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This report was prepared by Envlro Check Inc for Rocky Mountan Consultants 
to summanze sediment sampling conducted at the Great Western Reservor in 
Broomfield Colorado dmng May 22 23 24 and May 25 1991 The purpose of the 
sam ling was to evaluate the concentration of lutonium if any in near surface sediments 

surface as it exlsted on May 22 1991 The water surface on May 22 1991 was 
approxlmately 15 feet below the hgh water mark Photographs are in Attachment A. 
Sampling work was conducted by the following sampling team 

in t E e zone around the reservoir between t R e normal high water line and the water 

Steve Hoffman 
Tracey Spence 
Ben Rustm 

Envlro Check 
TRC 

Project Manager Engmeer 
Geoloeist 

TRC Field- Technician 

Resumes of each team member are in Attachment B 

2 0  SAMPLE LOCATIONS 

Sediment samples were collected at nine stations around the resewoir penmeter 
that were staked and surveyed by Rocky Mountam Consultants Site locat~ons are show 
in Plate 1 Rocky Mountan Consultant sam le locabon coordinates are m Attachment C 

actual sample locabons regardless of whether the locanons had to be moved Site 5 had 
SIX sample locations and Site 10 was elminated The sample locabons are labeled A, B 
and C respectively on Plate 1 except for Site 5 which addibonally had locanons D E 
and F Two inch diameter soil cores were collected at each sample locanon from the 0 
to 6 6 to 12 and 12 to 18 inch depth interval unless excessive dnvlng resrstance was 
encountered A total of 89 sediment samples were collected 

Each sampling site had three se arate samp P ing locabons includmg 5 feet, 10 feet and 15 
feet below the high water mar P as shown on Figure 1 The RMC survey data reflect 

- 3 0  RADIATION FIELD SCREENING 

A radiation survey was conducted on surface soils adjacent to the Great Western 
Reservoir during June 14 17 1989 by Merrick & Company (Attachment D) Mernck & 
Company was retarned by Envlro Check to conduct a radiation survey for health and 
safety purposes during construction of the Walnut Creek by pass ditch This suwe was 
conducted using a Model 3700 Dosimeter (Attachment F) Background radiation P evels 
were determined to be 50 disintegrations per minute and survey results showed that most 
sampling points were at or below background levels No high levels were detected 
Merrick & Company did not evaluate Great Western Reservoir sediments 

The dosimeter was rented from Cosco in Denver At time of rental the dosimeter 

I' 0 
A 

3 



I 

I' 
I 
# 
1 

i 
I 
d 
I 
1 

was calibrated by Cosco using a known radioactwe source Each sample of sediment 
collected by Envlro Check was screened for radiation using a Model 3700 Dosimeter 
(Attachment F) Radiat~on was measured for health and safe purposes In addmon 

for potenbal laboratory analysis Radiahon ranged from 20 to 70 counts per minute 
which are within the range of typical background levels Radiabon measurements were 
recorded in a field book (Attachment E) and plotted on Plate 1 the field notes were 
typed and are presented on Table 1 

the dosimeter was used to scan the exposed end of each SIX inc x sample interval to scan 

- 4 0  HEALTH AND SAFETY 

Health and safety procedures follow procedures descriied in Enwro Checks 
May 22 1991 Sedunent Sampling workplan All Enwro Check personnel entered the 
sam@ing zone in level D protecbon which included Tyvek suits gloves half face 
respirators with partmlate filters, hard hats safety glasses steel toed boots and dlsposable 
booties Envlro Check personnel remamed in level D dunng all sedment samplmg 
There was no apparent need to up ade the level of protcctron because the lack of 

background levels as measured by a Model 3700 Dosimeter 
wmdblown sediment and radrahon f evels at each sampling locabon did not exceed 

All workers equipment and vehicles were scanned with the dosimeter nor to 

suits boots and gloves were placed 111 two sealed and labeled 55 gallon drums ese 
drums are still stored on site Envlro Check recommends that these drums and their 
contents be disposed of as solid waste unless laboratory results indmite that sediment 
samples exceed background radiabon levels Disposal ophons for the drums and their 
contents should be reevaluated If sedunent samples exceed background radiabon levels 

exlbng the site Measured rahation levels did not exceed background levels JTp 

- 5 0 SEDIMENT SAMPLING PROCEDURES 

Discrete sediment samples from 0 to 6 6 to 12 and 12 to 18 inch depth intervals 
were collected at each sample locabon using an AMs Core Sampler using normal and 
customary procedures A schemahc l a  am of the Core Sampler is in Attachment F 
Rigid plastx tubes were decontaminated gee Secnon 6 0) and then inserted into the Core 
Sampler which was then dnven the desired depth The sam ler was then removed and 
snap on caps were placed over the plashc tube ends to se ap the recovered soil in the 
tubes Each soil core was screened for radiation 111 the field using a Model 3700 
Dosimeter Radiation readings in counts er minute (cpm) were recorded in Enwro 

Plate 1 
Check s field notes (Attachment E and Tab f e 1) Radiabon readings are also shown on 

6 0 DECONTAMINATION 

All sampling equipment was cleaned prior to beginning work between each sample 

1 
2 

and prior to leavlng the site Decontamination of sampling equipment included 

A wash with a mlxture of Liquinox and deionized water and 
A triple rinse with deionized water 
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Rinse waters were contanenzed in sealed 5 gallon buckets If elevated plutomum 
levels are detected in any of the soil samples Envlro Check recommends the mse waters 
be laboratory analyzed for plutonium to determine appro nate disposal rocedures 

the rinse waters were not laboratory analyzed Envlro Check recommends the nnse 
waters be discharged to the sanitary sewer if elevated plutonium levels are not detected 
in the sediment samples The nnse waters are shll stored on site 

