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FOREWORD 

Project Rulison is an experimental Plowshare project undertaken 
cooperatively by the Atomic Energy Commission (AEC) and the Department 
of Interior for the government, and Austral Oil Company and CER Geo- 
nuclear Corporation for private industry. As required by law, the AEC 
has had complete custody and control of the nuclear explosive device used 
in the experiment. This statutory responsibility is provided under Sec- 
tion 31 of the Federal Atomic Energy Act of 1954 as amended. After the 
underground detonation on September 10, 1969,. the AEC continued to exercise 
supervisory control of all project activities. 

Other participants in the project include: 

Eberline Instrument Company (EIC), Santa Fe, New Mexico, 
charged with on-site health and safety control. 

Southwestern Radiological Health Laboratory (SWRHL), Las 
Vegas, Nevada, charged with off-site safety and environ- 
mental monitoring and sumeillance activities. 

Lawrence Radiation Laboratory (LRL), Livermore, California, 
which is conducting environmental sampling for an ecological 
study . 
The United States Geological Survey and United States Bureau 
of Mines are concerned with special portions of the project. 

During the detonation phase of the experiment, the Occupational and 
Radiological Health Division (0 & RHD) of the Colorado Department of Health 
participated cooperatively with SWRHL in their off-site activities and also 
conducted an independent envirorlrnental surveillance program. These activi- 
ties have been discussed in the periodic Rulison Progress Reports. 

The Department is authorized by state statute (Chapter 66, Article 26, 
Section 3 CRS 1963, amended 1965) "to develop and conduct programs for 
evaluation and control of hazards associated with the use of any and all 
radioactive materials and other sources of ionizing radiation." In accord 
with this philosophy, our effort has been directed toward the collection 
of air, air moisture, water and milk samples in or near populated areas 
around the Rulison site and the analysis of these samples within the De- 
partment's laboratory capabilities. The resulting data show environmental 
levels of radioactivity for an extensive area of Western Colorado. It has 
not been the ~epartment's intent, nor would it have been possible to pro- 
vide a complete environmental surveillance and monitoring service for this 
particular project. 

This summary is for the 1970 calendar year. 
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SUMMARY 

The moni tor ing  and sampling networks main ta ined  by the  Colorado 
Department of Heal th  dur ing  t h e  de tona t ion  phase of t he  P r o j e c t  Rulison 
Experiment have been cont inued i n  1970 throughout  t h e  r e e n t r y  and f l a r -  
i ng  a c t i v i t i e s .  I n  a d d i t i o n ,  t r i t i u m  a n a l y s i s  c a p a b i l i t i e s  and a i r  
mo i s tu re  sampling techniques  have been developed t o  expand the  Depart- 
ment ' s  environmental s u r v e i l l a n c e  program. 

A t o t a l  of 2,432 radiochemical  ana lyses  have been done on 954 en- 
vironmental  samples p e r t a i n i n g  t o  P r o j e c t  Rulison by t h e  Department 
du r ing  1970. These inc lude :  

644 a i r  p a r t i c u l a t e  f i l t e r  samples 
49 a i r  moi s tu re  samples 

209 p r e c i p i t a t i o n  and water  samples 
52 composite mi lk  samples 

Schedules  f o r  t h e  f l a r i n g  of n a t u r a l  gas  from t h e  Rulison chimney 
a r e  o u t l i n e d  i n  t h e  N a r r a t i v e  t o  e s t a b l i s h  t h e  per iods  of time involved 
and t o  g ive  t h e  approximate amounts of gas r e l e a s e d  i n  t h i s  manner. Sam- 
p l e  c o l l e c t i o n  and morlitoring a c t i v i t i e s  were c o r r e l a t e d  wi th  t h e s e  f l a r -  
i ng  phases whenever p o s s i b l e .  

The d a t a  d iscussed  i n  t h i s  r e p o r t  i n d i c a t e  nv-ra-d_ioagtive con t r ibu -  
" ...-.-- 

tion-f rom rne  . Rulison __-- f  l ~ r i a g A a t - w o u l d  . i n c r e a s e  radiat ip~i-dose.  t-0- t k  
--ktnrmrr popula t ion  i n  t h e  a r e a .  There has been no bui ldup of r a d i o a c t i v i t y  

-y--of.-rhe-s-ampled media,  $;th t h e  except ion  of spo rad ic  i n c r e a s e s  i n  
t r i t  iurn ( 3 ~ )  concen t r a t  i ons  a t  t h e  exc lus ion  a r e a  boundary and immediately 
o f f  s i t e .  These l e v e l s  were many times l e s s  than  t h e  maximum pe rmis s ib l e  
c o n c e n t r a t i o n  (FIPC) f o r  t h e  gene ra l  pub l i c .  Continued s u r v e i l l a n c e  and 
s t u d i e s  of t h e  e f f e c t  and behavior  of t h e s e  amounts i n  t h e  environment is 
cons idered  e s s e n t i a l .  

Appl icable  s t anda rds  a r e  l i s t e d  and t h e  ~ e p a r t m e n t ' s  procedures  f o r  
t h e  v a r i o u s  radiochemical  ana lyses  a r e  provided i n  t h i s  summary r e p o r t .  
The complete a n a l y t i c a l  r e s u l t s  a r e  a l s o  t a b u l a t e d  i n  t h e  Appendix. 



N.ARF&T IVE 

I n  J a n u a r y ,  1970, C iv i l  A c t i o n s  t o  p r e v e n t  t h e  f l a r i n g  o f  t h e  
n a t u r a l  g a s  produced by t h e  P r o j e c t  Rul i son  d e t o n a t i o n  were  h e a r d  i n  Den- 
v e r  by Chie f  Judge  A l f r e d  A .  A r r a j  i n  t h e  Uni ted  S t a t e s  D i s t r i c t  C o u r t .  
The p l a i n t i f f s  i n c l u d e d  t h e  Colorado  Open Space C o o r d i n a t i n g  Counc i l ,  
M a r t i n  G .  Dumont, D i s t r i c t  A t t o r n e y  f o r  C o l o r a d o ' s  Nin th  J u d i c i a l  D i s t r i c t ,  
and i n d i v i d u a l s  s i t u a t e d  n e a r  t h e  s i t e .  A t e x t  of Judge  A r r a j ' s  d e c i s i o n ,  
r e n d e r e d  i n  Plarch, 1970, s t a t e d  i n  p a r t :  "Tlie proposed f l a r i n g  o f  gas  from 
t h e  Rul i son  c a v i t y  h a s  n o t  been shown t o  p r e s e n t  a  danger  t o  l i f e ,  h e a l t h  
o r  p r o p e r t y  o f  t h e  p l a i n t i f f s ,  o r  any  o t h e r s  s i m i l a r l y  s i t u a t e d . "  Th is  de-  
c i s i o n  a l s o  p r e s c r i b e d  p r o c e d u r e s  f o r  t h e  p u b l i c  d i s s e m i n a t i o n  o f  a l l  on- 
s i t e  and o f f - s i t e  m o n i t o r i n g  and s u r v e i l l a n c e  d a t a .  An open f i l e  f o r  t h e s e  
d a t a  was e s t a b l i s h e d  ~t t h e  Colorado Department o f  H e a l t h  and a l s o  a t  
F e d e r a l  o f f i c e s  i n  Denver,  B a r t l e s v i l l e ,  Oklahoma and  Las Vegas, Nevada. 

D r i l l i n g  t o  r e e s t e b l i s h  down-hole c o n t a c t  w i t h  t h e  Rul i son  chininey 
s t a r t e d  on A p r i l  28 ,  1970. T h i s  o p e r a t i o n  ~.7as conducted through t h e  ex- 
p l o r a t o r y  w e l l  (REX) and  p r o g r e s s e d  v e r t i c a l l y  f o r  a b o u t  6500 f e e t .  Angu- 
l a r  o r  "whipstock" d r i l l i n g  t h e n  proceeded toward t h e  emplacement h o l e  
( R E M ) .  D r i l l i n g  c e a s e d  on J u l y  28 ,  1970, a t  a v e r t i c a l  d e p t h  o f  8243 f e e t  
a f t e r  l o s s  o f  d r i l l i n g  mud i n d i c a t e d  t h a t  t h e  chimney had been e n c o u n t e r e d .  

