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ENVIRONMENTAL SURVEILLANCE AT LOS ALAMOS DURING 1983

by

Environmental Surveillance Group

ABSTRACT

This report documents the environmental surveillance program con-
ducted by the Los Alamos National Laboratory during 1983. Routine
monitoring for radiation and radioactive or chemical substances is
conducted on the Laboratory site and in the surrounding region to
determine compliance with appropriate standards and permit early
identification of possible undesirable trends. Resultsand interpretation
of data for 1983 are included on external penetrating radiation; on the
chemical and radiochemical quality of ambient air, surface and ground
waters, municipal water supply, soils and sediments, and foodstuffs;
and on the quantities of airborne emissions and liquid effluents. Com-
parisons with appropriate standards, regulations, and background
levels from natural or other non-Laboratory sources provide a basis for
concluding that environmental effects attributable to Laboratory opera-
tions are insignificantand are not considered hazardous to the popula-
tion of the area or Laboratory employees.

L ENVIRONMENTAL MONITORING SUM-
MARY

A. Monitoring Operations
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Ill. RADIATION DOSES

Some incremental radiation doses—above those received from natu-
ral background, worldwide fallout, and medical diagnostic
procedures— are received by Los Alamos County residents as a result
of Laboratory operations. The largest estimated dose at an occupied
location was 34 mrem or 6.8% of the Radiation Protection Standard.
This estimate is based on boundary dose measurements of airborne
and scattered radiation from the linear particle accelerator at the Los
Alamos Meson Physics Facility. Other minor exposure pathways may
result in several mrem/yr doses to the public.

No significant exposure pathways are believed to exist for radioac-
tivity released in treated liquid waste effluents. Most of the radioactivity
is absorbed in alluvium inside the Laboratory boundaries. Some is
transported offsite in stream channel sediments during heavy runoff.
However, the radioactivity levels in these sediments are just slightly
above natural background levels.

The total cumulative whole-body dose received by the population
living within 80-km of the Laboratory during 1983 was conservatively
estimated to be 7.3 person-rem. This is about 0.04?/oof the 20000
person-rem received by the same population from natural radiation
sources and 0.04?/oof the 17000 person-rem dose received from
diagnostic medical procedures. About 90!40of this dose, 6.6 person-
rem, was received by persons living in Los Alamos County. This dose is
0.3!/oof the 2400 person-rem received by the population of Los Alamos
County from natural background radiation and 0.4!/oof the 1900 per-
son-rem from diagnostic medical procedures.

The average added risk of cancer mortality to Los Alamos townsite
residents from radiation from this year’s Laboratory operations is 1
chance in 29000000. This risk is much lessthan the 1 chance in 76000
from background radiation. The Environmental Protection Agency has
estimated average lifetime risk for cancer incidence as 1 chance in 4
and for cancer mortality as 1 chance in 5.

A. Introduction

e s e
r r ac d r

p f e t r w
p s ( 1 w d f
b r ( f c t
g f s es p
e p c A a
w a t a r e
s h t l e f
c d e e p r
t E r m r

e w d d m
m s a w c

e p r T d
c b a d w m

o a e p l
d m

D w c f m d
e u m b r

I C R P
( A D d e f
c ( 1

Maximum Boundary Dose: M d a
h i L b
w h d r o a
i o L b
c h a d d a y



Maximum Individual Dose: M d
i o L b
w h d r o w t

a p t i a o (
e h a w s (
e b f
Average Dose: A d n ~
Whole Body Cumulative Dose: w b
c d p w
r L

m b d m i.. .
d o p 5 y s F

O 9 e t d o b
e a p f A
M P F

a c w d g w
d u l d p ~ a
c c m r ~

i p g l
r a ( T p ~

L a s c a
e l e o m
d p l r r
m e A m
s t r d e t
c .

B. Dosesto Individuals from Inhalation of and
Exposure to Airborne Emissions —.

m b i d
t i e a
r s T c w

R P S i d
( A

E a t w v
d a m A b c
r m a t n c
w f a r ,

t r s l E
j S . - :

E 1 1 1 1 4 f
A M P F w i ~ d
r m ( S I I ~
f 4 r f s a r e
r T t c f
m s r s a d
p m T m u 1 m
d m L ( S I

,<*. ,

A D f t e d
S I
, m e ( p

n a u w c s
t a c r s
f a c f p s
t w h m c e
t r

o a r r (
E w e t c p
t d f t o r w l t
s o p t s w t
c i

C. Doses to Individuals from Liquid Effluents

L e f b L
b a a r
c T e m t p
d t b a
c b o b s (
1 H 1 P 1
P 1

S q r c t
p d p h r h b
m c s b L
b C m r s

A P A C ( 1
i a p e p ( l f a
s t d w f g l
A C f t c s
r a m 5 d c
0 m b 0 R
P S ( 1

D. Doses to Individuals from Ingestion of
Foodstuffs

D f s f v f h
d 1 ( S I a d
s d w u e d c f
e t f c d l t
().870 R P S (DOE
1

f v s w a
r ( 9 1 2 2 t

o t f t o
l u f o
l w s a b a



I
1
I
1
1
I
I
I
[
I
I
1
1
I
I

I
I
t
1

I

T

E M B I D
f 1 A R

C
O

3H

11~, 13~, 140, 150

41Ar

u, 238pu, 239,240pu
,

2

—

W B

W B

W B

L

E M
B D

E
D

L (

T 0
( 2

B
T

B
T S

B 0
( 2

E M I D

L

B
( 1

E G
(

A
T S

4 S
(

P
E R

D P
( S

0.02 0.004

0.4 0.08

0 0

‘ m b d d f L o ( d c
t f c t m d o n s a h
i L b w h d r o a i
o L b c h a d d a y
b m i d d f L o ( d c
t f c t m d o n s i

o L b w h d r o w t a p
t i a o ( e h a w s ( e b
f
c F s l
d F 7 t a ( l

‘ a 5 d c b c o 2 2 A m
e i B S w r a 5 b d c 0 m
w 0 a R P S

17



g h f a c
f t t w r a w b : f
t 0 m a 5 b d f~ ---
u 0 m T d

O r eR P S
d

S e p g f o
i p ( b f s
h u c os c
C R ( c w c

s f b s A b
g s H R s ~ a
s ih u c \
w u l s f V (
b t c od c
n p ( f l ‘ m
w t i s s t
c n u s s c
c c h C t
V m d i e

f f C R d 1 ~
d c 0 m b ‘
0 a R P S
d

d S I 9 c
f b e f w h b

g s t C R B 9

-LOSALAMOS &
NATIONAL
LABORATC+tY

SCALE
0 10 Zobm

‘R~R&’lR

.-

Fig. 8. Locationsof reservoirswhere
fish samples were taken.

c b w n e
b b s h

c d a m ‘
T a r w f h

c o m d w f
e 5 t h d 1 w m
a c w 0 m w
0 R P S

E. Doses to Individuals from External
Penetrating Radiation (from Airborne
Emissionsand Direct Radiation)

s t d n
L b n A

M P F i a m i
a c t b r (
I T i a e
a p f A M P
F B s b i b t

m i t e m
w b d i l S R 4
n a M P F
m 6 R P S a
m p ( T l n

A M P F b
a w h b i d
h b m s t d
m b t 5 y a b d

t l d S I
i d f m 1

m 1 a i
A M P F a e
f 2 1 4 1 a s

i r e a s c
m c E d m
t ( h t a e
s m s i b s
r e f a a p h
b c d i L
f r

A m o d a m p
f e p r f L
a e e 0 m
T d a p s 4 h
L s m a r a

p
a a d r A

t a L o 0

I
I
I
I
I
I
I
I
I
I

I
I
I
I
I
I
I
1

I



m ( b c d W
R r 0 m ( b T d

0 0 r R
P S T w t c
u m s r ( E 1
m ed

E d f n r r
T l p a T

c r a t hc a r
d 0 m ( b E T d

0 R P S
O m ee p r

r L o r
p e p e v

n c s a P R
M p r u D
E nr p T w l
r m t m d g
n r T v d f 1 d
( 1 t g p n d r
u 1 g r m
t hd E t e
m a a p m r t
w a s k p T w
t w b c

o t hd s (
S I S F n n
L b r a b
d m T r a l a

* s t f t e
r p 1 f T ( 1

F. Whole Body Cumulative Doses

C 1 w b d a
L o b p l w

L A C
r c e f n r
t m r T P d

b 1 B C c
( 1 c 7 p f
1 L o e 1
i nw 8 r L
b v c a t w u

c d ( A A
9 t p d A
C r o p c
f a d d d t

( 1 1 4 r t
d t l t I t
c i 8 r r
2 p f n r

T d p a r f
L o c a 0 t
d r A C r f
n r a 0 s p
f d r 0 d f
n r r p w

r L

G. Estimates of Risk to an Individual from
Laboratory Releases

R e p h e f r
d p r f L o
h b m H t c o
e a r N C R
P M ( 1
w “ e r c
d d r d b l
( e f r p

d i c h d h d
r c e p r e

a r f l l ( e
t r h s a h p
o a r o m
v a p realistic r e
tion.”

I C R
P ( 1 e t r c
m f u w b i
d 0 r t t 1 c
1 t i e 1 m r

w b r w d a c
d r e I C

R P ( 1 w
“ r e s u o w g
c w e r p
t a r d l t t
i a d c a p
t

D 1 p l A W
R r a m r
t w b r f n s
( c t s s



.- .!

T V

E W B P D D 1

E M

A T —
A * 13~, 140, 1 5 ( j ,41Ar

E
A C
W

P D
(

0
6

T L R
;F.

T N S R

A A T .
[ m 9 ( 1

D M E
[ m p ( 1

6

2

1

E
8 R
W

P D
(

0
7

7

20000

b

.
‘ Cb t h em T i a 1 r
c r f s s a 4 r t r f s

s s eb
b e p t r

‘ d r A C

w a s c n
p e r f a t l
n d w b m T

a c m r a ~
w b r 1 1 c

A 1 c 8 W R
( I

L o c a d
0 m i A 0 m

i W R T d K
l r a 1 c

A 1c 3 R
i nr c m b

1 L a ( I
A a l r 1 4

c c a c f c a 1
5 c d f d ( 1

A i d a L

20

o e a e f
c r a p w f f a c
m a h

e f L o
A C r w w v
e t p f n c t
r s g f e
s ( 1 s a d r
s f s f d
m l t d r f f E
c m s s i
h i p s s l
c m l d A C
r t L o b
c r l i h E

P A e a w
b d i f g f
m ( 1



IV. MONITORING RESULTS

A. Radiation and Radioactivity

7. External Penetrating Radiation. Levels of external penetrating
radiation—including x and gamma rays and charged particle contribu-
tions from cosmic, terrestrial, and manmade sources—in the Los
Alamos area are monitored with thermoluminescent dosimeters. Data
from regional locations for each calendar quarter did not show any
statistically discernible increase in radiation levels attributable to Lab-
oratory operations. The only boundary or perimeter measurements
showing an effect attributable to Laboratory operations were those
from dosimeters located north of the Los Alamos Meson Physics
Facility (a linear particle accelerator). They showed an above-back-
ground radiation measurement of 48 + 3 mrem in 1983. Some onsite
measurements were expectably above background levels, reflecting
research activities and waste management operations at the Labora-
tory.
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2. Atmospheric Radioacthdty. Worldwide background atmospheric
radioactivity is composed of fallout from atmospheric nuclear weapon
tests, natural radioactive constituents in dust from the earth’s surface,
and radioactive materials resultingfrom interactionswith cosmic radia-
tion. Air is routinely sampled at several locations on Laboratory land,
along the Laboratory perimeter, and in distant areas to determine the
existence and composition of any contributions to radionuclide levels
from Laboratory operations. Atmospheric concentrations of grossbeta
activity, tritium, americium, plutonium, and uranium are measured. The
highest measured and annual average concentrations of these radioac-
tive materials were much less than IYo of the Department of Energy’s
Concentration Guides.
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3. Radioactivity in Surface and Ground Waters. Surface and ground
waters are sampled to monitor dispersion of radionuclides from Labo-
ratory operations. The 1983 radiochemical quality of water from re-
gional, perimeter, and onsite areas (where there is no discharge of
treated effluent) indicates no effect from the release of treated effluent
at Laboratory. Water in onsite effluent release areas contain trace
amounts of radionuclides that are below Department of Energy%Con-
centration Guides for waters in Controlled Areas. These onsite waters
are not a source of industrial, municipal, or agricultural water supply.
The radiochemical quality of water from supply wells, gallery, and
distribution system for industrial and municipal supply for the Labora-
tory and community are in compliance with Environmental Protection
Ag&cy standards. -
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Radioactivity in Soils and Sediments. Soil samples are collected
from 22 stationsand sediment samples are collected from 42 stations in
the Los Alamos area. Concentrations of 137Cs,2 3 8 P u ,2 t 3
gross alpha activity, and gross beta activity from regional soil and
sediment stations were below regional background levels. Several
perimeter soil samples contained ‘37CSand total U in concentrations
slightly above background levels. Perimeter sediment samples con-
tained ‘37CSabove background levels. Onsite soil samples contained
concentrations of ‘37CS,total U, and 3H above background levels. The
concentrations were low, being less than twice background levels.
Sediment samples from canyons that have or are now receiving treated
liquid effluentscontain radioactivity levelsabove background. Concen-
trations are highest near the points of effluent discharge and decrease
farther from the discharge points.
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Fig. 15. Soil sampling loc~~onson or adjacent to the Laboratorysite.
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5. Transport of Radiondc~des in Surface Runoff. The major trans-

port of radionuclides from canyons that have received or are now
receiving treated low-level radioactive effluents is by surface runoff.
Runoffsamples from these canyons were analyzed for radionuclides in
solution and on suspended sediments. The runoff in Los Alamos
Canyon was found to carry trace amounts of plutonium to the Rio
Grande in silts and clays (suspended sediments).
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Fig. 19. Locations of surface runoff sampl-
ing stations.
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6. Radioactivity in Foodstuffs. Most fruit, vegetable, and fish sam-
ples collected in the vicinity of the Laboratory showed no apparent
influence from Laboratory operations. Some fruit collected onsite from
locations that could have been affected by Laboratory releases had
slightly elevated tritium concentrations. Slightly elevated uranium con-
centrations were in fruit from one onsite location. Some fish samples
from Cochiti Reservoir showed higher uranium concentrations than
fish samples from background locations. Several fish samples from
background locations had higher ‘OSrconcentrations than fkh samp/es
from CocMti Reservoir. Honey samp/es collected on or near the Labo-
ratory showed trace amounts of radionuc/ides primarily associated
with liquid eff/uent discharges. Radiation doses from the consumption
of foodstuffsare discussed in Section 111.D.

a. Introduction. Fruit, vegetable,fish, and honey
samples are collectd to monitor foodstuffsfor possible
radioactivecontaminationfrom Laboratory operations.
Fruits and vegetablesare collectedin the Los Alamos
area and in the Rio Grande Valley above and below
confluencesof intermittentstreams that cross the Labo-
ratory and flow into the Rio Grande (Fig. 8). Fish are
collectedfrom locationsabove (Abiquiu,Heron, and El
Vado Reservoirsthat are on the Rio Chama, a tributary
of tlie Rio Grande) and below (Cochiti Rservoir) con-
fluencesof these intermittentstreams(Fig. 8).

Fruit and vegetables collected in the Rio Grande
Valley in the Espai501aarea and fish collected at the
Abiquiu, Heron, and El Vado Reservoirs would be
unaffectedby Laboratory operations.Theselocationsare
upstream from the confluenceswith the Rio Grande of
intermittentstreams crossing the Laboratory. They are
also distant from the Laboratory so are unaffected by
airborne emissions. These areas are used as control
locationsfor fruit,vegetable,and fishsamplingprograms.

Somefishsamplesare taken frombottomfeeders,such
as carp and suckers, which have a greater probability
than higher tropic orders of ingestingany activity that
mightbe associatedwith sediments.Higher levelfeeders
are also sampled.Honeyis collectedfromhivesat several
locations within the Laboratory boundary near waste
stream outfallsand a tritiumfacility.Backgroundhoney
samples come from the residential areas of Barranca
Mesa and Pajarito Acres, respectivelyin and near Los
Alamos.

Fruit, vegetable, and fish samples are analyzed for
9osr, 137cs, total U, 238pu,and Z39SZ40pu.Fruit and

vegetable samples are also analyzed for 3H (tritiated
water). Honey samples are analyzed for 3H (tritiated
water),‘Be,22Na,54Mn,“CO, 83Rb,134CS,and 137CS.

b. Fruits and Vegetables.Data in Tables XIII and
E-XXIV summarize fruit and vegetablesample results
for 3H (tritiated water) 90Sr,137CS,total U, 238Pu,and
239’240Pu.Concentrationsof 238Pu, 2391240pu,90Sr, 137C5,
and total U in fruits and vegetablesat offsitelocations
potentially affected by Laboratory activities were
statisticallyindistinguishablefromconcentrationsin sam-
plestaken in backgroundareas.Concentrationsfor these
radionuclideswere low and typical of values expected
from natural backgroundor worldwidefallout.

Total U, whilevery low,was significantlyhigherin the
TA-3 samples.This was the onlyonsitelocationthat had
significantlyhigherthan backgrounduraniumconcentra-
tions.

Tritium concentrationsin water extracted from fruits
and vegetableswerenot significantlydifferentfromback-
ground levels for the offsite locations. However, they
weresignificantlyhigherfor the three onsitelocations,as
has been noted in a previousreport (ESG 1983).These
samplesdo not represent a significantpathway to man
becauseof the very small amount of ediblematerialand
the low concentrations.

Because there are no concentration standards for
tritiumin produce,the tritiumlevelsthat were measured
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‘~., Table XIII

Location

Espaiiola
Espatiola
Cochiti
Los Alamos
WhiteRock/PajaritoAcres
TA-35
TA-21
TA-3
————————

aCountinguncertainty.

.-
TritiatedWat@~Content of Fruits and Vegetables

.-—
-...—

Water S@iiice. .

.
Rio Gran’l~-

niRio Cha ,2
Rio Granc(ec
Communi~@yitem
Communi~&ystem
Communi~f”System
Precipitatii-fij
Communitj-System

.—

bupstream from Laboratory stream conilfie~ce.
‘Downstream from Laboratory stream ctlffifluence.

in onsite produce were compared to limits fi)firitium
concentrationsin water.Thiscomparisonisconservative,
because the limitson tritium in water are based on an
annual water intake from drinking,whichis muchlarger
than the annual water intake resultingfrom ehtingpro-
duce. All the tritium concentrations from the onsite
produce were less than 0.7V0of the Depa!;ment of
Energy’s Uncontrolled Area Concentration (we for
tritiumin water. SeeSection111.Dfor a discussionof the
radiationdose that couldresultfrom eatingthisproduce.

c. Fish. Concentrations of 23EPu,2391240Pu,and
137CSin fish were statisticallyindistinguishable:between
the samples from Cochiti Reservoir and bq~kground
stations(TableE-XXV).CochitiReservoiris a~.~ireathat
could potentiallybe affectedby Laboratory operations,
becauseit is downriverfromthe intermittentstr@ns that
traverse the Labortory (Fig. 8). Four kinds”of fish
samplesweretaken: bottomfeeder(edibletissu;~~bottom
feeder(gut),highertrophiclevelfeeder(ediblet&e), and
highertrophiclevelfeeder(gut).

Uraniumconcentrationsin the bottomfeeder(gut)and
higher trophic level feeder (edibletissue) samfileswere,,L
statisticallyhigher at Cochiti Reservoir (Fig. 8), when

..

Number
of

Samples

10
5

15
3

10
1
2
3

Tritiated Water
Concentration
(10-’ ~Ci/ml)

Average(+ 1s)’

2.3 + 0.6
3.1 + 0.8
5.3 * 4.9
3.3 + 2.4
2.4 + 0.9
16

9.9 * 2.0
19 * 3.5

Range

1.8- 2.7
2.0- 4.1
1.7-20
1.6- 6.0
1.3-3.5

---

8.5-11
16-23

Average
Moisture

(%)

87 + 10
80+ 21
90 + 6
83 + 2
90& 8
87
87 + 9
85 * 4

compared to the concentrationsin similarsamplesfrom
the backgroundlocations(Abiquiu,El Vado, and Heron
Reservoirs).These relativelyhigheruranium concentra-
tions probably reflect the relativelygreater concentra-
tions of suspended sediments in Cochiti Reservoir.
Uranium naturally occurs in soils and sediments.Fish
livingin turbid water are more likelyto ingestsuspended
sediments(that contain natural uranium) than are fish
living in clearer water, so they are also more likely to
have higher concentrationsof uranium in their bodies.
The uraniumconcentrationsin the CochitiReservoirfish
samples were low and in the range of levels normally
found in sedimentsfrom natural background(Table E-
XIX). The radiationdoseassessmentfor thesesamplesis
in Section111.D.

The radioisotope90Sris presentin the,environmentdue
to worldwidefallout from nuclear weaponstesting.The
90Srconcentrationsin bottom feeder(edibletissue)s~-

ples from the background locations(Abiquiu,El Vado,
and Heron Reservoirs) were statistically higher than
similarsamplesfrom CochitiReservoir.Falloutpatterns
vary with latitude (more fallout as latitude increases
northward)and meteorologicalconditions,so variationin
gosrlevelsis quite normal. Because90Srresidesin ~ne

I
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(the fish samples included bone), which is not usually
consumedby people,and becausethe90Srconcentrations
were relativelylow, no radiation dose assessmentwas
made.

d. Honey. Honey samples were analyzed for 3H
(tritiated water), ‘Be, 22Na, “Mn, “CO, 83Rb, 134CS,

137Cs,and total U. Resultsare shownin Table E-XXVI.
Also shownare analyticalresultsfrompreviousyears for
‘H tritiatedwater),‘Be,( 22Na,137CS,and total U.

The honeysamplingprogramservesas an indicatorof
biologicallyavailableradionuclides.It can be seen from
Table E-XXVI that honey samplescollectedfromonsite
hivesweregenerallyhigherin mostradionuclidesthan the
offsite honey samples from Chimayo, Barranca Mesa,
and Pajarito Acres. The radiologicaldoses associated
with consumption of honey are discussed in Section
111.D.

7. Environmental Surveillance of Low-Level Radioactive Solid
Waste Management Facilities. Environmental surveillance of one ac-
tive and eight inactive radioactive solid waste management sitesat Los
Alamos documents compliance with appropriate standards, identifies
undesirable trends, and monitors the adequacy of disposal practices.
The general public is excluded from these sites because they are
controlled-access areas. At the active disposal area there are transient
elevated levels of external penetrating radiation from waste manage-
ment operations (handling and storing) before waste burial. There also
is some transport by surface runoff of low-level surface contamination
from the active disposal area into controlled-access canyons.

a. Introduction. Environmental surveillance of
radioactive solid waste management facilities at Los
Alamos documents compliance with appropriate stan-
dards, identifiesundesirable trends, and monitors the
adequacyof disposalpractices.Radioactivityconcentra-
tions in air (particulate and moisture),water, soil, and
sedimentsamplesare measured,along with the levelsof
penetratingradiation.Nine radioactivesolidwaste man-
agementsitesare monitored;one iscurrentlyactive(Area
G) and the remainder are closed or decommissioned
(Areas A, B, C, E, F, T, U, and V).The generalpublicis
excluded from these waste management sites because
they are controlled-accessareas.

b. External Penetrating Radiation Measurements.
Levelsof externalpenetratingradiation(includingx and
gamma rays and charged particle contributions from
cosmic, terrestrial,and manmadesources)are measured
at the nine waste managementsites.Thermoluminescent
dosimeters(TLDs) attached to the site perimeterfences
measure radiation from both natural background and
manmadesources(seeSectionIV.A.1).

The annual TLD measurementsdoses for the waste
managementareas are in Table XIV. A holdingtank for
radioactive liquid wastes from current operations and
buriedwastesfrom past operationsat Area T causedthis
area’s relativelyhighermeasurement.Buriedradioactive
wastes at Area C near the exclusionfencewereremoved
and buriedat Area G during 1983.The relativelyhigher
265 mrem measurementat Area C occurred beforethat
waste was removed. Several transient elevated TLD
measurementsat Area G weredue to the wastemanage-
ment operations (handling and storing) before waste
burial.

c. Radionuclide Concentrations in Soils and
Bedrock.During 1983,207 surfacesoilsamples(top 30
cm, Table XV) and 209 bedrockand subsurfacesamples
(below 30 cm, Table XV) were taken at eight inactive
low-levelradioactive waste management areas. These
sampleswere analyzedfor 3H,137CS,239’240Pu,and total
U, because these radionuclidesare good indicators of
migration.Gamma spectra analysesare also doneon the
samplesto identifyother radionuclides.
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... -Table XIV
...— -—
——

Exteti~”PerietratingRadiationat
Waste ManagementAreas During 1983

.,~--

No. of No. of Annual Measurements(mrem)

Sampling Quarterly Maximum
Area Locations Measurements & + 2s)

InactiveArea
... - .~——

A 5 20
B

,~--,.
23 92

c 18 +~
E 4 .3.
F 2 .3-
T
u
v

7
2
3

Active Area
,e.
w

G 27
,W

lo:!

,.-.
Ii ;

The uranium samplingdata show adequate~contain-
ment of uraniumin the wastes.The 3Hdata shov’thereis
some migration from buried wastes. However, better
packaging procedures have greatly improved~c@tain-
ment (Wheeler 1975). The ‘37CSdata are m@ginally
above detectable concentrationsin subsurface samples
from a few sites. Further 137csdata are beingCollected

and evaluated.
The 239,240Pu data show there is some contarpination

from liquid waste storage and disposaloperati!?~sthat
were begun in the 1940sand 1950s.There is downward
migrationof plutoniumbelowArea T, but theri(.islittle
lateralmovement(Nyhan 1983).Thiscontaminationwas

}:”caused by intentionalexperimentalfloodingof ph oruum
absorption beds in 1961.There is presentlyno ‘Eaterin
the beds. The plutonium soil concentrations ril~y not.—.
prove extensiveenough to warrant remedialaction, al-
thoughfurther evaluationsare beingdone.

There also are low levelsof plutoniumcontamination
at Area A (apparentlyfrom leaksin liquidwaste storage
tanks that have been emptied) and at Area ‘1 (from
migrationof plutoniumin laundry waste water that was

138.2+ 5.2
164.9+ 5.2
265.0 + 5.5
157.7+ 5.4
152.0+ 5.4
287.8 + 5.6
140.7+ 5.1
147.1+ 5.2

219.5 &5.4

Minimum
& * 2s)

126.7+ 5.2
120.6+ 5.1
123.0+ 5.1
148.5~ 5.2
123.3* 5.1
134.6+ 5.1,
137.8+ 5.1
139.4* 5.1

136.0● 5.1

Average
~ + 2s)

131.6+ 9.2
138.1+ 17.0
143.0+ 63.3
153.6+ 7.6
137.6+ 40.5
165.7+ 108.2
139.2+ 4.1
142.3+ 8.2

I
I
I
I
I
I
I

157.4* 33.0

I
discharged into a former lagoon system).These pluto-
nium concentrations are several orders of magnitude
belowpublishedguidancefor remedialaction(DOE 1983
and Gilbert 1983).

Waste managementpracticesat Los Alamos are con-
tinually being improved. Better treatment, handling,
packaging, storage, and disposal methods help ensure
containmentof low-levelradioactivewastes. For exam-
ple, liquidwastes that contain plutoniumare treated and
reduced to solid wastes for disposal. This practice
precludesliquidwastes leakingfrom their packagesinto
the environment.

d. Air SamplingResults. At the end of 1983four
new air samplingstations were placed around the per-
imeterof TA-54 (Area G) to supplementthe existingair
samplerat the site.Area G is the onlyactiveradioactive
solid waste management site at the Laboratory. Air
particulateand moisturesamplesfrom thesestationsare
analyzedfor 3H,238pu,ZJ9,zA0pu,241AM,and totalU. The

air samplingdata for the existingair sampler(Station22,
seeSectionIV.A.2)showedno unusualdata during1983.