Elevated radiation levels were not detected dunng inibal fie P d screening an 2 therefore 

7 0 SAMPLE DOCUMENTATION 

Sample documentahon included 

Sample labels whch prevent misidenhfication of samples 
Sample seals to preserve the inte ty of the sample from the tame it is 

Field Logbook to record informabon about each sample collected dunng the 
field momtonng program (Attachment E) 
Chm-of Custody record to establish the documentabon necessary to trace 
sample possession from the tune of collecbon to analysis (Attachment G) 

collected untd it is opened in the !T aboratory 

8 0  ANALYTICAL RESULTS 

At the request of Rocky Mountam Consultants Envlro Check delivered the 
sediment samples to AccuLabs in Golden Colorado for laboratory analysis of plutonium 
Cham of custody documentabon in Attachment G The City of Broomfield authonzed 
the analysis of sedunent of 16 locabons These locahons are i d e n ~ e d  in Attachment H 
Envlro Check has not received the analpcal results from Accuhbs but wll prowde them 
immediately upon receipt 

I, 5 
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Sample I D  Depth 

1 c  

1 c  

1 c  

2 c  

2 c  

2C 

3 c  

3 c  

3 c  

4 c  

4 c  

4 c  

5 c  

5 c  

Time 

1350 

1400 

1415 

1442 

1500 

1507 

1520 

1547 

1555 

1618 

1626 

1633 

1815 

1830 

TABLE 1 

Field Notes 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

5/22/91 

Counts 
Per Minute Comments 

15 

30 

0 

45 

0 

0 

30 

50 

25 

25 

15 

45 

35 

20 

collecte Recove7 in 6/6  1 of water 

Recovery 5 /6 sample 
collected III 1 of water 

Sample collected in 1 of 
water 

Recovey collecte 111 6/6 1 of water 

Recovery 6/6 sample 
collected in 1 of water 

Sample collected 111 1 of 
water 

Recovery 616 sample 
collected at waters edge 

collecte Recovex at waters 6 /6  edge 

Sample collected at waters 
edge 

Recovery 6 /6 sample 
collected at waters edge 

Recove7 4 /6 sample 
collecte at waters edge 

Recovery 4 /6 sample 
collected at waters edge 

Recovery 6 /6 sample 
collected 3 to the south 
side of stake 

Recovery 3 5  /6 sample 
collected 3 to the south side 
of stake 
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6C 

6C 

7c 

7c 

7c 

8C 

8C 

8C 

9 c  

(12 18) 1845 5/22/91 

(0 6) 1903 5/22/91 

(6 12) 1925 5/22/91 

(12 18 ) 1935 5/22/91 

0825 

0835 

0842 

0857 

0905 

0914 

1250 

1258 

1305 

1320 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

2 

25 

70 

35 

15 

25 

28 

25 

40 

20 

15 

20 

30 

15 

30 

collecte Recove7 3 to 4'6 the south side 
of stake 

Recovery 4 /6 sample 
collected 5 to the south side 
of stake 

Recovery 616 sample 
collected 5 to the south side 
of stake 

Recovery 6/6 sample 
collected 5 to the south side 
of stake 

collecte 30 5'6 west of Ti" s e- 
stake l under water 

Recovery 4/6 sam le 
collected 30 west of s&e 
stake 1 under water 

Recovery 4/6 sam le 
collected 30 west of s& 
stake 1 under water 

collecte Recovey 70 6/6 northwest of 
stake 

Recovery 5 16 sample 
collected 70 northwest of 
stake 

Recovery 5 16 sample 
collected 70 northwest of 
stake dense dark brown clay 

collected 5 north of sm2" st e 
Recovery 416 

sam$le Recovery 616 
collected 5 north of s e 

collected 5 north of S%le s e 
Recovery 5/6 

sa%1e 
Recovery 3 16 
collected 6 north of st e 
too rocky 
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9 c  