CALIBRATION FLARING 

P r o j e c t e d  s c h e d u l e s  i n i t i a l l y  c a l l e d  f o r  c a l i b r a t i o n  f l a r i n g  t o  b e g i n  
a s  soon a s  p o s s i b l e  a f t e r  r e e n t r y ,  fo l lowed  by t h r e e  p r o d u c t i o n  t e s t i n g  
p e r i o d s  oL 6 ,  1 6 ,  and 90 d a y s '  d u r a t i o n ,  w i t h  e a c h  p e r i o d  preceded by a  
21-day s h u t - i n  i n t e r v a l .  A c t u a l l y ,  o n - s i t e  c a l i b r a t i o n  sys tems  were f i r s t  
t e s t e d  b r i e f l y  on August  1, f o l l o w e d  by o t h e r  c a l i b r a t i o n  f l a r i n g s  on 
August 18 and  22.  Each o f  t h e  l a t t e r  tes ts  w a s  t e r m i n a t e d  a f t e r  a b o u t  
30 m i n u t e s  b e c a u s e  of mud and d e b r i s  p l u g g i n g  t h e  sys tem.  An i n t e r i m  de- 
l a y  d u r i n g  September was u t i l i z e d  t o  c l e a n  o u t  t h e  p r o d u c t i o n  h o l e  and r e -  
check t h e  m o n i t o r i n g  and c a l i b r a t i o n  equipment .  A u s t r a l  O i l  Company 
e s t i m a t e d  t h a t  850 ,000  s t a n d a r d  c u b i c  f e e t  of n a t u r a l  gas  was r e l e a s e d  
d u r i n g  t h e  August  a c t i v i t i e s .  

C a l i b r a t i o n  f l a r i n g  was resumed a t  7 : 0 5  a . m .  Sunday, Oc tober  4 ,  b u t  
was s h u t  down a t  8 :47  a.m. t h e  same day.  The f i r s t  s u s t a i n e d  f l a r i n g  
o c c u r r e d  from 9 : 1 5  p.m., Oc tober  4 ,  t o  5 :00 p.m., Oc tober  5 ,  d u r i n g  which 
a  r a t e  o f  15 m i l l i o n  s t a n d a r d  c u b i c  f e e t  ( M ~ S C F )  p e r  day was r e a c h e d .  The 
n e x t  s u s t a i n e d  r e l e a s e  o c c u r r e d  from 4 :00  p.m October  6 t o  a b o u t  1 :00 p.m. 
on O c t o b e r  7  a t  a  s t e a d y  r a t e  o f  5 M ~ S C F  p e r  day.  An approx imate  volume of 
12 P I ~ S C F  of. n a t u r a l  g a s  from t h e  chimney was f l a r e d  d u r i n g  t h i s  p e r i o d .  ( I )  

PRODUCT I O N  FTARING 

The f i r s t  p r o d u c t i o n  f l a r i n g  s t a r t e d  a t  2:30 p.m. on October  26 and 
reached  a  r a t e  o f  a b o u t  1 7 . 5  M ~ S C F  p e r  day a t  9: 00 p.m. The r a t e  t h e n  de- 
c l i n e d  s l o w l y  u n t i l  t h e  w e l l  was s h u t  i n  a b o u t  2 : 0 0  p.m. November 3 .  An 
e s t i m a t e d  109 M ~ S C F  was f l a r e d  d u r i n g  t h i s  8-day p e r i o d . ( 2 )  



A s p e c i a l  f l a r i n g  i n t e r v a l  was s u b s t i t u t e d  f o r  t h e  second product ion  
test .  This  phase s t a r t e d  on Tuesday, December 1, a t  a n  i n i t i a l  r a t e  of 
5.2 M*SCF p e r  day. Continuous f l a r i n g  fol lowed f o r  20 days a t  an  average  
r a t e  of about  5 M ~ S C F  p e r  day. The w e l l  was shut  i n  a t  2 :  03 p.m. on 
Dccember 20 a f t e r  y i e l d i n g  approximately 100 M*SCF of  n a t u r a l  gas .  This  
completed product ion  from t h e  Rulison chimney f o r  1970. The t o t a l  volume 
of n a t u r a l  gas was somewhat less  than  t h a t  p r e d i c t e d  f o r  t h e  end of t h e  
second product ion pe r iod .  

The t h i r d  product ion  phase began i n  February,  1971, and is ex iec t ed  
t o  run f o r  90 days.  Capac i ty  of t h e  chimney w i l l  de te rmine  t h e  f l a r i n g  
r a t e  which s h o u l d . s t a b i l i z e  d u r i n g  t h i s  extended pe r iod .  

Radionucl ides  of c h i e f  i n t e r e s t  conta ined  i n  t h e  Rulison n a t u r a l  gas  
a r e  t r i t i u m  ( 3 ~ )  and krypton 8 5  ( 8 5 ~ r ) .  Other  r a d i o a c t i v e  components a r e  
carbon 14,  argon 3 7 ,  argon 3 9 ,  radon 222, and mercury 203. Concent ra t ions  
of t hese  a r e  almost below d e t e c t a b l e  l i m i t s .  Concent ra t ions  of 3~ and 
8 5 ~ r  i n  wellhead gas samples have occurred  i n  almost  a  one-to-one r a t i o .  
December, 1970 f l a r i n g  d a t a  r evea l ed  c o n c e n t r a t i o n s  of about  104 pico-  
c u r i e s  p e r  cubic  cen t ime te r  (pCi l cc )  of a s  f o r  each. By c o n t r a s t ,  t h e  
August, 1970 concen t r a t ions  f o r  3~ and 85Kr approximated 175 p ~ i / ~ ~ . ( 3 )  
The August samples were c o l l e c t e d  when t h e  we l l  was f i r s t  opened. 

COLORADO HEALTH ACTIVITIES 

S t a f f  members of t h e  ~ e p a r t n e n t ' s  Occupat ional  and Rad io log ica l  
Health Div is ion  (0 & WD) have done environmental  sampling i n  c o r r e l a t i o n  
with t h e  above f l a r i n g  schedule .  A s  many a s  t h r e e  teams have been i n  t h e  
f i e l d  s imul taneous ly ,  conduct ing  moni tor ing  and sampling procedures .  De- 
partment l abo ra to ry  c a p a b i l i t i e s  were expanded dur ing  t h e  y e a r  t o  i nc lude  
t r i t i u m  ( 3 ~ )  a n a l y s i s .  The l a b o r a t o r y  i s  n o t  y e t  equipped t o  perform 
krypton 85 ( 8 5 ~ r )  a n a l y s i s .  

The d i scuss ions  which fo l low examine and i n t e r p r e t  t h e  d a t a  obta ined  
from our  s u r v e i l l a n c e  systems. 

, . 
(1) P r o j e c t  Rulison O f f - S i t e  S u r v e i l l a n c e  For  The F l a r i n g  Opera t ion  - of  

October 4-7, 1970. 
SWRHL Pre l iminary  Report ,  January  22, 1971 

(2) P r o j e c t  Rulison 1 n t e r L  R a d i o a c t i v i t y  Report - High-Rate F l a r i n g  
Nevada Opera t ions  O f f i c e ,  USAEC, January,  1971 

(3) AEC News NV-71-4 -- 
Nevada Operat ions O f f i c e ,  USAEC, January  13,  1971 



DISCUSS ION 

AIR PARTICULATE SAYPLES 

A total of 644 filters, each representing over 2,000 cubic meters 
(m3) of sampled ambient air, were collected from a network of eight 

I 

high-volume sampling stations. Their location is designated on Flap A 
which follows. The Grand Valley station (R10) is supervised by the 
Division of Occupational and Radiological Health. The other stations 
are in the ~e~artmznt's Air Pollution Control Network. 

The bar graph of Figure 1 represents the average long-lived total 
beta activity from each station. Figure 2 shows the monthly variation 
of beta activity with the stations grouped in three geographical and 
meteorological areas. 

Alpha determinations were run on 521 filter samples. Figure 3 
shows the average long-lived alpha activity per sampling station. The 
higher concentrations shown for R10, R 1 2  and R13 stations are due to 
polonium 210 which was identified by alpha spectrometry. Polonium 210 
:; . ~'l~r.3-ll-7 r - c u . , - r i : ~  :-:inactive material of the Uranium Series. 
The Figure 4 graph shows the monthly alpha activity variations and also 
reflects the higher concentrations at R10, R12 and R13. 

Figure 5 is a typical gamma spectrum showing the major gamma emit- 
ting radioisotopes in the environment as detected from a composite of 
filters from R10. The period represented is the fourth quarter of 1970 
during whi.ch 41,846 m3 of ambient air was sampled. A total of 374 gamma 
scans were made of individual filters from the network stations during 
the year. 

No radioactive contributiorl from the Rulison flaring was detected 
on any air filter sample by the analyses discussed above. A summary of 
the individual station data is included in the Appendix. All radio- 
activity concentrations are reported in picocuries per cubic meter 
(p~i/m3) . 