I
I
I
I
I
I
I
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Table XV

RadionuclideConcentrationsin Soils
and Bedrockat the Low-Level

RadioactiveWaste ManagementAreas

Surface Soils

Depth O-1 cm

Range
i i 2s
No. of Samples

Depth 1-10 cm

Range
i * 2s
No. of Samples

Depth 10-30

Range
i + 2s
No. of Samples

3H Total U
(10-’ ~Ci/ml) (vi#g)

5.1-81 3.0- 4.1
24+ 30 3.6 + 0.7
86 6

6.2-115 3.3- 3.7
22 * 37 3.6 ~ 0.4
83 6

3.1-66 2.9- 3.3
12 i 20 3.2 + 0.4
38 4

Subsurface Soils and Bedrock

239,240pu

(Pcvg)

0.02-0.07
0.04 * 0.04

5

0.002-0.04
0.02 * 0.03

6

0.001-0.02
0.007 * 0.02

4

3H 137CS
(10-’ ~Ci/ml) (P@3)

Depth 0.0-0.9 m

Range 4.5-29 0.01-0.46
i * 2s 12 & 13 0.19 ● 0.30
No. of Samples 12 11

Depth >0.9 m

Range 7.1-90 0.00-0.72
i * 2s 30 * 44 0.08 + 0.23
No. of Samples 88 121

Total U

(Ml@

3.0- 4.8
3.8 + 1.1
11

2.7-62
4.3-11
122

239,240pu

(Pc@

---
---
---

0.000 -2.2
0.06 + 0.51
118
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Table XVI

RadiochemicalAnalysesof Sedimentsand
Runoffat TA-54 (Area G)

1978-1982’
Regional

1982 1983 Stations
Analyses Units ~ * 2s) i * 2s) @ * 2s)

Nine SedimentStations

137CS pCi/g 0.30 * 0.41 0.23 + 0.20 0.19 + 0.27
238pu pcilg 0.11 + 0.025 0.033 * 0.107 0.000 + 0.006
239’240Pu pci/g 0.032 * 0.104 0.0340 + 1.60 0.007 + 0.036
Total U IJdg 3.2 + 1.9 3.7 * 2.3 2.7 + 1.9

Runoff at Gaging Station

1983
Pajarito
Canyon

Solution ~ * 2s)

238pu 10-9~Ci/ml 0.027 + 0.051 0.001 * 0.001 -0.005 * 0.019
239,240pu 10-9~Ci/ml 0.013 + 0.056 0.002 * 0.002 -0.007 * 0.005

SuspendedSediments

238pu pCi/g 1.1 + 0.28 3.2 + 0.32 0.20 * 0.59
239.240pu pcik 1.3+ 0.24 5. + 0.12 0.18 + 0.53
——————————

‘Reference(Purtymun 1983D).

solutionis definedas the filtratepassingthrough a 0.45- Z3F.puand zJg,Z40pudu~ng the runoffevent.The average

~m pore-size filter, while radioactivity in suspended concentrationsZ3Epuand zJgez@puin the suspendedsedi-

sedimentsis definedas residueon the filter.This runoff ments in 1983 were higher when compared with the
eventcontainedlittleif any 238Puor 239’240Puin solution. concentrations of Zjapu ~d 239’240Pu in 1982 (Table

The suspended sediments, however, transported both XVI).
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8. Radioactive Airborne Emissions and Liquid Effluents. The quan-
tity of airborne radioactive emissions released by Laboratory opera-
tions in 1983 were about 77i%higher (about 205000 Ci more) than in
1982. Almost all this increasg“wascaused by higher operating levels
of the linear particle accelerator at the Los Alamos Meson Physics
Facility. This significantly increased the quantities of short-lived (2 to
20 minute half-lives) airborne activation product emissions. Liquid
effluents from two waste trl~atment plants and one sanitary sewage
lagoon system contained radioactivity levels well below the Depart-
ment of Energy% Controlled Area Concentration Guides. Overall, the
1983 radioactive liquid effluents contained about 32?/o(about 5100 Ci)
less radioactivity than in 1982:

a. Radioactive Airborne Emissions. Racl@active
airborne emissionsare monitoredand dischargq~at the
Laboratory from 84 stacks. These emissions consist
principally of filtered exhausts from glovebo~(m,ex-
perimentalfacilities,operationalfacilities(such 21sliquid
wastetreatmentplants),a researchnuclearreactcr, and a
linear particle accelerator at the Los Alamos –Meson
PhysicsFacility(LAMPF). Quantitiesof airborneradio-
activity released depend on the kinds of research being
done, so they vary significantlyfrom year to year (Figs.
21-23,Table HI, and Table E-I).

During 1983,the most significantincreasewas in the
airborne activation products (gases, particulate, and
vapors)from higheroperatinglevelsof the linearparticle
accelerator at LAMPF. In 1983 the quantity of’–activa-
tion products was about 85Y0higher(about 213000 Ci
more) than in 1982(Fig. 23, Table III, and TatJ~ -&I).
The principal airborne activationproducts (half.livesin
parentheses)were 1lC (20 rein), 13N(10 rein), 140(71

192AU(4.1 h),a@*9sHgsee), ]so (123 see),4*Ar(1.83 ‘)’

(9.5 h). Over 98% of the radioactivitywas associated
with the 1lC,*3N,140,and 1sOradioisotopes,which”have
half-livesthat range from about 2 to 20 minutes.Conse-
quently, the radioactivity from these radionuclides
decays very rapidly. Engineeringdesign modifications
(increasing the holdup time of the airborne e~@ioris,
moving the stack, and improving the beam $&p) to
reduce exposure from airborne activation prodiicts are
through the conceptual design phase and haf~ been-–
includedin Laboratory fundingrequests.

In addition to airborne releasesfrom facilities;,some
depleteduranium(uraniumconsistingprimarily,>f23EU)
is dispersedby experimentsemployingconventionalhigh
explosives.In 1983,about 830 kg of depleteduranium
were used in such experiments. This mass contains

approximately0.29 Ci of activity.Mostdebrisfromthese
experimentsis depositedon the ground in the vicinityof
the firing sites, Limited experimental information in-
dicates that no more than about 10’Yoof the depleted
uranium (83 kg or 0.03 Ci in 1983)becomesairborne.
Approximatedispersioncalculationsindicatethat result-
ing airborne concentrations are in the same range as
attributable to natural crustal-abundance uranium in
resuspended dust. This theoretical evaluation is com-
patible with the atmospheric uranium concentrations
measured by the routine air sampling program (see
Section IV.A.2). Estimates of nonradioactive releases
from experimentsare discussedin SectionIV.B.2.

b. RadioactiveLiquid Eflluents.Treated liquidef-
fluentscontaininglowlevelsor radioactivityare released
fromthe CentralLiquidWasteTreatmentPlant (TA-50),
a smaller plant serving a uranium processing facility
(TA-21), and a sanitary sewage lagoon system serving
the Los Alamos Meson Physics Facility (TA-53). De-
tailed resultsof the eflluentradioactivitymonitoringare
in Table III, Table E-XXVIII, and Figs. 21, 22, and 24.

A total of 1.7x 1071?of effluentwas dischargedfrom
the TA-53 sanitary lagoonsystemcontaining22Na(O.11
Ci), ‘Be (2.8 Ci), 3H(16 Ci), “CO (0.22Ci), cOCo(0.027
Ci), ‘34CS(0.087Ci),and 54Mn(0.076Ci).The sourceof
the radioactivity was activated water from beam-stop
coolingsystems.Samplesof water, sediments,and tran-
spirate from trees adjacent to the discharge from the
lagoonshave been collectedthis year and the resultsof
this samplingprogramare discussedin SectionVI.F.

Releasesfrom the largerradioactiveliquidwastetreat-
ment plant (TA-50) are dischargedinto a normallydry
streamchannelin MortandadCanyonwheresurfaceflow
has not passed beyond the Laboratory boundary since
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4 1,300 Ci on May 12, 1983.

Fig. 21. Summary of tritium releases (airborne emissionsand liquid effluents).

before the plant began operation. Discharges from the
smallerplant(TA-21)are into DP Canyon,a tributaryof
Los Alamos Canyon, where runoff does at times flow
past the boundary and transportssome residualradioac-
tivity adsorbed on sediments. Effluent from the Los
AlamosMesonPhysicsFacility’ssanitary lagoonsystem
sinks into alluviumof Los Alamos Canyon within the
Laboratory’sboundary.

9. UnplannedReleases

a. Atmospheric Tritium Releases at TA-33, On
May 12, 1983, approximatley 1300 Ci of tritium was
releasedfromthe Building86 stack at TA-33.The release
lastedfor severalminutes,beginningat about 2:42p.m.It
was almostallgaseoustritium.

4

—

Samplesfromeightair samplersfromthe Laboratory’s
routine air samplingnetwork were analyzed for tritium.
These samples were of tritiated water vapor, not of
gaseoustritium.Six soiland six vegetationsampleswere
collecteddownwindof the stack in the area expectedto
be most impactedby the release.Moisturewas extracted
from the samplesand analyzedfor tritium.

Doses to the public resulting from the release were
estimated using meteorologicalmodeling,air sampling
results, vegetation sampling results, and soil sampling
data. The maximumpotentialwholebodydoseby inhala-
tion of tritiumfrom the releaseto a memberof the public
(BandelierNationalMonument)was estimatedto be0.02
mrem. This dose is 0.00470 of the Department of
Energy’s 500 mrem/yr Radiation Protection Standard
for individualsin the public.The maximumwholebody
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Fig. 22. Summary of plutonium (#eases (airborne emissionsand liquid effluents).

dose through an ingestionpathway was estimatedto be
0.2 mremor 0.04V0of theRadiationProtectionScandard.

On August25, 1983,at about4:30 p.m.,a puffrelease
of 104 Ci of tritium(believedto be in the formpf water.
vapor) occurred at TA-33. This was followedb:~a slow
releaseof an additional45 Ci in the next24 hours.At the
timeof the puffand for the next2 hours,windswsrefrom
the SW to SSW. This made the nearest dc,&vind
population the residents of Pajarito Acres an~~-~h[te
Rock. The maximum calculated dose to a pclson in
Pajarito Acres was less than 1 mrem. If some&e had
been alongState Road 4 near Ancho Canyon d~@g the
release, that person’s maximum dose would also have
beenless than 1mremor lessthan 0.2’?40of the R~diation
ProtectionStandard.Tritiummeasurementsfroin the air
samplingnetworksupportedthesecalculations.

b. Fluoride Gas Release. An old gas cylinder at
TA-50 (Area C) was accidentallyrupturedon December
1, 1983.There were two separate releases(at 11:00a.m.
and 12:15 p.m.). Measurementsindicatedthe liquidand

gas contents of the cylinder contained fluorides [most
likely hydrofluoricacid (HF)]. Atmosphericdispersion
analysesmade for the two separatereleasesestimatedthe
worst-caseairborne HF concentrations.Concentrations
of HF from the 11:00a.m. releasewereat least 10 times
the ThresholdLimitValue—ShortTerm ExposureLimit
of 5 mg/m3(ACGIH 1983)up to 1000m downwindand
over the limitup to 2500 m downwind.Concentrations
from the 12:15 p.m. release were estimated to be 75~o
less,withconcentrationsat 10timesthelimitup to 500 m
downwindand exceedingthe limitup to 1300m down-
wind.

The 11:00 a.m. release initiallycrossed adjacent Pa-
jarito Road (Fig. 5) and then most likelytraveledacross
the western Laboratory boundary toward the Jemez
Mountains.The 12:15 p.m. release traveled NNW, in-
itiallyover TA-50 and then possiblyover a trailer park
and the Los Alamostownsite.The maximumHF concen-
trations would have been slightlybelow the Threshold
Limit Value-Short Term ExposureLimit at the trailer
park and townsite.
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Fig. 23. Airborne activation product releases (ltC, 13N,140,’50, 41Ar,‘92Au,‘g5Hg)
from the Los Alamos Meson PhysicsFacility(TA-53).

B. Chemical Constituents

1. Chemical Quality of Water. Chemical analyses of surface waters
from regional, perimeter, and onsite (areas where there are no effluent
releases) areas varied slightly from previous years. However, these
variations in concentrations are within normal range of seasonal fluc-
tuations. Chemical quality of ground waters (wells and springs) from
perimeter and onsite stations did not change significantly from previ-
ous years. Chemical quality of water from the municipal supply for the
Laboratory and community met standards set by the Environmental
Protection Agency. Analysesof water from onsite effluent release areas
indicate some constituents were at greater concentrations than they
are in naturally occurring waters. However, these waters are not a
source of municipal, industrial, or agricultural supply.

a. Introduction. Regional, perimeter, White Rock used for radioactivemonitoringof surface and ground
Canyon (perimeter), onsite noneffluent areas (areas waters (Table E-VIII).Maximumconcentrationsfor five
where there are no eflluentreleases),and onsite eftluent chemicalconstituentsare shown in Table XVII. These
releaseareas are sampledat the same locationsthat are maximum concentrations are compared to drinking
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Fig. 24. Summary of stronl;~m and cesium liquid effluent releases.

water standardsfor reference,eventhoughthe waiersare
not used for municipal or industrial supply. Regional
stations are shown in Fig. 13,whileperimeteran%onsite
stations are shown in Fig. 14. Methods of c@lection,
analyses, and reporting of water data are described in
AppendixB. —.

7=—+
b. Regional and Perimeter Surface and Ground

Waters. Regional stations consist of six surfam–water
stationson the Rio Chama, Rio Grande, andJenlezRiver
(Fig. 13).A comparisonwithdrinkingwater staiiia~ds-of
maximumconcentrationsfor five chemicalco’niifieits
in the regionalsurfacewaters showstheseconccatrations
are belowmaximumconcentrationsallowedfoi’drinking
water (TableXVII). Therehas beenno significarltchange
from previousyears in the chemicalquality of regional
surface waters. The quality of surface waters willvary
slightlyduring the year becauseof dilutionof ‘baseflow
with storm runoff.Detailedanalysesof region~~Tsurface
waters are in Table E-IX.

Perimeterstationsare composedof threesurfacewater
stations and three springs. Samplingstations in White
Rock Canyon consist of 23 springs, 3 streams, and
effluentfrom 1 Los Alamos County sanitary treatment
plant (Table XVII). The levelsof the chemicalconstit-
uents analyzed in samples from these stations are low
comparedwithdrinkingwater standards(withthe excep-
tion of pH from one spring in White Rock Canyon).
There was no significantchange in chemicalquality of
ground water from the springs.Detailedchemicalanaly-
ses are in Tables E-X (perimeter)and E-XI (WhiteRock
Canyon).

c. Onsite Surface and Ground Waters. Onsite
nonefiluent area (an area where there is no eflluent
discharge)water samplesare collectedfromthreesurface
water stations and five wells completed in the main
aquifer (Fig. 14). Maximum concentrations for select
constituentsin the noneffluentareas are in Table XVII.
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Table XVII

MaximumChemicalConcentrationsin Surfaceand Ground Waters

Number
of

Stations c1 F N03

45

3.9
10
3.9

10
22

43

52
89
20

440

440
978

TDS pH

6.5- 8.5

8.3
8.3
9.4

9.4
111

7.9

7.8
7.8
8.0
8.3

8.3
98

Standard’

Offsite Stations
Regional Stations
Perimeter Stations
White Rock Canyon

Summary:
MaximumConcentration
Maximum Concentration as

Per Cent of Standard

Onsite Stations
Noneffluent Areas
Effluent Release Areas

Acid-PuebloCanyon
DP-Los Alamos Canyon

250 2.0 1000

255
214
458

458
46

404

329
499
771
899

899
90

6
6

27

8

8
8
3
7

78
16
49

1.0
0.7
0.6

78
31

1.0
50

155 0.7

85
78

124
30

0.9
1.6
1.6
6.3

Sandia Canyon
Mortandad Canyon

Summary:
Maximum Concentration
Maximum Concentration

Per Cent of Standard

155
62

6.3
315as

——————————

“(EPA 1976)and (EPA 1979).

The quality of surface water varies slightly but in- stationsin the four canyons.Additionalchemicalquality
significantly.The qualityof water from the wellshas not
changed from previous years. Detailed results of the
chemicalanalysesare in Table E-XII.

Water samples are collected from 36 stations in 4
canyons that receivesanitary andlor industrialeflluents
(Fig. 14, Table E-VIII). Maximum concentrations of
selected constituents in water from each canyon are
summarized in Table XVII. Tables E-XIII through E-
XVI detail individual chemical constituents from the

results(metal ionsand organics)fromselectedstationsin
the four canyons are in Table E-XXIX.

Acid-Pueblo Canyon received treated industrial ef-
fluentsfrom 1943 to 1964.Currently, it receivestreated
sanitary effluents,which are now the major part of the
flow. The effluents are from a Los Alamos County
operated plant. Sandia Canyon receivescooling tower
blowdownand some treated sanitary effluents.DP-Los
AlamosCanyon and MortandadCanyonsreceivetreated

I
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industrial e!lluents that contain radionuclide; and re--.— .—
sidualchemicalsused in waste treatmentprocesses.The
relatively high chlorides, nitrates, and total”dissolved
solids result from etlluents released into the canyons.
Relativelyhigh fluorideand nitrateconcentratio~sare in.- . .
waters from Mortandad Canyon. MortandaclTanyon
receivesthe largestvolumeof industrialeMueri&- ‘

Though the concentrationsof some chemic@constit-
uents in the water in these canyons are high when
compared to drinking water standards, th$~<onsite
waters are not a source of municipal, ind~ls~al, or
agricultural supply. Maximumchemicalcormmtrationst.:-
are in water samplestaken near the effluentouf+’alll.The
chemical quality of the water improves down~radient
from the outfall. Surface flow in these canyoqs~eaches
the Rio Grande only during spring snowmeltor heavy
summerthunderstorms.

—{~. ;

d. Water Supply. Municipal and industrial water
suppliesfor the Laboratory and communitywere sam-
pled at 15 deep wells, 1 gallery (undergroundbasin for,-.
spring discharge), and 5 stations in the distribution
system (Table E-VIII, Fig. 14). Water at Bandelier
National Monumentis from the Los Alamosdils~~bution
system.Also shown as part of the distributionsystemis
Fenton HillGeothermalSite(TA-57),whichh&-itsown
water supply furnishedby a deep well.The Fenton Hill
Geothermal Site is located about 30 km We:itof Los
Alamos.

Appendix A gives federal and state stand~ds and
criteriafor municipalwatersupply.Maximumomccntra-

tions of chemical constituentsfrom wells,gallery, and
distributionsystemstationsare comparedto primaryand
secondary standards in Table XVII. Detailed chemical
analysesfor water supplyand distributionare inTableE-
XVII. The primary maximumcontaminantlevel(MCL)
is the maximum permissiblelevel of a contaminant in
water that may be deliveredto a free-flowingoutletof the
ultimate user of a public water supply system. The
secondary drinking water levels for contaminants are
primarilyrelated to the aestheticqualitiesof the drinking
water and its publicacceptance.At very highconcentra-
tions, secondarycontaminantsmay have negativehealth
implicationsas wellas aestheticdegradations.

Chemicalconstituentsinwatersfromthewells,gallery,
and distributionsystem(Los Alamos,BandelierNational
Monument, and Fenton Hill Geothermal Site) are in
compliancewith the primary standards (Table XVIII).
Waters from the wells,gallery, and distributionsystem
meetall secondarystandards,exceptfor the ironconcen-
tration from the gallerywater, whichis about four times
the secondary standard (Table E-XVII). However,mix-
ing of water from the gallerywithwellwater reducedthe
iron concentration in the distributionsystem to accep-
table levels.

Water from Well LA-6 (Los Alamoswellfield)is not
used as part of the water supplyfor Los Alamos. Water
from the well contains arsenic at concentrations(0.11
mg/J?,Table E-XVII) that are about twice the primary
standard.The watercannotbe mixedwithwater fromthe
other wells to reduce the concentrationsbelow the pri-
mary standard of 0.05 mg/~.
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Inorganic
Chemical

Contaminant

Primary’

Ag
As
Ba
Cd
Cr
F
Hg
N03
Pb
Se

Secondaryb

cl
Cu
Fe
Mn
so,
Zn
TDS
pH

——————

Table XVIII

MaximumChemicalConcentrationsin
Water Supplyand DistributionSystem

(resultsin mg/1)

supply Distribution

Standards
and

Gallery

Per Cent
of

Standard

Los Alamos
Bandelier

TA-57

Per Cent
of

Standard

0.05
0.05
1.0
0.01
0.05
2.0
0.002

45
0.05
0.01

250
1.0
0.3
0.05

250
5.0

500
6.5- 8.5

<0.005
0.009
0.06

<0.002
0.025
1.8

<0.002
4.0

<0.003
<0.003

14
0.01
1.48
0.006

14
0.02

229
8.4

<lo
18
6

<20
50
90

<10
9

<6
<30

6
1

493
12
6

<1
46
99

<0.005
0.007
0.04

<0.002
0.020
1.0

<0.0002
3.3
0.003

<0.003

32
<0.01

0.045
<0.001
10
0.30

263
8.4

<10
14
4

<20
36
50

<10
7
6

<30

13
<1
15
<2

4
6

53
99

a(EPA 1976).
‘(EPA 1979B).
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2. Nonradioactive Aif~orne Emissions and Liquid Effluents.
Nonradioactive airborne, remissions from the beryllium fabrication
shop, gasoline storage and combustion, power plant, waste explosive
burning, and dynamic testing did not result in any measurable or
theoretically calculable degradation of air quality.

A single National Polh!tant Discharge Elimination System permit
covers nonradioactive liquid effluents from 103 industrial discharge
points and 11 sanitary treatment facilities. This year 9 of 11 sanitary
sewage treatment facilities exceeded one or more of the National
Pollutant Discharge Elimination System permit limits (biochemical
oxygen demand, total suspended solids, fecal coliform, and/or pH) in
one or more months. Sin;:e April 1983, fewer than 4°\0 of all samples
from the domestic and industrial outfalls exceeded National Pollutant
Discharge Elimination System permit limits.—

a. Particulate Air Quality. Airborne particulate
concentrationsin the Los Alamos and WhiteRo.;kareas
are routinelymeasured by the New MexicoState Envi-
ronmental Improvement Division. The highe$t 24 h
averagesand annual averagesare comparedto the New
MexicoAmbient Air Quality Standards for park~dates
in Table XIX, Table E-XXX summarizesthese data fc?r
1983.The annual geometricmeans for Los Alarnosand
White Rock are well within state standards. Al~hough
true 7-day and 30-day averages cannot be calculated,
there is no indication that they would exceed state
standards. In 1983there wereseveralexceedinglywindy,
dusty days during which the 24-h averageNew Mexico
State Standard was exceeded.Most of this dust was of
natural origin.

,~- :

b. Airborne Emissions.Airborne emissionsources
at the Laboratory that are routinelyassayed includethe
beryllium shop, gasoline storage and combustion, the
TA-3 powerplant,gas and volatilechemicalusage,waste
explosiveburning,and dynamictestingoperations.These
sources are discussedseparately in the followingpara-
graphs.

Beryllium concentrations in stack gases from the
berylliumshop during 1983rangedfrom0.0003to 0.009
@m3. The state ambient air quality standard for
berylliumis 0.01 ~g/m3,as a 30day average.Thus, the
standard was not exceededeven in the stack gas. Total
berylliumemissionfor the year was about 7 mg,whichis
about half of the 1982emission.

‘~able XIX

Summaryof Atrno7phericParticulateConcentrations
in Los alamq~d WhiteRock During 1983—.

NatiFnal Secondary and
New MexicoAmbientAir

Quality Standards for
fljtic~ates (@m3)

Maximum 24 h average 150
Maximum 7 day average 110
Maximum30 day average 90
Annual geometric mean 60
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Los Alamos WhiteRock
(@m3) (@m3)

353 253
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Table XX

Estimatesof Air PollutantEmissions
Associatedwith Maintenanceand

Operationof the VehicleFleet

Pollutant

Estimated
Amount

(metrictons)

Change
From 1982

(%)

Gasolineevaporativelosses
Carbon monoxide
Organics
Nitrogen oxides
Sulfur oxides
Particulate, exhaust
Particulate, tires

7.7
291

19.0
25.9
3.5
9.8
1.6

+12
-18
+14

+167
+192

+1300
+23

A large fleetof cars and trucks is maintainedfor the
Laboratory complexby the Zia Company.Duringfiscal
year 1983,a total of 1.9x 106J?of gasolinewas usedby
this fleetto cover 11.2x 1Oskm.

Carbon monoxide, hydrocarbons, nitrogen oxides,
sulfuroxides,and particulate are emittedduringvehicle
operations. There also are gasoline evaporative losses
associatedwithgasolinestorageand vehiclerefueling.By
breaking down total gasoline usage among the size
classesof vehiclesand by applyingthe most appropriate
EnvironmentalProtectionAgencyemissionfactors(EPA
1977B,EPA 1981)to thesedata, airemissionsassociated
with maintenanceand operationof the vehiclefleetwere
estimated (Table XX). These estimates are based on a
new set of EnvironmentalProtection Agency emission
factors and more accurately representthe age structure
and mixture of gasolineand dieselvehiclesin the fleet.
This has resulted in estimatesthat, in some cases, differ
greatlyfrom previousyears’estimates.

The TA-3 power plant is fueledwith natural gas and
thus comes under State of New Mexicoregulationsfor
gas burning equipment.These regulationsspecifymax-
imum allowablenitrogenoxide emissions,but also con-
tain a provisionexemptingfacilitiesthat havea heat input
of less than 1 x 1012Btu/yr/unit. Heat inputs for the
TA-3 power plant individualboilers during 1983 were
0.63 x 10*2Btu, 0.54 x 1012Btu, and 0.58 x 1012Btu.
Total heat input for the powerplant was 1.75x 1012Btu,

but inputs for the individualboilers
1012Btu/yr exemptionthreshold.

were belowthe 1 x

Measured concentrationsof nitrogenoxides(NO$ in
the powerplant stack gas ranged from 20 to 47 ppm and
averaged 39 ppm, which is about 23’XOof the standard
that wouldapplyifthe heatinputthresholdwasexceeded.
The NOXanalyserwas not operatingfor about 6 months
because it had to be repaired. Sulfur dioxide (S02)
analysesof the stack gas are not performedroutinely,but
the sulfurcontentof the naturalgas fedto the boilersis so
lowthat it precludesany significantS02 emissions.

The followingestimates of stack gas emissionsfrom
theTA-3 powerplant for 1983weremadeusingEnviron-
mental ProtectionAgency emissionfactors (EPA 1981)
for natural gas burning facilities:0.45 metric tons of
sulfur oxides(–6% versus 1982emissions),1.29 metric
tons of organics (+6l%), 30.3 metric tons of carbon
monoxide (+1240A),1.90 metric tons of particulate
(-76%), and 134 metric tons of nitrogenoxides(-31%)
Changes in carbon monoxideand nitrogenoxideemis-
sions estimates from 1982 are due to use of revised
emissionfactors of the EnvironmentalProtectionAgency
(EPA 1981).

The Laboratory complexuses large quantitiesof vari-
ous volatile chemicals and gases, some of which are
releasedinto the atmosphereby evaporationor exhaust.
Using data from stock records, a table of patterns of
chemicalusageover past years has beencompiled(Table
E-xXXI).

During 1983 a total of 21044 kg of high-explosive
wastes was disposedof by open burningat the Labora-
tory. This resultedin estimatedairborneemissionsof 164
kg of carbon monoxide(+29V0versus 1982emissions),
379 kg of particulate (+30VO),and 636 kg of nitrogen
oxides(+30?40).These estimatesweremade by usingdata
fromexperimentalworkcarriedout by Mason& Hanger-
Silas Mason Co., Inc. (MHSM 1976).Open burningof
high-explosivewastes is permittedby New Mexico Air
QualityControl regulations.