7B 

7B 

7B 

6B 

6B 

6B 

5B 

5B 

5B 

3B 

3B 

3B 

1B 

1B 

1330 

1340 

1425 

1428 

1435 

1503 

1506 

1510 

1543 

1547 

1555 

1654 

1705 

1710 

0825 

0828 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/23/91 

5/24/91 

5/24/9 1 

3 

40 

15 

20 

20 

15 

15 

50 

15 

15 

25 

15 

20 

15 

15 

25 

30 

Recovery 3 /6 
collected 6 north of sta e 
too rocky 

Recovery 4 I6 
collected 6 north of st e 
too rocky 

Recovery 6 16 no water 
encountered 

Recovery 6 /6 no water 
encountered 

Recovery 2 /6 encountered 
hard soil 

Recovery 6 16 no water 
encountered 

Recovery 6 16 no water 
encountered 

Recovery 5 /6 hard sod 
encountered 

Recovery 6 16 no water 
encountered 

Recovery 6 16 no water 
encountered 

Recovery 6 16 no water 
encountered 

Recovery 5 /6 encountered 
hard soil 

Recovery 4 16 encountered 
hard soil 

Recovery 2 /6 encountered 
hard soil 

Recove 5 16 encountered 

Recovery 4 16 encountered 
hard soil 

sa31e 

hard so1 7 
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1B 

1A 

1A 

1A 

2A 

2A 

2A 

2B 

2B 

2B 

3A 

3A 

3A 

4A 

4A 

4A 

4B 

0833 

0840 

0844 

0850 

0903 

0907 

0910 

0913 

0915 

0920 

1008 

1011 

1020 

1056 

1058 

1102 

1047 

5/24/91 

5/24/91 

5/24/91 

5/24l91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/9 1 

4 

25 

15 

25 

25 

25 

20 

35 

25 

15 

20 

25 

20 

25 

20 

20 

15 

20 

Recovery 2 /6 encountered 
hard soil 

Recove 4 /6 encountered 

Recove 3 /6 encountered 

Recovery5 /6 encountered 
hard soil 

Recove 4 /6 encountered 

Recove 4 /6 encountered 

Recovery 4 /6 encountered 
hard soil 

Recove 5 /6 encountered 

Recovery5 /6 encountered 
hard soil 

Recovery5 /6 encountered 
hard soil 

Recovery 5 /6 encountered 
hard soil 

Recove 4 /6 encountered 

Recovery 3 /6 encountered 
hard soil 

Recovery 4 /6 encountered 
hard soil 

R w e y  35 /6 encountered 
hard soil 

Recovery 4 /6 encountered 
hard soil 

Recove 5 /6 encountered 

hard so1 7 
hard so 1 

hard so1 7 
hard so1 7 

hard so1 7 

hard so1 7 

hard so1 7 

---A- 
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4B (6 1 2 )  1050 5/24/91 35 

20 

20 

15 

40 

20 

15 

25 

15 

25 

30 

25 

40 

40 

15 

15 

50 

25 

20 

25 

20 

20 

Recove 4 /6 encountered 

RecoveIy 35 /6 encountered 
hard soil 

Recovery 6/6  inflowng 
water 

Recovery 6/6  inflowmg 
water 

Recovery 5 /6  inflowmg 
water 

Recovery 6 /6  inflowng 
water 

Recovery 6 /6  inflowing 
water 

Recovery 2/6 inflowing 
water 

Recovery 6 /6 in soft sod 

Recovery 6 /6 in soft sod 

Recovery 6 /6 in soft sod 

Recovery 5 /6 hard soil 

Recovery 4 /6 hard soil 

Recovery 3 5 /6 hard sod 

Recovery 5 /6 hard soil 

Recovery 4 /6 hard soil 

Recovery 4 /6 hard sod 

Recovery 5 /6 hard soil 

Recovery 4 /6 hard soil 

Recovery 3 /6 hard so11 

Recovery 4 /6 hard soil 

Recovery 3 5 /6 hard soil 

hard so1 7 
4B (12 18)  1055 5/24/91 

(0 6 1 1120 5/24/91 5E 

5E (6 1 2 )  1123 5/24/91 

5E (12 1 8 )  1130 5/24/91 -. 

5/24/91 5D 

5D (6 12 ) 1139 5/24/91 

5D (12 18 ) 1145 5/24/91 

SA 

5A 

5A 

6A 

6A 

6A 

7A 

7A 

7A 

8A 

8A 

8A 

8B 

8B 

1150 

1154 

1205 

1307 

1311 

1315 

1330 

1333 

1335 

1350 

1354 

1400 

1410 

1413 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

5/24/91 

(I 
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8B 

9A 

9A 

9B 

9B 

9B 

(12 18) 1420 5/24/91 10 Recovery 15  /6 hard sod 

(0 6 ) 1450 5/24/91 25 Recovery 5 16 hard soil 

(6 12)  1455 5/24/91 25 Recovery 4 /6 refusal 

1505 5/24/91 No Recovery 3 /6 hard sod 

(6 1 2 )  1515 5/24/91 No Recovery 2/6 hard sod 

(12 18) N/A 5/24/91 No Recovery refusal 

reading 

reading 

reading 

(0 6 1 
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PLATE 1 

W m e n t  Sample Stations and Locations 
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ATTACHMENT A 

Photographs 



PHOTO LOG 
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Great Western Reservoir from dam loolung northwest 

Typical sample station as surveyed by Rocky Mountam Consultants 

Decon station showing decon procedure on AMs hand core samplmg tool 

Insertmg new core sample sleeve into AMs hand core samplmg tool 

Dnvlng clean core sampler at typical sample location 

Rernsertmg core sampler to sample lower strata at typical sample locatJon 

Typical sample documentation note label seal and cham of custody 

Decon water was drummed and labeled for storage on city property 

Drums were staged on the lower face of the dam 

View of Great Western Reservoir Note water levels 

View of Great Western Reservoir Note water levels 
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ATTACHMENT B 

Resumes of Sampling Team Members 



STEVEN L HOFFMAN 

Pro)ect Manager mi Principal Remediation Specialist 

Remedial Contracting and Construction Management 
Hazardous Materials Handling 

SUMMARY OF EXPERIENCE 

Mr Hoffman is a Pro~ect Manager for Enviro Check in Denver 
and works primarily on remediation projects at industrial sites and 
commercial facilities He is responsible for prolect management, 
negotiations with local State and Federal regulatory agencies 
client communication, report preparation, permitting, and 
supervision of construction activities related to recommended 

i 
1 remedial actions 

# 
1 
ri 
1 
1 
d 
# 

Typical pro~ects Mr Hoffman has managed include 

General Maintenance Within Oil Refineries and Chemical 
Plants--Tank cleaning, bio-pond cleaning and 
construction, construction and maintenance of truck and 
train loading facilities 

Environmental ProJects at Major Smelting/Refining 
Company--Pro]ects associated with ongoing operations 
include eighteen acre cap on mill tailings, installation 

stabilization facilities UST removals, installation of 
air filtration systems 

of groundwater interceptors, construction of 

ERCS (Emergency Response Cleanup Services) for EPA Region 
VII--Includes containment of mine and mill tailings to 
protect major waterway from contamination, closure and 
cleanup of abandoned plating operations 

Maintenance and New Construction a t E  I duPont Facility- 
-Pro3ects include asbestos abatement UST removals, site 
remediation, new construction and maintenance of plant 
facilities 