Map Symbol 

R10 

SAVPLTMG SITE:S - ORIENTATION FOR MAP A 

L o c a t  i o n  

Town o f  Grand V a l l e y  
A i r  P o l l u t i o n  C o n t r o l  (APC) s t a t i o n  i j73 

Town of  R i f l e  
APC s t a t i o n  /I48 

Town of R i f l e  
APC s t a t i o n  i f69 

Town of  P a l i s a d e  
APC s t a t i o n  #66 

Town of  Grand J u n c t i o n  
APC s t a t i o n  /I67 

Town o f  Fr:uita 
APC s t a t i o n  /I62 

Town of I l o n t r o s e  
APC s t a t i o n  /I47 

Town of  GI-enwood S p r i n g s  
APC s t a t i o n  #46 

R u l i s o n  S i t e  
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FIGURE 2. Average Per 
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FIGURE 4. Averages Per Month 
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FIGURE 5. Air Filter Gamma Spectrum 
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DISCUSS I O N  

A I R  MOISTURE SAMPLES 

The Department deve loped  t r i t i u m  ( 3 ~ )  a n a l y s i s  c a p a b i l i t i e s  d u r i n g  
1970. T r i t i u m  l e v e l s  i n  a i r  m o i s t u r e  samples  from o f f - s i t e  s t a t i o n s  
were measured p r i o r  t o  r e e n t r y  and d u r i n g  e a c h  f l a r i n g  p e r i o d  t h e r e a f t e r .  
A t o t a l  of 49 samples  from e l e v e n  s t a t i o n s  were  a n a l y z e d .  Cryogenic  

2 s a m p l e r s  u t i l i z i n g  dry i c e  (CO ) and a  d e h u m i d i f i e r  were  u s e d  f o r  a i r  
m o i s t u r e  c o l l e c t i o n .  The s i t e s  a r e  l o c a t e d  on PIap B .  I n d i v i d u a l  c o l -  
l e c t i o n  t i m e s  v a r i e d  from 50 m i n u t e s  t o  18 h o u r s ,  b u t  t h e  optimum c o l -  
l e c t i o n  t i m e  a p p e a r e d  t o  b e  3 t o  4 h o u r s .  Each sampl ing  p e r i o d  w a s  
c o r r e l a t e d  w i t h  a p a r t i c u l a r  f l a r i n g  phase  and m e t e o r o l o g i c a l  c o n d i t i o n .  

The g r a p h  i n  F i g u r e  6 d e p i c t s  t h e  maximum t r i t i u m  a c t i v i t y  and 
a v e r a g e  t r i t i u m  a c t i v i t y  f o r  e a c h  p e r i o d .  The a v e r a g e  t r i t i u m  con- 
c e n t r a t i o n  f o r  a l l  samples  was w i t h i n  t h e  background range  o f  abou t  
5 t o  1 0  p i c o c u r i e s  p e r  c u b i c  m e t e r  (p2i/rn3) o f  ambient  a i r .  Only one 
a n a l y s i s  showed s i g n i f i c a n t  a c t i v i t y  above t h i s  l e v e l .  The r e a d i n g  
of 2 8 . 1  p ~ i / m 3  was o b t a i n e d  from a sample  t a k e n  a t  R2 on December 2 
and i s  much ge low t h e  maximum p e r m i s s i b l e  c o n c e n t r a t i o n  (MPC) of  
66,000 pCi/m f o r  t r i t i u m .  

The comple te  d a t a  a r e  t a b u l a t e d  i n  t h e  Appendix.  



SAMPLING S1TE:S - ORIENTATION FOR MAP B 

Map Symbol Locat ion 

R1 Near Battlement Creek south of Rulison site 

R2 Near Battlement Creek north of Rulison site 

R3 Near Battlement Creek at the Command Post (CP) 

R5 Intercept A (West helicopter pad) 

R6 Intercept C (East helicopter pad) 

R7 Clem Ranch 

R8 Burtard Ranch 

Ranch six miles south of Silt 

Fairview School 

Silt-Collbran divide summit 

Highway /I330 and Vega Reservoir road junction 

0 Rulison Site 



Scale of  Miles 



FIGURE 6 .  Tritium ( 3 ~ )  Activity in Ambier~t Air 
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DISCUSS I O N  

WATER SmIPLES 

R a d i o a c t i v i t y  i n  water  d a t a  a r e  ob ta ined  from a  network of 40 s t a -  
t i o n s  which a r e  l o c a t e d  on Maps C and D .  A t o t a l  of 633 ana lyses  were 
performed on 209 samples submit ted du r ing  1970. Samples were r o u t i n e l y  
analyzed f o r  t o t a l  a lpha  and t o t a l  b e t a  r a d i o a c t i v e  concen t r a t ions  and 
f o r  t r i t i u m  ( 3 ~ ) .  Radium 226 ( 2 2 6 ~ a )  was determined only  when t h e  t o t a l  
a lpha  a c t i v i t y  of a  sample exceeded 10 p i c o c u r i e s  per  l i t e r  (pCi / l )  of 
water .  The r e s u l t s  r e f l e c t  t h e  v a r i a b l e  ranges of r a d i o a c t i v i t y  nor- 
mal ly  seen  i n  t h e  s p r i n g s  and s u r f a c e  waters  of F e s t e r n  Colorado. 

S i x  p r e c i p i t a t i o n  samples i n  t he  form of snow were c o l l e c t e d  and 
analyzed f o r  a l p h a ,  b e t a  and t r i t i u m .  These were from s i t e s  most ad jacent  
t o  t he  Rulison exc lus ion  a r e a .  One r e s u l t  from a sample taken a t  t he  ex- 
c l u s i o n  a r e a  boundary on December 3  showed a s l i g h t  i n c r e a s e  above back- 
ground t r i t i u m  l e v e l s .  Th i s  was t o  be expected because o n - s i t e  sampling 
i n  t he  f l a r e  s t a c k  exc lus ion  a r e a  a l s o  revea led  increased  t r i t i u m  a c t i v i t y  
dur ing  t h i s  pe r iod .  

Average t r i t i u m  concen t r a t ions  i n  s u r f a c e  wa te r s  a r e  shown on t h e  b a r  
graph i n  F igu re  7 .  Resu l t s  from s t a t i o n s  on Bat t lement  Creek a r e  compared 
t o  d a t a  from o t h e r  watershed a r e a s .  The fo l lowing  l i s t  g ives  t h e  grouping 
of  sampling s i t e s  and the  number of samples averaged f o r  each group. 

R 1 1 sampling s i t e  6  samples averaged 
R2 1 11 I I 1 1  I I 6 
R3 1 I I I I I I I 1  10 
P la t eau  Creek d ra inage  3  sampling s i t e s  14 I! 11 

Colorado River  dra inage  11 11 11 11 I I 34 
Gunnison River  dra inage  8 11 11 I 1  11 24 
White River  d ra inage  2 I 1  II I t  11 7 
Yampa River  d ra inage  2  II I 5 . I' I t  

The range of averages  i s  w i t h i n  what a r e  cons idered  normal l i m i t s  f o r  
t r i t i u m  i n  t h e s e  wa te r s .  Var i a t ions  a r e  probably due t o  c l i m a t i c  and geo- 
g r a p h i c a l  f a c t o r s  which a r e  p r e s e n t l y  n o t  c l e a r l y  de f ined .  

F igu re  8 i l l u s t r a t e s  t h e  average t r i t i u m  a c t i v i t y  shown f o r  t h e  n e t -  
work of  n ine  munic ipa l  water  s t a t i o n s .  The Grand Valley water  supply (most 
proximal t o  t h e  Rulison s i t e )  i s  t h e  lowes t ,  whi le  t hose  from Collbran and 
Carbondale a r e  t h e  h i g h e s t .  The sources  of a l l  t h r e e  a r e  sp r ings  o r  small  
s t reams from high  a l t i t u d e  t e r r a i n .  A l l  of t h e s e  t r i t i u m  d a t a  f o r  munici- 
pa l  s u p p l i e s  a r e  w i t h i n  t h e  observed normal concen t r a t ion  limits and r e f l e c t  
no measurable  c o n t r i b u t i o n  from P r o j e c t  Rulison f l a r i n g .  

A l l  of t h e  water  and p r e c i p i t a t i o n  a n a l y s i s  d a t a  a r e  found i n  t h e  
Appendix. 



