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RESULTS AND CONCLUSIONS 

Phase lib was conducted during late May to early July, 1976', 

as a follow-up program to the fall sailing (Phase XI.).    The ob- 
c      f   he s rig program was to determine if ^re are signi ica, . 

i variations in trace element concentrations in the soil, 

Un wnCcontain anomalous concentrations of trace elements and 
£T«Td « those areas of similar geologic setting but removed 
from any possible Influence of Arsenal activities. 

Results of the spring sampling program were compared to the 
Results os «       v        „tfttiificatit seasonal variation was observed 

•«-HE £5™ t s=ar== 
tl„„s »ere found to ^"^   ™ prevlou, sBjdles by TrMt have 
suzeests Reservoir F is  leaning.       *• leakaee. 
shown the southeast oorner to be the „ajor source of the leakage. 

Arsenle «as again found In one »U on the *£*g£ 
Ä «„ the arsenic content was observed in the spring sam 

increase in ** "S^ ling.    ^is increase should be 
pling as compared to the fall samp      « which would ln. 

ejected due ^Z     Zsllic^sL was similar to that    . 
crease the solubility.    Arsenic .    * d       oal   one well. 
observed in the fall program, being restricted y 

,-,   /«.m fcl located in Mr. Land's wheat- 

cim of the vater traversing hi;*e*^ „„„, beWeen 

TI0SC 3na other, have shovn a >££% „lt f0ntent 

r^ano'.s srjr-'«-—.»— * >—" . 

^■O   3 

If S.W2.11. 

«ISS 
• sr S* 3 a • w 0 

■n x a r z z 



r~ 

y •   C   «  "   O — p  »♦ _ 3 

» s-- S » O -*<<•» m 

r 

iC 

o 

amounts due to RMA versus natural sources is difficult to assess.   .A 
resampling of the field well showed DIMP concentration levels to be 
highly time dependent.    The lack of DCPD in this shallow well, coupled 
with, the high DIMP concentration again suggests different dispersion 
paths  for these two contaminants is operating.    In addition, different 
sources  and/or time of influx may be present. 

Both Mr. Larry Land's and Jim Land's wells were also sampled. 
These wells were not made available for sampling last fall during 
the Phase Ila program.    No anomalous copper, arsenic or conduc- 
tivities were found in Mr. Larry Land's well.    Mr. Jim Land had 
two wells, both of which were sampled, a deep well («350 ft.) 
and a shallow well (»100 ft.).    The deep well showed background 
concentrations of copper, arsenic, and conductivity.    The shallow 
well showed a threshold value of copper.    No anomalous arsenic, 
mercury or conductivity was observed in this well. 

Significant seasonal variations were observed in the concen- 
tration levels of mercury, chloride and calcium, in the soils of . 
both Land's field and the control field south of the arsenal.    This, 
decrease is due to higher water table coupled with downward infiltra- 
tion and leaching of the salts by the spring rains.    No significant 

• seasonal effect was observed for magnesium or sulfate.    It is there- 
fore Imperative that all soil sampling data be interpreted utilizing 
this seasonal concentration variance. 

'  Significant seasonal variations were also observed in the con-    . 
centration levels of copper in cottonwood twigs.    In general the 
copper concentration was found to increase due to the larger 
volume of sap running through the twigs in the spring.    Mercury 
concentration levels were, however,  found to decrease as compared 
to the fall concentration levels.    This decrease is probably related 
to a decrease in the chloride content in ground waters..by .normal 
dilution.    Since mercury would migrate as a chloride complex its 
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concentration levels  in the water,  and thus available to the plant, 

would decrease. 
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INTRODUCTION 

Dorins the summet of 1975 IntraSearch was retained by the 

Rocky Mountain Arsenal to conduct a remote sensing program to deter- _ 

mi„.  It Reservoir F «as  leaking (Phase I).    This study resulted in 

the dotinition ot areas containing vegetative stress     To evaluate 

these areas of vegetative stress a Wo phase geochemical program 
fls initiated.    Phase II. was conducted in October through December 
1 5,w    „ samples ot sou, plan«, surface waters, groundwaters    ana 

"  ervnir waters,  collected and geochemically evaluated      Res»! s 
2 cLtained in a report dated Marctf°1976 by Inü^ULS*.    Phase 
2 la initiated in late May,  1976.     Again soil    plants, aur ace 
«.Mrs   and groundwaters were collected and have been geochemically 
i: "at d     Results of the two phases have been interpreted and com- 
pared to determine it significant seasonal variations are present. 