Dynamic experiments employing conventional ex-
plosivesare routinelyconducted in certain test areas at
the Laboratory and may containquantitiesof potentially
toxic metals, including beryllium, lead, and uranium.
Some limitedfieldexperiments,based on aircraft sampl-
ingof debris
clouds, provided informationon the proportionof such
materialsaerosolized.This informationwas employedto
prepareestimatesof airborneconcentrationsat the Labo-
ratory boundarybasedon the amountsofexplosivesused
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during 1983.The resultsare presentedinTableE-XXXH
along with comparisonsto applicableair qualityl~egula-
tions.The averageconcentrationsof uranium,be~”~lium,
and lead are all lessthan 0.003?40of applicablestandards.

c. Liquid Ellluents. Nonradioactive Iiquid”waste
discharges are authorized by National Pollut@ Dis-
charge EliminationSystem(NPDES)permitnuml]erNM
0028355 issued by the Environmental PriJZection
Agency.The NPDES permitauthorizesdischargesfrom
103 industrialoutfalls in 10 categoriesand 11 d:~m~stic
waste outfalls. Tables E-XXXH1 and E-XXX1v summ-
arize the efltuentqualityof the domesticand industrial
outfalls. e—

This year 9 of 11 sewagetreatmentfacilitiese~~eeded
one or more of the NPDES permit limits(biocll.~mical
oxygen demand, total suspendedsolids, fecal coliform,
and/or pH) in one or more months. Since Apr~l~983,
fewer than 4!40of all samples from the domewic and
industrialoutfallsexceededNPDES limits.

In 1983 the Los Alamos Area Officeof the l~epart-
mentof Energy(withLaboratory input)and the Q1viron-
mental Protection Agency signed a Federal Facility
Compliance Agreement (FFCA), which contabs an
abatementschedulefor two domesticwastelocaticmsand,-—
sevenindustrialwastelocations.Compliancedate’iT’ange
from 1983 to 1985. The 1983 compliance date was
extended to June 1984 to allow additional ti~?e for
constructionof a sandfilterwithmorestringentsptcitica-
tions.Althoughnot a part of the FFCA, a newchlorina-
tionchamberat the TA-3 domesticwastetreatmert plant
to accommodate increased flows and a new c:ontact
coolingwater tower at TA-41 willalsobe built.

The two radioactivewaste treatment plants have the
largestnumberof limitswithwhichto comply,an!ithose
plants exceededone or more limitsin fewerthan,ll%-of
the samples taken. Details of the effluentquality from
these two plants are given in Table E-XXV~~ for
nonradioactive(includingseveral not regulated by the
NPDES permit)and radioactiveconstituents.

.—.—-
d. MonitoringRain for ChemicalConstituents.A:

NationalAtmosphericDepositionProgram(NAD,P~ain’
gauging station at Bandelier National Monume;lt has
continuedoperation through 1983.The purpose of the
NADP network is to provide background data ,)n the
chemical composition of rain throughout the United
States and to monitor trends in chemical composition.
The Bandelier station provides local information on
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rainfall composition.The station started operation in
June of 1982 and the data obtainedto date are in Table
E-XXXV.

e. MonitoringHoney Bee Hives. Honey bee hives
continueto be usedas biologicalmonitorsofenvironmen-
tal contaminantsat Los Alamos.Thesehivesare located
throughout Laboratory property at sites where there is
potentialfor environmentalcontamination.The locations
of the hivesare inTable E-XXXVI and Fig. 25.Thedata
obtained to date from honey and bee analyses are in
Table E-XXVI.

Therehavebeensomeslightlyelevatedtritiumconcen-
trations in the bees and honey from hives located near
Laboratory facilitiesthat release airborne tritium.Also,
7Be 22pJa, 54Mn, “CO, 83Rb, and 134cs were. foundin bees

fro; the hiveat the Los AlamosMesonPhysicsFacility
(TA-53). However, correspondinglyhigher concentra-
tions were not foundin honeyfrom the same hive.

C. Meteorology

Z. WeatherSummary.Los Alamosweatherduring
1983was slightlycoolerand drierthan normal.However,
there were occurrencesof extremeand unusualweather
during the year. Snowfallwas heavy and totalled 72 in.
The springwas snowyand the secondcoldeston record.
A rare funnelcloudwas reportednear the communityof
White Rock in the summer.Also, during the summer,a
thunderstorm produced heavy rains that caused the
collapse of a store roof in the Los Alamos Business
District.A very early hard freezeon September21 gave
Los A1amosits shortest growingseasonon record. The
1983 weather is summarized in Fig. 26, Table E-
XXXVII, and Table E-XXXVIII.

The yearbeganwithdry andpleasantweatherfor most
of January. Then, a snowstorm on the 30th and 3Ist
dumped over 14 in. of snow on Los Alamos. Another
snowstorm quickly followed on February 3 and 4,
producing another 9 in. of snow. The remainder of
February and the firsthalfof March weredry and warm,
withthe stormtrack shiftingto the north of New Mexico.
A series of three storms passed through New Mexico
duringthe thirdweekofMarch,producing14in.of snow.
Severalmore storms movedacross Colorado duringthe
last week of March, producing strong winds in Los
Alamos.The strongestwindgustof the springseason,56
mph, was recordedon March 31.

—.



I
I
I
I
I
I
I
1
1
I
I
I
I
I
I
I
1
I
I

N300

N200

NIOO

o

Sloo

S20C

S30C

Wloo o EIOO E200 E300 E433 E500 E600

I I I I I I I q

\
A2 \

— . . ——

\ ca-w:
)<

/

.

.
A SAMPLINGLOCATION

LABORATORY SCALE
- S300

1 1 I 1 1 1 1 1 I
!00 o EIOO E200 E300 E400 E500 E600

1-AREA 0 4 km
\J

\
~

Fig. 25. Locationsof bee

Another storm, in combinationwith upslope winds,
locallyproduced 10in. of snow in Los Alamos on April
4. On the same day, the temperaturereached only 26°F
for a high, setting a record for the lowesthigh tempera-
ture for so late in the season. Also, low temperature
records were set on April 4 and 5, with readingsof 10°
and 8°F, respectively. Cool and unsettled weather
persisteduntil the middleof April. The last half of the
month was dry but cool. Aprilof 1983becamethe third
coldestAprilon record.

Northwesterly upper winds persisted throughout
most of May, making it a cold and dry month. Three

hivesat LosAlamos.

dailylowtemperaturerecordswereset duringthe month,
with the latestfreeze(31‘F) occurringon May 21. It was
the third coldest May on record and the coldest since
1957. The months of March, April,and tiay of 1983
combinedfor the second coldest spring on record, with
the springof 1973the onlyone colder.Also,the average
minimum temperature for spring 1983, 30.7°F, set a
record for the loweston record.

The cool and dry conditionsextendedinto June. The
temperaturedid,however,reach 90”F on June 18for the
only time during the summer. The rainy season began
during the second week of July, with the occurrenceof
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Fig. 26. Summary of 1983 weat~er
Laboratory, OHL, TA-59)~

ailernoonandeveningthundershowers.Aheav~thunder-
showeron the afternoonofJuly 23 produced 1.56in.of
rain in lessthan 2 hours.The showeryweathercontinued
throughAugust,althoughthe monthlytotal(2.99in,)was
below normal. On the afternoon of August 23, a rare
funnel cloud located about 10 miles southeast of the
community of White Rock was sighted by the public.
This funnel was a local phenomena and wa:; not as--—
sociated with severeweather. It extendedfrom a cloud,
reached about halfway to the ground (elevationabout
2000 m), and lasted about 10minutes. —

Autumn began with above-normal temperatures in
September. Maximum temperatures averaged:77.2”F,
almost5°F abovenormal.Two hightemperature~records
wereset in the beginningof the month.In contrast,a very
early hard freeze occurred on September21, when the
temperaturedipped to 25”F. This gave 1983a growing
season(numberof consecutivedays withno teni~rature
lowerthan 28°F) of only 125days, the shortestever on
record. Temperatures returned to near-normalin Octo-
ber, withprecipitationbelownormal.Novemberhad very

.-
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in Los Alamos (data from Occupational Health

warm and dry weatherduringthe firsthalfof the month,
and cold and snowy conditionsduring the last half.The
year endedwith a slightlycoolerthan normalDecember.
A snowstormdropped 6.5 in. of snow on December 27
and 28, with temperatures dropping to O“F on the
morningsof the 28th and 29th, settingand tying,respec-
tively,dailylowtemperatures.

2. Wind Roses.The 1983windspeedand direction
measuredat the OccupationalHealth Laboratory(OHL,
TA-59) are plotted in wind roses (see Fig. 27). A wind
rose is a circle from the center of which emanate lines
representingthe directionfrom which the wind blows.
The lengthof each lineis proportionalto the frequencyof
the wind speed interval from that particular direction.
Each directionis one of the 16majorcompasspoints(N,
NNE, and so on) and iscenteredon a 22.5° sectorof the
circle.The frequencyof the calm winds,definedas those
havingwindspeedof lessthan 1m/see and no direction,
is givenin the circle’scenter.
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The OHL winddata weremeasuredat a heigl~tof23 m
with99’XOdata recoveryfor 1983.The windro~~~inFig.
27 includean annual summary for 1983and sm%mafies
for daytime and nighttime hours. Los Ahunos is a
generally light wind site with an annual aver~gewind,,=,,
speed of 2.8 m/see. Only 12?40of wind speed~;-m1983
weregreater than 5 m/see, while38?40were Ies:;than 2.5,-=——
mlsec. ,.——.

The distribution of wind direction reflectx (1) the
location of Los Alamos on the southern sicleof the
midlatitudewesterlies,and (2) the northwest-southeast
slope of the Jemez Mountains and Pajarito Plateau.
Predominanceof windsfrom NW to SW is producedby
“westerlies;’whichareoftenas far southas NewMexico.
The slopeof the terrain producesa distinctdailypattern
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under weak atmospheric pressure gradients. At night,
drainagewinds(lessthan 2.5 m/see)flowdown fromthe.
Jemez Mountainsout of the NW and WNW. Duringthe
day, lightupslopewindscomeup out of the SE to SSE.

3. Rainfall Summary. Slightly below-normal
amounts of precipitationfell in the Los Alamos area in
1983. Figure 28 shows 1983 quarterly and annual
precipitationat four sites in Los Alamos County. See
Figs. 1 and 7 for locations of the sites. Note that the
precipitationgenerally increased with elevation for the
sites. Almost half of the precipitationfor the sites fell
during the period July-August-September,coinciding
with the thundershowerseason.
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V. ENVIRONMENTAL PROTECTION PRO-
GRAMS AT LOS ALAMOS

A. Laboratory Environmental Review Com-
mittee

The Laboratory has a Laboratory EnvironmentalRe-
view Committeeto providea criticalmanagementover-
view of environmentalconcerns. The Laboratory Envi-
ronmental Review Committee membershipconsists of
representativesfromthe AssociateDirectorforTechnical
Support; Legal Affairs Oftlce; Facilities Engineering
Division;BudgetDivision;and Health, Safety, and En-
vironmentDivision,The Laboratory EnvironmentalRe-
viewCommitteehas responsibilityto reviewenvironmen-
tal documentspreparedfor the Departmentof Energyby
the Laboratory. Additionally,the Laboratory Environ-
mentalReviewCommitteeidentiilesand reviewsitemsof
environmentalinterestthat are generatedby Laboratory
activitiesor that affect Laboratory programs and prop-
erty.

An EnvironmentalEvaluationsCoordinator,based in
the EnvironmentalSurveillanceGroup, assiststhe Labo-
ratory Environmental Review Committee by (a)
coordinatingwith user groups; Health, Safety, and En-
vironmentDivision;and FacilitiesEngineeringDivision
on environmentaldocumentationand (b) providinginput
to construction or programmatic project design at the
earliest stage for appropriate environmental decision
making.

Projects that may require an environmentalassess-
ment or environmentalimpact statementare screenedby
the EnvironmentalEvaluationsCoordinatorto determine
the necessarypreliminaryenvironmentaldocumentation.
When needed,various resource peopleare identifiedby
the EnvironmentalEvaluationsCoordinator to assist in
preparationof the draft environmentaldocument.

The Environmental Evaluations Coordinator also
coordinates input on environmentalmatters for other
officialdocuments and the Quality Assurance program
(see next section). The Environmental Evaluations
Coordinator and the Environmental Surveillance
Group’s representativeto the Quality Assurance pro-
gram work with those responsible for construction
and/or programmatic activities to assure that proper
environmentalconsiderationsare made during project
design and that they are implementedin the Quality
Assuranceprogram.

B. Quality Assurance

The Laboratory has a Quality Assurance program
(Facilities1983)for engineering,construction,modifica-
tion, and maintenanceof Departmentof Energyfacilities
and installation.The purposeof the program is not only
to minimizethe chance of deficienciesin construction,
but also to improve the cost effectivenessof facility
design, construction, and operation, and to protect the
environment. The Quality Assurance program is im-
plementedfrom inceptionof designthrough completion
of constructionby a project team approach.The project
team consists of individualsfrom the Department of
Energy’s program division, Department of Energy’s
AlbuquerqueOperationsand Los Alamos Area Oflices,
Laboratory operatinggroup(s),Laboratory Engineering
Division,designcontractor, inspectionorganization,and
constructioncontractor.

Under the project team approach, each organization
having responsibilityfor some facet of the project is
likewise responsible for its respective aspects of the
overallQualityAssuranceprogram.For example,it is the
inspection organization’s responsibilityto provide as-
surance that the structures, systems, and components
have been constructedor fabricated in accordancewith
the approveddrawingsand speciilcations.

Laboratory representatives are responsible for
coordinatingreviewsand commentsfrom allgroupswith
a vestedinterestin the project.In particular,the Environ-
mental SurveillanceGroup reviewsproposed new con-
struction, maintenance activities, and modificationsto
existingfacilitiesto minimizeany environmentaldegrada-
tion.Considerationisgivento thepresentconditionof the
site (soils, geology, ground water, surface water, air
quality,archeology,flora, fauna, drainagefeatures,etc.),
environmental consequences of the proposed project
(airborne emissions, liquid effluents, industrial waste,
solid waste, noise levels,tratllc patterns, etc.), and envi-
ronmental impact assessment (air, water, land, visual,
noise,odor, biota,etc.).

C. Archeological and Historical Protection

Protection of archeologicaland historicalsites at the
Laboratory (mandated by several CongressionalActs
and ExecutiveOrder 11593)is also part of the Environ-
mental Evaluationsand QualityAssuranceprograms.A
proposed location for a new facility is surveyed for
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archeologicaland historicalfeatures.If a featureisfound,
siting is adjusted to preserve it. If that is not possible,
documentation,excavation,or other mitigation~~easures
are carriedout in consultationwiththe NewMel~fioState
HistoricalPreservationOfiice.

The Laboratory has a contract with a professional
archeologist to provide archeological surveys, make
evaluations of archeologic or historic featu~s~~”d
provideprofessionalexpertisefor culturalresoukceman-
agement. The Laboratory is drafting a Cul~u~alRe-
sources ManagementPlan to guideprotectionefforts.

A survey of more than 450 archeologicalsi~=-atthe
Laboratory was made between March 1973 and July
1975.This survey of the pre-ColumbianIndian ruins is
summarized in a Laboratory report (Steen “1977).A
further report summarizingexcavationson the Labora-
tory between 1975and 1978was issuedthis yea~(Steen
1982).These surveysare used duringconstrue@-nplan-
ning to avoid damage to archeologicor histct-icsites.
Additional surveys of proposed construction sites
routinelyrevealnewundocumentedsites.

Several unique pre-Columbian ruins were recom-
mended for registration as national historic sites, and
formal nominationprocedures are underway. Registra-
tion willensure their preservationfor future gqqerations
by establishingformalresponsibilityfor theirp~6~ection.

Two public tours of archeological sites within the
Laboratory’s boundary were conducted in 19!3. These
tours allowedthe publicto viewarcheologicalsitesthat
are normallyinaccessiblebecauseof securityrestrictions
for the surroundingLaboratory land.This year the tours
includedOtowi (one of the largest pre-Columbiancom-

—
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munitieson Pajarito Plateau) and for, the first time, a
historical site—the Gomez Ranch Complex at TA-15
(the best preservedhomesteadsiteon Laboratory land).

D. Toxic and Hazardous Waste Management
Program

Improvementsin the control,treatmentand disposalof
hazardous materialsis a continuinggoal of the Labora-
tory. Major effortswereexpendedin severalareas during
1983.

An extensive endeavor to upgrade Polychlorinated
Biphenyl(PCB) Inventory Control to a computerized
record systemwas initiated.As a result,each PCBitemis
assigned a unique identification number for future
traceability.A PCB incinerationpermit was appliedfor
duringthe year.Thispermitwouldallowthe Los Alamos
incineratorto burn radioactivelycontaminatedPCBS.

Approval and funding were received, design com-
pleted,and constructionbegunfor a newchemicalbatch
treatmentplant.Thiswillenhancethe Laboratory’swaste
treatmentcapabilityand producea stablewaste formfor
burial.

Alternativesto land disposalof hazardous chemicals
resulted in two changes in 1983. An extensivesearch
located a commercialfacilitycapableof treating lithium
hydride waste, a reactive substance that cannot be
landfilled.The second area of concern is the relatively
large amount of recyclableoil beinglandfilled.Effortsto
start a recycling program were initiated in 1983 with
plans to beginin 1984.
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V1. RELATED ENVIRONMENTAL STUDIES

The EnvironmentalSurveillanceGroup (HSE-8) and
the EnvironmentalSciencesGroup (LS-6)at the Labora-
tory do some environmentalresearch to complementthe
routinemonitoringprogram.Thesestudieshelpprovidea
better understandingof the ecosystemsurroundingthe
Laboratory in relationto its operations.

A. Delta-Count Rate-Monitoring System [D.
Van Etten and W. Olsen (HSE-8)]

Detectionof radioactivecontaminantsin the environ-
ment often requires surveyinglarge areas. A need for a
more effectiveway to rapidly search for gamma-ray
contamination over large areas led to the design and
constructionof a very sensitivegamma detectionsystem
(Van Etten 1983).This system alerts the user to small
changesin the count rate,or delta,whichcan locateareas
of potentialradioactivecontamination.

Environmentalsurveys are frequently done in areas
with ruggedoff-road conditionsin adverseweather.For
this reason, the delta-countrate-monitoringsystem was
installedin a four-wheel-drivevan instrumentedfor envi-
ronmentalsurveillanceand accidentresponse.

The system consists of four main sections: (a) two
scintillation detectors; (b) high-voltagepower supply
amplifier, and single-channelanalyzer; (c) delta-count
rate monitor;and (d) count rate meterand recorder.The
van’s 6.5-kW generator powers the standard nuclear
instrument module modular design system. The two
detectors are mountedin the rear cornersof the van and
can be run singlyorjointly.A solid-statebar-graphcount
rate meter mountedon the dashboard can be read easily
by both the driver and passenger.Mountedjust to the
right of the driver is a solid-statestrip chart recorder,
which shows trends and providesa permanentrecord of
the data. An audible alarm is sounded at the delta
monitor and at the dashboard count rate meter if a
detectedradiation levelexceedsthe set backgroundlevel
by a predeterminedamount.

B. Development of Water Supply Well PM-5
[W. D. Purtymun, N. M. Becker, and M. N.
Maes (HSE-8)]

Construction of water supply Well PM-5 began in
December1981withthe drillingof the pilotholeand was
completed in September 1982 when the well was test
pumped.The well is located about 3.4 km northwestof

Well PM-4 on the Pajarito Plateau at an elevationof
2162 m. The pilothole was drilledto a depth of 948 m.
Stratigraphicunits (Griggs 1964)penetratedby the well
in descending order are the Bandelier Tuff, Basaltic
Rocksof ChinoMesa,PuyeConglomerate,and Tesuque
Formation(TableXXI).

The top of the main aquiferof the Los Alamos area
(only aquifer capable of municipaland industrialwater
supply)was encounteredat a depthof about 368 m inthe
fanglomerate member of the Puye Conglomerate.The
lower member of the Puye Conglomerate, the Totavi
Lentil,and TesuqueFormation are withinthe main zone
of saturation at the well.

A step test to determinethe size(pumpingrate) of the
permanent pump was made at rates of 48 ~/sec to 79
~/sec. The tests weremadeover about a 1l-h periodwith
the higher pumping rate at the start of the test. At a
pumping rate of about 79 ~/sec for about 3 h the
drawdownwas44 m witha specificcapabityof 1.8~/sec
of draindown. Based on the step test, the contractor
recommendeda pump that willproduceabout 76 k?/sec.

The well is in an area where a better yield was
expected.The contractor used a largequantityof drilling
mud and lost circulationmaterialfrom a depth of about
368 to 732 m. It is quite possiblethat the aquifer still
contains significant amounts of drilling mud and lost
circulationmaterial.Whenthe wellis put into service,the
specificcapacitiesmay improveas some of the material
pluggingthe aquifer is removed.This has occurred in
WellPM-4 and other wellson the Pajarito Plateau.

Water from Well PM-5 is a sodiumand bicarbonate
type and is similarto water fromWellPM-4.Water from
WellPM-5 has a hardnessof 52 mg/1 and totaldissolved
solidsof 211 mg/1. The concentrationsof constituentsin
water samplescollectedduringthe aquifertest are below
Primary, Secondary, and RadiochemicalStandards of
the EnvironmentalProtectionAgency(AppendixA).

The wellwillnotbe addedto the systemuntilmid-1984
after completionof the pump station, transmissionlines,
and a storage tank, which are currently being built.
Specificdetails of the wellconstruction and testing are
found in a Laboratory report (Purtymun 1984).

C. Geohydrological Investigations at TA-54
(Area G) [W. D. Purtymun, N. M. Becker,
and M. N. Maes (HSE-8)]

1. Introduction.TechnicalArea 54 (TA-54),Area G,
is used for disposalof solidlow-levelradioactivewastes.
Area G is located on a mesa named Mesita de] Buey.
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Generalized!~eologicLog of SupplyWellPM-4

Thickness
(m)

BandelierTuff -
Basalt (Rocks of C~no Mesa)
Puye Conglomerat:~

Fanglomerate ~qmber
Basalt(Rocksof chino Mesa)
Puye Conglomerat,:--

FanglomerateMember
Basalt (Rocks of {~no ‘Mesa)
Puye Conglomerat[i–.=.

FanglomerateN@nber
Totavi Lentil

Tesuque Formation
Sandstone \
Basalt
Sandstone
Basalt
Sandstone
Basalt and breccias
Sandstone
Basalt and breccias,~ .—
Siltstone,claystciff&
Basalt and breciias
Siltstone,claysto,l~-andsandstone.-

—————.—-
Note: Top of mairl=~uifer at 368 m.
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Mesita del Buey trends southeast and is about,3,2 km
long and 0.4 km wide. The surface slopes from an
elevationof about 2100 m near its westernend to about
2010 m at its easternend ofArea G. It isbound,~”onthe
north and south by canyons cut 15 to 30 m felow the
mesasurface,and severalsmallsidedrainagesst:zratethe
edgeof the mesa.

The surface and underlyingrocks of Mesita del Buey
are ash flows and ash flows of rhyolite tuff that are
underlainby volcanicbasalts and interbeddedwith sedi-
ments.The tuff is about 75 m thick.There is nD”known
perchedwater at Area G betweenthe surfaceof ye mesa
and the main aquiferof the Los Alamos area. The main.,
aquifer (capable of municipaland industrialWiitersup-
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59
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Depth
(m)

225
231

245
283

294
349

448
472

538
550
574
577
591
632
652
711
725
835
948

ply) liesat a depth of 250 m belowthe surfaceof Mesita
de]Buey.Movementof water in the aquiferis to the east
and southeast where a part is discharged into the Rio
Grande (Purtymun 1971B).

In 1956, Area G was designatedfor the disposalof
solid radioactivewaste (Fig. 20).The wastesrange from
potentiallycontaminatedrubber glovesand glasswareto
parts of obsoletebuildingsand equipmentthat cannot be
decontaminated.They are buried in pits ranging in size
from 9 to 30 m wide,45 to 180m long, and 4 to 10 m
deep.The wasteisplacedin layers 1to 2 m deepandeach
layer is coveredwithapproximately0.5 m ofcrushedtuff.
The pits are filledto within 1 m of the land surface and
coveredwith 1.5to 2 m ofcrushedtuff.Thisfinalcoveris
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slightlymounded above the originalgrade to encourage
surfacerunoff.Somewastes are placedin verticalshafts,
whichrangefrom0.6 to 1.8m in diameterand up to 20 m
deep. Wastes in the shafts are layeredwith crushed tuff,
the same practice used for the pits, and the finalcoveris
about 1 m thick.

Guidelinesfor the constructionof pits were issuedby
the US GeologicalSurvey in 1965(USGS 1965).These
wererevisedand reissuedin 1980by the WasteManage-
ment Group (HSE-7) and EnvironmentalSurveillance
Group (HSE-8)of the Los AlamosNational Laboratory
(Purtymun 1980). The pits are inspected and photo-
graphs taken to determine if they comply with the
guidelines.

2. Construction of Pit 26. Pit 26 was constructed in
Area G during 1983 using heavy earthmoving equip-
ment. It is about 95 m long, 15m wide,with a maximum
depth of 10 m. The floorof the pit is ramped at the long
dimensionto allowconstructionand vehicleaccessdur-
ing disposal operations. The total volume of tuff ex-
cavated was 17000 m3.The longdimensionof the pit is
northeast-southwest.The “spill point” or lowestarea is
the southwestcorner of the pit.

Pit 26 is dug into Unit 2b of the TshiregeMemberof
the Bandelier Tuff (Griggs 1964). The unit in the pit
consistsof two ash flows.Contact betweenthe two flows
occurs about 6 m below land surface. The contact is
shownby an increasein the amountand sizeof dark gray
devitrifiedpumice fragmentsin the top of the ash flow.
The contact is nearly horizontal, though in places be-
comes indistinct.The tuff in both flows is a gray mod-
erately welded tuff, consisting of quartz and sanidine
crystals and crystal fragmentswith a fewrock fragments
of rhyolite,Iatite,and pumicein a gray ash matrix.

The tuff in the wallsof the pit is broken by joints that
formed as the ash flowscooled.Most of the majorjoints
are verticalor nearly vertical.They range from closedto
open. Beneaththe thin soil zone (lessthan 0.5 m thick),
thejoints are filledwithclay. At depththejointsmay aho
be filledwithclay or be slightlyopen.Thejoint facemay
be weathered with a thin layer of clay. The new joint
faces exposedin the pit wallsare the resultof excavation
of the pit.The frequencyof thejoints is aboutone master
joint for every 2 to 3 m of wallof the pit. This frequency
is normalat Area G. The floorof the pit is coveredwitha
layer of crushed tuff. The joint openingsin the wallsor
joint systemsin the floor(tilledwithtu~ are smalland do
not requireremedialaction.

The inspectionand documentationin November 1983
of Pit 26 indicatethat the pit is in compliancewith the
guidelinesand is suitablefor disposalof wastes.

D. Environmental Monitoring at the Fenton
Hill Site [W. D. Purtymun, N. M. Becker, R.
W. Ferenbaugh, M. N. Maes (HSE-8), and
H. Adams (HSE-7)]

2. Introduction. The Los Alamos National Labora-
tory is currently evaluatingthe feasibilityof extracting
thermal energy from the hot dry rock geothermalreser-
voir at the Fenton HillGeothermalSite(TA-57).The site
is located about 45 km west of Los Alamos on the
southwesternedge of the Vanes Caldera. The hot dry
rock energy concept involvesdrilling two deep holes,
connectingtheseholesby hydraulicfracturing,and brin-
gingthe thermalenergyto the surfaceby circulatingwater
through the system.Environmentalmonitoringis doneat
the site to assess any impacts of the geothermalopera-
tions.