SAMPLING SITES - ORIENTATION FOR MAPS C AND D 

Map Symbol 

R 1 
R 2 
R 3 
R 4 
R 9 
R10 
R l l  
R12 
R13 
R14 
R18 
R2 0 
R2 1 
R2 3 
R24 
R2 5 
R2 6 
R2 7 
ld 8 
R2 9 
R3 0 
R3 1 
R3 2 
R3 4 
R3 5 
R3 6 
R3 7 
R3 8 
R39 
R40 
R4 1 
R42 
R43 
R44 
R4 5 
R46 
R47 
R48 
R4 9 
R50 

Locat  ion  

Eas t  Bat t lement  Creek upstream from Rulison s i t e  
Eas t  Bat t lement  Creek downstream from Rulison s i t e  
Plain Bat t lement  Creek downstream from Rulison s i t e  
Rulison Exclus ion  Area boundary 
Colorado River  a t  Grand Valley b r i d g e  
Town of  Grand Val ley  
Colorado River  a t  Rul i son  b r i d g e  
Town of Ri f le -Beaver  Creek P l a n t  
Town of Rifle-Graham P lan t  
Colorado River  a t  S i l t  b r idge  
Buzzard Creek a t  Highway 330 b r i d g e  
Vega Reservoi r  o u t l e t  
Town of Co l lb ran  
P la t eau  Creek a t  1-70 b r idge  
Colorado River  a t  Cameo gauging s t a t i o n  
Town of P a l i s a d e  
Colorado River  a t  C l i f t o n  b r idge  
Ute Water Conservancy D i s t r i c t  
Town ol: Grand Jurlct  i on  
Colorado River  a t  Highway 50 b r i d g e  
Colorado River  a t  F r u i t a  
Gunnison. River  a t  Whitewater 
Uncompah~gre River  a t  De l t a  
Gunnison River  a t  Aus t in  
Muddy Creek upstream from Paonia Reservoi r  
Gunnison R ive r  downstream from Gunnison 
Tomichi Creek a t  Gunnison 
Taylor  F:iver a t  Almont 
Eas t  River  a t  Almont 
C r y s t a l  R ive r  sou th  of Carbondale 
Town of Carbondale 
Town of Glenwood Spr ings  
Roaring Fork River  a t  Glenwood Spr ings  
Colorado River  a t  Newcastle 
Colorado River  a t  Dotsero 
Eagle River  a t  Gypsum 
Yampa River  a t  Mi lner  
Yampa River  a t  Maybell 
White River  a t  Meeker 
White River  a t  Rangely 

Rulison S i t e  
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FIGU4E 8. Tritium (3~) Activity in Municipal Water 
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DISCUSS I O N  

MILK SAMPLES 

Dur ing  1970, 5 2  m i l k  samples  were  c o l l e c t e d  from six milksheds  
c o n s i d e r e d  t o  b e  w i t h i n  t h e  R u l i s o n  a r e a  of  i n t e r e s t .  These were com- 
p o s i t e  r o u t e  s a r ~ p l e s  and d i d  n o t  r e p r e s e n t  t h e  m i l k  from any i n d i v i d u a l  
p r o d u c e r .  The a p p r o x i m a t e  a r e a s  r e p r e s e n t e d  a r e  o u t l i n e d  on Map E and 
a r e  l i s t e d  below: 

Map Symbol L o c a t i o n  
E l e v a t i o n  Above 

Sea Leve l  

R5 1 R i f l e  - Glenwood S p r i n g s  5,580 f t .  
R52 Grand J u n c t i o n  - F r u i t a  4 ,790  f t .  
R5 3 C r a i g  - Meeker 6 , 5 7 5  f t .  
R54 Delta - P a o n i a  - Montrose  5,575 f t .  
R55 S a l i d a  - Buena Vista 7 ,620 f t .  
R56 Durango - San J u a n  B a s i n  6 ,730  f t .  

G ~ u i i r 1 2  ~ s ~ ~ C ~ z ~ x e t r y  \ i 2 ~  used  t c ~  d e t - ? m i n e  t h c  a c t i v i t y  l e v e l s  o f  
i o d i n e  131  (1311) , b a r i u m  140 ( l 4 0 ~ a )  and ces ium 137 ( 1 3 7 ~ s )  i n  e a c h  
sample .  The  a n a l y t i c a l  r e s u l t s  were  w i t h i n  a c c e p t e d  v a r i a t i o n s  and 
showed no  r a d i o a c t i v e  c o n t r i b u t i o n  from t h e  R u l i s o n  f l a r i n g .  

F i f t y  t r i t i u m  ( 3 ~ )  a n a l y s e s  were  made on t h e s e  samples .  The a v e r -  
a g e  t r i t i u m  a c t i v i t y  f o r  each  m i l k s h e d  i s  shown i n  F i g u r e  9 .  The o v e r a l l  
a v e r a g e  f o r  a l l  samples  e q u a l e d  900 p i c o c u r i e s  p e r  l i t e r  ( p C i / l )  of  m i l k .  
The v a r i a t i o n s  e x h i b i t e d  on t h e  g r a p h  may b e  due  t o  f a c t o r s  such a s  a l t i -  
t u d e ,  c l i m a t e ,  w e a t h e r  and f e e d i n g  p r a c t i c e s ,  b u t  a r e  p r e s e n t l y  u n d e f i n e d .  
No d i f f e r e n c e s  a r e  n o t e d  i n  t h e  d a t a  between t h e  R u l i s o n  p r e f l a r i n g  and 
p o s t f l a r i n g  p e r i o d s .  

The m i l k  a n a l y s i s  d a t a  a r e  a l l  t a b u l a t e d  i n  t h e  Appendix.  
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FIGURE 9. Tritium(3~) Activity in Milk 
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The Div i s ion  of Occupational and Radio logica l  Heal th i s  g r a t e f u l  
f o r  t h e  a s s i s t a n c e  and coopera t ion  it has rece ived  from many agencies  
and i n d i v i d u a l s  i n  t h i s  environmental  s u r v e i l l a n c e  endeavor.  A hopefu. l ly  
complete l i s t i n g  fo l lows:  

Colorado Department of Heal th  
Div is ion  of A i r  P o l l u t i o n  Cont ro l  
Div is ion  of Labora to r i e s  
Div is ion  of SaniLat ion  and Engineering 
Div i s ion  of Water P o l l u t i o n  Cont ro l  

Environmental P r o t e c t  i o n  .Agency 
Southwestern Radio logica l  Heal th Laboratory,  

Las Vegas, Nevada 

United S t a t e s  Atomic Energy Commission 
Nevada Operat ions O f f i c e ,  Las Vegas, Nevada 

United S t a t e s  Geologica l  Survey, Denver, Colorado 

Lawrence Radia t ion  Laboratory,  Livennore, C a l i f o r n i a  

E b e r l i n e  Instrument  Company, Santa  Fe, New Mexico 

Mesa County Heal th Department, Grand Junc t ion ,  Colorado 

San Juan Basin Heal th  Uni t ,  Durango, Colorado 

A u s t r a l  O i l  Company, Houston, Texas 

CER Geonuclear Corpora t ion ,  Las Vegas, Nevada 

P r i v a t e  i n d i v i d u a l s  and munic ipa l  o f f i c i a l s  i n  t h e  Morr i san ia  
Mesa Cominunity, Grand Val ley ,  R i f l e ,  Col lbran ,  and throughout  
t h e  Rul i son  a r e a  of i n t e r e s t .  



S T A N D A R D S  

The concentrations listed include radioactive 

materials of interest in all department surveillance 

activities, that are found in the environment. 



2 7 Maximum Permissible Concentration 

The Maximum Permissible  o on cent rations (MPC) stated below are based on the 
recommendations of the International Commission on Radiological Protection (ICRP), 
the National Council on Radiation Protection (NCRP) and the Federal Radiation 
Council (FRC). These recomnendations are incorporated into the regulations of 
the Department and those of the U. S. Atomic Energy Commission. The levels 
stated are those relating to general population exposures and are rounded, con- 
servatively, to the second significant digit. 

Chemical form 
insoluble soluble 

~irf:(~icocuries /cubic meter) 
Unidentified radionuclides 1 > 

2 
0.007 I 0.007 

Unidentified radionuclides 33.0 33.0 
Americium 24 1 1.3 0.066 
Cerium 141 1600.0 6600.0 
Cerium 144 66.0 100.0 
Hydrogen 3 66000.0 66000.0 
Krypton 85 100000.0 100000.0 
Lead 210 2.6 1.3 
Plutonium 238 0.33 0.023 
Plutonium 239 0.33 0.020 
Polonium 210 2.3 6.6 
Ruthenium 103 330.0 6600.0 
Ruthenium 106 66.0 1000.0 
Uranium - natural 0.66 1.0 
Zirconium-Niobium 95 330.0 1300.0 

Water*(picocuries /liter) 
Unidentified radionuclides 1) 

Unidentified rad ionuclides 2) 
Americium 241 
Cerium 141 
Cerium 144 
Hydrogen 3 
Lead 210 
Plutonium 238 
Plutonium 239 
Polonium 210 
Ruthenium 103 
Ruthenium 106 
Uranium - natural 
Zirconium-Niobium 95 

Radium 226 in water supplies 3 

Radium 226 in water supplies 4 )  
Iodine 131 in milk 4 

Strontium 90 in milk 4 

Any 
3.0 
20.0 
100.0 
200.0 

, .  *Air is used as an example of inhalation exposure and water is used as 
ingestion exposure. Where the ingestion exposure is from solid material, 
the units are expressed as picocuries/1000 grams. 

')Any single radionuclide which decays by alpha emission or spontaneous fission. 

2, Any single radionuclide with a decay mode other than alpha emission or spon- 
taneous fission and with a radioactive half-life greater than 2 hours. 

3, The ~e~artment's limit far accepting a municipal water supply or source without 
additional qualification on total Radium intake. Units are picocuries/liter. 

