0.111.6 +/- 1.414331-83-0 1 NA

Bi-212 G,J0.511.6 +/- 1.414913-49-6 1 NA

Bi-214 G,J0.101.95 +/- 0.2414733-03-0 1 NA

K-40 G,J0.487.70 +/- 0.9813966-00-2 2 NA

Pa-234m LT,G,J2.93.3 +/- 1.915100-28-4 35 NA

Pb-212 G,J0.111.6 +/- 1.415092-94-1 1 NA

Pb-214 G,J0.082.02 +/- 0.2415067-28-4 1 NA

Ra-228 G,J0.111.6 +/- 1.415262-20-1 1 NA

Th-228 G,J0.111.6 +/- 1.414274-82-9 1 NA

Th-234 G,TI,J1.29.2 +/- 1.315065-10-8 2 NA

Tl-208 G,J0.053.57 +/- 0.4214913-50-9 1 NA

Data Package ID: GSS1706376-1

Page 3 of 4Tuesday, June 20, 2017Date Printed:

LIMS Version: 6.843

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative.

Comments:

U - Result is less than the sample specific MDC or less than the associated TP
U

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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Gamma Spectroscopy Results
PAI 713 Rev 14
Sample Results

Prep SOP: PAI 739 Rev 12

RA226.LIB

Final Aliquot: 355 g

Library: Count Time: 1000 minutes

Lab Name:

Client Name: Tetra Tech, Inc.

ClientProject ID: Lindsay Light - 465 N. Park

Work Order Number: 1706376

Field ID: LL-170615-BW

Lab ID: 1706376-2

Date Analyzed: 18-Jun-17

Date Collected: 15-Jun-17

Sample Matrix: SOIL

Report Basis: Dry Weight

Date Prepared: 16-Jun-17

Prep Batch: GS170616-1

Run ID: GS170616-1A

QCBatchID: GS170616-1-1

Result Units: pCi/g
File Name: 170257d02A

Target Nuclide Lab
Qualifier

Result +/- s TPU2 MDC

Prep Basis: As Received
Moisture(%): 10.962

CASNO

ALS -- Fort Collins

Requested
MDC

DL

Ra-226 G,J0.081.98 +/- 0.2413982-63-3 1 NA

Data Package ID: GSS1706376-1

Page 4 of 4Tuesday, June 20, 2017Date Printed:

LIMS Version: 6.843

Qualifiers/Flags:

Y2 - Chemical Yield outside default limits.

Abbreviations:

TPU - Total Propagated Uncertainty

MDC - Sample specific Minimum Detectable Concentration

LT - Result is less than Requested MDC, greater than sample specific MDC.

TI - Nuclide identification is tentative.

Comments:

U - Result is less than the sample specific MDC or less than the associated TP
U

SQ - Spectral quality prevents accurate quantitation.

SI - Nuclide identification and/or quantitation is tentative.Y1 - Chemical Yield is in control at 100-110%. Quantitative Yield is assumed.

R - Nuclide has exceeded 8 halflives.

M - The requested MDC was not met.

M3 - The requested MDC was not met, but the reported
activity is greater than the reported MDC.

BDL - Below Detection Limit

G - Sample density differs by more than 15% of LCS density.

ALS -- Fort Collins

DL - Decision Level
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HEALTH PHYSICS DATA  
 
 
 



 

       
Stan A. Huber Consultants, Inc. 

RADIATION SURVEY FORM 
 

 

SURVEY REFERENCE #:  AECOM – 465 N. Park Dr. (CET Exclusion Zone Bag Survey) 

 

DATE OF SURVEY:   6/15/17 (analysis 6/16/17) 

 

NAME OF SURVEYOR:  Glenn Huber 

 

SURVEY METER IDENTIFICATION:   Mfg: Bicron 

 

Background Reading:  3 uRem/hr                        Model: MicroRem 

 

       Serial: C258C 

 

INSTRUMENT ID:     Mfg: Ludlum 

 

Background Reading: 0.28 cpm    Model:  2200 (scaler) / 43-10 (alpha) 

 

Efficiency: 39.7 %     Serial:   130520 / PR 119038 

MDA:  6.57 dpm 

Description (attached sketch if needed) 

(Area, equipment, vehicle, materials, etc.) 