Management of Remedial Activities at Oil Reclamation 
Refinery EPA Superfund Site--Responsibilities include 
development of interim health and safety plan monitoring 
of site and development and review of corrective action 
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Prior to his work at Enviro Check, Mr Hoffman spent fifteen 
years as a Prolect Manager in heavy construction specializing in 
utllltles construction, mechanical systems lnstallatrons and 
malntenance, and hazardous waste handling prolects 

EDUCATION 

1982,  B S Colorado State Universlty, Fort Collins 
Industrlal Constructlon Management 



I Soil and Groundwater lnvestigatlons 
Resource Conservation 
RCRA Regulations 

SUMMARY OF 

3 

Mr Rusbn is an enwronmental technician wth TRCs Western Regonal Office Jn Denver 
Colorado Mr Rustm collaborated in the evaluation acquisition and implementabon of test equipment 
and sample matenal He is knowledgeable in legal and regulatory practices wthin the hazardous waste 
industry and has site inspection experience wth Superfund sites His dutres currently include on site 
sampling acquiring site background informahon from state and federal agenaes and establishing 
inventory and procurement procedures for field supplies and equipment 

i 
I 
1 

1992 (pending) 

40 Hr OSHA 
Training in 

B S Land Management wth emphasis on Hydrogeology and Environmental 
Engineenng 
Health 81 Safety 
First k d  and CPR Field Monitonng and Sampling Equipment Hazardous 
Ranking System Data Evaluation 



7RACEYH SPENCE 
CEOLOCIST 

Underground Storage Tank Removal 
Property Conveyance Site Investigations 
Soil Gas Survey Programs 
GClMS Data Interpretation 
Contaminant AssessmenUPlume Definition 

SUMMARY OF EXMUEKE 

Mr Spence is a staff geologst specializing in remediation sefylces and projects related to 
investigation and evaluation of volatile organic compound contamnation at industrial sltes He has 
developed and implemented on site soil gas vapor studies for the identafication of contaminant sources 
and determination of  contaminant migration pathways His ability to interpret survey results has been 
utilized in the generation o f  contaminant concentration contour maps and to optimize placement of 
monitonng well networks in successwe stages of site investigation 

Mr Spence has managed removal of underground storage tanks and coordinated all related 
aspects including obtaining of necessary permits and preparation of  all reporhng documentation As 
part of the contaminant assessment in these efforts he has been responsible for monitonng well 
placement and installation and the performance of the monitonng program 

Mr Spence has performed property conveyance assessments at commercial and industrial 
properties 

d Prior to his environmental consulting career Mr Spence was a Researchbboratory Techniaan 
at the Petroleum Research Center Socorro N M performing enhanced oil recovery research 

I 3 
1990 
1990 
1985 

Environmental Health and Safety Training (29 CFR 1910 120) 
Mechanical Engineenng Studies University of  Colorado 
B S Geology New Mexico Institute of  Mining and Technology 

T?C 
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RMC Sample Location Coordinates 
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SUBJfCT 

DATE 

Suite 101 
Englewood CO 801 1 1 

(303) 741 6ooo 
FAX (303) 741 6106 

Matthew Glasser  Spec i  1 L o ~ n s e l  t o  
CI TY OF BROOMFlELD 

Mike  B a r t l e s o n  Bus iness  Flanager - DOE Grant  
Admini s t r a  t i on 
C I T Y  OF BROONFIELD 

Stephen Schmidt P r o j e c t  Manager 
ROChY MOUNTFIIN CONSULTANTS INC 

Implementa t ion  of DOE Commitment FY91 
Great  Western R e s e r v o i r  Replacement P r o j e c t  
R e s e r v o i r  Management P l a n  RMC No 0331 071 06 

Sediment Sampling Program 

June 2 4  1991 ( D r a f t )  
September 7 1991 (Rev ised )  

I n  Februart 1991 RMC prepared f o r  t h e  C i t y  o f  B r o o m f i e l d  a D r a f t  
P r e l i m i n a r y  R e s e r v o i r  Management P l a n  address ing  t h e  l ong  term 
management o f  Great  Western R e s e r v o i r  ( G W R )  when t h e  r e s e r v o i r  is 
n o t  l onger  used f o r  a p u b l i c  water  s ~ i p p l y  Subsequent 1 y RElC 
suggested t h a t  a d d i t i o n a l  sampl ing and t e s t i n g  o f  t h e  near  shore 
sediments of GWR would be b e n e f i c i a l  t o  v e r i f y  t h e  assumptions made 
i n  p r e p a r i n g  t h e  P17n concern ing  t h e  d i s t r i b u t i o n  and amount o f  
p l u t o n i u m  con tamina t ion  o f  t h e  sediments Those assumptions were 
reached based on a v a i l a b l e  sampl ing and t e s t i n g  d a t a  

O n  Play 15 1991 t h e  r e s e r v o i r  water  s u r f a c e  was a t  a p p r o r i m a t e l y  
G ti 47  Z ( E l  5 90 3 )  which  is h i s t o r i c a l l y  t h e  m i n i m u m  water  
s u r f a c e  e l e v a t i o n  t o  be reasonab ly  r v p e c t e d  t o  occur T h i s  
appeared t o  be a cniqcie o p p o r t u n i t y  t o  o b t a i n  h i g h  q u a l i t y  
r e s e r v o i r  sediment samples i n  t h e  d r y  f r o m  t h e  near  sho re  area  
r a t h e r  than t a k i n g  underwater  dredge samples o r  cores  On May 16 
t h e  C i t y  d i r e c t e d  RocLy Mounta in C o n s u l t a n t s  (RMC)  t o  f o r m u l a t e  and 
implement a sampl ing prograrn 