4 ,  FRC Range I maximum total daily intake. Units are picocuries/day . Concentrations 
occurring in Range I require only minimal surveillance activities. 

A picocurie is defined as one millionth-millionth of a Curie or 2.22 disintegra- 
t ions/minute. 



P R O C E D U R E S  

The procedures  d e s c r i b e d  i n c l u d e  a l l  r a d i o l o g i c a l  h e a l t h  

a n a l y s i s  p rocedures  used on a  " rou t ine"  b a s i s ,  a l though a  

s p e c i f i c  s u r v e i l l a n c e  program may n o t  employ a l l  t h e  

procedures  con ta ined  h e r e i n .  



AIR FILTER ANALYSIS now CHART 

~ i r  Sample 

Determination Alpha Determination 
I 

Preparation 

Long-Lived 

Determination Beta Determination 

Alpha Spectrometry 

G,amma Spectrometry 

I Particle Counting I 

Quantitative 

Rad ionuclide 

Determination 

D A T A  



30 

Air Filter Analysis 

Routine 

Air samples are collected by persons manning the individual sampling stations. 
In practically all instances, these are state and local governmental personnel. 

Particulate air filter sample pads routinely are stored at least seven (7) 
days post collection prior to counting to allow the short-lived naturally-occur- 
ring Radon and Thoron daughter radioactive material to decay from the sample. 

Alpha determinations are made using a 4 inch diameter photomultiplier tube 
coated with zinc sulfide connected to an appropriate counting register. Analysis 
counting time is 10 minutes per sample. Calibration factors for this system 
include corrections for counting efficiency, sample and sample media self- 
absorption, aliquot of sample actually seen by the detector and sample media 
collection efficiency. 

Beta determinations are made using an 8 inch x 10 inch external proportional 
chamber connected to an appropriate counting register. Analysis counting time 
is 4 minutes per sample. Calibration factors for this system incorporate the 
items previoilsly stated for alpha determinations. 

The net counts per minute are converted to concentrations, i.e. picocuries 
3 per cubic meter of air (p~i/m ),by multiplying the net counts per minute by the 

calibration factor and dividing by the air flow for the sampling period (previously 
determined). 

In the case of an emergency situation, air filter samples can be counted on 
receipt in the counting facility. The counting rates will normally be elevated 
if the sample is counted before at least 4 days have elapsed since collection of 
the sample because of Radon.and Thoron progeny. 

Should alpha or beta determinations be abnormal for the post-counting period, 
alpha or gamma spectrometry or special analyses are used to determine the cause 
of the abnormality. 

Gamma spectrometry is routinely used, whether the sample is abnormal or not, 
during surveillance of Plowshare events such as Project Rulison. 

Special 

In special situations, special analysis techniques are used to identify 
specific radionuclides not easily discernible by the previously mentioned proce- 
dures. Such is the case with the air filters collected for the U. S. Atomic 
Energy Commission's Rocky Flats Plant Surveillance Program conducted by the 
Department. In this instance, air filter samples collected are analyzed for 
Plutonium content and concentrations of Plutonium 238 and Plutonium 239 are 
determined. 

Nominal minimum detectable activities are 0.003 picocurie Total Alpha per 
cubic meter and 0.02 picocurie Total Beta per cubic meter of air. 



TRITIUM DETERMINATION FLOW CHART 

Air-Mois ture 
Sample 

Milk 
Sample 

Water 
Sample 

Distillation 1 r- 
Liquid Scintillation 

Counting 

" D A T A  



T r i t i u m  I n  Water Determina t ion  

T r i t i u m  r e l e a s e d  t o  t h e  environment from n u c l e a r  f a c i l i t i e s  i s  g e n e r a l l y  
i n  gaseous form. T r i t i u m  atoms r e a d i l y  exchange w i t h  t h e  s t a b l e  hydrogen 
(Hydrogen 1) and forms t r i t i a t e d  wa te r  w i t h  t h e  a v a i l a b l e  oxygen i n  t h e  
atmosphere.  

Because of t h i s  s i t u a t i o n ,  t r i t i u m  l e v e l s  can be  monitored by ana lyz ing  
w a t e r  from any envi ronmenta l  o r  b i o l o g i c a l  system. Samples submit ted may be 
w a t e r  t a k e n  from t h e  ambient atmosphere by c ryogenic  sampling d e v i c e s ,  mi lk  
samples ,  w e l l  and s u r f a c e  wa te r  sou rce  samples and u r i n e .  The l a t t e r  i s  
11spf l i1  i n  d e t e r m j n i n ~  body burden l e v e l s  of  ~ e r s o n n e l  who work w i t h  l a r g e  
q u a n t i t i e s  o f  T r i t i u m ,  w h i l e  t h e  o t h e r s  a r e  used i n  de te rmin ing  t h e  e f f e c t s  
of  t h e  f a c i l i t i e s  and t h e i r  a c t i v i t i e s  on t h e  environment.  

The l i q u i d  samples c o l l e c t e d  a r e  s lowly  d i s t i l l e d  i n  a  s imple  d i s t i l l a t i o n  
appa ra tu s .  F ive  m i l l i l i t e r s  of t h e  d i s t i l l a t e  i s  placed i n  a count ing  v i a l  
w i t h  twenty m i l l i l i t e r s  of  l i q u i d  s c i n t i l l a t i o n  s o l v e n t  (a p-dioxane mix tu re ) .  
The sample i s  counted f o r  100 minutes  i n  a  coun te r  which has  about  a  26% 
coun t ing  e f f i c i e n c y  f o r  T r i t i u m  i n  t h i s  s o l u t i o n .  

By knowing t h e  m o i s t u r e  c o n t e n t  o f  t h e  sampled a i r ,  c a l c u l a t i o n s  can b e  
made t o  de t e rmine  t h e  c o n c e n t r a t i o n  o f  T r i t i u m  i n  t h e  sampled atmosphere.  

The minimum d e t e c t a b l e  a c t i v i t y  which can be  observed w i t h  t h i s  system 
i s  500 p i c u c y r i e s  of  T r i t i u m  p e r  l i ter  of  wa te r  and approximately 1 p i c o c u r i e  
of  T r i t i u m  p e r  c u b i c  meter o f  a i r .  



WATER I~NA'LYSIS FLOW CHART 
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Water Sample Analysis 

Water samples may be collected by the Division Staff or by other 
Divisions in the State Health Department, local health departments, 
other state and local governmental agencies and others. 

In some instances, the collection of these samples are on pre- 
arranged schedules while others are collected due to specific interest. 

Total alpha and beta determinations are accomplished on a 100 milli- 
liter portion of the sample evaporated on a counting planchet. Where 
the total solids are excessive for the above determination (greater than 
20 milligrams deposited per square centimeter of planchet surface) a 
smaller portion is used. Normally the alpha determination requires a 
100 minute counting time, while 10 minutes is used for the beta deter- 
mination. A proportional counter having an automatic sample changer and 
"alpha" and "beta" plateaus is used for these determinations. Calibra- 
tions are based on natural Uranium and Cesium 137 for alpha and beta 
determinations respectively. Special analysis calibrations utilize the 
radionuclide of interest. If either of these analyses is abnormal, 
either gamma spectrometry or special analysis utilizing chemical separ- 
ation is used to determine the cause of the abnormality. 

A tritium analysis is performed on water samples collected near 
facilities where tritium is stored or used in large quantities. 

Bismuth 210, Polonium 210 and Lead 210 are other determinations done 
by the Department but not on a routine basis. Uranium analysis is accom- 
plished by strictly chemical procedures. 

The minimum detectable activity for alpha and beta concentrations 
approximates 8 picocuries per li.ter of water and is 0.1 picocurie/liter 
for Radium 226. 
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Milk Analysis 

Milk samples are collected with the cooperation of the Milk, Food and 
Drug Section of the ~epartment's Engineering Division, local health 
departments and milk producing or processing plants and associations. 

Normally one-half to one gallon of milk is obtained per sample, and is 
preserved by the addition of 5 milliliters of formaldehyde. The frequency 
of collection of samples from the various milk producing areas of the state 
depends on the surveillance system and its status. 

Samples are received by the radiation counting facility of the Department's 
Occupational and Radiological Health Division within 2 days after sampling 
and are analyzed as soon thereafter as possible. 

Routine analysis is accomplished by gamma spectrometry with Iodine 131, 
Barium-Lanthanum 140, Cesium 137 and natural Potassium concentration deter- 
mined. Gamma efficiency curves are available to determine the concentration 
of any gamma emitting radionuclide in a 2 quart sample. This "compton- 
continuum subtraction-gamma efficiency" procedure has not been utilized to 
date, as there has not been an instance of any gamma emitting radionuclides 
above minimum detectable activities ( *  20-25 picocuries per liter). 

Because Tritium (Hydrogen 3) is a radionuclide of interest in Plowshare 
activities and the Public Service Company of Colorado's Fort St. Vrain 
Nuclear Power Generating Station at Platteville, Tritium determinations are 
made on all milk samples produced in these respective vicinities. 