Seasonal variances could be present due to the following 

factors: , 
Higher goundwater table resultzng In. 

'a.    Different dispersion paths ' .,   jT_. , 
Dissolution of contaminants contained in the soil ab... 

the normal water table level 
Lower te.peratures of the unconfined aquifer resulting 

.       in changes in solubilities of some contaminants, es- 

pecially arsenic compounds. ..--♦. 
Rechlrge of potentially contented aquifers at different 

sites   than during the sunmer/fall months. 
'~di-g in Reservoir A,   Wl^ *? <»°™«"4 *«col.twn 
« eonLinated sediments and entering the groundwatar 

Cyüne'm' * f nof-entiallv contaminated water as 
Northward «i£»i«£ ^    ^t in highly salons 

. concentrations in certain wells  for a relatively short 

time period» 
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•    •  '    Or. Paul B. Trost, a geochemist with Martin-Trost Associates» 
\ was retained by IntraSearch to conduct both programs. 
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OBJECTIVES 

The objectives of Phase lib were to determine if seasonal 

variations in temperature, groundwater levels and spring recharge of 

the shallow aquifer would'have a significant effect on concentration 

levels of trace and major elements in the soil, plants and water. 

Sample sites* selected in Phase Ila were resampled in a similar manner 

and. re-analyzed by the same commercial laboratory utilizing the same 

digestion and analytical techniques. 

.Objectives to be specifically accomplished were: 

1. Determine if Reservoir F is leaking. 

2. Determine if Mr. Land's wheatfield in S/2, Sec. 14, T2S, 

R67W, contains anomalous concentrations of elements relatable • 

to present or past Arsenal activities and if these concen- 

trations are variable due to seasonal effects. 

3. Compare the concentrations of trace and major elements from 

Phase Ila and Phase lib. 
4. Develop additional data for a uniform sampling schedule as 

related to any seasonal variances. 

3 H-3-S- 

<a - 

•n *o es rzz 

U3p in 

t.^ 

I 

o 



FIELD AND ANALYTICAL METHODS EMPLOYED 

All sampling arid analysis were conducted in locations and man- 

ners as those obtained for Phase Ha. This was done to insure any - 

variances observed were relatable to seasonal effects. 

Please refer to Lhe March 1976 report by Trost for a complete 

description of sampling and analytical techniques employed during 

this phase. 

Sampling was restricted to those areas which would be the most 

affected by seasonal variations and which would yield the most in- 

formation regarding the integrity of Reservoir F, the salt content 

of Land's wheatfield, and effects of spring recharge in the uncon- 

fined aquifer. ■ • 

Samples were collected from Land's wheatfield and from a con- 

trol wheatfield south of the arsenal, located in NW/4 Sec. 17, T3S, 

RÖ6W. 

Groundwater samples were collected from most of the wells 

previously sampled during the fall/winter of 1975. 

rottouwood twigs were also «sampled in order to compare any . 

concentration changes in the twigs at the end of the growing season 

(fall/winter) as compared to the start of the growing season (spring/ 
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SURFACE WATER SAMPLING RESULTS 
* • • 

Surface water samples were collected at «sites previously sampled 

in Phase I'la. Sample results are tabulated in Appendix I. Results 

for the conductivity at each site has been plotted on Map I. Disper- 

sion maps have not been prepared for arsenic or copper due to their 

lack of variance from the previous results of Phase Ha. 

Conductivities of surface waters were generally lower by 10-157. 

as compared to the fall sampling. Sample sites of First Creek up- 

stream and downstream of the plant's surface drainage ditch showed no 

change in conductivities. Thus water discharging from the plant's 

area at the time of the sampling was apparently only surface water. 

As was previously noted in Phase Ha, the surface waters show an in- 

crease in conductivity north of Reservoirs A and F as shown on Map I. 