R M C  was r e s p o n s i b l e  or o v e r a l l  p r o j e c t  d i r e c t i o n  and s u r v e y i n g  o f  
sampl ing l o c a t i o n s  E n v i r o  Check was r e s p o n s i b l e  f o r  o b t a i n i n g  the  
samples and d e l i v e r i n g  then t o  Flccu-Labs for  s t o r a g e  The t e s t i n g  
p r o g r a m  w i l l  b e  conducted by R t c ~ i - L i b s  a t  a l a t e r  d a t e  t o  be 
s p e c i f  l e d  by the  C i t y  Time was o f  t h e  essence because f i 1 l i n g  o f  
t h e  r e s e r v o i r  w a s  t o  beg in  on Play 17 a t  a > l o w  r a t e  b L t  t he  r a t e  
w a s  t o  i n c r e a s e  later i n  the week of Flay 19 

CIVIL AND ENVIRONMENTAL ENGINEERING PLANNING 



Memorandum 
June 24 1991 (Draf t )  
September 3 1991 (Revised) 
Page 2 

Because of the time constraints the high water line apparent from 
limits of vegetation and erosion marks w a s  used as reference in 
locating the sampling locations at each site This enabled the 
sampling t o  be conducted simu1 taneously with surveying necessary to 
determine the horizontal and vertical location of each sampling 
location with relation to the public land survey and USGS elevation 

The objective of the sampling program w a s  to obtain push samples of 
the upper 18 inches of sediments at three different surface 
elevations at each site These elevations were to be approximately 
5 1 0  and 15 feet vertically below the normal high water line 
elevation o f  5605 In addition at site 5 samples were to be 
taken both in the alluvial fan and the Walnut Creek channel for a 
total of 6 sample locations at site 5 

I 

RMC with assistance of City staff field located the 9 sampling 
sites on May 3) 1941 RPIC staff then staked the sampling 
locations at each site on May 21 and determined the ground 
elevation at each sampling location with respect to an arbitrarily 
set reference hub On May 22 27 and 24 R M C  staff conducted a 
horizontal survey of each sample location and o n  June Z conducted 
a vertical survey of the reference hub for each site thus 
completing the horizontal and vertical survey for each sample 
1 ocation 

Enviro Check mobili ed on May 22 1991 and began obtaining cores at 
the lowest sampling location at each site However the reservoir 
water surface elevation rose somewhat faster than had been 
anticipated and some of the original sampling locations had to be 
moved upslope above the water in order to obtain quality samples 
Three 6-inch long cores were obtained at each sample location 
There are three sample locations at each of the nine sampling 
sites plus an additional 7 sampling locations at site 5 f o r  a 
total of 90 sir-inch cores Enviro Check completed the sampling 
program on May 24 and delivered the samples to ficcu-Labs for 
storage on June 1 Accci-Labs is storing the samples in a locked 
free er unit pendinq receipt of authorization and specifications 
f o r  the testing program 

The results of the survey of the sampling locations are presented 
in tabular form on Table 1 belorr and a r e  illustrated on the 
attached Figcre 1 Because of the time constraints and methods 
used to initiall) locate the sampling locations and the need to 
keep the sampling in the dry the upper two locations at each 
site were slightly lower in elevation than intended and the lower 
locations somewhat higher than intended Nevertheless the 
distribction of samples was adeqcate with o n e  sample at. each site 
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Memo r a n d um 
June 2 4  1 9 9 1  (Dr=tf t )  
September 7 1 9 9 1  (Revised) 
Page 7 

from the future shore line above the future high water line and 
two samples at each site from the zone which in the future will be 
expected to see reservoir water surface elevation fluctuation and 
be subjected to wave action 

Also attached to this memorandum are copies of Enviro Check s 
sampling field notes chain of custody forms and sediment sampling 
work plan Dosimeter readings for each sample were recorded by 
Enviro Check and have been included on the attached FAgure 1 

Except for photographs of the sampling sites/locations sent under 
separate cover to kathy Schnoor I believe this memorandum and 
attachments provide the available documentation for the sampling 
program When deemed appropriate by the City Enviro Check will 
produce a formal report documenting their sampling effort and 
testing at Accu Labs will proceed 

cc hathy Schnoor Chemist/Environmental Specialist 
City of Broomfield 

0331071 066 
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T A B L E  1 

GREAT WESTERN RESERVOIR 
m y  1991 SAMPLING LOCATIONS 

SARPL ING S A M P L I N G  RhC NORTH EAST 
S I T E  LOCATION pr NO CO-ORD CO-ORD ELEVAT IO& 

1 A 53 1 12474 8 13910 4 
1 B 5’0 1’51Y 3 13931 6 
1 C 50 1 12556 0 13931 0 

5598 7 
5593 7 
5591 1 

5598 7 
5593 7 
5591 1 

2 R 536 19761 4 12897 1 
3 B 527 12826 3 12903 1 
2 C 502 12867 6 12906 4 

1 
1 
I 

3 A 529 12874 9 11901 1 
3 B 528 12926 7 12138 6 
3 C 503 12837 4 12182 3 

5598 0 
5593 0 
5591 1 

5598 9 
5593 9 
5591 3 

4 A 523 13578 0 12078 9 
4 B 523 136’1 5 l ”106 3 
4 C 504 13646 6 12132 4 

5 A 533 14416 2 11677 5 
5 B 530 14204 3 12093 5 
5 C 52 5 14121 6 12238 5 
5 D 532 14521 Y 11757 7 
5 E 53 1 14288 0 11918 4 
5 F 534 14138 3 12192 5 

5597 8 
5592 8 
5591 4 
5596 2 
5593 1 
5591 7 

6 A 51 9 14681 8 12884 4 
6 B 518 14606 6 13057 1 
6 C 517 14518 4 13262 9 

5597 6 
5592 6 
5591 6r(: 