SPECTROMETRIC DETERMINATIONS 
F:LOW CHART 

Sample 

I 
Sample 

Pyrepara t i o n  I I (Chemical) I 

Sample 
Pyreparat ion  

( P h y s i c a l )  

Counting 

I 
Comparison 

w i t h  
Standard 

D A T A  



Spec t rome t r i c  Determinati .ons 

Ana lys i s  f o r  any s p e c i f i c  r a d i o a c t i v e  m t e r i a l  i nvo lves  t h e  emission,  t h e  
e m i s s i o n ' s  energy and t h e  r a d i o a c t i v e  h a l f - l i f e  o f  t h e  m a t e r i a l  i n  ques t i on .  

Alpha p a r t i c l e  and gamma r a y  emiss ions  a r e  g iven  o f f  by t h e  nucleus o f  t h e  
r a d i o a c t i v e  atom a t  d i s c r e t e  o r  s p e c i f i c  e n e r g i e s .  By t h e  u se  of  a lpha  o r  
gamma spec t rome t ry ,  emiss ions  and t h e i r  e n e r g i e s  can be  determined.  Should 
emiss ion  e n e r g i e s  from d i f f e r e n t  r a d i o a c t i v e  m a t e r i a l s  be s i m i l a r ,  chemical 
s e p a r a t i o n  o f  t h e  m a t e r i a l s  w i l l  e a s e  t h e  de t e rmina t ion .  

Q u a l i t a t i o n  and q u a n t i t a t i o n  i s  accomplished through t h e  use  o f  known 
sou rce  emiss ion  e n e r g i e s  and amount of  m a t e r i a l .  Counting a t  d i f f e r e n t  t imes 
enab le  h a l f - l i f e  de t e rmina t ions  t o  be  made. 

Alpha 

A s  an  a lpha  p a r t i c l e  does n o t  p e n e t r a t e  a i r  e a s i l y ,  count ing  of  t h e  sample 
i s  done under a  h igh  vacuum. The s e n s i n g  p o r t i o n  of  t h e  system is a s i l i c o n  
s u r f a c e  b a r r i e r  d e t e c t o r  which i s  coupled w i t h  a  power supply ,  pu l se  shape r s ,  
count ing  r e g i s t e r  and a  p u l s e  h e i g h t  a n a l y z e r  u n i t .  Pu lses  of d i f f e r e n t  
e n e r g i e s  a r e  s o r t e d  acco rd ing ly  and t h e  r eadou t  of  t h e  u n i t  d e s c r i b e s  t h e  e m i s -  
s i o n  e n e r g i e s .  

Gamma 

A s  a  gamma r a y  p e n e t r a t e s  most envi ronmenta l  m a t e r i a l s  e a s i l y ,  sample p re -  
p a r a t i o n  i s  g e n e r a l l y  concerned w i t h  f i t t i n g  t h e  sample s i z e  and shape t o  a  
uniform geometry f o r  count ing.  The d e t e c t o r  i s  a  sodium i o d i d e  c r y s t a l  which 
i s  o p t i c a l l y  coupled t o  a  p h o t o m u l t i p l i e r  tube.  Th i s  tube  changes t h e  s c i n t i l -  
l a t i o n s  i n  t h e  c r y s t a l  t o  an e l e c t r i c a l  p u l s e  and then provides  a m p l i f i c a t i o n .  
Pu l se  s h a p e r s ,  a  p u l s e  h e i g h t  a n a l y z e r  u n i t  and i t s  r eadou t  complete t h e  u n i t .  
Pu l se s  o f  d i f f e r e n t  e n e r g i e s  a r e  s o r t e d  acco rd ing ly  and t h e  readout  d e s c r i b e s  
t h e  emiss ion  e n e r g i e s .  



A P P E N D I X  



A I R  PARTICULATE SURVEILLANCE -- 
T o t a l  Long Lived 

Beta p ~ i / m 3  
T o t a l  Long L i  e d  

Alpha p ~ i / m  Y 

- Total .  A i r  
3 N 

- 
X Max. Min. Volumem X Max. Min . 

T o t a l  A i r  
Volume m 3 Month N 

GRAND VALLEY (Map Designat ion R10) 

Year 36 

RIFLE (Map Designat ion R12) 

Year 89 

RIFLE (Map Des ignat ion  R 1 3 )  

Year 71  0.62 1.81 0.09 178,798 6 1  0.147 0.929 0.004 154,419 



A I R  - PART ICULATE SURVEILLANCE 

T o t a l  Long Lived 
Beta p ~ i / r n 3  

T o t a l  Long Lived 
Alpha p ~ i / m 3  

- T o t a l  A i r  - 
X Max. Min. Volume m 3 N X ?.lax . Min. 

To ta l  A i r  
Volume m 3 Month N. 

PALISADE (Map Des igna t ion  R25) 

Year 8 4  

GRAND JUNCTION (Nap Des igna t ion  R28) 

Year 100 

FRUITA (Map Des igna t ion  R30) 

Year 89 



A I R  PARTICULATE SURVEILLANCE 
-7 

T o t a l  Long Lived T o t a l  Long Lived 
Beta p ~ i / m 3  Alpha p ~ i / m 3  

- Tot:al A i r  - T o t a l  A i r  
Month N X Max. Min. Vol.une rn3 N X Max. Min. Volume m 3 

MONTROSE (Hap Designat ion R33) 

Year 81  0.63 3.34 0.07 187,670 66 0.008 0.026 0 .001 150,560 

GLENWOOD SPRILNGS (Map Designat ion R42) 

Year 94 0.45 2.08 0.02 220,061 76 0.008 0.028 0.001 174,093 

A l l  E ight  A i r  S t a t i o n s ,  E n t i r e  Year 

- 644 0.54 3.34 0.01 1,527,417 521 0.053 0.929 0.001 1,217,149 

N = Number of samples - 3 
X = Average a c t i v i t y  i n  p i cocur i e s  p e r  cub ic  meter  (pCi/m ) 
Max. = Highest  a c t i v i t y  sample 
Min. = Lowsst a c t i v i t y  sample 
T o t a l  a i r  volume = Sum of a i r  volumes sampled 



A I R  MOISTURE SURVEILLANCE 

C o l l e c t i o n  Date C o l l e c t i o n  Time T r i t i u m  Content  

From To p C i / l  p ~ i / r n 3  
Month Day Hour Hour Month Day o f  w a t e r  o f  a i r  

BATTLEMENT CREEK SOUTH OF RULISON SITE (Map D e s i g n a t i o n  R1) 

BATTLEMENT CREEK NORTI-I OF RULISON SITE (Plap D e s i g n a t i o n  R2) 

BATTLEMENT CREEK AT THE COMMAND POST (Map D e s i g n a t i o n  R3) 

8-17 1455 1620 747 2 516 4 . 6  
10-26 1620 0920 10-27 3625 + 540 7 - 0  
10-27 0930 1255 625 + 501 I F  B 
10-28 0920 1825 1735 -? 516 3 . 1  
10-29 1310 1555 1440 '3 512 1 . 5  
12-  2 0840 1340 IFB IFB 

INTERCEPT A (WEST HELICOPTER PAD) (Elap D e s i g n a t i o n  R5) 

INTERCEPT' C (EAST HELICOPTER PAD) (Map D e s i g n a t i o n  R6) 

CLEM RANCH (Map D e s i g n a t i o n  R7) 

IFB IFB 
725 + 502 - 3 . 4  

1231 + 527 
7 - 16 1010 T 525 

3325 7 536 
678 501 

10-27 1237 509 
IFB 

1725 + 515 
1120 7 507 
2897 7 527 

740 T - 498 

8 . 9  
5 .2  
9 . 4  
3 . 3  
2 . 7  
IFB 
3 . 1  
1 . 4  
5.2 
I F  B 



A I R  MOISTURE SURVEILLANCE 

Col l ec t ion  Date Co l l ec t ion  Time Tr i t ium Content 

From T o pCi / l  PC i / m 3  
Month Day Hour Hour ' Month Day of water  o r  a i r  

BERTARD RANCH (Map Designat ion R8) 

10- 4 0815 1900 IFR 
10- 4 1900 0845 10-5 I F B  
10- 5 0845 1900 IFB 
10- 5 1900 1045 10-6 IFB 
10- 6 1715 1020 10-7 556 + 500 
10-28 0910 1810 1385 - T 511 

RANCH SIX MILES SOUlIII OF SILT (Map Designation R15) 

FAIRVImJ SCHOOL (Map Designation R16) 

SILT-COLLBRAN DIVIClE SUMMIT (Flap Designation R17) 

HIGHWAY !I330 AND VEGA RESERVOIR ROAD J U N C T I O N  
(Map Designat ion R19) 