2. ChemicalQuality of Su~ace and Ground Water.
The chemicalqualityof surface and ground water in the
vicinityof TA-57 (Fig.29)has beendeterminedforusein
geohydrologicand environmentalstudies. These water
quality studiesbegan before constructionand testingof
the hot dry rock system. Results of the studies and
detaileddata are publishedelsewhere(Purtymun 1983C).

Surfacewater stations(12 on the JemezRiver,the Rio
Guadalupe, and their tributaries) are divided into four
generalgroups based on commonchemicalpropertiesof
predominate ions and TDS (Table E-XXXIX). The
predominateionsare (1)sodiumand chloride,(2)calcium
and bicarbonate,(3) calciumand sulfate,and (4) sodium
and bicarbonate.

Ground water stations (fivemineral and hot springs,
one well,and fivesprings)are groupedwithpredominate
ions: (1) sodium and chloride, (2) calcium and
bicarbonate, and (3) sodium and bicarbonate (Table E-
XXXIX).

There was no significant change in the chemical
quality of surface and ground water at the individual
stations in 1983 when compared to previous years’
chemicalanalyses.Some slightvariationsare caused by
normalseasonalvariations.

The ponds at the Fenton HillGeothermalSitecontain
water used in drilling operations and in the hydraulic
fracturing operations.The water (November 1983)was
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highlymineralizedin Pond GTP-1(TDS was 34;~Trng/1)
adjacent to the deep wells.Certain elementsin the ponds
(S04, Cl, and TDS) are of interest in monit~~ingthe
quality of adjacent waters, whileother elements(As, B,
Cd, F, and Li) must be monitored as specifitd in the
National Pollutant Discharge Elimination System

..

Permits (NPDES) for the site. Water in the ponds is
sometimesreleasedinto a dry canyon adjacentto the site.
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Releaseis at a rate that allowsthe water to infiltrateinto
the alluvium and underlyingrock of the canyon floor
within 100m from pointof etlluentdischarge.The water
from the ponds does not reach surfacewater in the area.
Monitoringof the surfacewater (StationsLF-1,2,3, and
4) and ground water (Stations31 and 39) belowthe site
failedto detect any changein chemicalconstituentsthat
could be related to releaseof water from the ponds.
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3. Soil and Vegetation Samples. Samples of vegetation
and soil from the channel bottom and the canyon bank
below Pond GTP-3 have been collected semiannually
since 1978. The collected samples are analyzed for
arsenic, boron, cadmium, fluorine, and lithium. The
sampling locations are at distances of about 100, 200,
400, and 1000 m down canyon from the Pond GTP-3
discharge point. An additional sample is collected from
the canyon bottom far down the canyon at its junction
with Lake Fork Canyon. The data obtained to date from
these samples are in Table E-XL.

The behavior in the environment of each of the five
elements monitored reflects its varying soil
physiochemical and plant biophysiological properties.
Each element is discussed separately in the following
paragraphs.

The data indicate that there is a slight arsenic ac-
cumulation in plant roots (Table E-XL). This agrees with
published information (Leibig 1966), which notes that
arsenic accumulates in much larger amounts in or on
plant roots than in foliage. Foliar content is low (0.5
ppm), which also agrees with the literature. Leibig notes
that arsenic toxicity limits plant growth before large
amounts of arsenic are absorbed and translocated to the
foliage. The foliar arsenic level at which toxicity occurs
apparently varies widely, being reported at 0.05 to 250
ppm, depending on plant species, arsenic source, soil
type, and other factors. Natural foliar arsenic levels range
up to about 10 ppm (SHM 1978). The measured soil
concentrations are well within the normal range of 0.3 to
38 ppm (Leibig 1966).

Boron shows a definite accumulation pattern in soil,
plant roots, and plant folige (Table E-XL), although the
accumulation in plant foliage is the most pronounced.
Excess foliar boron levels are generally considered to be
anything above 200 ppm, although tissue levels may
reach 1000 ppm without visible damage symptoms
(Bradford 1966A). Recent foliar boron levels at the
Fenton Hill Site have exceeded 200 ppm in portions of
the canyon within 200 m of Pond GTP-3, although there
is no visual evidence of foliar damage. Soil boron content
is within the normal range of 2 to 100 ppm, although soils
in the upper end of this range may cause plant damage
under appropriate conditions. There is evidence that plant
damage may occur as a result of a boron-fluoride
synergistic effect (Temple 1978), which is a consideration
because fluoride is also present in the effluent discharged
from Pond GTP-3.

The data received to date on cadmium are scanty and
insufllcient to make any statement as to whether there is
any accumulation (Table E-XL). rhe single set of foliage
data from 1981 indicates that some foliar accumulation
might be occurring. However, mt levels are still well
below critical levels of 10 to 15 ppm (Becket 1977).

The data for fluoride show some evidence that there is
a slight accumulation in soils, but no trends are apparent
in root and foliar analyses (Table E-XL). Soil buildup is
to be expected because nearly all fluoride compounds are
relatively insoluble. However, all measured soil concen-
trations are still within the normal range of 20 to 500
ppm. With the exception of the fall 1981 root samples,
the vegetation analyses all fall into the normal fluoride
content range of up to 20 ppm (Weinstein 1977 and
Brewer 1966). Toxic levels vary widely among species,
ranging from about 30 to several hundred ppm (CBEAP
1971). Also, as mentioned previously, there is the possi-
bility of a detrimental fluoride-boron synergistic effect.

Lithium data also are rather scanty. There does appear
to be some accumulation in soils and roots and there is a
definite accumulation in plant foliage (Table E-XL). Soil
concentrations are well within the normal range of 10 to
100 ppm, but foliage analyses of plants from that portion
of the canyon affected by the Pond GTP-3 eflluent are
considerably above the normal range of 0.5 to 1.5 ppm
(Bradford 1966B). Lithium toxicity symptoms have been
reported at as low as 13 ppm for sensitive species,
although critical levels for a grass (barley) were reported
in the range of 22 to 60 ppm (Davis 1978). In spite of the
fact that measured foliar lithium concentrations in the
canyon are potentially in the toxic range, no apparent
damage is evident on the grasses or aspen growing there.

E. Distribution of Moisture, Tritium, and PIu-
tonium in the Alluvium, Aquifer, and
Underlying Tuff in Mortandad Canyon [W.
D. Purtymun, M. N. Maes (HSE-8) and R.
Peters (HSE-9)]

I. Introduction. Mortandad Canyon received indus-
trial ef?luents containing trace amounts of radionuclides
from the treatment plant at TA-50 (Fig. 13).The effluents
and surface runoff recharge a shallow aquifer in the
canyon. The shallow aquifer in the alluvium is perched
(separated by about 290 m of unsaturated volcanics and
sediments from the main aquifer) on the underlying tuff
(Purtymun 1983A). The aquifer is of limited extent, as
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water in the aquiferis depletedby evapotransp~ationand
infiltrationinto the underlyingtuff.Thisinvestigationwas
made to determine the distribution of infdtration
(moisture)and radionuclidesin the alluviumaid underly-
ing tuff in a sectionof Mortandad Canyon.

Concentrations of radionuclides in wa~~”,of the
shallow aquifer decrease downgradient in the. canyon
from the etlluent outfall. This reduction is ‘@used by
adsorptionor ion exchangeof the radionuclideswith silt
or clay mineralsin the alluviumor dilutionof theeflluent
by storm runoff.The distributionof the radiomuclidesin
the aquifer is monitored by seven observation wells
(Purtymun 1977). .. .

At observation Well MCO-6, three core holes were
drilledat right anglesto the stream channel. I’woother
holes were cored to obtain background in~ormation.
Cores taken from fiveholeswere analyzedtc-idetermine
moisturecontentand concentrationsof tritiumandpluto-
nium(TableE-XLI).

The alluvium in the canyon is derived ~rom the
weatheringof the BandelierTuff. At Well ~~0-6, the
alluviumis thickestbeneaththe streamchanneland thins
away from channel(Fig. 30).The alluviumis ?.siltysand
that includesa thin layer of siltyclay of weath!;~d~uffat
the base. The tuff is a light pinkish gray rtoderately
weldedtuffcomposedof quartz and sanidinecrystalsand
crystal fragments,smallrock fragmentsof rhy(i~te~latite,
and pumicein an ash matrix.The tuffbeneaththe aquifer
is weathered;the ash matrix contains some lightbrown
silts and clays. The amount of silt and clays,(d$greeof
weathering)decreaseat depth and withdistancefromthe
aquifer. :“=.
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Distributionof moisture in alluvium
and tuff in Mortandad Canycm.
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2. MoistureDistribution.The distributionof moisture
in the alluviumand tuff is shownin Fig. 30. In coreholes
1and 2 the moisturecontentapproaches30’%0by volume
from 1to 3 m abovethe top of the aquifer.This anomaly
above the aquifer is in a silty clay unit within the
alluvium.The water table fluctuatestwicea year because
of seasonalrunofffrom snowmeltand summerprecipita-
tion.At the timethe holeswerecored,thewatertablewas
declining.

The moisture content of the aquifer material ranged
from 20 to 25’?40by volume.There is some infdtrationof
water into the tuff beneaththe aquifer.At core hole 1the
moisturecontentrangesfrom about 10to 27%to a depth
of 8 m belowthe base of the aquifer.At core hole2 the
moisturecontent is lower, rangingfrom 10 to 18V0to a
depth of 8 m below the aquifer. Core hole 3 indicates
some horizontal component of movementof moisture
from the aquiferonly in the low moisturerange,greater
than 5% by volume below a depth of 13 m (Fig. 30).
Natural moisture content of the tyff is about 5V0by
volume(TableE-XLI).

3. Trt”tiumDistribution.Water distilledfromthe cores
was analyzedfor tritium(3H).Tritiurn,a part of thewater
molecule,moves with the water and is not affectedby
adsorption or ion exchange with clay minerals. The
average 3H concentrationin water in the aquifer (1978
when core was taken) at WellMCO-6 was 303 x 10-6
vCi/m&!,having declined from a high of 1760 x 10-6
pCi/ml in 1976.The core from hole 1containeda high
of 400 x 10-6yCi/m~ about 1 m belowthe aquifer,and
was about 550 x 10-6~Ci/m~ at the same depth below
the aquiferin corehole2(Fig.3I).The 3Hconcentrations
generally decline with depth below aquifer. The high
concentrations in the tuff below the aquifer probably
reflectthe movementof tritiumbeneaththe aquiferin the
tuff, possiblyfrom the high concentrationthat occurred
in 1976.At core hole2 a highconcentrationof 3H(290x
10-6yCi/mJ?)occurredin the silt and clay base alluvium
at a depth of about 10 m. This is abovethe aquifer.The
JH in core hole 3 increases slightlywith depth and ‘s

above background (Table E-XLI). The concentrations
are low, less than 50 x 10-6 yCi/mfl, but the 3H
concentrationsreflectthe same pattern of the movement
of moisturefrom the aquifer(Figs.30 and 31).

4. PlutoniumDistribution.Samples of water taken
from observation wells were falteredthrough a 45-yin
pore membrane filter to remove fine sediments. The
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Fig. 31. Distributionof tritium in alluvium
and tuff in Mortandad Canyon.

filtrate and the filter were analyzed for 23*Puand
23g’240Pu.The data indicatedlittle,if any, plutoniumwas
retainedon the filterand most, if not all,of the plutonium
was in solution. This is in direct contrast with what

occurs in the channelwhen the eftluentis releasedfrom
the treatment plant. The plutonium in the effluent is
readily adsorbed or attached to silt and clays in the
alluviumin the channel(SectionVI.F). Concentrationsin
solutionand on sedimentsdecrease downgradientin the
canyon.

Cores taken throughthe alluvium,aquifer,and intothe
underlyingtuffwereanalyzedfor plutoniumto determine
if there was any transportor buildupof plutoniumin silts
and clays beneaththe channelin the alluvium,aquifer,or
tuff. When the cores were taken in 1978,the alluviumin
the channel contained about 2.7 pCi/g of 238Pu and 4.0
pci/g of 239’240Pu.Water in the aquifer contained an
averageof 2.2 x 10-6~Ci/ml of 238Puand 0.28 x 10-6
~Ci/ml of 239’240Puat Well MCO-6. Results of the
analysesof coresindicateno significantconcentrationsof
23*Puin silts and clay of the alluvium, aquifer, or
underlying tuff (Table XXII). A comparison of the
239s240Puconcentrations in cores with the control core
concentrationsindicate some high concentrationsfrom
core holes 1 and 2 and perhaps from core hole 3.
However, the 239”240Puconcentrations are low, being
much lowerthan those found in solutionin the aquiferor
attached to sedimentsin the stream channel.

5. Summary.In summary,a study of the distribution
of moisture, tritium, and plutoniumin the Mortandad

Table XXII

AveragePlutoniumConcentrations
in SoilCores from Mortandad Canyon

i * 2s
238pu 239,240pu

Location (pci/g) (pci/g)

Core Hole 1 0.001 * 0.005 0.004 + 0.009
Core Hole 2 0.000 * 0.003 0.011 + 0.025
Core Hole 3 -0.001 * 0.003 0.006 + 0.015
Core Hole4 (control) -0.001 + 0.002 0.000 + 0.006
Core Hole 5 (control) -0.001 * 0.002 -0.002* 0.003

Canyon aquifer indicatessome infiltrationof water into
the underlyingtuff.This infiltrationwas accompaniedby
similarmovementof tritium.The concentrationsofpluto-
nium on the sediments in the aquifer were low when
compared to the high concentrationsin solutionin the
aquiferor on sedimentsin the stream channel.It appears
that most of the plutoniumin the aquiferis in solution,in
an ionic complex that does not readily exchangeor is
adsorbedby clay mineralsin the alluvium.

F. Geochemical Mechanisms of Contaminant
Transport [W. L. Polzer, E. H. Essington, E.
J. Cokal (LS-6), and D. M. Nelson
(Argonne National Laboratories)]

Complimentary to research in the general area of
hydrologicmechanismsof contaminant transport is the
research that deals with geochemicalmechanisms. It
appears that, if the hydrology can be controlled at a
waste disposal site, it is not critical to understand all
chemicalreactionsthat couldoccurbetweencontaminant
speciesand the surroundinggeologicmedia.However,it
is not possible at this stage of waste disposal site
technologydevelopmentto assurecompletecontrolofthe
hydrology for long periods of time. There are also
countlessdisposalsitesin this country wherestate-of-the-
art technologyhas not beenemployed.In thesesituations
it would be useful to be able to predict potentially
hazardous conditions of contaminant transport before
they occur and to useresearchdata to aid inany clean-up
strategy necessary.Anothergeneralarea of concern that
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necessitates an understanding of the geochem;ist~yas well
as the hydrology addresses the fate of li uid waste

l--streams, which althoughtreated, contain tra!~econtami-
nants when released to the environment.,~t is this
particularsituationthat directedthisresearchto describe
the mobilityof waste actinidesin a shallow:iquiferof a
Los Alamoscanyon.

Treated waste eflluent at Los Alamos hii~ been re-
leased to the environmentin Mortandad C@yon since
1963. This study was initiated to investi~a~~(1) the
relativenobilities of the actinidesin the shallo-wa@fer—.
of Mortandad Canyon and (2) the influenceof physioc-
hemical characteristicsof those nobilities.The study is
of significancebecauseit willextendthe unde~~~~ndhgof
processes controlling actinide mobility, ‘k%idhwill
provide a broader technical basis for predicting and
controllingactinidemobilityin the environmelit.

Some importantresultsfollow.

1. Mobilityis inverselyrelated to concenti”ationratio... —.
(K~). Based on that relationshipthe mobilityof
americium(Am) and plutonium(Pu) ar~similar in
the upper reaches of the canyon (KD=t~~4d/g).
However, the mobility of americium (K~-=“”102
mJ?/g)is much greater than that for plutcfnium(KD
= 104ml/g) in the lowerreachesof the canyon.

2. The distributionof charges associatedwith pluto-
nium is relativelyconstant throughoutt~}ecanyon;
>90V0,<10%, and <2’%0of the plutonfilrn-behave
as neutral, anionic, and cationic spec~~~-respec-
tively. In the upper reaches of tk.e”‘canyon---
americium appears to have a charge glistribution
similarto plutonium.However,in the lovi~rreaches
the proportionof anionicspeciesincrea~’~ttiabout.-—.
40% from about 10% in the upper reakhesof the.:
canyon.

3. Approximately87~oof the plutonium~~d27V0of
the americiumin the aquiferwater were associated
with a colloidalsize fraction of 25 nm t~”450nm.
About 7’?40of the plutonium and 61’%0of the
americium were associated with the .: IOk MW
(molecularweight)size fraction.

4. Plutonium and americium tracers did’~ot equi-
librate readily with the ambient plutonium and
americium. For example, only 1670of the pluto-
niumtracer was associatedwith the 25 nrn to 450
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nm size fraction and only 28°\oof the americium
tracer was associated with the < IOk MW size
fraction.

The ambient americium in the < IOk MW size
fraction adsorbed to sedientto a lesserextentthen
did plutoniumand the tracer americium.

The above results suggestthe followingtentativecon-
clusions.Plutonium is associated with mobilecolloidal
material and americiumis associatedwith both mobile
colloidal and low molecular weight materials; neither
speciesequilibratesreadilywithits aqueousenvironment.
As the eflluentmovesthrough the aquifer, the colloidal
materialis removedfrom“solution.”In the lowerreaches
of the canyon the low molecular weight americium
complex becomes the predominant americium species
and it is not adsorbedreadilyby sediment.

G. Transport of Radionuclides from the
LAMPF Lagoons [R. W. Ferenbaugh and
W. D. Purtymun (HSE-8)]

Monitoringof the dischargewater from the Los Ala-
mos Meson Physics Facility lagoons continuedduring
1983.Samplingfrequencyhas been reduced to twice a
year, in June and December. The list of radionuclides
being monitored”has been expanded so that it now
includes‘Be, “co, ‘34CS, 3H,“Mn, 22Na,and 63Rb.The
samplinglocationsare shown in Figure 32 and the data
obtainedto date are shownin Table E-XLII. Movement
of radionuclidesaroundthe lagoonshas beendescribedin
a previousreport (ESG 1983).

H. BlOTRAN Model [W. J. Wenzel, A. F. Gal-
Iegos (HSE-8), and J. C. Rodgers (LS-6)]

The BIOTRAN (Gallegos1980)modelwasdeveloped
at Los Alamos to help predict short- and long-term
consequencesto man from releasesof radionuclidesinto
the environment.It is a dynamic simulationmodelthat
simulateson a daily and yearlybasisthe fluxof biomass,
water, and radionuclidesthrough terrestrialand aquatic
ecosystems.Biomass,water,and radionuclidesare driven
withinthe ecosystemsby climatevariablesstochastically
generated by BIOTRAN each simulation day. The
climatevariablesinfluencesoilhydraulics,plant growth,
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Fig. 32. Sampling locations in vicinityof the LosAlamos Meson PhysicsFacility’s
lagoons.

evapotranspiration,and particle suspension and depo-
sition.BIOTRAN has 22 differentplant growth strate-
gies for simulatingvarious grasses, shrubs, trees, and
crops. Ruminants and humans are also dynamically
simulatedusingthe simulatedcrops and forage as intake
for user specifieddiets.BIOTRAN has been used at Los
Alamos for long-term prediction of health effects to
populations following potential accidental releases of
uranium (Wenzel 1983A)and plutonium(Walker 1981
and Wenzel 1983).

BIOTRAN has been restructured into manageable
structured subroutines.Allvariablesand their unitshave
been defined and code logic charts have been made.
Graphical output for each subroutineboth during and
after an executionhas greatly increasedthe eftlciencyof
using BIOTRAN. The streamlinedgraphical output al-
lowsthe userto scan outputquickly,insteadof reviewing
long tables of numbers. This is particularly useful for
three-dimensionalanalysis of radionuclideflow in soils
and betweenlake water layers.

Three new subroutineshave recently been developed
for BIOTRAN. HUMTRN (Gallegos 1984)is a human
dynamic physiological and metabolic model that

simulates male and female intake, organ uptake, and
radiationdosesin agegroups.Simulatedcrops,meat, and
daily air radionuclideconcentrations from BIOTRAN
becomeintake to humans on a user-specifieddiet. Daily
intakes of food and water are adjusted by HUMTRN
based on amount of physical activity,growth, age, sex,
and food availabilityfrom BIOTRAN.

The soil hydrologyand irrigation model,WATFLX,
was developedbased on Hillel’sDarcy equation (Hillel
1976)for movementof water in silt, sand, and clay. Soil
is modeled as layers. Each layer is considered a unit
contributingto the evapotranspirationlossesfor the plant
in the soil profile. Uptake is simulated to occur as a
functionof the root biomassin each soillayer simulated.

Limneticnutrient and radionuclidecyclingin multiple
fresh water lake layers is modeled in the AQUAT
subroutineas a functionof dailysolar radiationintensity
and planktonkinetics.AQUAT willlater be coupledwith
a shoreline (littoral) model to develop the transition
terrestrial-aquaticcouplingneededfor BIOTRAN.

Several areas of BIOTRAN developmentare in pro-
gress. The Los Alamos health effects model,REPCAL
(Buhl 1983, is being analyzed for addition to
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HUMTRN/BIOTRAN. It willallowage- andse&-speci-

fic cancer mortality to be simulated dyna!nically. At
present BIOTRAN predicts uranium and plutonium
transport and consequencesto humans. BIQTRAN is
being changed to follow cesium as well as. strontium
environmental transport. With the additio!i of these
elementsa major additionto BIOTRAN willbe’iequired:.—.
mineral cycling.Once mineral and nutrient .iyclingfor
Ca, K, P, N, and Siare complete,thenextensitllislomore
elementsand even organic compoundscould be rapidly
developedas the needarises.

1. Measurement and Modeling of Gamma Ab-
sorbed Doses Due to Atmospheric Re-
leases from Los Alamos Meson PhysicsFa-
cility [B. M. Bowen, A. L Chen, W. A. Olsen,
and D. M. Van Etten (HSE-8)]

I. Introduction. Portable, high-pressure Ionization

chambers (HPICS)measureshort-termgamm~-radiation
levels caused by air activation products from the ,Los
AlamosMeson PhysicsFacility’semissions.~’~eHPICS
are situated at the nearest(-800 m) offsiteloc~tionfrom
Los Alamos Meson PhysicsFacility (Fig. 10,Station 6,
East Gate). These measurements were in addition to
thosemade by the thermoluminescentdosimeti~rnetwork
that routinely measures long-term gamma. radiation
levels.A Gaussian-type atmosphericdispersionmodel,
whichaccountsfor gamma radiationfromvak.~s radio-
isotopes in the Los Alamos Meson Physics”’Facility
plume,was used to predictabsorbedgamma dose.

Short-termgamma absorbeddosesweremeasuredby
one HPIC at an azimuth of 12° from the Lf)s=-Alamos
Meson Physics Facility stack during the January 1
throughFebruary 8 operatingcycle.Two HPI(~’swerein
the fieldduring the September8 through De{:$mber31
operatingcycle,one north and the other north-no-rtheast
of the Los Alamos Meson Physics Facility itack, but
they did not provide reliabledata. Meteorologicaldata
were also measuredat both East Gate and ~1~Alamos
Meson Physics Facility. Airborne emission!~ata were
taken at the stack.

2. Results. The predominant winds are typically
south-southwesterlyand southwesterlyoverLos Alamos
Meson Physics Facility.Figure 33 showsthe wind rose
for the periodsin 1983whenLos AlamosMescn-Physics
Facilitywas operating.The high frequencyof SSW and
SW winds is due in large part to the afternoon,up-Rio

Grande Valley wind. These predominant winds blow
toward East Gate.

Daily model predictions,based on the integrationof
modeled 15-minuteperiods,were made for the first Los
AlamosMesonPhysicsFacilityoperatingcycleand were
compared with the measureddata. Figure 34 shows the
comparisonof the predictedand measureddaily gamma
doses due to Los Alamos Meson PhysicsFacilityemis-
sions.There is very good correlationbetweenmeasured
and predictedvalues.The modeloverpredictsan average
of 17%. During 39-day operating cycles, the model
predictedan absorbeddoseof 10.3mrad comparedwith
the 8.8 mrad that was measured.

3. FurtherStudy. Three portable HPICS willbe used
during the next Los Alamos Meson Physics Facility
operating cycle. The instrumentswill be placed in the
directionalsectors of N, NNW, and NE from the Los
AlamosMesonPhysicsFacilitystack toward East Gate.
A TLD willalsobe placedby each HPIC. It ishopedthat
the dimensionsof the plume can be better definedover
short-timeperiods.Also,the short-termmodel’saccuracy
and precisioncan be testedfurther.Finally,comparisons
of HPIC data withTLD data of modelpredictionswillbe
made.

J. The Los Alamos National Environmental
Research Park [K. W. Bostick (LS-6)]

The Los Alamos National EnvironmentalResearch
Park (LA/NERP) was established in 1976 as a field
laboratory for ecologicalresearch, to study the environ-
mentalimpactsofenergydevelopment,and as a sourceof
publicinformationon environmentalissues.Thisisoneof
fiveNERPs at Departmentof Energyfacilitiesthrough-
out the country.The emphasisof research on the park is
to developcriteria that facilitateenergy developmentin
ways that are least harmfulto the environment.

The LA/NERP encompasses approximately 111
square kilometersof Departmentof Energy land at Los
Alamos.The steep elevationgradient(1500m in 25 km)
and canyon/mesa terrain give the LA/NERP a wide
spectrum of southwestern habitat types in a compact
area. A unique feature of the LA/NERP is that some
areas withinthe park have been protectedfrom activities
such as agriculture,lumbering,or miningfor nearly 40
years. The presence of trace levelsof both radioactive
and nonradioactivematerialsthat resultfromtechnology
developmentat Los Alamos National Laboratory, the
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Fig. 33. Wind rose for nearest offsite location from LAMPF’s 1983 operating cycles
(January 1 to February 8 and September 8 to December 31).

appreciabletechnical resources of the Laboratory, and
the physical security of outdoor study areas also make
the LA/NERP a uniqueand valuableresearchresource,

Whilethe term Park generallyimpliesa physicalarea,
it is more accurate to think of the LA/NERP as a
resourceand as a researchprogram.The LA/NERP isan
outdoor laboratory for conducting environmental re-
search. This resource is available to researchers from
outsidethe Laboratory as wellas Laboratorystaff.Much
of the researchconductedon the LA/NERP isperformed
by graduate and undergraduate students from regional

universities.LA/NERP managementencouragesthisuse
as much as possible.Universitiesusing the Park include
New MexicoStte University,ColoradoState University,
University of New Mexico, Alma College,Utah State
University, and University of California-LosAngeles.
Some of the work ont he Park is conductedin coopera-
tion with federaland state agenciessuch as the National
Park Serviceand the New MexicoDepartmentof Game
and Fish. Use of the LA/NERP by researchers with
independentfundingsourcesis alsoencouraged.
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Current research activities include plant habitat
characterization,rodent impacts on waste marlagement
practices, lizard physiology,and work with en,~angered
species.

In keepingwith the NERP charter to promate public
understandingof environmentalissues, a significantef-
fort of the LA/NERP staff is devotedto publicpresenta-
tions. During 1983,21 talks or presentationsw{kegiven,
primarilyto schoolsand educationalorganizati~J~S

-.

K. Rooting Depths of Vascular Plant!) [T. S.
Foxx, G. D. Tierney (LS-6), and .J. M.
Williams (ADPA)]

:i..- : ;
Appropriatemanagementof wastedisposalsitesre-

quiresknowledgeofthecomplexinteractionsamongthe-.