7 A 514 15156 5 13350 7 
7 R 51 5 15012 6 13349 7 
7 C 416 14751 3 13343 2 

5598 1 
5593 1 
5592 O* 

8 A 510 14789 5 13787 6 
8 B 51 1 14751 5 13751 1 
8 C 513 14740 3 1.~740 6 

5598 3 
5593 3 
5591 7 

9 CI 509 14331 4 14316 0 
9 B 508 1 4 ~ 1 6  1 14301 1 
9 C 50 1 14301 5 14?86 3 

5599 0 
5594 0 
5591 1 

Basis of Survey NE corner  Sec I TZS R69W 1s N14851 859 
E14897 318 Nor th  l i n e  o f  tt-e n o r t h e a s t  one-qtarter  o f  Sec 7 
bears  588 a8 17 W E l e v a t i o n s  a r e  USGS datum 

X Revised Marct- 25 1992 
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Mernck & Company Radiation Survey 



kw 
ODD MERRICK 

June 27 1989 

Ref 354-6932 

Steve Hoffman 
Enviro-Check 
P 0 Box 3090 
Englevood, CO 80161 

Dear Mr Hoffman 

Merrick is pleased to submit the radiation survey results for the 
Broomfield diversion ditch around Great Western Reservolr The survey 
was begun on June 14, 1989 and completed June 17, 1989 No dangerous 
levels of radioactivity were found during the performance of the 
No contamination was found on the excavation equipment during spot checks 
conducted by Uerrick personnel 

survey 

If you have any questions concerning the survey or the results please 
don't hesitate to contact me 

Sincerely 

Micheal Gard 
Environmental Scientist 

I ?  
I ?9 Me ck & Company Eng ee s & Arch tects PO Box 22026 Den- Colo ado 80222 Telephone 303/751 0741 FAX 3031751 0019 
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Merrrck C Company was retained by Enviro-Check to conduct a cursory 

radiation survey in the area along the temporary channel which reroutes 

the waters received from Rocky Flats in Walnut Creek around the Great 

Western Reservoir from June 14-17, 1989 Because of the short time 

constraints direct soil sampling was determined to the ineffective and a 
Geiger-Huler radiation detector, the Dosimeter Model 3700 was selected 

for the survey This method was used to obtain qualitative information 

regarding the potential exposure level of radiation to the excavation 

workers 

Background radiation levels were determined to be SO dreintegrations per 
minute (DPH) Sampling was performed using the existing construction 

stationing along the proposed channel Sampling activities included 

removing the vegetation in the sample location and agitating the upper 

1/4 inch o f  soil The Dosimeter probe was placed on the disturbed soil 

and readings were observed for approximately one minute and the highest 

reading above SO DPM was recorded Additional readings were collected 

from the excavation machinery to ensure radiation levels did exceed 

safe working levels 

not 
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SAKPLXlJC BESULTS MID BEC0MIEM)ATXOWS 

The results of the sampling effort are summarized in Table 1 and 

radiation readings of 50 or greater are posted on the attached drawing 

The sampling results did not indicate dangerous levels o f  radioactivity 

along the channel route Radiation levels at a few locations were above 

the background level of SO DPH In general higher radioactivity 
reedings were found on the north facing slopes along the channel route 

This is consistant with the sampling performed by the Colorado Department 

of Health (See Figure 1) 

During the initial phase of the sampling effort, it was recommended that 

the excavation area should be saturated with water to suppress the dust 

and reduce the radiation exposure potential attributable to resuspension 

of alpha radiation emitting substances Excavation workers were informed 

of the potential dangers o f  ingestion of radioactive substances while 

eating smoking gum chewing and other routes o f  potential exposure In 

relation to these warnings, workers were directed to wash their hands 

prior to lunch and at the end o f  each work shift DCS Construction 

supplied portable wash basins and coveralls were supplied to the workers 

to reduce the possibility of contaminating personal clothing 
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STATION 

0050 
0100 
0250 
0300 
0350 
0400 
0450 
0500 
0550 
0600 
0650 
0700 
0750 
0800 
0850 
0900 
0950 
1000 
1050 
1100 
1150 
1200 
1250 
1300 
1350 
1400 
1450 
1500 
1550 
1600 
1650 
1700 
1750 
1800 
1850 
1900 
1950 
2000 
2050 
2100 
2150 
2200 
2250 
2300 
2350 
2400 
2450 
2500 
2550 

TABLE 1 
GIEIGER COUNTER READINGS I N  COUNTS PER MINUTE 

COlJNTS/MIN 

50 
ND 
ND 
60 
ND 
ND 
ND 
ND 
50 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
50 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
50 
50 
ND 
60 
50 
ND 
ND 
ND 
ND 
ND 
50 
50 
ND 
ND 
ND 
ND -- -- -- -- -- -- 
ND 
ND 



STATION 

2600  
2 6 5 0  
2700 
2750 
2800  
2850 
2900 
2950 
3000 
3050 
3100 
3150 
3200  
3250 
3300 
3350 
3400 
3450 
3500 
3550 
3600  
3650 
3700 
3750 
3800 
3850 
3900 
3925 
3950 
4000 
4050 
4100 
4150 
4200 
4250 
4300 
4400 
4500 
4600 
4700 
4800 
4900 
5000 
5100 
5200 
5300 
5400 
5500 
5550 
5600 
5700 
5800 
5900 

COUNTS/NIN 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
50 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
50 
50 
ND 
ND 