Item  

# 

Survey

Gross 

uRem 

Smear Gross 

Cpm 
2 min Ct    /   Gross CPM 

dpm per 

100 sq. cm 

1 Soil Bag (1/2 filled) – Bags Surveyed 

Individually, not yet placed into a truck 

 See 

below 

  

Bag CET-1 – wipe 1   9 0                      0               <6.57 dpm 

Bag CET-1 – wipe 2   2                      1               <6.57 dpm 

     

Notes:     

No Field Gamma Spec Sample Collected;     

Bag Sample Sent to RSSI for Analysis.      

     

Excavated Soil  = 7.2 kcpm-42 kcpm     

     

     

     

     

     

     

     

     

     

     

     

     

 



 

       
Stan A. Huber Consultants, Inc. 

RADIATION SURVEY FORM 
 

 

SURVEY REFERENCE #:  AECOM – 465 N. Park Dr. (CET Exclusion Zone Equipment) 

 

DATE OF SURVEY:   6/15/17 (Analysis 6/16/17) 

 

NAME OF SURVEYOR:  Glenn Huber 

 

SURVEY METER IDENTIFICATION:   Mfg: Ludlum 

 

Background Reading:  60 cpm                        Model: 14C 

 

       Serial: 114750 

 

INSTRUMENT ID:     Mfg: Ludlum 

 

Background Reading: 0.28 cpm    Model:  2200 (scaler) / 43-10 (alpha) 

 

Efficiency: 39.7 %     Serial:   130520 / PR 119038 

MDA:  6.57 dpm 

Description (attached sketch if needed) 

(Area, equipment, vehicle, materials, etc.) 

Item  

# 

Survey

Gross 

cpm 

Gross 

Cpm 
2 min Ct    /   Gross CPM 

dpm per 

100 sq. cm 

Backhoe      

     Bucket Outside   <100 0                          0 <6.57 dpm 

     Bucket Inside  <100 3                         1.5 <6.57 dpm 
     Left Tread  <100 0                          0 <6.57 dpm 
     Right Tread  <100 1                         0.5 <6.57 dpm 

     

     

     

     

     

     

     

     

     

     

     

     

     

     

     
  



Area Air Monitoring Summary Sheet - Staplex High Volume Pumps (Daily Analysis)
AECOM - 465 N. Park Dr.

Report No. 1 June 15, 2017:  Cleanup of CET-1 Exclusion Zone
total cubic sample % of Limit

Sample date time ft/ min volume date gross gross bkg net  Concentration date gross gross bkg net Concentration 4.00E-15

ID sampled sampled (CFM) analyzed analyzed counts cpm cpm cpm eff in uCi/ml analyzed counts cpm cpm cpm eff in uCi/ml Th-232 uCi/ml

S001 6/15/17 105 67 6.97E+06 06/16/17 50 1.67 0.28 1.39 0.397 6.45E-14 06/19/17 9 0.30 0.34 0.00 0.398 0.00E+00 0.00%

Start: 9:32am 70 CFM
End: 11:17am 65 CFM

day after analysis  four day analysis



Personal Air Monitoring Summary Sheet (PAM's -Daily Analysis) Report No. 1  6/15/17
465 N. Park Dr., Chicago, IL AECOM Cleanup of CET-1 Exclusion Zone

Flow Total Total Gross Sample Gross Sample

Date Sample Rate Time Sample Analysis Counts Gross Bkg Net Concentration Analysis Counts Gross Bkg Net Concentration

Collected Init ID (lpm) Sampled Volume (ml) Date (30 min) CPM CPM CPM eff (uCi/ml) Date (30 min) CPM CPM CPM eff (uCi/ml)

6/15/17 GH PAM001 2.5 67 1.68E+05 06/16/17 8 0.27 0.28 0.00 0.397 0.00E+00 No 4 day analysis required

pump 20160307073
start 10:05am , stop 11:12am = 2.5 CFM 6/15/2017

***Note: Samples with counts greater than background on day after analysis are analyzed again after 4 days to allow for radon / thoron progeny decay

Occupational Dose Limit for Occupational Radiation Exposure = 5 rem Total Effective Dose Equivalent
2000 DAC-Hours = 5 rem
DAC (Derived Air Concentration) for Th-232 = 5E-13uCi/ml
Administrative Site Limit for Occupational Exposure = 30% Th-232 DAC  = 1.5E-13 uCi/ml

day after analysis  four day analysis
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