I

physica!,chemical,and biologicalprocessesoccurringon.
the site.The extent to which vascular plants perturb or
stabilizewaste disposalsites has become of interest in
recent years. Design and maintenanceof such sites to
prevent escape of contaminants into the environment
requires knowledge of the potential rooting depth of
plants. Such informationcan be used to selectoptimum
species for controlling root intrusion, seepage, and
percolationbelow the trench cover. There is no known
summaryof the literatureconcerningdepth of rootingof
vascularplants.Thus, in 1981-1983,an extensivebiblio-
graphic study was done to documentrooting depths of
nativeplantsin the UnitedStates.The data basepresently
contains 1034citationswith approximately12000 data
elements.All referenceswere searched for information
concerningfamily,species,common names, root depth,
root lateral extension,root type, shoot height,lifeform,
substrate,and geographicallocation.

There were three separate aspects of the study on
rooting depths of vascular plants. First, the data were
analyzed for rooting depths as “relatedto life form, soil
type, geographicregion,root type, family,root depth to
shoot height, and root depth to root lateral ratios.
Average rooting depth and rooting frequencieswere
determined and related to present low-levelwaste site
maintenance.Secondly,the data were analyzedfor root-
ing depths of speciesknown to occur on waste disposal
sites. Average rooting depth and frequencieswere de-
termined for 53 species found on disposalsites at Los
Alamos National Labortory. The third aspect of the
study was to summarizethe literatureconcerningfactors
influencingrootingdepth and affectingroot growth.

Overburdens on disposal sites in arid to semiarid
regionshave ranged from 0.3 to 1 m deep. In this study
only annual grasses were found to root within 1 m and
onlyhalfof theseroot within0.3 m. Thismeansthat even
shallowoverburdenswillbe penetratedby roots unlessa
biobarrrier is used. Median rooting depths of life forms
were as follows: annual forbs (0.61 m); biennialforbs
(0.76 m); perennial grasses (1.06 m); perennial forbs
(1.14 m); subshrubs and vines(1.16 m); trees (1.58 m);
and shrubs (1.95 m).
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APPENDIX A

STANDARDS FOR ENVIRONMENTAL CONTAMINANTS

The concentrationsof radioactiveand chemicalcon-
taminants in air and water samples are compared with
pertinentstandards in regulationsof severalfederaland
state agencies to verify the Laboratory’s compliance.
Laboratory operationsare conductedin accordancewith
directives and procedures contained in DOE Order
5480.1A (EnvironmentalProtection,Safety, and Health
Protection Program for DOE Operations), Chapter I
(EnvironmentalProtection, Safety, and Health Protec-
tion Standards) and Chapter XI (Requirements for
RadiationProtection);and DOE Order 5484.1(Environ-
mentalRadiation Protection,Safety,and Health Protec-
tion Information Reporting Requirements),Chapter 111
(Effluent and EnvironmentalMonitoring Program Re-
quirements).

In the case of radioactive materials in the environ-
ment,guidescontainedin Chapter XI are usedas a basis
for evaluation.The standards are listed in Table A-I as
ConcentrationGuides(CGS).A CG is the concentration
of radioactivity in air breathed continuouslyor water
constitutingall that ingested during 50 years that will
result in wholebody or organ doses equal to the Radia-
tion Protection Standards in the fiftieth year (RPSS,
listedin Table A-II) for internaland externalexposures.

Obviously,there are uncertaintiesin relatingCGS to
RPSS.UncontrolledArea CGS correspond to RPSSfor
the general public, whereas Controlled Area CGS cor-
respond to RPSS for workers. Thus, common practice
and stated DOE policyin Chapter XI are that operations
shallbe “conducted in a manner to assure that radiation
exposureto individualsand populationgroups is limited
to the lowestlevelsreasonablyachievable.”

Because some radioisotopesremain in the body and
cause exposurelong after intakehas occurred, the RPSS
requireconsiderationof dose commitmentcaused by in-
halation, ingestion,or absorption of such isotopes.For

purposes of this report, 50-yr dose commitmentswere
calculated where appropriate using dose factors from
ReferenceAl.

For chemicalpollutantsin water supply,the controll-
ing standards are those promulgatedby either the En-
vironmentalProtectionAgency(EPA) or the New Mex-
ico EnvironmentalImprovementDivision(NMEID, see
Table A-HI). EPA’s primary maximum contaminant
level(MCL) is the maximumpermissiblelevelof a con-
taminant in water which is deliveredto the free flowing
outlet of the ultimateuser of a public water system.A2

The EPA’ssecondarydrinkingwater regulationscon-
trol contaminants in drinkingwater that primarilyaffect
aestheticqualitiesrelatingto publicacceptanceof drink-
ingwater. At considerably.higherconcentrationsof these
contaminants,health implicationsmay also exist as well
as aesthetic degradations.A3

Radioactivity in public water supply is governed by
EPA regulationscontainedin 40CFR141. These regula-
tionsprovidethat combinedZZCRaand 228RashallnoteX-

ceed 5 x 10-9yCi/m~ (5 pCi/1) and gross alpha activity
(includingzzcRa,but excludingradon and uranium)sh~

not exceed 15 x 10-9 ~Ci/m.f?(15 pCi/1). A screening
levelof 5 x 10-9 ~Ci/m,l (5 pCi/J?)is establishedas part
of the monitoring requirements to determine whether
specificradium analysesmust be performed.Plutonium
concentrations are compared to the EPA gross alpha
MCL of 15 x 10-9 ~Ci/m~ (15 pCi/~).A2

For manmadebeta and photonemittingradionuclides,
the EPA drinkingwater regulationsspecifythat a con-
centrationbe limitedto a levelthat wouldresultin a dose
of 4 mrem/yr calculated according to a specified
procedure.The EPA calculatedvalue for tritium(3H)is
20 x 10-6~Ci/m&?and for cesium(137CS)is 200 x 10-9
~Ci/ml.A2
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,y—-.-. Table A-I

DOE.ConcentrationGuides(CGS)

*:. -

Concentration Guides for UncontrolledAreas~b Concentration Guides for ControlledAreasa’b

CG for Air CG for Water

Nuclide (~Ci/mt’) (vC:i/mt)
3H 2 x 10–7 3 x 10–3
7Be —. 2 x 10–3
11c,13N,150 3 )( 10–8 ----
41A 4 )( 10–8 -..
89sr

.. . .
3 x 10–10 3 x 10–6

90Srd 3 x 10–11 3 x 10–7
1311d 1 x 10–10 3 x 10–7
137(=s 5 )( 10–10 2 x ;1:–5
238pu 7 x 10–14 5 x 10–6
239pud 6 X 10–14 5 )( 10--6
241Am 2 x 10–13 4 x 10–6

@g/m3)c ‘—

U, naturalc 6 X 106 6 X “~0–7

Nuclide

CG for Air CG for Water

(pCi/mt) (~Ci/mC)

3H

713e
11C,13N,150

41Ar

89sr

9osr

lslId

137(-s

238pu

239pud

241Am

5 )( 10–6
---

1 )( 10–6
2 )( 10–6
3 x 10–8
1 x 10–9
4 x 10–9
1 x 10–8
2)( 10–12
2 x 10–12
6 X 10–12

1 )( 10–1
5 x 10–2

---
---

3 x 10-4
1 )( 10–5
3 x 10-5
4 )( 10–4
1 )( 10–4
1 x 10-4
1 )( 10--4

U, naturalc 1.8x 108 2 x 10–5

,- .

.— —— . —.

‘This table containsthe most restrictiveCGSfor nuclidesof major interestat the Laboratory (DOE Or-
der 5480.IA, Chapter XI).
~CG~apply t. radionucfideconcen~atiolt~in excess of that OCCUrhng naturatiy Or due to f~l”ut”

COnecurie of natural uranium is equivalent-to3000 kg of natural uranium.Hence,uraniummassesmay
be converted to the DOE “uranium special curie” by using the factor 3.3 x 10-13pCi/pg.
‘The CGSof 239Puand 90Srare the most h’~propriateto use for gross alphaand gross beta CGS,respec-
tively.
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TableA-II

DOE RadiationProtectionStaostardsfor
Externaland InternalExposures

Issdkviduxlsand PqrrshtiorrGroups in UsrcorrtroUcd&exe
Annual Dose Equivalentor Doae Commitment”(mrem)

Basedon Dose to Individuals Basedon assAvezageDose
at Points of to a SuitableSample

Type of Exposure MaxirmsmProbableExposure of theExposedPoprthtionb

Wholebody,gonads,or bonemarrow SW 170
Other organs 1500 500

Isrdividrsatsin CorrtroUedAreas

Type of Exposure Exposure Period

Wholebody,headandtrunk,gonads,lensof
the eyes: red bone marrow,active blood
formingorgans.

Unlimitedareas of the skin (except hands
and forearms).Other organs, tissues, and
organ systems (except bone).

Bone

Forearmsr

Hands*and feet

Year
CsdendarQuarter

Year
CalendarQuarter

Year
CalendarQuarter

Year
CalendarYear

Year
CalendarYear

DoseEquivalent
[Dose or Dose

Contrnitnterrt”hrtrem)l

5 Oood
3CO0

15000
5C00

30 CM)ct
10000

30000
10 CKlo

75 Lxlo
25000

“Inkeepingwiththe DOE policyon lowestpracticableexposurcjcxposurcstothepublicshaU&limitcdto
as ernalla fractionof the respectiveannual dose limits as is practicable.These RadiationProtection
Standards apply to exposures from Laboratoryoperations, so exclude contributionsfrom cosmic,
terrestrial,global fatlou~self-irradiation,andmedicaldiagnosticradiationsources.They are fromDOE
Order5480.IA, ChapterXL
bSceParagraph5.4, FRC ReportNo. 1 (ReferenceA4) for discussionon conceptof suitablesampleof
exposed population.
CAbetaexposurebelowa maximumenergyof71XlkcVwillnotpenetratethe lensof theeye; therefore,the
applicablelimitfor tiesc energieswouldbe that for the skin(15000 rnrcm)/year).
‘In sprxiskcases with the approvalof the Deputy Assistant Sccreteryfor EnvironmentalSafety and
Health,a workermay exceed5000 mrcrn/yearprovidedhisor hcraverageexposureWryearsinceage 18
wittnot exceed5000 mrcmlycar.Tbis docs not appIyto cmergencysituations.
‘All reaeorrablceffortshell be made to keepexposureof forcarrnsand handsto the generallimitfor the
skin.
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Table A-III

MaximumContaminantLevel(MCL)in Water Supplyfor
InorganicChemicalsand Radiochemicak’

..— .--- —.-

Inorganic Chemical Mi~L - MCL
Contaminant (mi<?) RadiochemicalContaminant (~ci.he)

Ag
As
Ba
Cd
Cr
Fb
Hg
NOj
Pb
Se

C,k?
Cu
Fe
Mn
so,
Zn
TDS
pH

! c=
Primary Standarda—-

o.Q5-–-.
0.05
1.0

0.010
0.05
2.0
0;0-02”.

45
0;(/5%
o.oi

...

Secondary Standardsc
250

w
o,~
0.0s “

250
5.0

500, -–-

6.5’-%% ‘

137(J 200 x 10-9
Gross alphad 5 x 10-9
3H 20x 10-6
238pu 15x 10-9
239pu 15x 10-9

‘ReferenceA2. ----
bBasedon annual average of the maximumdaily air temperature of 14.6 to 17.7°C.
preference A3.
dsee text for discussionof applicationof g~o~alpha MCL and gross alpha screeninglevelof 5 x 10-9
~Ci/mf?. ..

.. . . _
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APPENDIX B

SAMPLING PROCEDURES AND STATISTICAL TREATMENT OF DATA

A. ThermoluminescentDosimeters

The thermoluminescentdosimeters(TLDs) usedat the
Laboratory are lithium fluoride (LiF) chips, 6.4 mm
square by 0.9 mm thick,The TLDs, after beingexposed
to radiation,emitlightupon beingheated.The amountof
light is proportionalto the amount of radiation to which
the TLD was exposed.The TLDs used in the Labora-
tory’senvironmentalmonitoringprogram are insensitive
to neutrons, so the contributionof cosmic neutrons to
natural backgroundradiationis not measured.

The chips are annealed at 400°C for 1 h and then
cooledrapidly to room temperature.This is followedby
annealingat 100”C for 1 h and again coolingrapidlyto
room temperature. In order for the annealingconditions
to be repeatable, the chips are put into rectangular
borosilicateglassvialsthat hold48 LiF chipseach.These
vialsare slippedinto a borosilicateglass rack so they all
can be placedat onceintothe ovensmaintainedat 400°C
and 100”C.

Four LiF chips constitutea dosimeter.The LiF chips
are containedin a two part threadedassemblymadeof an
opaque yellow acetate plastic. A calibration set is
prepared each time chips are annealed.The calibration
set is read at the start of the dosimetrycycle.The number
of dosimetersand exposurelevelsare determinedforeach
calibrationin order to etllcientlyuseavailableTLD chips
and personnel. Each set contains from 20 to 50
dosimeters.These are irradiated at levels in the range
betweenOmR and 80 mR usingan 8.5 mCi *37CSsource
calibratedby the NationalBureauof Standards.

A factor of 1 rem (tissue) = 1.050 mR is used in
evaluatingthe dosimeterdata, This factor is the recipro-
cal of the product of the roentgen to rad conversion
factor of 0.958 for musclefor ‘37CSand the factor 0.994,
which corrects for attenuation of the primary radiation
beam at electronicequilibriumthickness.A rad-to-rem
conversion factor of 1.0 for gamma rays is used as
recommended by the International Commission on
Radiation Protection.Bl A method of weighted least

squares linear regressionis used to determinethe rela-
tionshipbetweenTLD reader responseand dose(weight-
ingfactor is the variance).B2

The TLD chips used are allfrom the same production
batch and were selectedby the manufacturerso that the
measured standard deviationin TL sensitivityis 2.0 to
4.0CY0of the mean at a 10 R exposure.At theend of each
field cycle,whethercalendar quarter or the Los Akunos
Meson PhysicsFacilityoperationcycle,the dose at each
network location is calculatedalong with the upper and
lowerlimitsat the 95?40confidencelevel.B3At the end of
the calendar year, individual field cycle doses are
summed for each location. Uncertainty is calculatedas
summationin quadrature of the individualuncertainties.

B. Air Sampling

1. Sampling Procedures.
monthly at 26 continuously

Samples are collected
operating stations.B4Air

pumpswithflowrates of approximately3 J?/secare used.
Atmosphericaerosolsare collectedon 79 mm diameter
polystyrenefilters.The filtersare mountedon a cartridge
that contains charcoal. This charcoal is not routinely
analyzed for radionuclies. However, if an unplanned
releaseoccurs, the charcoal can be analyzedfor any 1311
it may have collected.Part of the total air flow(2.4 -3.1
m~/see)ispassedthrougha cartridgecontainingsilicagel
to adsorb atmosphericwater vapor for tritiumanalyses.
Air flow rates through both sampling cartridges are
measuredwith rotameters and samplingtimes recorded.
The entire air samplingtrain at each station is cleaned,
repaired,and calibratedon an as-neededbasis.

Two clean, control filters are used to detect any
possiblecontaminationof the 26 samplingfilterswhile
they are in transit.The control filtersaccompanythe 26
samplingfilterswhen they are placed in the air samplers
and when they are retrieved.Then the control faltersare
analyzedfor radioactivityjust likethe 26 samplingfilters.
Analytical results for the control filters are subtracted
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fromthe appropriategross analyticalresultsto ottain net
analyticalresults.

At one onsite location (N050-E040) atm{!@heric
radioactivity samples are ccllected daily (@_ogday
throughFriday).Atmosphericparticulatematter’6in=ach
daily filter is counted for gross alpha and grcss beta
activitieson collectionday and again 7 to 10days after
collection.The first measurementprovidesan early in-
dication of any major change in atmosphericradioac-
tivity.The second measurements(made after a~~rbed,
naturallyoccurring,radon-thorondaughtershad ,~ached
equilibriumwith their long-livedparents) are ;~$~dto
observe temporal variations in long-livedatmcispheric
radioactivity.Gross alpha and gross beta activi~s–~re
also measuredin the same manner on the monthl~-filter
from the Espaiiola (Station 1) regional air sn~~pling
station.

On a quarterly basis, the monthly filters for each
station are cut in half. The first group of falterhalvesis,>.
combinedand dissolved to producequarterlycomposite
samples for each station. The second group of filter
halvesis saved for uraniumanalysis.

The filtersare ignitedin platinumdishes,treated with
HF-HN03 to dissolvesilica,wet ashedwithHNC13-HZ02
to decomposeorganic residue,and treated with H-NO~-
HCI to ensure isotopicequilibrium.Plutoniumis sepa-
rated from the resultingsolutionby anionexchange.For
11 selected stations, americium is separated by~ation
exchangefrom the eluent solutionsfrom the plutonium
separation process. The purified plutoniuin- and
americiumsamples are separately electrodeposi~edand
measured for alpha-particleemissionwith a solid-state
alpha detection system. Alpha-particleenergy~groups
associatedwith the decay of 238Pu,239Pu,and 241,~mare
integrated,and the concentrationof each radion@ide”in..-
its respectiveair samplecalculated.This techniquedoes
not differentiatebetween239Puand 240Pu.Uraniu~ anal-

$ysesby neutron activationanalysis(seeAppend~ ) are
done on the secondgroupof filterhalves.

Silicagel cartridgesfrom the 26 air sampling$@ions
are analyzed monthlyfor tritiated water. The ca@iges
contain a small amount of blue“indicating”gel@ each
end to indicatea desiccantoversaturation.Durillg””c~ld
monthsof lowabsolutehumidity,samplingflowr{tgsare
increasedto ensurecollectionof enoughwater vapor for
analysis.To avoid samplepreservationproblems,water
is distilledfrom each silicagel sampleimmediatelyupon
being retrieved from the field. This distillationyields a
monthly average atmospheric water vapor sample. An—
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aliquot of the distillateis then analyzed for tritium by
liquidscintillationcounting.

Analytical quality control and quality assurance for
analysisdone in the air samplingprogram are described
in Appendix C (Part C). In brief, both blanks and
standards are analyzed in conjunction with normal
analytical procedures. About 10’Yoof the analyses are
devotedto the qualitycontroland assuranceprogram.

2. Sfutistical Analysis. Measurements of the air
particulatesamplesrequirethat chemicalor instrumental
backgroundsbe subtractedto obtainnetvalues.Thus,net
values lower than the minimumdetection limit (MDL,
Table C-IV) of an analytical technique are sometimes
obtained. Consequently, individualmeasurements can
result in valuesof zero or negativenumbers becauseof
statisticalfluctuationsin the measurements.Althougha
negativevalue does not represent a physical reality, a
valid long-term averge of many measurementscan be
obtainedonly if the very smalland negativevaluesB5are
includedin the population.

Uncertainties reported for maximum and minimum
concentrations reflect uncertaintiesintroduced both in
the field (flow rate and time determinations)and labora-
tory (counting,pipetting,and so on). These values in-
dicatethe precisionof the maximumsand minimumsand
are twicethe measurementuncertainties.,

Standard deviationsfor station and group (regional,
perimeter,onsite)means are calculatedusingthe follow-
ingequation:

t

~ - c,)’
i=l

SF=

N(N-1)

where

S5= standard deviationof C,

E = annualmean of a station or group of stations,
c1= concentrationfor station i, and
N = numberof concentrations(samplingperiods).

C. Water, Soil,and SedimentSampIing

Surfaceand groundwater samplingpointsare grouped
(regional, perimeter, and onsite) according to location
and hydrologicsimilarity.Surfaceand groundwatergrab
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samples are taken one to two times annually. Samples

from wells are collected after sutlicient pumpage or

bailing to ensure that the sample is representative of the

water in the aquifer. Spring samples (ground water) are

collected at point of discharge.

The water samples are collected in 4 f (for radio-

chemical) and 1 1 (for chemical) polyethylene bottles.

The 41 bottles are acidified in the field with 5 ml of

concentrated nitric acid and returned to the laboratory

within a few hours for filtration through a 0.45 ~m pore

membrane filter. The samples are analyzed radio-

chemically for dissolvedcesium(137Cs),plutonium(238Pu
and 2S9,2@pu),and tritium(as HTO), as wellas for total

dissolvedgross alph~ beta, and gamma activities.Total
uraniumis measuredusingtheneutronactivationmethod
(seeAppendixC).

Water is collectedfor chemicalanalysesat the same
time as for radiochemicalanalysis and returned to the
laboratory for filtration.Samplesfor trace constituentsin
the water supply are collectedand acidifiedin the field
and returned immediatelyto the laboratory for fdtration.

Stormrunoffsamplesare analyzedfor radionuclidesin
solution and suspended sediments. The samples are
filteredthrough a 0.45 ~m falter.The radioactivitycom-
position of the solution is defined as filtrate passing
throughthe falters,whilethe suspendedsedimentradioac-
tivityis definedas the residueon the filter.

Soilsamplesare collectedby taking fiveplugs,75 mm
in diameterand 50 mm deep,at the centerand cornersof
a squarearea 10m on a side.The fiveplugsare combined
to form a compositesample for radiochemicalanalyses.
Sedimentsamplesare collectedfromdunebuildupbehind
boulders in the main channels of perenniallyflowing
streams.Samplesfrom the beds of intermittentlyflowing
streamsare collectedacrossthe mainchannel.The soilan
sedimentsamplesare analyzedfor gross alpha and gross
beta activities, 137CSand 23EPuand 239Pu.Moisture
distilledfromsoilsamplesis analyzedfor 3H.A fewselect
samplesare analyzedfor 90Sr.

The average concentrations of radionuclides and
chemical constituents are reported for a number of
individualanalysesin tablesin this report.The minimum
and majximumvaluesreportedare individualanalysesin
the groups,whilethe averageis computedfrom allof the
individualanalysesin the group.The uncertaintyfollow-
ing the primary value represents twice the standard
deviationof the distributionof observedvalues, or the
analyticalvariationforindividualresults.
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APPENDIX C

ANALYTICAL CHEMISTRY METHODOLOGY

f

I
I

,.-.

A. RadioactiveConstituents
~———. .

Environmentalsamplesare routinelyanalyzedfor the
following radioactive constituents: gross alplla~gross
beta, gross gamma, isotopic plutonium, arikricium,
uranium, cesium, tritium, and strontium. The ‘~etailed
procedures have been published in this ap~e%dixin
previous years.CI.C2 Occasionally other radihnuclides

from specific sources are determined: ‘Be, 2i~a, 40K,
Slcr SOCOSszn, SjRb, IOsRu,134Cs,140B~1S2EU,154Eu,

and ~2sRa.’All but zzsRaare determinedby gal~ma-ray

spectrometryon large Ge(Li)detectors.Dependingupon
the concentration and matrix, zzsRa is mea[,~red by

emanationc3or by gamma-ray spectrometryof its 214Bi
decay product.c4Uraniumisotopicratios (usU/238U)are
measuredby neutronactivationanalysiswhereprecision

cs More precisework Stillrequiresof *5Y0are adequate.
mass spectrometry.

B. StableConstituents L.. .

A number of analyticalmethodsare used for various
stableelements.The choiceof method is basedon many
criteria,includingtheoperationalstateofthe instruments,
expectedconcentrationsin samples,quantity of sample
available,sample matrix, and EnvironmentalPi-otection
Agency(EPA) regulations. —.

Instrumentaltechniquesavailableincludeneugon ac-
tivation, atomic absorption, ion chromatography,color
spectrophotometry,potentiometry,and combustionanal-

I
ysis. Standard chemicalmethodsare also used ~r many
of the common water quality tests. Atomic al+$~ption
capabilitiesincludeflame, furnace, mercury cold.vapor,
and hydride generation,as wellas flameernissic%spec-
tophotometry. The methods used and references for
determinationof variouschemicalconstituentsare sum-
marizedin Table C-I.

~, —---

C. AnalyticalChemistryQualityEvaluationProgram

2. Introduction.Controlsamplesare analyzedin con-
junction withthe normal analyticalchemistrywork load.
Such samplesconsistof severalgeneraltypes:calibration
standards,reagentblanks,processblanks,matrixblanks,
duplicates,and standard referencematerials.Analysisof
control samples fill two needs in the analytical work.
First, they provide quality control over analytical
procedures so that problems that might occur can be
identifiedand corrected. Secondly,data obtained from
analysis of control samples permit evaluation of the
capabilitiesof a particular analytical techniquefor de-
termination of a given element or constituentunder a
certain set of circumstances. The former function is
analyticalqualitycontrol;the latter is qualityassurance.

No attempt is made to concealthe identityof control
samples from the analyst. They are submitted to the
laboratory at regular intervalsand analyzed in associa-
tion with other samples; that is, they are not normally
handled as a uniqueset of samples.We feel it wouldbe
difticultfor analyststo givethe samplesspecialattention,
even if they are so inclined.We endeavorto run at least
IOLYOof stableconstituentanalysesand selectedradioac-
tive constituent analyses as quality assurance samples
using the materialsdescribedabove. A detaileddescrip-
tion of our Quality Assurance program and a complete
listingof our annualresultshave beenpublished.c5s-csl

2. Radioactive Constifuenfs. Quality control and
quality assurance samples for radioactive constituents
are obtained from outside agenciesas well as prepared
internally.The Quality Assurance Divisionof the Envi-
ronmentalMonitoringSystems Laboratory (EPA—Las
Vegas)provideswater, foodstuff,and air filterstandards
for analysis of gross alpha, gross beta, 3H, 40K,‘°Co,
c5Zn,‘Sr, IOcRu,134CS,*37CS,22cRa,and 2390240Puas part

I
I
1
1
I
I
I
I
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I
I

88 --

I



Table C-I

AnalyticalMethodsfor VariousStableConstituents

Technique

Standard ChemicalMethods

Color Spectrophotometry

Neutron Activation
InstrumentalThermal

InstrumentalEpithermal

ThermalNeutron Capture
Gamma Ray

Radiochemical

Delayed Neutron Assay

Atomic Absorption

Ion Chromatography

Potentiometric

Combustion

Stable Constituents Measured

Total Alkalinity,Hardness,
SO;, TDS, Conductivity

NO~,PO~,Si,Pb,Ti

Al,Sb,As,Ba,Br,Ca,Ce,Cs,Cl,Cr,
Co,Dy,Eu,Au,Hf,In,I,Fe,La,Lu,
Mg,Mn,K,Rb,Sm,Sc,Se,Na,Sr,S,
Ta,Tb,Th,Ti,W,V,Yb,Zn

Al,Sb,As,Ba,Br,Cs,Cr,F,Ga,Au,
In,I.La,Mg,Mn,Mo,Ni,K,Sm,Se,
Si,Na,Sr,Th,Ti,W,U,Zn,Zr

Al,B,Ca,Cd,C,Gd,H,Fe,Mg
N,P,K,Si,Na,S,Ti

Sb,As,Cu,Au,Ir,Hg,Mo,Os,Pd
Pt,Ru,Se,Ag,Te,Th,W,U,La,Ce,
Pr,Nd,Sm,Eu,Gd,Tb,Dy,Ho,Er,
Yb,Lu,23sU/238U,238pu, 239pu

u

Sb,As,Ba,Be,Bi,Cd,Ca,Cr,Co,Cu
Ga,In,Fe,Pb,Li,Mg,Mn,Hg,Mo,
Ni,K,Se,Si,Ag,Na,Sr,Te,Tl,Sn,
Ti,V,Zn

F-,Cl-,Br-,NO-
NO~,SOj2,PO:;

F-,NHj ,pH

C,N,H,S

References

C6

C6

C7,12,13,14,15

C7,9,16,17,18,19,20,21

C7,22,23,24,25,26,27,28,29

C5,6,7,30,31,32,33,34,35,36,
37,38,51

C7,8,10,11,39,40

C6,41,43,44,45,46,47,48,52,
53,54

C49

C50,C55

C29

I
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of an ongoinglaboratoryintercomparisonprogram.They
also distribute reference soil samples that li~ve been
characterized for 23SU,23SU,2mTh,230Th,232~~%2‘2dRa,
zzsRa, and Zl”pb.The National Bureau of ~S~W—d~rds

(NBS) provides two soil and sedimentStandmd Refer-JT---
ence Materials (SRM) for environmentalra loactwity.
These SRMS are certified for ‘°Co, 90Sr,137[:s,~sRa,
2j~h, zjBpu,239,240pL3,241Am, and severalothel nuclides.