IFB 
IF B 
IFB 
IFB 
IFB 
2.5 

5 .5  
6.3 
2.9 
IFB 

5.6 
5.9 
4.3 
IFB 

3 
IFB- equal  t o  o r  l e s s  than 500 p ~ i / l  H 



PRECIPITATION AND WATER SURVEILLANCE 

Sample Da te  R a d i o a c t i v i t y  ( p ~ i /  1 )  
Number Month Day T o t a l  Alpha . T o t a l  B e t a  Radium-226 T r i t i u m  

PRECIPITATION 

NEAR CATTLFNENT CREEK SOUTH OF RULISON SITE (Map D e s i g n a t i o n  R1) 

11a2 53 12- 2 IFB 14 + 9 IFG 

NEAR BATTLDIENT CREEK N0,RTH OF RULISON SITE (Map Des igna t  i o n  R2) 

7 54 1- 9 IFB 
IW255 12- 2 5 2 4 ,  

NEAR BATTLEIEXT CREEK AT TKE COMMAND POST (Flap D e s i g n a t i o n  R3) 

IIzT2 56 12- 2 IFB IFB 

RULISOIJ EXCLUSION AREA BOUNDARY (Ilap D e s i g n a t i o n  R4) 

IFB IFB 
IFB 23 + 1 0  

IFB 
2334 f 520 

WATER 

EAST BATTLDIENT CREEK UPSTREAM FROM RULISON SITE (Nap D e s i g n a t i o n  R1) 

1128 4- 9 IFB IFB IFB 
M7 6-22 IFB IFB 606 + 502 
1\16 7 7-14 IFB IFB 703 7 504 
M2 19  8 -18 11 2 8 IFB 0.17 - + 0 . 1 0  607 ? 514 
i.14 1 0  10-  3 IFB IFB IFB 
IN244 12- 2 IFB IFB 1018 + 502 - 

EAST BATTLEIIEhT CREEK DOkWSTREAM FROM RULISON SITE (Map D e s i g n a t i o n  R2) 

I45 6 -22 IFB 
PI6 4 7-14 IFB 
M220 8-18 IFB 
P1412 10-  3 IF  B 
IW198 10-28 
IW191 10-29 IFB 

I F  B 
IFB 
IFB 
IFB 

IFB 

8 3 1  + 505 
936 507 

IFB 
IFB 
IFB 
IFB 

MAIN BATTLDIENT CREEIC DOWNSTREAM FROM RULISON SITE (Map D e s i g n a t i o n  R3) 

IFB 
IF  B 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 

IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 

IFB 
IFB 

697 + 504 
993 508 
781 + 516 
664 501 

IFB 
IFB 
IFB 

843 - + 500 



PRECIPITATION AND WATER SURVEILLANCE 

Sample 
Number 

Date R a d i o a c t i v i t y  ( p ~ i / l )  
Plonth Day T o t a l  Alpha ' T o t a l  Beta  Radium-226 T r i t i u m  

COLORADO R I V E R  AT GRANT) VALLEY BRIDGE (Map Des igna t ion  R9) 

10- 7 12 - + 15; IFB 0.19 + 0.10 861  + 504 
10-28 4 2141 IFB 0.16 + 0.10 996 T 507 
10-29 6 - + 1 2 !  IFB 0.18 - T 0.10 735 - 7 502 

TOWN OF GRAND VALLEY (Map Des igna t ion  R10) 

IFB 
1 4  + 10 

IF: 
IFB 

5.2 - + 10.5 
1 4  + 10 

IF: 
IFB 

7 + 1 0  
IF: 

IFB 
IFB 0.04 
IFB 
IFB 
IFB 0.18 + 0.10 
IF B 0.42 7 - 0.12 
IFB 
IFB 
IFB IFB 
IFB 

COLORADO RIVER AT RU1,ISON BRIDGE (Map Des igna t ion  R11) 

IFB 
IFB 
IPB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 

2-25 23 2 13 IFB 2.82 + - 0.26 716 
12- 2 2 - + 14 IF B 1021 - + 502 

TOWN OF RIFLE-BEAVER CREEK PLANT (Map Des igna t ion  R12) 

4-16 IFB IFB 695 2 492 
6-22 IFB IFB 804 2 505 
8-19 IFB IFB IFB 

10- 7 IFB IFB IFB 
10-28 IFB IFB 797 + 503 
10-29 14  + 10 IFB 0.11 - + 0.09 IFB 
12- 4 IF: IFB 974 2 501 

TOWN OF RIFLE-GRAI-IAM PLANT (Map Des igna t ion  R13) 

IFB 
IF B 

IFB 705 + 492 
IFB 0 .21  - + 0.10 890 + - 505 

COLORADO RIVER AT SILT BRIDGE (Map Des igna t ion  R14) 

10-30 4 - + 14 IFB 0.22 - + 0.10 663 - + 501 

BUZZARD CREEK AT HIGHWAY 330 BRIDGE (Map Des igna t ion  R18) 

8-19 9 + 11 IFB 0.21 2 0 .10  IFB 
10-30 IF: IFB IFB 866 + 504 
10- 5 1186 z 508 



PRECIPITATION AND \$ATE?. SURVEIT,LANCE 

Sample Date  R a d i o a c t i v i t y  (pCi/l) 
Number Month Day T o t a l  Alpha T o t a l  B e t a  Radium-226 T r i t i u m  

VEGA RESERVOIR 07S1'LET (Map D e s i g n a t i o n  R20) 

Pi6 9 7 - 15 IFB IFB 831 + 505 
M216 8-19 44 + 10 46 2 13 0.12 - + 0.09 IFB 
IW195 10-30 IFE I F  B 715 2 502 
PI408 10- 5 905 2 504 

TOWN OF COLLBRAN (Map D e s i g n a t i o n  R21) 

IFB IFB 
IFB 9 + 9  811 + 505 - 

9 + I1 - IFE 0.22 2 0.10 1043 
7 2 11 IFB IFB 956 2 518 
4 2 10 IFB IFB 1220 + 509 - 
12 4- 11 IFB 

 IF^ IFB 1227 2 532 
1369 2 511 

PLATEAU CREEK AT 1-70 BRIDGE (Map D e s i g n a t i o n  R23) 

10 2 10 10 + 9 0.12 - -k 0.09 882 2 495 
12 + 12 12 2 10 1169 

IFC IPE 777 2 505 
13 2 12 IFB 0.31 + 0.11 
13 + 13 IFB 0.72 0.15 1100 + 520 
7 7 12 15 2 1 0  O.llT0.09 1105 507 

IFB IFB I ~ B  928 z 505 
12 2 13 IFB 878 + 500 - 

COLORADO RIVER AT CAiYEO GAUGING STATION (Map D e s i g n a t i o n  R24) 

13 2 12 
4 + 1 3 -  

IF% 
IFB 
IFB 

5 + 11 
IF: 
IFB 

7 2 13 
7 + 15 - 
24 2 20 

IFB 0.24 - + 0.11 
IFB 
IFB 
IFB 1207 + 527 
IFB 1202 7 510 
IFB 0.12 + 0.08 649 z 501 

10 + 9 0.17 7 0.10 IFB 
IFB IFB 644 - + 497 
IFB 
IFB 1001 + 502 
IFB 585 7 - 523 

TOWN OF PALISADE (Nap D e s i g n a t i o n  R25) 

M34 7- 3 . IFB 
Pi48 4 10-19 IFB 
PI547 10-21 9 + 7  
IW303 12- 1 IFF 
PI664 12- 9 IFB 

IFB 
IFB 
IFB IFB 
IFB 
IFB 



PREC IF ITATION AND WATER SURVEILLANCE - 
Sample 
Number 

D a t e  R a d i o a c t i v i t y  ( p C i / l )  
Plonth Day T o t a l  Alpha T o t a l  Beta Radium-226 

COLORADO RIVER AT CLIFTON ERIDGE (Map D e s i g n a t i o n  R26) 

4- 9 8.7 2 11..5 IFB 0 . 3 1  - + 0.12 

UTE WATER CONSERVANCY DISTRICT (Map D e s i g n a t i o n  R27) 

7-  3 IFB 
10-19 IFB 
10-21 IFB 
11 -2 3 IFB 
12 - 10  IFE 

IFB 
IFB 
IFB 
IFB 
I'F B 

TOIlm OF GRAND JURTCTIOiLT (;,lap D e s i g n a t i o n  R28) 

4- 1 4  IFB 
6-24 IFB 

10-19 IFB 
10-21 IFB 
12- 1 IFB 
12-10 IFB 

IFB 
I F  B 
IFB 
IFB 
IFB 
IFB 

COLORADO RIVER AT HIGHWAY 50 BRIDGE (Map D e s i g n a t i o n  R29) 

T r i t i u m  

IFB 
1165 + 510 

591 - 500 

IFB 
IFB 

2-25 1 0  + 1:3 IFB 0.22 + 0 . 1  1152 + 498 
4- 7 1 9 . 5  1 4  11 2 9 0 . 2 4  - T 0 . 1 1  1642 - I/: 533 

COLORADO RIVER AT FRUITA (?lap D e s i g n a t i o n  R30) 

1 - IFB 
2 - 11 2 1 4  
3 - 2 + 12  
4-23 IF% 
7 -15 IFB 
7 -  11 - + _ I 6  

10-20 5 Jr 1 6  
11- 1 - + 1 5  
11- 1 2 1 2  
12  - 11 + 1 6  - 

IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
I F  B 
IFB 

1489 2 514 
0.22 - + 0 . 1 0  999 2 507 

IFB 
0.13 - + 0 .09  977 + 501  - 

IFB 

GUNNISON RIVER AT WHITEWATER (Map D e s i g n a t i o n  R31) 

IFB IFB 
IFB IFB 872 + 495 

9 + 12 IFB 1423 7 - 506 
IF?: IFB 

19  2 1 6  IFB 0 .16  + 0 . 0 9  
1 4  2 1 6  IFB 0 .08  3 0 .08  867 + 505 

IFB IFB IFB 648 f 497 
5 4  2 2 1 0  1 0  - + 1 0  IFB 
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PREC I P  ITLIT I O N  AND WATER S URVE ILLAWCE . 