ND 
60 
ND 
ND 
ND 
ND 
ND 
50 
50 
ND 
50 
50 
60 
50 
ND 
ND 
50 
ND 

-- 



STATION 

6000 
6100 
6200 
6300 
6400 
6500 
6600 
6700 
6800 
6900 
7000 
7100 
7200 
7300 
7400 
7500 
7600 
7700 
7800 
7900 
8000 
8100 
8200 
8300 
8400 
8500 
8600 
8700 
8800 
8900 
9000 
9100 
9200 
9200 
9220 
9300 
9400 
9500 
9600 
9700 
9800 
9900 

10000 
10100 
10275 
10350 
10400 
10518 
10593 
10200 

COUNl!S/MIN 

ND 
70 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

-- 
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AWACHMENT E 
Ennm Check Field Notes 
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ATTACHMENT F 

Schematic Diagram of Core Sampler 
and 

Radiation Detector Specifications 
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linen The stondard length of 

I 
C diamoler to accommodate 2 TI,,, A Y S  core so I sompler is de 

I to toke undisturbed soil 
. # W  , ..I 
signed - - - - - 
samples in all types of soils AMS 2 3 4 6 ond 12 Pleose spe 

co e samplers are construckid out of the lengll when order ng Three other si 
highest quality olloy tubing OM loble ore olso stockc 1)  I 1/2 I X  6' for a 
The cutting end Is heat tnated and cose 1 112 diomter b~ 4 long tstainl 
hnrrlannd far lonoer Ilfa Con samhrs cylinder 2) 2 1/2 X 6 for o 2 112 

. s o  

i rlrlv ..,."... -,- --_..-_.- .. . . _ _ _  
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Inserts are special order only) Alrtight 
plnrtir c n a s  are also ornilable for the 

okiloble id all stainless steel conolntc' 3 
lion Special order lengths and dam 
O ~ O  avotlable on mqUOSt Tho AMs- 

", . I-..- -._._ - _ _  - - ~~ 

e-,+= R<J sogping the inserts soil qulck connect ystern for COR romplo6 
olso ornibble Please - .  check prim Itsf4 fi e sent to o lob intact for samples coi _ _  . 

h e r  onolysts Stainless steel cap inserif a 

the loss of valottles in your samples 
AM5 core samplers ore 2 114 outside 

ordering information Camplek unit in 
dudes con be used in the covers to eliminate . , cup and COR 

i 
1 e suggest the use of our soil 

working witb lightly frozen ond 
dry crusled sods The AMs up ond down 
hommer attochrnent 15 recommended to 

ly inserted \dd'hordr3dry'or lightly 

hommor otlochrrent weigh opproxl 
Iy 11 pounds and s oprxoxlmatsly 20 
in length It hot a SofI boked . . on ru .# 

probe hammer attoehment wh:;' 9, soils'with fb harnnwt attachment 
1 

1 w 
Y' 

d 

..- ......- - -~ 

C, used with the soil probe The hammer 

turning ond bend ng Probes con be e051 

cooting which eliminotes shock to ?hhc 
' t  ,ttochrnorrt helps to elirninote twistlng operolor,s /xmds 

p: 1 

& 

5 
-t 

A MS 
stainless scoops were devel and No 

mole ounces of material that eoch H 
hold ) Scoops moy be ordered Ind viduk 
o I) or 05 o set Special d e r  s zcs 

~ 

orro loble upon request Please coll fo$[ Ai'' 
prices ond,ovotlobtltty 

---d to be use4 for toking . ,,..rples of to? mi1 in 011 areas -- co7structe;j out 0' 011 
,,,,- - 2el There o e f VB s'tes ~ 
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PORTABLE RADlOLOQfCAL 
SURVEY METER 
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Fro R Panels 

G 
f P C sard Assy 

A Schemallc 

TCle vo(dets 3700 arid 3007 are portable battery 
powered transisloradd survey meters that can be used 
for radiation monitoring purposes and/or contamlnatton 
measurements 

The Model 1700 has a permanently attached beta 
gamma probe It measures from 0 to 50 mR/h 
(milliroentgens per hour) and can be used for radiation 
surveys The Model 3007 has a BNC connector on the 
panel lo attach any one of a senes of lnterchangeable 
probes Both h8Ve u mWh scale and CPM (counts per 
minute) scale 

These Instruments are supplied with an adjustable 
carrying =trap A )readphone for aural monttoring and a 
check s o m e  to verify operatlon are available as options 
1 2  THE PROBE 
The Model 3700 uses a Model 3073 Probe It consists ol 
a rickel plated brass housing with a beta window and 
detents which can lock the windows open or closed 

The Model 3007 can use the ddferent probes listed In 
Section 2 1 

1 3  THE PANEL ASSEMBLY 

The panel assembly conslsts of 2 each 1 1/2 voB type D 
cell batteries a lransfstorlzed pulse shaping network a 
dd8Cthg (metering) circuit a regulated transistorized 
high voltage power supply and an audio output circuit 
The system is shockproof and splashproof and Is 
secured in its case with rap& takedown clanys in order to 
make access very simple 

1 4  THE CARRYING STRAP 

The carrying strap Is made of plastic and is adjustable 
from 30 to 60 inches In length 

1 5 THE HEADSET (Optional) 

TFe Model 3020 Headset consists of a single piece 
magnetic headphone attached Ihrough a cable to a 
connector that males to the jack mounled on the panel 
A plastc dust cover Is provided to cover the jack when 
the headphone Is not in use 

1 6 CHECK SOURCE (Optional) 

TI-e Model 3001 Check Source Is a generally licensed 
source of less than 5 pcuries of Cs 137 No specific NRC 
or state license is required by the user 

I 
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2 SPECIFICATIONS 

2 1 RADIATION DETECTED 

Model 3700 wdh permanently attached Model 3073 

Model 3007 Optional Probes 

Side Window Probe-beta gamma 

301 1 End Window Probe-alpha beta gamma 
301 2 Side Window Probe-beta gamma 
3053 Long Handle Shielded Pancake 