Soil, rock, and ore samplesobtained from ‘the.Cana-
dian Geological Survey (CGS) are used f~]~quality
assurance of uranium and thorium determi@ons in
silicate matrices.cszOur own “in-house”starldards‘are
prepared by adding known quantities of lic(uidNBS
radioactivitySRMSto blank matrixmaterials.

3. Stable Constituents. Quality assuranc{ifor the
stable constituent analysis program is main@@edby
analysisof certifiedor well-characterizedenvironmental
materials.The NBS has a largeset of silicate,i~~ter,and
biologicalSRMS.The EPA distributesmineralanalysis
and trace analysiswater standards. Rock and sglrefer-
encematerialshavebeen obtainedfromthe CGS and the
UnitedStates GeologicalSurvey(USGS).Detailsof this
programhave also been published.csb-cd*

The analyticalquality control program for’~=itic
batch of samples is the combination of marr~factors.
These include the “fit of the calibrationcurvt?’ instru-

,L. :ment drift, calibrationof the instrumentand/o\ f$agents,
recoveryfor SRMS,and precisionof results.I~~i$iition,
there is a needfor a programfor evaluationof ~~~quaiity
of resultsfor an individualwater sample.These;fidividual
water sample quality ratios are the sum of “the-milli-
equivalent(meq) cations to the sum of meq anions, the
meq hardness to the sum of meq Cat 2 and lvfg+2,the
observedtotal dissolvedsolids(TDS)to the sumof solids,
the observed conductivity to the sum of co{ltributing
conductivities,as well as the two ratios obta~medby
multiplying(0.01) x (conductivity)and divid~l~,bythe
meq cations, and the meq anions. A summaq;.ofthese
ratios is givenfor 1983watersby sampleset in~able,C-
11.

A detailed investigationof these individu:~quality
assurance ratios can be suggestive of the need for
reanalysis of specificconstituents.However, one must
realize that obtaining a ratio of 1.00 is no~“always
possible.Reanalysisof a sampleis based on thtse ratios,
the presenceof constituentsnot requested,and historical
considerations.The details of our approach are being
prepared for publication.cs3
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4. IndicatorsoJAccuracyand Precision.Accuracy is
the degreeof differencebetweenaveragetest resultsand
true results, when the latter are known or assumed.
Precision is the degree of mutual agreement among
replicatemeasurements(frequentlyassessedby calculat-
ing the standard deviation of a set of data points).
Accuracy and precision are evaluated from results of
analysis of reference materials. These results are nor-
malizedto the knownquantityin the referencematerialto
permitcomparisonamong referencematerialsof similar
matrixcontainingdifferentconcentrationsof the analyte:

Reported Quantity
r= -

Known Quantity

A mean value (R) for all normalizedanalysesof a given
type is calculatedas followsfor a givenmatrixtype(N is
total numberof analyticaldeterminations):

Z, ri
R=—

N

The standard deviation(s) of R is calculatedassuminga
normal distributionof the population of analyticalde-
terminations(N):

rZi (R - ri)2
s=

(N - 1)

These calculatedvaluesare presentedin Tables C-III
and C-IV. The mean value of R is a measure of the
accuracy of a procedure.Valuesof R greater than unity
indicate a positive bias and values less than unity a
negativebias in the analysis.

The standard deviation is a measure of precision.
Precision is a function of the concentrationof analyte;
that is, as the absoluteconcentrationapproachesthe limit
of detection, precision deteriorates. For instance, the
precision for some 3H determinations is quite large
becausemany standards approachedthe limitsof detect-
ion of a measurement.We are attemptingto addressthis
issueby calculatinga newqualityassuranceparameter:

[xE-xc] < /(sE)Z+(sc)

where~~ and XCare the experimentallydeterminedand
certified/consensusmean elemental concentrations,re-
spectively.The SE and SCparameters are the standard
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Table E-II

Annual ThermohsmirreacentDosimeter Measurements

Station Location Coordinates

Regional Stations (2S44 km)-Uncartrolled Areas

1. Espaiiola —.

2. Pojoaque —

3. Santa Fe ...
4. Fenton Hill —.

Perimeter Stations (0-4 km)—Uncontrolled Areas

5. Barranca School
6. Arkansas Avenue
7. Cumbres School
8. 48th Street
9. LA Airport

IO. Bayo Canyon
11. Gulf Station
12. Royal Crest
13. White Rock
14. Pajarito Acres
15. Bandelier
16. Pajarito Ski Area

Gnsite Stations-Controlled Areas

17. TA-21
18. TA-6
19. TA-53
20. WelI PM. 1
21. TA- 16
22. Booster P-2
23. TA-54
24. State Hwy 4
25. TA-49
26. TA.2
27. TA-2
28. TA-18
29. TA-35
30. TA-36
31. TA.3
32. TA-3
33. TA.3
34. TA-3
35. TA-3
36. TA-3
37. Pistol Range
38. TA-55
39. TA-55
40. TA-55

N180 E130
N170 E030
N 150 E090
N110 WO1O
N110 E170
N120 E250
N090 E120
N080 E080
S080 E420
S21O E380
S280 E200
N150 W200

N095 E140
N02S E030
N070 E090
N030 E305
S035 W025
S030 E220
S080 E290
N070 E350
S165 E085
N075 E120
NOES E120
S040 E205
N040 EI05
N040 EIIO
N050 E020
N050 E020
N050 E020
N050 E020
N050 E020
N050 E040
N040 E240
N040 E080
N040 E080
N040 E080

Annual
Measurement

(mrem)

92• 5
101 k 5
104 i 5
139 * 5

121 * 5
110 * 5
127 * 5
149 * 5
147 k 5
171 + 7
130 * 7
136 * 7
130 * 5
108 * 5
136 k 5
123 + 5

135 k 7
135 + 5
163 & 5
158 k 5
122 * 5
158 k 5
143 * 5
187 k 5
125 i 5
141 * 5
159 * 5
188 * 5
140 * 5
140 * 5
142 + 5
187 h 5
167 h 5
141 * 7
121 * 7
140 k 5
127 k 5
128 * 7
110 * 7
137 i 7
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A l C
I

Total N~fi& Number
Concentrations-pCi/m3 (10-12 ~CUml?)

Air of
Volume M~@dy

Station Locationa (m3) ---SanpIes
——

!& -
Regional Stations (28-44 km)—Uncontrolled Areas ,_

..— -—

1. Espaiiola 122 12
2. Pojoaque 122 12
3. Santa Fe 122 i2

—-
Regional Group Summary 366 36

Perimeter Stations (O-4 km)— Uncontrolled Areas

:-—.—
4. Barranca School 122. 12
5. Arkansas Avenue 122
6. East Gate 122 ~
7. 48th Street 122 ,.12
8. LA Airport 122 12
9. Bayo Canyon 122 12

10. Gulf Station 122 12
11. Royal Crest 122 12
12. White Rock 122 12
13. Pajmito Acres 122 12

14. Bandelier 122 :12
——

Perimeter Group Summary 1342 132

Onsite Stations—Controlled Areas

15. TA-21
16. TA-6
17. TA-53 (LAMPF)
18. Well PM-1
19. TA-52

Booster P-2
22. TA-54
23. TA-49
24. TA-33
25. TA-39
26. TA-16-450

122 12
122 12
122 12
122 Q
122 ‘’12
122 ‘-12
122 :U
122 12
122 u
122 ‘12

12”

Of
Samples
<MDLb Maxc Mine Meanc

Mean

% ;Dd

.

3
2
3

-1.4 + 0.8
-1.3 + 0.6
-2.3 + 1.0

8
.—

23 + 8 -2.3 + 1.0

1
2
1“
1
0
1
0
0
1
2
2

23 ~ 8
18 ~ 6
20 k 8
15 + 6
21 * 8
23 * 8
16 + 6
17 + 6
46 * 18
31 * 12
52+ 16

0.8 + 0.6
–1.5 + 0.8
-i.7 * 0.8

0.7 ~ 0.8
1.2 * 0.8
0.1 +

+
+
+

-1.0 +
+

11

1
1
1
0
0
1
2
1

1
1
1
0

52 * 16

36 + 14
20 * 6
16 + 6
74 * 28
30+ 12
34 * 12
15 + 6
34 * 12

21 * 6
110 *40

+
17 * 3

-1.7 * 0.8

-0.2 k
~

-1.1 + 0.6
3.7 + 1.6
3.2 k 1.4

+
*

-0.1 *
-2.1 * 1.0
-0.1 + 0.6

0.0 *
~

Onsite Group Summary 1403 138 10 110 *40 -2.1 + 1.0

——————————

aSee Fig. 11 for map of station locations.
bMjn~um detectable limit = 1 X10-12 l.lc~mf.

cUncertainties are +2s (see Appendix B).
dconwolld Area concentration Guide = 5 X 10-6 ~c~m~.

Uncontrolled Area Concentration Guide = 2 x 10-7 ~Ci/m~.

lb L

,

12 + 5.3
12 * 4.9
10* 4.1

11 + 2.7

13 * 4.1
8.3 ~ 3.6
8.9 h 3.3
8.8 + 2.2
13 * 3.3
12 *
11 * 2.4

9.6 & 2.3
17 * 7.5
18 & 7.2
28 + 12

0.006
0.006

13 + 1.9

20* 7.6
11 * 3.5
11 k 2.9
16 + 11
17 + 5.2
18 + 6.5

9.8 * 2.9
18 * 5.3
11 * 4.4
36 k 22
31 k 16

4.2 * 12 0.0001

17+ 3.3

I
1

1

I
I
I
I
I
I
I
I
I
1
1
I

I
I
I
I



I
Table E-VI -

Annual Atmospheric 239~@PuConcentrations for 1983

239.240pu~cym3(lo-1~pci.h,!)
Total
Air Number

Volume of
Station LOc.stion’ (m’) Samples

. .

Maxc

Mean
as

% CGd
Number
<MDLb Mine MeanC

Regional Stations (2844 km)—Uncontrolled Areas

1. Espafiola 93 227 4
2. Pojoaquc 79 869 4

- 3. Santa Fe 92 131 4

Regional Group Summary 265 227 12

6.0 + 2.3
0.6 ~ 2.0
1.7 * 1.5

0.4 h 2.7
-1.2 * 2.5
-0.3 i 1.4

2.2 + 2.6
* 0.9

0.9 * 0.9

1.1 + 1.0

0.004
0.0002
0.002

0.002

4
4
4

12 6.0 ~ 2.3 -1.2 ~ 2.5

* 1.3
-0.1 * 1.7

0.2 + 2.8
* 1.9

-0.2 * 1.3
-0.2 + 1.1
-1.0 * 2.1
-0.7 * 1.0

0.2 ~ 2.6
0.3 * 1.7
1,1* 1.5

Perimeter Stations [04 km)-Uncontrotted Areas

4. Barranca School 94 636
77 525
81 613
83 091
91 518
85 343
89 319
92 368
81 891
81 535
78 744

937 583

4
4
4
4
4
4
4
4
4
4
4

4
4
4
3
4
4
4
3
4
4
4

0.8 + 1.4
1.3 * 2.8
1.4 + 1.8
3.2 & 1.9
0.6 + 1.4
1.3 * 3.1
0.3 * 1.1
5.2 k 2.6
1.8 * 2.1
1.1 + 1.6
2.2 i 3.0

0.4 k 0.3
0.6 &0.7
0.5 ~ 0.6
1,2 * 1.7
0.3 * 0.4
0.3 * 0.7

-0.2 + 0.6
0.9 h 2.8
0.8 i 0.7
0.7 * 0.4
1.9 h 0.6

0.0007
0.0010
o.000~
0.0020
0.0005
0.0005
0.000o
0.0016
0.0014
0.0012
0.0032

5. Arkansas Avenue
6. East Gate
7. 48th Street
8. LA Airport
9. Bayo Canyon

10. Gulf Station
11. Royal Crest
12. White Rock
13. Pajarito Acres
14. Bandelier

Perimeter Group Summary 44 42 5.2 * 2.6 -1.0 * 2.1

-0.2 + 1.8
0.7 + 1.5
0.6 + 1.4

-1.1 + 1.5
-1.1 * 2.2

0.0 * 1.7
0.2 * 1.3
0.2 * 1.7

-0.7 + 1.1
-1.0 + 1.8

0.6 + 1.3
0.1 + 1.2

0.7 * 0.3 0.0011

Onsite Stations-Controlled Arens

15. TA-21 83 860 4
16. TA-6 83 230 3
17. TA-53 (LAMPF) 86 289 4
18. Well PM-1 89 712 4
19. TA-52 87 797 4
20. TA. 16 79 223 4
21. Bwster P.2 81 864 4
22. TA-54 92 561 4
23. TA-49 96 754 4
24. TA-33 89 603 4
25. TA-39 94 657 4
26. TA.16.450 42 713 3

Onsite Group Summary 1 008 263 47
———————

‘See Fig. 11 for map of station locations
bMinimumdetectable limit= 3 X10-’8 JICi/112~.
cUncertainties are +2s (see Appendis B).
dcontroued Area Concentration Guide= 2 X10-12 @i/m~.
Uncontrolled Area Concentration Guide = 6 x 10_14~Ci/ml,.

3
2
4
4
3
4
3
4
4
4
4
3

3.0 + 2.1
1.6 + 1.6
1.6 i 1.6
3.6 + 2.1
13 + 3.2
1.4 * 2.1
23 h 4.7
1.1 * 1.5
0.7 k 1.3
0.9 * 1.1
4.8 ~ 11
0.8 + 1.5

0.9 * 1.5
1.2 * 0.9
1.0 + 0.5
1.1 * 1.9
3.1 + 6.6
0.7 + 0.6
6.7 & 11
0.7 + 0.4
0.1 * 0.6

-0.1 + 0.8
1.8 &2.0
0.4 + 0.8

0.00005
0.00006
0.000Q5
0.00006
0.00015
0.00004
0.00033
0.00004
0.00001
0.00000
0.00009
0.00Q02

43 23 h 4.7 -1.1 * 2.2 1.8 ~ 2.0 0.00009



I
I

I
I
I
I
I
I
1
I
I
I
I
I
I
1
I
I
I

.. . . .

A U C
(

,
—

Total N;%ber
Air of

volume Qu@erly
Station L4scationa (m3) Ssrnples

.

Number
of

Samples
<MDLb Mssxc Mine

Mean
as

% CDd

0.0007

0.0007
0.0005

0.0006

0.0006
0,0005

0.00001

0.00001

Meanc

Regional Stations (24-44 km)-Uncontrolled Areas

1. Espaiiola 93 227 4 43 & 36

43 + 26
30* 14

39 * 15

0 94 & 19 9.6 + 4.2
1 64+ 13 5.1 + 5.3
0 49* 10 17* 4.4

1 94 + 19 5.1 ● 5.3

2. Pojoaquc 79869 4
3. Santa Fe 92 131

~ .–

——
Regional Group Summary 265 227 12

Perimeter Stations (O-4 km)-Unwn&olled Areas

4. Barranca School

5. Arkansas Avenue
6. East Gate
7. 48th Street
8. LA Airport
9. Bayo Canyon

10. Gulf Station
11. Royal Crest
12. White Rock
13. Pajarito Acres
14. Bandelier

94 636
77 525
81 613
83 091
91 518
85 343
89319
92368
81 891
81 535
78 744

12+ 4.6
24+ 5.7

6.5 + 4.8
6.2 k 4.6
12 + 4.6

2.5 * 2.3
-0.2 * 1.9

1.3 + 1.8
14 + 4.6
20+ 6.9
11 + 6.1

-0.2 + 1.9

4 0
4 0

.-
4 0
4 0
4 0
4 0,.
4 2
4 1
4 0
4 0

36+ 23
31 k 24
17 + 18

114 + 85
41 + 23
15 * 13
11 * 19
22+ 21
27 k 13
55 + 64
35 + 39

37* 13

64 ~ 13
44 + 9.4

190 + 38
64 ~ 13
24 ~ 5.5
40 + 8.1
51 * 10
45 * 9.7

150 * 31

85 + 26

190 + 38

4 1—— —
44 4Perimeter Group Summary 937 583

Onsite Stations—Controlled Areas

15. TA-21
16. TA.6
17. TA-53 (LAMPF)

18. Well PM- 1
19. TA-52
20. TA-16
21. Booster P-2
22. TA-54
23. TA-49
24. TA-33
25. TA-39
26. TA-16-450

83 860
83 230
86289

89 712
87 797
79 223
81 864
92561
96 754
89 603
94 657
42 713

4 0
4 0
4 0
4 0

-4 1

4.. -. 1
,r–

4 0
4 0

‘4 1
-4 - 0
-4 , 1

2 0
——

46 4

53 * 11
72+ 23
23 + 7.6

45 * 10
160 + 33
63 + 14
64 ~ 14
50* 11
11 * 4.1
41 * 8.0
20* 6.6
17 + 6.6

7.3 & 4.6
23 + 5.0
12 ~ 4.6
24 * 5.4
1.1 + 4.6
31 * 10

*
*
~
+
*
~

31 * 25
34+ 26
25 * 14
26 A 17
48 ~ 76
32 k 25
26 ~ 28
30+ 16
6.5 * 4.2
21 * 13
10* 7.1
14 * 9.2

Onsite Group Summary 1 008 263 160 + 33 0.8 + 4.1 26 * 8.4 0.00002
—
aSee Fig. 11 for map of sampling locations.
bMinimum detUtabIe limit = 1 P~m3.

cUncertainties +2s (see Appendix B).
dcon~o~ed Area concentration Guide = 1.8 X 108 P~rr;3.

Uncontrolled Area Concentration Guide = 6 x 106 pg/m3.

Note: One curie of naturaI uranium is equivalent to 3000 k[; of natural uranium. Hence, uranium masses can be converted to the
DOE “uranium special curie” by using the factor 3.3 x 10-13 #Ci/pg.
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Station

Chamita
Chamita
Embudo
Embudo
Otowi
Otowi
Cochiti
Cochiti
Bernalillo
Bernalillo
Jemez
Jemez

No. of Analyses
Minimum
Maximum
Average
2s

Table E-IX

Radiochemicaland Chemical Quality of Surface Water from RegionalStations

Radioehemical

1983 137(-~
(month-day) (10-9 pCi/mJ?)

2-24 7 * 51
10-3 4 * 84
2-24 5 * 30

10-3 79 * 110
2-24 -20 ~ 8

10-3 68 * 66
2-28 -21 * 24

10-4 52 + 92
2-28 -5 *49

10-4 21 * 30
2-28 39 * 30

10-4 -5 + 76

12
-21 ~ 24

79 * 110
18
67

Station

Chamita
Embudo
Otowi
Cochiti
Bernalillo
Jemez

No. of Analyses
Minimum
Maximum
Average
2s

———————

238pu

(10_9 gCi/ml)

..
-0.010 * 0.034

0.005 + 0.026
o.m4 * 0.022

-0.005 * 0.014
-0.006 +.0.030
-0.010 * 0.000
0.CK15+ 0.028
0.011 + 0.016
0.012 &0.024
0.004 * 0.005

-0.024 + 0.026

11
-0.024 + 0.026
0.012 + 0.024

-0.001
0.022

1983
(month-day)

2-24
2.24
2-24
2-28
2-28
2-28

239,2AOpu 3H

(10_9~Ci/ml) (l@ yCi/ml)

0.005 * 0.020
0.049 * 0.034
0.004 + 0.012
0.010 + 0.016
0.006 + 0.030
0.005 * 0.020
0.005 + 0.024
0.004 + 0.016
0.025 + 0.030
0.007 * 0.014
0.006 + 0.030

1.4 k 0.6
4.1 * 1.0
2.2 * 0.6
2.5 &0.6
2.2 ~ 0.6
4.2 f 1.0
3.6 ~ 0.6
2.4 + 0.6
4.1 + 0.6
3.4 * 0.8
3.3 * 0.6
2.9 + 0.6

11 12
0.004 ~ 0.016 1.4 + 0.6
0.049 + 0.034 4.2 + 1.0
0.011 3.0
0.028 1.8

Chemical
(concentrations in mg/l?)

Cl F N03 TDS pH————

6 0.3 3.9 229 8.2
4 0.3 1.4 148 8.2
4 0.3 0.8 249 8.0
5 0.4 1.2 246 8.1

15 0.4 0.7 212 8.1
78 1.0 1.8 255 8.3

666 66
4 0.3 0.7 148 8.0

78 1.0 3.9 255 8.3
19 0.4 1.6 223 8.1
58 0.5 2.4 80 0.2

Total U
(vd~)

2.3 + 0.8
2.9 k 1.0
2.1 + 0.8
3.8 * 1.0
2.8 + 0.8
4.1 * 1.0
3.1 i 0.8
3.9 * 1.0
3.6 + 0.8
1.0 * 1.0
1.5 + 0.8
4.0 * 1.0

12
1.0 + 1.0
4.1 * 1.0
2.9
2.0

Gross Gamma
(counts/rein/l)

27 k 36
-71 k 36
-11 + 36
-54 + 36

21 + 36
-75 * 36

28 h 36
-25 h 36

54 * 36
-37 ~ 36

76 &36
-60 + 36

12
-75 + 36

76 k 36
-10
102

—
Note: The * value represents twice the standard deviation of the distribution of observed values. If only

one analysis is reported, then the value represents twice tJreuncertainty term for the analysis.
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Radiochemical

Station

Group I
Sandia Spring
Spring 3
Spring 3A
Spring 3AA
Spring 4
Spring 4A
Spring 5
Spring 5AA
Ancho Spring

Group H
Spring 5A
Spring 5B
Spring 6
Spring 6A
Spring 7
Spring 8
Spring 8A
Spring 9
Spring 9A
Doe Spring
Spring 10

Group 111
Spring 1
Spring 2

Group IV
Spring 3B

Group V
Spring 11

Streams
Ancho
Frijoles

SassitsryEllluent
Mortandad

No. of Analyses
Minimum
Maximum
Average
2s

1983
(month-day)

9-20
9-20
9-20
9-20
9-20
9-20
9-21
9-21
9-21

9-21
9-21
9-21
9-21
9-21
9-21
9-21
9-21
9-21
9-21
9.22

9-20
9-20

9-20

9-23

9-20
9-21

9-20

137~~

(10-9 pCi/ml)

88 k 38
-30 k 42

23 * 48
24 + 30
-o * 34
13 * 36
-9 * 60

-50 * 91
8 * 52

42 * 62
22• 36
5 * 105

20* 4g
-9 i 29
21 * 35
31 * 62
-5 i 38

-22 * 50
8 k 56
4 * 33

-7 * 73
59 k 92

-7 k 52

—.

4&7
3 * 21

–20 i 27

26
-50 * 91

59 k 52
8

S6

0< 238p”

y—

0.012 + 0.038
0.004* 0.022
0.Q20* 0.024
0.010* 0.040
0.004+“0.022

ao12 * 0.030
o+.g4* 0.012
0,020* 0.040
0.006+ 0.018

——

-0.030 * 0.040
:0.020 * 0.040
9.$5 * 0.012
md9 * 0.030

!5013 *-tio22
0.012 + 0.030

-m315-* m340
0.009+ 0.016

-Oxml * 0.100
0.018 + 0.038
0.010 i 0.060

0.007i 0.036
0.014 * 0.020

-.0.017~ 0.036

—

@J04 i 0.032
-43.020* 0:040
-. —

.a

mM5 * 0.022

~-26
-mm * 0.100
-timo +’0.040

~.042
0.032

..-

239J40PU

(10-9 pCi/m,l)

0.006 + 0.032
0.004 * 0.018
0.Q35* 0.018

-0.007 + 0.028
0.004 + 0.014

-0006 + 0.030
0.008 + 0.018
0.020 i 0.024
0006 A0.022

0.090 + 0.080
0.010 + 0.060
0.018 iO.024
0.C05A 0.026
0.007 + 0.018
0.006i 0.030

-0.015 * 0.040
-0.009 * 0.020
-0.020 i 0.060
0.006 i 0.030
0.014 + 0.038

0.007 + 0.024
0,040 * 0.030

0.035 * 0.030

—

0.008 i 0.020
-0.015 * 0.022

0.010 * 0.020

26
4.020 + 0.060
0.091 i 0.080
0.C09
0.043

3~

(10+ yCi/m,l)

0.6 * 0.2
0.6 .t 0.6
0.7 A 0.6
0.6 + 0.6
1.0~ 0.8
0.6 + 0.3
0.9 * 0.4
1.0i 0.4
0.7 t 0.6

0.5 + 0.6
0.7 + 0.3
0.7 i 0.6
0.6 i 0.6”
0.5 i 0.6
0.7 + 0.6
0.8 i 0.6
0.9 * O.E
0.4 + 0.6
0.6 * 0.6
0.7 i 0.8

1.0* 0.8
0.9 i 0.8

0.9 + 0.4

—

0.7 ● 0.3
0.9 ●0.4

1.4* 0.4

26
0.4 i 0.6
1.4* 0.4
0.8
0.4

Total U

(I@)

1.5* 0.8
2.2 * 0.8
1.6+,0.8
0.6 + 0.8
1.6* 0.8
2.0 + 0.8
1.2+ 0.8
0.6 + 0.8
0.9 &0.8

2.8 k 0.8
2.0 ~ 0.8
0.9 k 0.8
1.0+ 0.8
1.0+.0.8
1.9+.0.8
0.0 + 0.8
0.0 ~ 0.8
0.7 * 0.8
1.0+ 0.8
1.9~ 0.8

2.2 + 0.8
0.9 + 0.8

22 * 4.4

13i 2.6

1.0* 0.8
1.1+ 0.8

1.7+ 0.8

27
0.0 + 0.8
22 * 4.4
2.5
9.1

Gross Gamma
(counts/rein/l)

81 k 36
71 i 36
79 &36
44 i 36
77 &36

119+ 36
34 &36
41 k 36
30 i 36

5S ~ 36
100k 36
62 ~ 36
78 &36

12s ~ 36
13* 36
17k 36
19k 36
-2 k 36
27 i 36
21 + 36

-19 ~ 36
23 * 36

0 k 36

—-

57 i 36
45 k 36

21 + 36

26
-19 *36
125k 36
47
73

I
1

I



Station

Group 1
Sarsdia Spring
Spring 3
Spring 3A
Spring 3AA
Spring 4
Spring 4A
Spring 5
Spring 5AA
Ancho Spring

Group 11
Spring 5A
Spring 5B
Spring 6
Spring 6A
Spring 7
Spring 8
Spring 8A
Spring 9
Spring 9A
Doe Spring
Spring 10

Group 111
Spring 1
Spring 2

Group IV
Spring 3B

Group V
Spring 11

Streams
Ancho
Frijoles

Sanitary Et17uent
Mortandad

No. of Analyses
Minimum
Maximum
Average
2s

Table E-XI (cent)

Chemical
Concentrations in m~l

Si02

48
52
51
38
55
67
65
59
73

53
62
73
74
76
13
79
74
74
74
66

35
33

49

55

72
63

89

27
33
g9
62
28

—

C.