Sample 
Number 

R17 93 
R2030 
Plll 
RIG2 
M2 18 
R8 42 
R980 
R1104 
IW252 

Date  R a d i o a c t i v i t y  ( p ~ i / l )  
Month Day T o t a l  Alpha T o t a l  E e t a  Radium-226 T r i t i u m  

EAST RIVER AT ALPIONT (Map D e s i g n a t i o n  R39) 

1- 5 IFB IFB 
2 - 5 + 1 3  10  + 10  
3 - IF: IFB 
4-15 IFB IFB 
6- 3 IFB IFB 
8 - IFB IF  B 

10-15 IFB I F  B 

CRYSTAL RIVER SOUTH OF CAmONDALE ()lap D e s i g n a t i o n  R40) 

6-26 IFB 
10-  5 

IFB 

TOWN OF CAF33ON:DALE (Map D e s i g n a t i o n  R41) 

6-26 IFB 
10-  4 IFB 

IFB 
IFB 

TOWN OF GLEhTJOOD :SPRINGS (Map D e s i g n a t i o n  R42) 

6-26 IFB 
12- 1 IF  B 

IFB 
IFB 

ROARING FORK RIVER AT GLEIWOOD SPRINGS (Nap D e s i g n a t i o n  R43) 

IFB 
IFB 
IFB 
IFB 

I F  B 
I F  B 
IF  B 0 . 1 5  - + 0 . 0 9  
IFB 

COLOPADO RIVER AT NiENCASTLE (Map D e s i g n a t i o n  R44) 

11 + 12  
IF% 
IFB 

1 6  + 11 - 
5 + 11 

IFF 
7 + 13  
5 f 12  

11 2 1 5  

IFB IFB 
IFB 
I F  B 
I F B  0 . 1 6  + 0 . 1 0  
IFB 0 . 2 6  7 - 0 . 1 1  

11 + 1 0  
IFB 0 . 1 5  - + 0 .10  
IFB 
IFB 



PRECIPITATION AND WATER SIJRVEILLANCE 

Sample Date Radioactivity (pCi/l) 
Number Month Day Total Alpha Total Beta Radium-226 

COLORADO RIVER AT DOTSERO (Map Designation R45) 

IFB IFB 
IFB 11 + 9 
IFB IFB 
IFB I F  B 
IFB I F  B 
I F  B IFB 

EAGLE RIVER AT GYPSUP1 (?.lap Designation R 4 6 )  

R1603 3 - IFB IF  R 
R17 96 4-10 IFB IFE 
R400 7 - 11 2 15 IFB 0.23 + 0.10 
R983 11- 5 2 10 IFB 0.09 T - 0.09 

YAMPA RIVER AT MILNER (Map Designation R47) 

R177 1 4- 9 IFB 10 + 5 
R2245 6-15 IFB IFB 
R376 7 - IF  B IFB 
?934 79-1.5 TFB IFB 

YAMPA RIVER AT MAYBELL (Plap Designation R48) 

IFB 
IFB 
I F  B 

IFB 
IFB 
I F  B 

WHITE RIVER AT MEEKER (Map Designation R49) 

8 94 1 - IFB IF  B 
R2108 5-26 I F  B I F  B 
R153 6-16 IF B IFB 
R2252 7-16 IFB IFB 
R6 0 1 9-10 9 - + 11 IFB IFB 

WHITE RIVER AT RANGELY (Map Designation R50) 

R1137 1 - 14 + 10 IFB 0.16 + 0.09 
R1360 2 - 1s IFB 
R1588 3 - 6 + 12 IFB 
R22 51 6-16 IF:. IFB 
R598 . 9-10 9 + 11 IFB 0.11 - + 0.09 
R950 10-15 IF; IFB 

Tritium 

IFB 
I F  B 

670 + 503 
756 502 

I'F B 

IFB - equal to or less than 6 pCi/l a l p h a  
cqual  to or less than 6 p~i/l beta 
equal to or less than 0,l p~i/l 226 R, 
equal to or I.ess than 500 p~i/l 3~ 



MILK SURVE TLLANCE 

Sample 
Number 

Date Date 
Collected Analyzed Radioactivity (pCi/l) 
PIonth Day Mouth Day Iodine 131 Barium 140 Cesium 137 Tritium 

RIFLE-GLENEJOOD SPRINGS (Nap Designation R5 1) 

33 
IFB 
IFB 
I FB 
IFB 
IFB 
IFB 
IFB 

IFB 
IFB 
IFB 
IFB 
IFB 
IF B 
IF  B 
IF B 

63 
IFB 
IFB 
IF  B 
IFB 
IPB 
IFB 
IFB 

G P J N D  JUNCTION-FIIUITA (Plap Designation R52) 

IFB 
I F  B 
IFB 
IFB 
IFE 
I F  B 
I FB 
I F  B 
IFB 
IFB 
IFB 
IFB 
IFB 
I F  B 
IFB 

IFB 
IFR 
IFB 
IF B 
IFB 
IF  B 
I F  B 
IFB 
IFB 
IFB 
IFB 
IFB 
I F  B 
IFB 
IFB 

25 
IFB . 
IFB 
IF  B 
IFB 
I F  B 
LFB 
I F  B 
IFB 
IFB 
IFB 
IFP, 
IF  B 
IFB 
IF B 

CRAIG-MEEKER (Map Designation R53) 

4-15 4-16 I FB IFB IFB 661 + 517 
5-13 5-15 I F  B I F  B IFB 605 T 519 
6-23 6-25 I FB 2 9 I F  B 564 7 519 
8- 4 8- 6 37 IFB IFB 677 1 503 
9- 1 9- 3 IFB IF  B IF  B 1285 + 511 

10-13 10-15 IFB IFB IF B 863 505 
12- 8 12-10 I F  B IFB IF  B 1065 T - 508 



MILK SURW ILLANC E 

Date  Da te  
Scmple  C o l l e c t e d  Analyzed R a d i o a c t i v i t y  ( p ~ i / l )  
Number PIonth Day Plonth Day I o d i n e  131 Barium 140  Cesium 137 T r i t i u m  

DELTA-PAONIA-MONTROSE (Flap D e s i g n a t i o n  R54) 

7-21 7 -22 IFB IF  B IFB 
7 -2 1 7-22 1FB IFB IFB 

10- 5 10- 7 IFE 1FB IPB 
10- 5 10- 7 IF E IF  E 3 2 
10- 5 10-  7 IFB IFB IFB 

SALIDA-BUENA VISTA (Map D e s i g n a t i o n  R55) 

3 - 10  3-12 IFB IFB IFB 
4-22 4-22 I F  B IFB IF B 
6- 3 6- 5 IFB IFB IFB 
7-  6 7-  9 IFB IF  B IFB 
7-28 7-30 IF  B IFB IFB 
8-23 8-25 IFB IF B IFB 

12-21 12-22 IFB I F  B IFB 

DUKAXTGO-SAN JUAN BASIN (Map D e s i g n a t i o n  R56) 

IF  B 
I F  B 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 

IFB - e q u a l  to or l e s s  t h a n  25 p C i / l  amma 2 - e q u a l  t o  or l e s s  t h a n  500 p C i / l  H 

N = Number o f  samples  

IF B 
IF  B 
ITB 
IFB 
IFB 
IFB 
IFB 
IFB 
IFB 
IF B 

IF B 
IFE 

3 5 
IF  B 
IF  I3 
3 1 

IF  B 
IFB 
IFB 
IFB 

IFB 

- IFB 

- 
X = Average a c t i v i t y  i n . p i c o c u r i e s  p e r  l i t e r  ( p ~ i / l )  o f  m i l k  
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