Contarnination Probe-alpha beta 
3054 Long Handle Shielded Pancake 

Contamination Probe-alpha beta 
3055 Pancake Contamination Probe- 

alpha beta 
3056 Shielded Pancake Contaminalion Probs- 

alpha beta 

requires 3018 or 3018 12 Connector Cab18 

2 2 OPERATING CHARACTERISTICS 

Accuracy 
Reproducibilil y 

Energy Dependence 

i20 i 
* lo/  

Linearity f20Y 
Exposure Rate Limd 1 R/h 
Warm up time none 
Response time 2 sec time constant 

Environmental Effects 
Temperature Range 10C 050 

(14 Fto 122 F) 

throughout opeiati7g range 
20 10 95 / 

(non condensing) 

Temperature Dependence *lo/ 
Relative Humidity Range 

2 3  

8 %  

PHYSICAL CHARACTERISTICS 
Readout 

Visual 2 62 round meter 
Audio (optional) clcking type headset 

Conlrols 4 position selector switch 
(I e OFF X1 X10 X100) battery check switch 

Power 2 D cells (1 5 volt) 
Connectors microphone connection for 

Model 3020 headset 
Mechanical 

Case ruggedized alumiwm body & cover 
Finish polyurethane enamel 

DlmensK>ns Mllllmeterslncherr 
Width 111 4 3 8  
Length 222 87?5 
Height 108 4 25 

Weight Grams Pounds 
1589 3 5  

Accessories Included carrying drap 
Accessories Optional Model 3001 Source 

(5 pCi Cs 137) 
Model 3020 Headset 

3 THE THEORY OF OPERATION 

3 1 INTRODUCTION 

These instruments each have a halogen quenched 
Geiger tube 8 regulated power supply a transistorized 
pulse shaplng and meterlng network an fndicatln~ 1 

meter an audlo pulse amplifier and an optional 
headphone for audible monitoring of radloactivfty 

3 2 THE GEIGER TUBE 

1 The Model 1 51 14 900 Geiger Muetler tube conslsts 
of a thin cylindrbl shell which is the cathode a fine 
wire anode suspended aloqg the longitudinal axk of 
the shell and an lnerl gas into whlch a small amwnt 
of halogen gas is lnserled to a d  as a quenching 
agent A voltage slightly less than that required to 
produce a discharge is applied between the anode 
and cathode When a beta particle of sufficient 
energy impinges upon the tube some of the 
particles kin8tiC energy is used lo lontze a gat 
molecule The electrons resulting from this 
bnlzation are accelerated toward the anode by the 
electric field and In movement toward the anode 
cause additbnal bns to be formed Similarly g a m  
rays Impinging upon the cathode wall cause 
secondary electrons to be ejected whlch in turn 
become the Ionizing event The creation of 
additional Ions Is very rapld thus producing 
discharge in the gas The smafl amount of halogen 
gas in the tube serves to help in quenching the 
discbarge wlthout self consumpton alld restores the 
tube to Hs original condition This discharge results h 
a pulse in the external circuit The frequency of such 
pulses is proportional lo the intensity of the radiation 
field 

2 Model 3007- A selection of interchangeable 
probes is available (See 2 1 for complete list and 
description ) With the Model 3012 Probe the Model 
so07 is equivalent to the Model 3700 With the 
Model 3053 to 3056 Probes the Model 3007 can bo 
used for low level contamination measurement 

3 3 SCALE RANGES 

Th ee operating ranges ( x l  x10  x100) are provded 
These correspond respeclively to 0 5 5 and 50 mWh 
equivalenl radialton for the 3700 The 3007 has both 
mR/h and CPM scabs 



Fig 2 Front Panels 

I 



A’ITACHMENT G 

Chain of Custody Documentation 
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City of Broomfield 
NUMBER SIX GARDEN OFFICE CENTER PO BOX 1415 BROOMFIELO CO 80038 1415 (303) 469 3301 

December 3 1991 

Bud Summers 
Radiochemistry Division 
Accu-Labs Research Inc 
4663 Table Mesa Drive 
Golden, Colorado 80403-1650 

RE Great Western Reservoir Core Samples 

Dear Bud 

The attached City of Broomfield P 0 
analysis of Great Western Reservoir sediment samples Please 
begin the first phase of the sediment analysis according to these 
instructions The following six inch cores should be sectioned 
in to one inch samples (6 samples per core) 

#18080 authorizes the 

Location 

1-A 
1-c 
2-c 
3-A 
3-c 
4 -A 
4 -c 
5-A 
5-E 
5-F 
6 -A 
6-C 
7-A 
8 -c 
9-A 

Core DeDth (inches) 

0-6 
0-6 
0-6 
0-6 
0-6 
0-6 
0-6 
0-6, 
0-6 
0-6 I 
0-6 
0-6 
0-6 I 
0-6 
0-6 

6-12 
6-12 I 
6-12 
6-12 

6-12 
6-12 
6-12 
6-12 , 
6-12 I 
6-12 
6-12 I 
6-12 I 

12-18 
12-18 
12-18 
12-18 

12-18 
12-18 
12-18 
12-18 
12-18 
12-18 
12-18 
12-18 

plumber of 1" S a m 1  es 

6 
18 
18 
18 
18 
6 

18 
18 
18 
18 
18 
18 
18 
18 
6 

9-c 0-6, 6-12, 12-18 18 
Total 6 cores 42 Total samples 252 

Please retain the remaining 48 cores until further notice The 
City will review the phase one data before making a decision on 
the need for additional analysis 

Thank you for your patience 
call me at 466-2302 

If you have any questions please 

Sincerely 

Kathy Sghnoor 
Chemist/Environmental Specialist 

1 
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