34
20
18
14
21
21
18
20
12

24
16
11
9

12
20

9
11
10
11
12

19
17

25

77

14
9

25

27
9

77
19
26

Mg—

30
I
1
0
4
4
4
3
3

2
3
3
2
3
4
2
3
2
3
2

1
0

2

20

3
2

7

27
0

20
4

12

K Na——

3.1 15
3.2 14
3.1 14
3.0 18
3.1 12
2.2 11
2.3 12
2.7 11
2.1 10

3.4 23
2.4 10
2.3 10
2.3 10
2.6 13
3.4 21
2.2 11
2.2 11
1.8 10
1.7 11
1.7 11

2.3 30
1.8 50

8.9 12

7.9 44

2.2 10
2.2 9

17.4 87

27 27
1.7 9

17.4 87
3.4 18
6.5 34

C03

o
0
0
7
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0

0
0

0

0

1
0

0

27
0
7
0
2

HC03

157
101
96
24
99

102
97

101
73

131
93
75
64
81

131
66
77
69
75
74

134
178

402

397

82
64

167

27
24

397
119
176

P04

<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1
<0.1

<0.1
0.1

<0.1
0.1

<0.1
0.1

<0.1
<0.1
<0.1
<0.1
<0.1

<0.1
<0.1

<0.1

<0.1

<0.1
<0.1

28

27
<0.1
28

1.1
10.7

S04—

4
3
5
3

11
11
5
6
2

8
3
2
2
2
6
0
1
2
6
6

9
10

18

43

8
6

46

27
0

46
8

22

c—

3
3
3
3
6
6
4
5
2

5
5
2
2
2
3
2
2
2
0
2

4
4

4

13

3
3

49

27
0

49
5

18

F

0.2
0.2
0.2
0.2
0.2
0.2
0.2
0.3
0.2

0.1
0.3
0.1
0.1
0.2
0.1
0.2
0.2
0.2
0.3
0.2

0.3
0.6

0.3

0.2

0.2
0.1

0.1

27
0.1
0.6
0.2
0.2

N03

<0.3
2.0
1.7

<0.3
3.9
0.4
1.3
1.3
1.0

1.6
1.8
1.2
1.2
1.2
1.2

<0.3
<0.3

0.9
<0.3

1.0

<0.3
<0.2

1.9

0.7

<0.3
<0.3

<0.3

27
<0.3

3.9
1.0
1.6

TDS Hard

186
139
146
143
158
171
156
158
122

186
149
140
129
149
187
118
145
126
139
129

158
192

435

458

154
126

455

27
118
458
183
196

103
58
55
37
71
69
65
68
42

71
56
43
35
42
67
32
41
37
40
41

54
46

63

68

48
35

94

27
32

103
54
36

pH

8.0
7.8
7.8
9.4
7.5
7.6
7.7
7.2
7.5

7.5
7.9
7.5
7.6
7.3
7.0
8.3
7.6
7.6
7.7
7.8

8.0
&o

6.t

6.8

8.3
7.6

7.6

27
6.1
9.4
7.6
1.1

Lena
(mS/m)

27
18
18
15
19
22
18
19
13

25
16
13
12
15
24
11
13
13
13
13

24
30

66

68

14
12

62

27
21
68
22
33

Note: The ~ value represents twice d~$idtlOnof the distribution of observed values. [f only one analysis
is repw’ted,then the value represents twice the uncertainty term for the analysis.



...

I

,-—
—

--4—

+
+

+
+

+
ii

+
i+

i+
+

++
+

ii

,—
.

W
.sa

!-o
f-l

+4
m

r4
c
.-lu

3
o

-
ig

-t
I-

t0
0

00m
-t

-cm
0

.00-H
+

C
1

-m
mv

.<.
.

-

...

1



m
0

!
-

C
N

m
-

$

0
;

1
-

l
-

-



-
.

9

~co
0-n+

9
W

W
’qw

w
-+

cw
.qw

w
ow

w
W

o
0

0
0

0
0

0
“
0

o
0

0
-

0
0

o
-n

-n
ii

-H
-n

+
*-H

.
.

.



Station

Acid Weir
Pueblo 1
Pueblo 2
Pueblo 3
HamiltonBendSpring
Test Well 1A
Test Well 2A
Basalt Spring

No. of Analyses
Minimum
Maximum
Average
2s

1983
(monthday)

03-24
03-24
03-24
03-24
03-24
03-24
03-24
03-24

Table E-XIII (cent)

Chemical
(concentrations in mg/1)

Si02 Ca Mg K————

54 20 4 8.9
55 19 4 8.9
46 21 4 8.5
60 18 3 10.4
S2 14 4 8.4
50 16 5 7
8 18 3 2

40 27 5 5

8888
8 14 3 2.0

60 27 5 10.4
45 19 4 7.3
32 7 1 s.4

Na C03——

74 0
66 0
75 0
74 0
15 0
74 0
18 0
19 0

88
18 0
75 0
59 0
50 0

HC03

86
86
9s

105
114
108
63

122

8
86

122
97
37

19
18
13
21
23
17
3
1

8
1

23
14
16

S04—

24
25
20
24
26
32
6

18

8
6

32
21
15

c1—

83
79
85
54
48
35
34
14

8
14
85
54
52

F—

0.3
0.3
0.3
0.6
0.9
0.8
0.3
0.3

8
0.3
0.9
0.4
0.5

N03—

24
25
14
50
17
52
0
6

8
0

52
23
37

TDS

329
324
318
325
315
318
116
168

8
116
329
276
168

Hard

64
64
66
57
53
64
68
94

8
53
94
66
24

pH—

7.2
7.5
7.6
7.5
7.3
7.7
7.5
7.8

8
7.2
7.8
7.5
0.4

Cond
(mS/m)

12
52
49
48
45
45
22
...

7
12
52
39
31

Note: The * value representstwice the standard deviationof the distributionof observedvsdues.If only
one analysis is reported, tben the value represents twice the uncertainty term for the analysis.
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Table E-XV (cent)

Chemical
(concentrations in m~.1)

1983 Cond
Station (month-day) SiO~ Ca Mg K Na C03 HC03 p04 S04 c1 F N03 TDS Hard———————————— pH (mS/m)——

Scs-1 03-21 130 34 7 20.4 138 0 89 12 220 98 1.6 4.4 771 114 6.8 99
SCS-2 03-21 74 29 5 13.5 163 0 125 11 144 124 1.3 9.9 651 94 7.9 95
SCS-3 03-21 78 27 5 13.4 163 0 126 11 164 123 1.2 20 649 95 8.0 97

No. of Arratyses 3333 33 33 3 33 3 3 33 3
Minimum 74 27 5 13.4 138 0 89 11 144 98 1.2 4.4 649 94 6.8 99
Maximum 130 34 7 20.4 163 0 126 12 220 124 1.6 20 771 114 8.0 95
Average 94 30 6 15.8 155 0 113 1I 176 115 1.3 11.4 690 101 7.5 97
2s 62 7 2 8.0 29 0 42 1 79 29 0.4 15.8 139 22 1.3 4
—
Note: The * value representstwice the standard deviationof the distributionof observedvalues. If only

one analysis is reported, then the value represents twice the uncertainty term for the analysis.
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L Ahnlos F

well2
well 3
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GusjeField
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W G A
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P F

W PM.1
W P

W P
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F S 1
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77 22
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24 26
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TableE-XXVII

RadioehendcalAnalysesof Sedimentsand Runoffat TA-54(AreaG)

Sediments(June28, 1983)

137~s

(PM3)

0.07* 0.05
0.14* 0.07
0.40+ 0.18
0.27f 0.14
0.15* 0.14
0.24f 0.14
0.24+ 0.12
0.34+ 0.16
0.25i 0.11
0.23+ 0.20

238PU

(pCik]

O.oca* 0.000
0.000 * 0.000
0.001* 0.004
0.031* 0.010
0.002i 0.004
0.017i 0.008
0.164A0.022
0.018+ 0.006
0.064+ 0.014
0.033* 0.107

239,240PU

(Pwd

0.000 * 0.000
0.000 + O.000
0.013+ 0.006
0.038+.0.010
0.007* 0.006
0.500* 0.040
2.44+ 0.180

0.036+ 0.010
0.028+ 0.010
0.340i 1.60

Total
Uranium
(W&)

2.1+ 0.4
3.2+ 0.6
3.3+ 0.6
5.4* 1.0
5.6+ 1.2
3.0+ 0.6
3.0+ 0.6
3.7+ 0.8
4.0+ 0.8
3.7k 2.3

RunoffAreaG at GagingStation(August2, 1983)

Gross
Gamma

(counts/rein/g)

3.4* 0.22
4.4k 0.24
5.9i 0.24
10+ 0.30

7.7+ 0.28
4.7* 0.24
4.8+ 0.24
7.2+ 0.26
5.5+ 0.24
5.9i 4.1

Solution SuspendedSediments

Total Gross
137CS 238PU 239,240PU 3H Uranium Gamma 238PU 239,240PU

(10-9~Ci/ml) (10-9~Ci/mJ) (10-9~Ci/m~) (104 W3/mj) (M#4 (counts/rein/g) (PW3) (PCih)

14+ 40 0.001+ 0.001 0.002+ 0.002 2.5+ 0.6 0.0+ 0.8 70+ 36 3.2h 0.32 0.50i 0.12

.
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Radioactive
Isotopes

238pu

239,240pu

24’Am
89sr

9osr

3H

‘37CS
234u

- Tabie E-XXVIII
..-=—---

Quaky of Etlluentsfrom Liquid
RadioactiveWasteTreatmentPlants for 1983

?* :.. ,

Waste Treatment Plant Location

,~l+so, TA-21

Activity $ Average Activity Average
Released ~Concentration Released Concentration

(mCi) “–” (~Ci/ml) (mCi) (~Ci/ml)

11.0
42.2
37.7
56.7
2.3

8690
44.7
0.6

l.m

“ “’3.8 X 10-7 0.04
1.5 x 10-6 0.09

:E ,1.3 x 10-6 0.71
;F2.O x 10-6 0.09
‘-- 8.0 X 10-8 0.24
.. 3.0 x 10-4 1660

1.6 X 1O-s 0.27
,- 2.1 x 10-8 1.54

l..

1.1 x 10-8
2.5 X 1O-s
2.0 x 10-7
2.5 X 10-9
6.7 X 10-8
4.7 x 10-4
7.6 X 10-8
4.3 x 10-7

Waste Treatment Plant Location

TA-50 TA-21

Average
Nonradioactive Concentration

Constituent~ (mg/J?)-—-.,.

Cda
Ca .-.—.
cl
Cr (Total)’ -.
Cua

F

Hg’

Mg

Na .–
Pba
Zn’
CN
COD’
N03(N) :; .
P04 .-
TDS
pHa
Total EflluentVo!ume

.

0.007
47
90
0.05
0.41

15.8
0.0008
3.3

1063
0.03
0.13
0.02

75
384

2.2
4060

7.0- 12.8
2.873X 1071

Average
Concentration

(mg/1)

0.32
16.4
59.5
0.16
0.17
197
0.0004
2.0

1120
0.03
1.5

---

71
62
0.87

2950
10.0-12.6

3.566X 107,!?

152

‘Constituentsregulated by National Pollutant Discharge EliminationSystem permit.

.



Analyses (m~~)
(1 sampleper location)

Boron
Lithium
Cadmium
Copper
Chromium
Mercury
Lead
Zinc
Ammonia
COD
Suspended Solids

Table E-XXIX

Chemical Qutdityof Surface and Ground Waters
from Effluent ReleaseAreas

Acid-PuebloCanyon

Acid
Weir Pueblo 1 Pueblo2 Pueblo3——.

<0.05
0.02
0.01

<0.001
<0.01
<0.0001
<0.01

0.05
0.24

42
2

0.28
0.02
0.03
0.002

<0.01
<0.0001
<0.01

0.80
5.0

59
20

0.15
0.02
0.03
0.002
0.05

<0.ml
<0.01

0.14
1.5

62
72

0.22
0.01
0.01
0.001
0.04

<0.0001
0.02
0.11
2.9

48
73

DP-Los Alamos Canyon

DPS-f LAO-2 LAO-4.5———

0.12 0.14 <0.05
0.04 0.02 0.01
0.01 0.01 0.33
0.005 0.007 0.008
0.0s <0.01 <0.01

<0.0031 <0.ml <0.0001
0.17 0.01 0.01
0.17 0.32 0.30
1.2 0.58 0.06

34 20 22
69 95 1253

Sandia Canyon

Scs-1 SCS-3——

0.28 0.23
0.10 0.07
0.24 0.04
0.008 0.004
0.12 0.05

<0.0001 <0.0001
<0.01 <0.01

0.19 0.15
9.1 1.7

73 42
89 7

Mortandad Canyon

GS-I MCO-4 MCO-7.5—.—

0.12
0.03
0.13

<0.001
<0.01
<0.0001
<0.o1

0.05
<0.05
22

179

0.10
0.03
0.05

<0.001
<0.01
<0.0001

0.01
0.07
0.09

42
271

0.09
0.01
0.09
0.007

<0.01
<0.0001
<0.01

0.25
0.06

36
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Table E-XXX-.
..

Total S@ended Particulate in Air at
Ims Alam~s and WhiteRock During 1983

(Data from New MexicoEnvironm&talImprovementDivision.Allconcentrationsin p~m’.)

\;hs Alamos(AnnualGeometricMean= 33)

Jan Fed Mar flpr May June July Aug Sept Oct Nov Dec— — — ,- — — — — — — — —

Number of Samples
Maximum
Minimum
Mean
+ 1s

Number of Samples
Maximum
Minimum
Mean
& 1s

54 6 5 5 5 5 5 55 5 5
90 96 353 61 52 50 65 37 49 30 39 34
18 27 15 19 13 31 23 16 25 11 14 16
48 63 91 41 32 39 36 28 34 22 24 26
27 35 130 18 16 9 18 8 9 8 11 7

. . .

WhifeRock (AnnualGeometricMean = 34)~:+,.

53 6 6 55564456
25 27 228 253 200 97 86 51 86 28 64 47
8 18 11 19 20 50 19 19 16 16 12 16

19 23 55 ,=-94 79 71 46 31 39 21 40 26
10 5 85 ‘%3 75 20 28 13 32 5 22 12

—

,k- 1 , ..

-- -
.-e

I

I

I
I

I
I

I
I
I
I
I
I
I
I
I
I
I
I

I

>-.
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Table E-XXXI

Quantitiesof VolatileChemicalsand CompressedGases Usedat Los Alamos
(allamounts in kg)

1980 1981 1982 1983

Acids
Acetic Acid
HydrochloricAcid
HydrofluoricAcid
Nitric Acid
PerchloricAcid
Phosphoric Acid
SulfuricAcid

Gases
Ammonia
Carbon Monoxide
Chlorine
Freon 12
Hydrogen Fluoride
Nitrogen Oxides
Sulfur Dioxide
Sulfur Hexafluoride

Inorganic Chemicals
AmmoniumHydroxide
Mercury
Sodium Hydroxide

Organic Chemicals
Acetone
Benzene
Carbon Tetrachloride
Chloroform
Ethanol
Freons
Kerosene
Methanol
MethyleneChloride
Methyl Ethyl Ketone
Perchloroethylene
Toluene
Trichloroethane
Trichloroethylene
Xylene

190
5 400

170
71 900

290
320

1 800

2 600
4 800
1 100
2 100
1 300

350
150

6 900

1 600
140
—.

7 900
---

100
310

9 400
12 800
5 800
2 400

180
11 400
1 400

650
28 200

3 400
---

230
6 500

420
99 500

230
480

2 200

2 900
6 200
1 200
3 300
1 000

440
370

10 600

1 900
200

---

10 200
—

180
250

11 800
12 500
5 300
3 400

230
21 000

9 100
60

39 300
3 200

—-

170
6 000

270
70 500

180
490

2 200

1 800
9 600

610
1 600
1 600

330
210

8 800

1 200
210

—-

10 700
—-

190
320

12 800
32 200
5 500
3 100

430
400
340
60

25 600
390

---

---

1 400
640

52 100
60
30

2 600

2 400
---

140
2 600
1 600

410
30

14 200

2 100
60

39 500

10 900
70
60

500
13 500
28 400
2 800

730
100

6 200
---

190
31 100
4 200

70

‘Does not include chemicals received under special orders.
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Tabii’E-XxXII
;~..-

EstimatedCo~tcl?fitiationsof ToxicElements
Aerosotize&byDynamic Experiments

,~- , Amual Avera&e

1983 Frmction
Concentration

(ng/m3)
Applicable

Total Usage Ac~osolized Standard
Element (kg) ~%) 4km 8km (ng/m3)

-.
,F -—-

Uranium 830 !~~- 0.08 0.03 9oooa
Be 7.7 .-L 0.0002 0.0001 IOb(30day av)
Pb 48.5 ,@o c 0.05 0.02 1500d(3 monthav)

,—.

‘Reference (DOE 1981A).
bSWtion 201 of the Ambient Air Quality Stand=ds and Air Quality Control Regulations adopted by the

New Mexico Health and Social Service:; Board, April 19, 1974.
‘Assumed percentage aerosolization.
’40 CFR 50.12.

—

.-.-

——

-..
.—-

.-

1
1
I

I

I
I
1

I
I
I
1
I
I
1
I
I
!

156

!.

L



m<1-

0
0
0

8:X
m

l-n

157



.—

Dissharge
cate~oly

POWCJPlult

BIowti Blowdown

Tread Cooling
water

Noncontaci

Cooling Water

Radhactive Waste

Treatment Plant

Discharges

606

High Explosi\cs
Waste Discharges

Photowaste
Discharges

Printed Circuit

Board DCVC!OP
ment Wastes

Acid Dip Tank
Rinse

Gas Cylinder
Cleaning Waste

Table E.XX3UV

fndusrrh~ L@dd Elllucnt Quality Sumrna#

.& *

,ye
Range OC

[

Number
Deviation 1 of

Number ---- Number Uniting Standards Outfdls
of ‘Permit of or causing

Ourfdls i%istiiumts Deviations Deviarkons
—.

12

1

30

30

2

20

15

1

1

—

Tss
Free Cl

! gL !

?ss
Fe
Cu
F
PH

-m
Free Cl

P: - .+
~H
. . . . .–

‘j)H

‘$-%

TSS

Cd

Cr

Cu

Fe

Pb~g --

Zn

PH

COD

1ss
pH

Cn

,.-&s
~R

: ‘Ag

“COD
, -Cu

“G: ‘

.:?
PH

-Cu
pH

&-
P

PH
!.= 4.—

0
0
1

1
1
7

0
10

2

1

0
1

1

0
0
1

0

4

0
2

0
0
0
0

9

5
4

0
0
2

3

1
3

3
0
0
3

0
0

0
0
0

%ummary of reports to EPA or ~~l?S Permit NM 002 S355,

—
-.

9.2

1.7

1.2

1.3-27

9.4 .11.7

1.3.8.9

6.0

9.1

3.5

—
—

1.6

1.3. 2.8

1.0- 2.4
.-
—

1.2-50
1.1- 1.s
2.9- 9.7

...

5.6- 5.9

1.8-3.07

6.9
1.5 -4.6

2.2-13 ,,

—
4.1 -5.5

—

—
..

%e pHrangehmit on all outfaihf~ not less tim 6.0 or greater than 9.0 standard units.

,: .= ,
,P - - –

0
0
1

1
1
1
0
1

2

1

0
1

1

0
0
1
0
1
0
1

0

0

0

0

6
3
4

0
0
2

2

1
1

1
0
0
0

0
0

0
0
0
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Table E-XXXV

Acid Rain Gauge Results
(all results in ppm)

Conductivity
(umho/cm)Month-Day PH Ca Mg K Na N%———— NOI c1 S04

0.85

1.90
1.52
0.65
0.40
0.19
1.91
0.99

1.14

1.48

1.85
0.39
0.45
0.38
0.28

2.84
5.55
0.49
1.25
1.17
0.51
0.45
0.39
0.81
1.27

3.96
1.28
2.55
5.74
7.75

2.32

0.92
2.98
0.58
0.85
1.49

P04

<0.003

<0.003
<0.003
<0.CQ3
<0.003
<0.003
<0.003
<o.Cm3

<0.003

<0.009

<0.012
<0.003
<0.003

0.014
<0.003

0.28
<0.003
<0.003
<0.003
<0.003
<0.003
<0.003
<0.003
<o.C03
<0.003

<0.003
<0.003
<0.003
<0.C533
<0.003

<0.003

<0.CQ3
<0.003
<0.003
<0.CQ3
<0.003

1982

10/05 - 10/13
10/13- 10/19
10/19 - 10/26
10/26 - 11/02
11/02 -1 1/09
11/09 - 11/16
11/16 - 11/23
11/23 - 11/30
11/30 - 12/07
12/07 - 12/14
12/14 - 12/21
12/21 - 12[28

5.0
Dry
Dry

6.7
5.6
5.7
6.3
5.4
5.1
5.1
6.1
4.9

7.6

15.2
13.2
5.2
6.8
6.5
9.6
7.3

9.4

13.3

14.0
5.0
5.4
4.s
3.4

119.5
27.8
4.0

13.0
10.2
3.5
3.8
4.8
6.0

28.9
42.3

36.6
11.0
19.1
41.4
44.5

16.7

7.5
23.2

5.9
8.1

11.1

0.19 0.01 0.02 0.04 0.11 0.56 0.08

0.57
0.19
0.08
0.21
0.10
0.31
0.09

0.06

0.27

0.32
0.10
0.05
0.04
0.07

0.34
0.45
0.06
0.12
0.07
0.09
0.12
0.28
0.09
0.97

1.07
0.22
0.23
1.51
1.72

0.24

0.07
0.62
0.06
0.08
0.46

0.80
0.62
0.19
0.10
0.06
0.30
0.10

0.17 0.13 0.33 0.63
0.05 0.05 0.11 0.29
0.02 0.02 0.04 0.20
0.01 0.02 0.39 <0.02
0.01 0.03 0.05 0.09
0.04 0.11 0.20 0.29
0.01 0.02 0.03 0.20

2.22
1.21
0.37
0.59
0.38
0.46
0.40

0.11 0.02 0.01 0.04 0.20 0.49

1983

12128- 1/04
01/04 - 01/1 1
01/1 1- 01/17
01/17 - 01/25
01/25 - 01/01
02101- 02]04
02/04 - 01/08
02/08 - 02/15
02/15 - 02/22
02/22 -3101
03/01 - 03/08
03/08 - 03/16
03116- 03/22
03/22 -3129
03129- 04/05
04/05 - 04/12
04/12 - 04/19
04/19 - 04/26
04/26 - 05/03
05103- o5/io
05/10 - 05/17
05/17 - 05/14
05/24 - 05/31
05/31 - 06/07
06/07 - 06/14
06/14 - 06/21
06/21 - 06[28
06128-07105
07105- 07/ 12
07/12 - 07/19
07/19 - 07/26
07126-08102
08/02 - 08/09
08[09 - 08/16

5.2
Dry

6.0
5.8
5.1
5.2
5.9

Dry
3.7
5.3
5.8
4.9
4.8
6.0
5.9
5.5
5.4
6.9
5.6

Dry
6.3
5.0
4.9
5.9
5.6

Dry
4.7

Dry
5.3
5.0
5.1
4.9
5.2

Dry

0.68 0.14 0.06 0.12 0.24 0.78

0.60
0.21
0.08
0.04
0.14

0.31
0.05
0.10
0.01
0.04

0.11
0.02
0.01
0.01
0.02

0.77
0.07
0.05
0.02
0.06

0.28
0.09
0.07
0.04
0.07

0.99
0.98
0.44
0.29
0.25

1.71
2.18
0.23
0.25
0.12
0.15
0.29
0.16
0.25
0.64

0.43
0.15
0.02
0.07
0.02
0.03
0.03
0.04
0.04
0.07

1.86
0.15
0.02
0.07
0.02
0.03
0.02
0.06

0.72
0.27
0.27
0.09
0.06
0.08
0.14
0.16
0.08
4.80

<0.02
0.71

<0.02
0.12
0.13

<0.02
<0.02

0.05
0.11

<0.02

1.67
3.61
0.35
1.13
0.50
0.13
0.47
0.78
0.71
0.13

0.02
0.05

4.00
0.38
0.81
3.78
3.21

0.27 0.29 0.87 0.67
0.09 0.05 0.15 0.14
0.10 0.12 0.20 0.40
0.37 0.54 1.14 0.67
0.31 0.87 1.18 1.30

7.51
1.19
2.02
5.66
5.35

0.60 0.07 0.18 0.17 0.49 1.77

0.44
2.47
0.20
0.16
0.49

0.03 0.03 0.04 0.15
0.21 0.30 0.40 0.07
0.02 0.02 0.04 0.09
0.02 0.05 0.08 0.22
0.04 0.14 0.19 0.42

0.97
2.81
0.81
0.98
1.73
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L.

Locations of Beehives

*.- ---
N-S E-W

Station ~:. Coordinate Coordinate
~:..—~,~ .

RegionalStation(28-44-km)—UncontrolledArea
k.

1. Chimayo --- —

.- .,..
PerimeterStations(0-~Q@-Uncontrolled Areas

.. . —

2. Northern Los Alanlos County N190 W020
3. Pajarito Acres S21O E380

Onsite Stations—Contf7d1edAreas

4. TA-21 (DP Cany@
5. TA-50 (EflluentCanyon)
6. TA-53 (LAMPF),— ,
7. Mortandad Canyi~
8. TA-8 ..s -J —.—
9. TA-33

10. TA-54 (Area G)
— .-

.= -—.—

;g. ,- :

.-.
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N040 E080
N070 E090
N020 E220
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Table E-XXXVII

Meansa and Extremes of Temperature and Precipitation—

Climatologictd Summary (1911-1983)for Los Alamos, New Meticob

Temperature(°F)

Means
Extremes

High IAw
High Low DaiIy
Avg YW Avg Year Max—. —..

Mean Mearr
Max Min Avg———

Daily
MinMonth Date

1/12/53
2/24/36

3/26171
3130146
4/23138
5/29/35
6122/81
Ill 1/35
8/10/37
9111/34
10/1/80
11/1/50

12/27/80

7/1 1135
6/22/81

Date

1/13/63
2/1/51
2/8/33

3/1 1/48

Jan 39.7 18.5 29.1
43.0 21.5 32.2

37.5 1953 20.9 1930 64
37.4 1934 23.0 1939 66

-18
-14Feb

Mar 48.7 26.5 37.6 45.8 1972 32.1 1948 71 -3

57.6 33.7 45.6
67.0 42.8 54.9
77.8 52.4 65.1
80.4 56.1 68.2
77.4 54.3 65.8
72.1 48.4 60.2
62.0 38.7 50.3
48.7 27.1 37.9
41.4 20.3 30.8

54.3 1954 39.7
60.5 1956 Sol
84.5 1980 60.4
87.3 1980 63.3
70.3 1936 60.9
65.8 1956 56.2
54.7 1963 44.4
44.4 1949 30.5
38.4 1980 24.6

1973
1957
1965

79
89
95
95
92
94
84
72
64

5
24
28
37
40
23
15

-14

419/28
4 Dates

6/3/19
7/7/24

8/16/47
9129/36

10/19/76
1/28176

Apr

May

Jun

Jul

Aug
Sept
Oct
Nov
Dec

1926
1929
1965
1976
1972
1931 .12 12/9178

-18 1/13/63Annual 59.6 36.7 48.1 52.0 1954 46.2 1932 95

Precipitation (in.)
Mean Number of Days

Max Min
Precip Temp Temp

~o.lo in. 290°F S32°F——

2 0 30
2 0 26
3 0 24
2 0 13
3 0 2
3 1 0
8 1 0
9 0 0
4 0 0
3 0 7
2 0 22
3 0 30

43 2 154

Rainc Snow

Mo. DaiIy Mo. Daily
Month Mean Mstx Year Max Date Mean Max Year Max Date————— ————

Jan
Feb
Mar

0.85 6.75 1916 2.45
0.68 2.44 1948 1.05
1.01 4.11 1973 2.25
0.86 4.64 1915 2.00
1.13 4.47 1929 1.80
1.12 5.57 1913 2.51
3.18 7.98 1919 2.47
3.93 11.18 1952 2.26
1.63 5.79 1941 2.21
1.52 6.77 1957 3.48
0.96 6.60 1978 1.77
0.96 2.85 1965 1.60

1/27/16
2/20/ 15
3/30/16
4f12[75
5/21/29
6/10/13
7/31168

8/1/51
9/22/29
10/5/11

11/25/78
12/6178

9.7 39.3
7.3 36.4
9.7 36.0
5.1 33.6
0.8 17.0
0 ...

0 ...

0 —.

0.1 6.0
1.7 9.0
5.0 26.2

11.4 41.3

1949
1982
1973
1958
1917

—

15.0
19.0
18.0
20.0
12.0
—

1/5/13
2/4182

3/30/16
4/12/75

5/2/78
Apr
May
Jun
JUl

-..
.-.—

Aug
Sept
Oct
Nov
Dec

—.
1913
1972
1931
1967

—
6.0
9.0

14.0
22.0

—
9/25/13

10/31/72
11/22/31

1216178

Annual 17.83 30.34 1941 3.4t3 10/5/1 I 50.8 100.0 1958 22.0 !2/6/78
.—
aMeans based on standard 30-year period: 1951-1980.
bhtitude 35° 32) rtm-th,longitude 106° 19’ west; elevation 2249 m.
Chrcludesliquid water equivalent of frozen precipitation.
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Table E~XXXVII(cent)
!,-

CIima~ologica3Summary 1983

-
... - Temperature(°F)- ——

Meq
~~-. —

Mean Mean
Max

IExtremes

yi~- Avg
-

‘:—>.
20.7- 31.3
22.3 33.1
2%,~ 37.8
27;3 40.3
36.? 50.9
48.3 62.5
541 68.2
54.4- 67.1
49.0 63.1
39.8 50.4
26.1- 31.9
18.9 29.0

35.i-- 47.6.

L
. ,.

Month

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sept
Oct
Nov
Dec

Annual

High

53
55
63
70
79
90
88
86
87
70
67
52

90

Date raw

10
13
14
8

27
38
47
51
25
28
8
0

0

Date

I41.9
43.9
48.5
52.8
64.8
76.7
82.1
80.0
77.2
63.1
49.8
39.1

13
18
31
25
24
18

7,9
17
6

18
3
8

6/18

10
2

21
5
2

13,14
14

23,26
21
25

27,28
28,29

12/2860.0

,.
Numberof DaysPrecipitwion(in.)

Rain’ - Snow: .- Max Mirr IDaily Daily Precip Temp Temp
Total Date Date >0.10 in. >90°-F <32°FMonth Max

Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sept
Oct
Nov
Dee

1.12
0.63
1.82
0.84
0.65
0.41
3.64
2.99
1.89
1.12
0.48
1.08

0.80
0.28
0.54
0.65
0.21
0.19
1.56
0.54
0.67
0.45
0.19
0.36

1.56

31
4

18
4

20
27
23
11
11
1

26
28

17.9 12.0
9.8 5.0

16.3 5.3
11.5 10.0

,X T
o 0

31
4

18
4

20
..-

2
2
6
1
3
1
7
9
6
4
1
3

0
0
0
0
0
1
0
0
0
0
0
0

31
28
27
18
11
0
0
0’
1
4

21
31

I
..-
..-
-- I‘“ o 0

0 0
5.2 3.3

11.7 4.5

...
26
28

Annual 16.67 7/23 72.4 12.0 1/31 45 1 172
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January

February

March

April

May

Table E-XXXVIII

Highlightsof WeatherDuring 1983

Snowstormon the 31st.
Snowy: 17.9 in.
SMDP on the 3lst: 0.80 in.
SMDS on the 31st: 12.0 in.

Near normal temperaturesand precipitation.

Wet: 1.82 in. precipitation.
Snowy: 16.3 in.
Windstorm during 4th to 6th; 50 mph peak gusts.
SMDP on the 18th: 0.54 in.
SMDS on the 18th: 5.3 in.
Windstorm and blowingdust on the 31st; 56 mph peak gusts.

Very cold and snowy.
Mean temperature = 40.3°F (Normal = 45.6”F).
3rd coldest April on record.
Mean low temperature = 27.9°F (Normal = 33.7”F).
Secondlowestmonthlymean lowtemperatureon record for April.
Snowfall= 11.5 in. (Normal = 5.1 in.)
Windstormon lst; 51 mph peak gust.
SMDL on the 4th = 10”F.
Coldesthightemperaturefor so late in the seasonon the 4th:26°F.
SMDP on the 4th = 0.65 in.
SMDS on the 4th = 10.0 in.
SMDL on the 5th = 8°F.

Very cold and dry.
Mean temperature = 50.9°F (Normal = 54.9”F).
3rd coldest May on record; coldest since 1957.
Mean low temperature = 36.9°F (Normal = 42.8”F).
Coldest mean low temperature for May on record.
SMDL on the 17th: 30”F.
SMDL on the 18th: 28”F.
SMDL on the 21st: 31‘F.

(Spring 1983) Mean temperature = 43.O”F (Average= 46.0 ‘F).
(March-May) 2nd coldest spring on record (1973 spring mean = 42.1°F).

Mean minimumtemperature = 30.7°F (Average = 34.3”F).
Coldest mean minimumtemperature for spring (previous
coldest = 30.9°F in 1941).
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T@le E-XXXVIH (cent)

I
I

June

~.–
.-—.. .

Cool and d&-
Mean temperature,= 62.5°F (Normal = 65.1°F).
Precipitation~OJ41 in. (Normal = 1.12 in.).
TMDL on the 14th: 38°F.
TMDH on !~e 18th: 90°F. -
TMDL on the 28th: 46”F.

July
. .

Thunderstoi%sWithheavy rain in Los Alamos on 23rd;
Storeroof cfj~apsesdueto rains in Los AlamosBusinessDistrict.
SMDP on ~&23rd: 1.56 in.

++-
August Temperatu/&3riear normal.

precipitatio~~elow normal: 2.99 in. (Normal = 3.93 in.).
Funnel clo~i~ was reported by public several miles
SE of Whi(~k%ck on afternoon of the 23rd.

September Warm. “-’” ‘
Mean tempgzlture = 63.l°F (Normal = 60.2”F).
Very warm daytime temperatures.
Mean daily%iglTtemperature= 77.2°F (Normal = 72.1°F).
SMDH onlt~e 2nd: 84°F..=-
SMDH on,jhe 9th: 84”F.
Extremelye@y hard freeze on the 21st: 25”F.
Set record for coldest for so early in season.
SMDL on @e 21st: 25°F.

~e–-— ,

October Temperatux?%nearnormal.
Precipitatid~belo,wnormal: 1.12 in. (Normal = 1.52 in.).

-.

November Month of ex~emes: First 17 days were very warm
and dry, w&ilethe end of the month was cold and snowy.
Month as il whole had normal temperatures.
Dry: 0.48 !E. precipitation(Normal = 0.96 in.)..— ... . .

SMDH on ‘the3idf 67”F.
TMDH on the 7th: 66”F.
Windstorm;~the-8th and 9th; maximumgustsof 49 and 43 mph,
respective}’.
Windstorm‘on the 14th; 51 mph peak gust.

Ie

December ~oo~. .:--- -:

Mean tem~lkrature= 29.O”F (Normal = 30.8”F).
SMDL on;$”e 6th: 5°F.
SMDL onj~he2qth: O“F.
TMDL on-the 29th: O°F.
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Table E-XXXVIII (cent)

Annual 1983 mean temperature = 48.1°F (Normal = 47.6”F).
1983precipitation = 16.67 in. (Normal = 17.83 in.).
1983 snowfall= 72.4 in. (Normal = 50.8 in.).
1983 growing season was shortest on record (125 consecutive
days with no minimumtemperaturesbelow 28°F).

Key for Abbreviations
SMDH: Set Maximum Daily High Temperature Record
TMDH: Tied Maximum Daily High Temperature Record
SMDL: Set MinimumDaily Low Temperature Record
TMDL: Tied MinimumDaily Low Temperature Record
SMDP: Set Maximum Daily PrecipitationRecord
SMDS: Set MinimumDaily SnowfallRecord
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Predominate

-.

,=Table E-XXXIX
;~=: J . I

Rmsb Surfaceand Ground Waters
and Pondsat Fenton HillGeothermalSite

(c~ncentrationsin mg/J?)

;@urface Water

Na c1 ‘fix da S04 TDS
—— ———

SodiumChloride
RedondoCreek(U)
JemezRiver(R)
Jemez River (S)

Calcium Bicarbonate
San Antonio Crwk (N)
Rio Cebolla (T)
Rio Guadalupe (Q)
Lake Fork 1 (LF-1)
Lake Fork 2 (LF-2)
Lake Fork 3 (LF-3)
Lake Fork 4 (LF-4)

Calcium Sulfate
Sulphur Creek (V) 60 325 442

13 8 -77 Sulphur Creek(F) 25 62 150
78 102 4?8
78 102 380 Na HC03 TDS

:; , ———

Ca HC03 fiS SodiumBicarbonate—-
Jemez River (J) 20 60 131

16 60 139
20 75 io2
49 150 207
14 45 89
16 55 116
14 65 133
16 70 142

!=Ground Water—,.—.
Na c1 ‘IDS Na HC03 TDS

—— ~~

Sodium Chloride
Loc. JF-1 (Hot Spr) 500
Loc. JF-5 (Hot Spr) 925

Ca

Calcium Bicarbonate
FH-1 (Supply Well) 41
Lee. 39 (Spr) 17

690 1902
1400 :,87-6

l’--

HC03 TDS
.-

115 236
50 106

Sodium Bicarbonate
JS-2, 3 (Spr) 23 97 151
JS-4, 5 (Spr) 20 85 164
Lac. 4 (Spr) 38 130 190
Imc. 31 (Spr) 17 60 97
RV-2 (Hot Spr) 26 50 154
RV-4 (Hot Spr) 53 115 231
RV-5 (Hot Spr) 23 75 137

Ponds—FentonHill
so, (:I F TDs As B Cd Li

—- —.———
IL ,.

Upper GTP-1 84 12s0 4.3 3488 0.065 40 <0.001 18
LOwerGTP-3 40 46 0.6 202 0.200 1.3 0.002 0.7

———.—— — -.
Notes: 1. See Figure 29 for samplinglocationsindicited iiri”parentheses.

2. One sample taken at each location. ‘“ ‘”
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APPENDIX F

DESCRIPTIONS OF TECHNICAL AREAS AND THEIR ASSOCIATED PROGRAMS

Locations of the 32 active technical areas (TA’s)
operated by the Laboratory are shown in Fi~j 4. T-he
main programs conducted at each are listed in. this ap-
pendix.

TA-2, Omega Site: Omega West Reactor, an 8
megawatt nuclear research reactor, is locatedhere. It
serves as a research tool in providing a source of’
neutronsfor fundamentalstudiesin nuclearph;(~ic~and.
associated fields.

TA-3,South Mesa Site: In this main technic;~area of
the Laboratory is the Administration Building I.hat con-
tains the Director’s office and administrative offices and
laboratories for several divisions. Other buildings house
the Central Computing Facility, Administration offices,
Materials Department, the science museum, Chemistry
and Materials Science Laboratories, ‘–;Physics
Laboratories, technical shops, cryogenicslabor;~toties,a
Van de Graaff accelerator, and cafeteria.

TA+5, Two Mile Mesa Site: This is one of tlireesites
(TA-22 and TA-40 are the other two sites) used in
developmentof special detonators for initiation“ofhigh-
explosivesystems.Fundamentaland appliedresearch in
support of this activity includes investig.iltimof
phenomenaassociatedwith initiationof highe~plosives,
and research in rapid shock-induced reactiofis with
shock tubes.

TA-8,GT Site (or Anchor Site West): This is a non-
destructivetesting site operated as a servicefacilityfor
the entire Laboratory, It maintains capabilil,y-in all
modern nondestructivetesting techniques for insuring
quality of materials, ranging from test weapoccomp;-
nents to checkingof high pressuredies and mo!ds.Prin-
cipal tools include radiographic technique; (x-ray
machines to 1 million volts, a 24-MeV betatron),
radioactiveisotopes,ultrasonictesting,penetranttesting,
and electromagneticmethods.

TA-9, Anchor Site East: At this site fabrication
feasibilityand physical propertiesof explosivesare ex-
plored. New organic compounds are investigatedfor
possibleuse as explosives.Storageand stabilityproblems
are also studied.

170
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TA-ZZ, K-Site: Facilitiesare located here for testing
explosivecomponentsand systemsundera varietyof ex-
treme physicalenvironments.The facilitiesare arranged
so testingmay be controlledand observedremotely,and
so devicescontainingexplosivesor radioactivematerials,
as wellas thosecontainingnonhazardousmaterials,may
be tested.

TA-14, Q-Site: This tiring site is used for running
various tests on relativelysmall explosivecharges and
for fragment impact tests.

TA-Z5, R-Site: This is the home of PHERMEX—a
multiplecavityelectronacceleratorcapableof producing
a very large flux of x-rays for certain weaponsdevelop-
ment problemsand tests.This site is also usedfor the in-
vestigationof weapon functioningand weapon system
behavior in nonnuclear tests, principallyby electronic
recording means.

TA-16, S-Site: Investigations at this site include
development, engineering design, pilot manufacture, en-
vironmental testing, and stockpile production liaison for
nuclear weapon warhead systems. Development and
testing of high explosives, plastics and adhesives, and
process development for manufacture of items using
these and other materials are accomplished in extensive
facilities.

TA-18, Pq”arito Laboratory Site: The fundamental
behavior of nuclear chain reactions with simple, low-
power reactors called “critical assemblies” is studied
here. Experimentsare operated by remote control and
observedby closed circuit television.The machinesare
housed in buildingsknown as “kivas” and are used
primarilyto providea controlledmeansof assemblinga
critical amount of fissionablematerials.This is done to
study the effectsof variousshapes, sizes,and configura-
tions.These machinesare also used as sourcesof fission
neutrons in large quantitiesfor experimentalpurposes.

TA-22,DP-Site: This site has two primary research
areas, DP West and DP “East.DP West is concerned
withchemistryresearch.DP East is the hightemperature
chemistry and tritium site.

TA-22, TD Site: See TA-6.
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TA-28, Magazine Area “A”: Explosivesstoragearea.
TA-33,HP-Site: A major high-pressuretritiumhandl-

ing facilityis located here. Laboratory and officespace
for GeosciencesDivisionrelated to the Hot Dry Rock
Geothermal Project are also here.

TA-35, Ten Site: Nuclear safeguards research and
development,whichis conductedhere,is concernedwith
techniques for nondestructivedetection, identification,
and analysisof fissionableisotopes.Research in reactor
safety and laser fusion is also done here.

TA-36, Kappa Site: Various explosivephenomena,
such as detonation velocity,are investigatedhere.

TA-37,Magazine Area “C”: Explosivesstoragearea.
TA-39, Ancho Canyon Site: Nonnuclear weapon

behavior is studied here, primarily by photographic

techniques. Investigations are also made into various

phenomenological aspects of explosives, interaction of

explosives, and explosions with other materials.

TA-40, DF-Site: See TA-6.
TA-41, W-Site: Personnel at this site are engaged

primarily in engineering design and development of
nuclear components, including fabrication and evalua-
tion of test materials for weapons.

TA-43,Health Research Laboratory: The Biomedical
Research Group does research here in cellular
radiobiology,molecularradiobiology,biophysics,mam-
malian radiobiology, and mammalian metabolism. A
large medical library, special counters used to measure
radioactivityin humans and animals, and animal quar-
ters for dogs, mice and monkeysare also located in this
building.

TA=f6,WA Site: Here appliedphotochemistry,which
includes developmentof technology for laser isotope
separation and laser-enchancement of chemical
processes, is investigated.Solar energy research, par-
ticularly in the area of passive solar heating for
residences,is done.

TA-48, Radiochemistry Site: Laboratory scientists
and techniciansat this site study nuclear propertiesof

radioactive materials by using analytical and physical
chemistry.Measurementsof radioactivesubstancesare
made and “hot cells” are used for remote handling of
radioactivematerials.

TA-50, Waste Management Site: Personnelat this site
have responsibilityfor treatingand disposingof most in-
dustrial liquidwaste receivedfrom Laboratory technical
areas, for developmentof improved methods of folid
waste treatment, and for containment of radioactivity
removedby treatment.Radioactiveliquidwaste is piped
to this site for treatment from many of the technical
areas.

TA-5Z, Animal Exposure FaciZity: Here animals are
exposed to nonradioactivetoxic materials to determine
biologicaleffects of high and low exposures.

TA-.52,Reactor Development Site: A wide variety of
activities related to nuclear reactor performance and
safety are done here.

TA-53, Meson Physics Facilify: The Los Alamos
Meson Physics Facility (LAMPF), a linear particle ac-
celerator, is used to conduct research in the areas of
basic physics, cancer treatment, materials studies, and
isotope production.

TA-54, Waste Disposal Site: This is a disposal area
for solid radioactive and toxic wastes.

TA-5S,Plutonium Processing Facilities: Processingof
plutonium and research in plutonium metallurgy are
done here.

TA-57,Fenton Hill Site: This is the location of the
Laboratory’s Hot Dry Rock geothermal project. Here
scientistsare studyingthe possibilityof producingenergy
by circulatingwater through hot, dry rock located hun-
dreds of meters below the earth’s surface. The water is
heated and then brought to the surface to drive electric
generators.

TA-58,Two Mile Mesa. Undevelopedtechnicalarea.
TA-59, Occupational Health Site: Occupational

health and environmentalscienceactivitiesare conduc-
ted here.
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APPENDIX G.

PUBLICATIONS OF THE ENVIRQJWIENTALSURVEILLANCE GROUP DURING 1983

,=
N. Beckerand R. Pettitt,“How to ImproveCorweMions
and Oral Presentations,” Civil Engineering53 (12), 6
(December 1983).

W. W. Berg, P. D. Sperry, K. H. Rahn, and. E. S.
Gladney,“AtmosphericBrominein the Arctic,’’Jtiurna1
of GeophysicalResearch88, 6719-6736(1983)

B. Bowen, J. Dewart, and I. Chen, “Stability Class
Determination:A Comparison for One Site,” in Proceed-
ings of the Sixth Symposium on Turbulence and Dif-
fusion, Massachusetts, March 22-25, 1983 (American
Meteorological Society).

B. M. Bowen,T. E. Buhl,J. M. Dewart, W. R; ~“ansen,
D. Talley,A. I. Chen,W. A. Olsen,and D. M. VanEtten,
“Measurements and Modeling of Gamma Absorbed
Doses Due to Releases from a Linear Prcton Ac-
celerator: Experimental Design and Prelimiri~ryRe-
sults,” Proceedingsof the Fourth DOE Envirorlmental
Protection InformationMeeting,Denver,Colorado,De-
cember 7-9, 1982,CONF-821215,pp. 447-456.

T. E. Buhland W. R. Hansen,“Estimatingthe:Risks of
Cancer Mortality and Genetic Defects Resultjrigfrom
Exposures to Low Levels of Ionizing Radiati;~n,”Los
Alamos National Laboratory WJOrt (in PreSs). ,x .. ~

EnvironmentalSurveillanceGroup,“Environme@alSur-
veillance at Los Alamos During 1982,” Los Alamos
National Laboratory report LA9762-ENV(Aplil 1983).

,,,- ,
E. S. Gladney, M. K. Wallwork-Barber,and R. W.
Ferenbaugh, “Enriched Uranium as an Ac~vatable
Tracer in EnvironmentalResearch,” Journal cf Radio-
analyticalChemistry78, 209-212(1983).

E. S. Gladney, C. E. Burns, and I. Roelandts,-U’1982
Compilation of Elemental Concentrations in Eleven
USGS Rock Standards,” Geostandards Newsletter 7,
3-226(1983).

E. S. G]adney, W. A. Sedlacek, and W. W. Berg,
“Comparative Determinationof Bromineand Iodine in
Three Air Sampling Media Via InstrumentalThermal
and Epithermal Neutron ActivationAnalysis,”Journal
of RadioanalyticalChemistry78 (l), 213-225(1983).

E. S. Gladney,D. R. Perrin,and W. E. Goode,“Quality
Assurance for EnvironmentalAnalytical Chemistry at
Los Alamos,” Proceedingsof the Fourth DOE Environ-
mental Protection Information Meeting,Denver, Colo-
rado, December 7-9, 1982, in CONF-821215, pp.
107-118.

T. C. Gunderson,T. E Buhl,R, Romero,and D. M. Van
Etten, “An Environmental Study of Emissions from
Testing of Shaped-Charge, Depleted Uranium Muni-
tions,” Los Alamos National Laboratory report LA-
UR-83-373(February 1983).
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alphaparticle

activation products

backgroundradiation

beta particle

ConcentrationGuide(CG)

ControlledArea

cosmicradiation

curie (Ci)
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A charged particle (identical to the helium nucleus)
composed of two protons and two neutrons that is
emitted during decay of certain radioactive atoms.
Alphaparticlesare stoppedby severalcentimetersof air
or a sheetof paper.

In nuclear reactors and some high energy research
facilities,neutrons and other subatomic particles that
are being generated can produce radioactive species
throughinteractionwithmaterialssuch as air, construc-
tion materials, or impurities in cooling water. These
“activation products” are usually distinguished,for
reportingpurposes,from “fissionproducts.”

Ionizingradiationfrom sourcesother than the Labora-
tory. It may includecosmicradiation;externalradiation
from naturally occurring radioactivity in the earth
(terrestrialradiation),air, and water; internalradiation
from naturally occurring radioactive elements in the
human body; and radiation from medical diagnostic
procedures.

A charged particle (identical to the electron) that is
emittedduringdecayof certainradioactiveatoms.Most
beta particles are stopped by 0.6 cm of aluminumor
less.

The concentrationof a radionuclidein air or water that
resultsin a wholebody or organdosein the 50thyear of
exposureequalto the Departmentof Enrgy’sRadiation
ProtectionStandardforexternaland internalexposures.
This doseis calculatedassumingthe air is continuously
inhaledor the water is the solesourceof liquidnourish-
ment for 50 years.

Any Laboratory area to which access is controlledto
protect individuals from exposure to radiation and
radioactivematerials.

High energyparticulateand electromagneticradiations
that originateoutside the earth’s atmosphere.Cosmic
radiationis part of natural backgroundradiation

A specialunit of radioactivity.One curieequals3.70x
1010nucleartransformationsper second.
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dose

dose, absorbed

dose,equivalent

dose, maximum boundary

dose, maximum individual

dose,population

dose, wholebody

exposure

external radiation

fission products

gallery

A term denoting the quantity of radiation energy ab-
sorbed.

The energyimpartedto matterby ionizingradiationper
unit mass of irradiated material.(The unit of absorbed
dose is the rad.)

A term used in radiation protection that expresses all
types of radiation (alpha, beta, and so on) on a common
scale for calculating the effective absorbed dose. It is the
product of the absorbed dose in rads and certain
modifyingfactors. (The unit of dose equivalentis the
rem,)

The greatestdosecommitment,consideringallpotential
routes of exposure from a facility’soperation, to a
hypotheticalindividualwho is in an UncontrolledArea
where the highestdose rate occurs. It assumesthat the
hypotheticalindividualis present for 100’%0of the time
(fulloccupancy)and does not take into accountshield-
ing (for example,by buildings).

The greatestdosecommitment,consideringallpotential
routes of exposure from a facility’soperation, to an
individualat or outsidethe Laboratoryboundarywhere
the highest dose rate occurs. It takes into account
shieldingand occupancy factors that wouldapply to a
real individual.

The sum of the radiation doses to individualsof a
population.It is expressedin units of person-rem(for
example,if 1000peopleeach receiveda radiationdose
of 1 rem, their populationdose wouldbe 1000person-
rem.

A radiation dose commitment that involves exposure of
the entire body (as opposed to an organ dose that
involves exposure to a single organ or set of organs).

A measure of the ionizationproduced in air by x or
gammaradiation.(Theunitofexposureis the roentgen.)

Radiation originating from a source outside the body.

Those atoms created through the splitting of larger
atoms into smaller ones, accompanied by release of
energy.

An undergroundcollectionbasin for springdischarges.
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gamma radiation

gross alpha

gross beta

ground water

half-life, radioactive

internal radiation
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Laboratory

MaximumContaminantLevel(MCL)

mrem

perched water

person-rem
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Short-wavelengthelectromagneticradiation of nuclear
originthat has no mass or charge. Becauseof its short
wavelength(high energy),gamma radiation can cause
ionization. Other electromagnetic radiation (micro-
waves,visiblelight,radiowaves,etc.) have longerwave-
lengths(lowerenergy)and cannotcause ionization.

The total amount of measured alpha activity without
identflcationof specificradionuclides.

The total amount of measured beta activity without
identificationof specificradionuclides.

A subsurfacebody of water in the zone of saturation.

The time required for the activity of a radioactive
substance to decrease to half its value by inherent
radioactivedecay.After twohalf-lives,one-fourthofthe
original activity remains (1/2 x 1/2), after three half-
Iives,one-eighth(1/2 x 1/2 x 1/2),and so on.

Radiation from a source withinthe body as a resultof
depositionof radionuclidesin body tissuesby processes
such as ingestion, inhalation, or implantation.
Potassium-40,a naturally occurring radionuclide,is a
major source of internalradiationin livingorganisms.

Los AlamosNational Laboratory.

Maximumpermissiblelevelof a contaminantin water
that is deliveredto the freeflowingoutletof the ultimate
user of a public water system (see Appendix A and
Table A-III). The MCLSare specifiedby the Environ-
mentalProtectionAgency.

Millirem(10-3rem).Seerem definition.

A ground water body above an impermeablelayer that
is separated from an underlyingmain body of ground
water by an unsaturatedzone.

The unit of population dose, it expressesthe sum of
radiation exposuresreceivedby a population.For ex-
ample, two personseach with a 0.5 rem exposurehave
received 1 person-rem.Also, 500 peopleeach with an
exposureof 0.002 rem havereceived1person-rem.

A specialunitof absorbeddosefromionizingradiation.
A dose of 1 rad equals the absorption of 100 ergs of
radiationenergyper gram of absorbingmaterial.
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radiation

Radiation Protection Standard

rem

roentgen (R)

terrestrial radiation

thermoluminescent dosimeter (TLD)

tritium

tuff

Uncontrolled Area

uranium, depleted

uranium, total

The emissionof particles or energy as a result of an
atomicor nuclearprocess.

A standard for externaland internalexposureto radio-
activity as defined in Department of Energy Order
5480.IA, Chapter XI (seeAppendixA and TableA-II
in this report).

The unit of radiation dose equivalentthat takes into
accountdifferentkindsof ionizingradiationand permits
them to be expressed on a common basis. The dose
equivalentin reins is numericallyequalto the absorbed
dose in rads multipliedby the necessary modifying
factors.

A unit of radiation exposure that expresses exposure in
terms of the amount of ionization produced by x rays in
a volume of air. One roentgen (R) is 2.58 x 10-4
coulombs per kilogram of air.

Radiationemittedby naturallyoccurringradionucLides,
such as 40K,the natural decay chains 23SU,238U,or
ZJzTh,or from cosmic-rayinducedradionuclidesin the

soil.

A material (the Laboratory uses lithiumfluoride)that,
after beingexposedto radiation,Iuminescesupon being
heated. The amount of light the material emits is
proportionalto the amountof radiation(dose)to which
it was exposed.

A radionuclide of hydrogen with a half-Lifeof 12.3
years. The very low energy of its radioactive decay
makesit one of the least hazardousradionuclides.

Rock of compactedvolcanicash and dust.

An area beyond the boundariesof a ControlledArea
(seedefinitionof “ControlledArea” in this Glossary).

Uranium consistingprimarily of 238Uand having less
than 0.72 wt?4023SU.Depleteduranium generallycon-
tains less than 0.2 wt’%oZ3SU.Except in rare cases

occurringin nature, depleteduraniumis manmade.

The amount of uranium in a sample assuming the
uranium has the isotopiccontentof uranium in nature
(99.27 wt% 23SU0.72 wt% ‘35U,0.0057wt% 234U).
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