No significant changes in copper concentrations were observed. 

In general the spring values were slightly higher however most changes 

are within the reproducibility of the analytical method employed. 

Thus no statistically significant seasonal fluctuations for copper ».n 

surface waters were observed. . 

Mercury was not analyzed since the only anomalous concentrations 

observed in the fall sampling were from waters entering the Arsenal 

grounds from the Montbello area. No. waters containing anomalous 

concentrations of mercury were found exiting the Arsenal grounds to 

the north. • * ' 

The caustic pit, which:   previously contained anomalous arsenic 
in its  standing waters, was not sampled. 
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GROUNDWAIER SAMPLING RESULTS 

Groundwater (well water)   samples were collected from most wells 

previously sampled during the  fall of 1975.    The purpose of the spring 
sampling was  to determine if significant seasonal variances are pre- 

sent. 

'      Sample results are tabulated in Appendix I and on Maps lib,  He. 

Map lib,  copper in groundwater,  showed no major concentration 

variances except for well 12D-4, which is located south or upstream 
of BMA.    This particular shallow aquifer is tapped by two afferent 

„ells  located a few hundred feet apart.    The well sampled in the fall 
„as not available in the spring,  thus  the second well was sampled. 
This  large variance reflects different conditions in the plumbing 
and not the aquifer.    In general most wells showed a slightly higher 

copper concentration, however this may be due to an analytical error 
as compared to a seasonal variance,  especially since most values are 

quite close to the detection limit. .    •' 

r„ this spring sampling program additional wells were sampled 

"..u,^"„.« „„t previously **npled during the fall program.    These 

^Larry Land's well (LL1), J. Land's wells  (JL1. J«.«»«. 
shallawvall located in the middle of Mr. Land's wheatfie.d north 
ftha Arsenal (LLW)..   Larry Land's well (LLl)  showed - -.alo- 

• COpp„r concentration as compared to other wells xn the area     Mr   J. 
l"a<s -shallow well (0L2) did however show a copper concentr    xo 
significantly higher than that of his deeper well (JL1  .    A differ 

~ Jn trad element concentrations between two hydro logically 
•     :      rl iL is not unusual.    However ,L2 should be resampled 

"tr being pumped for . minimum of 30 minutes to insure a repre- 
- :"iv,  sample      The s^le collected in this study was obtained       . 

;      ; 30 minutes  of pumping.    These  cesuits should then be compared 
:' cc.pperconcentrations  from wells  tapping the same shallow acuxfer 

Q      and located south of the Arsenal. 
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Sample LLW located in Hr. "J. Land's wheatfield, was obtained 
from a depth of 5  feet below the surface by bailing.    This well 

"had extremely high »alt content.    This high salt content would 
allow greater concentrations of copper to remain in solution     _ 
through the formation of a complex chloride anion such as CuCl2 , 
(K - lO"5'60).    Thus interpreting the total copper concentration 
without considering its geochemical environment would be misleading. 
This  shallow well was sampled on two'different days, one in late 
May and again in mid June.    A split of this sample was submitted 
Co BMA for analysis of DIMP and DCPD.    Results are shown below. 

O 

Pate 

28 May 1976 
22 June 1976 

DIMP.  PPb 
2100 

880 

DCPD,   PPb 
.0 odor 

<10 

£H Conductivity. 

7.78 7620 
7.15 not analyzed 

This well should be closely monitored to determine 1« DCFD.di.Wrln, 

endrln! or aldrin are ever present.    Since this initial analysis has 
L DCPD to be present a different source .and/or dispersion 

eth is present for these two nontenants.    The extremely high con- 

ductivity is predominately due to high chloride »°* ™ £« ™ 
trations «ich the chloride being the major »ionic specie . This 
c«n association of chloride and DIMP ha, been previously noted I. 

^ the Reservoir A and F areas.    A correlate 0*. «tBBB «• 
ChlorWe (PlguisJ) stows a fairly close relationship between these 
ZTateceS^lurthermore a previous report by Trost has she™ a 

'«elation coefficient of 0.8S77 between DIMP and chloride     In 
™»    ^ smith showed a very high chloride concentration was 

;nt       the mediate vicinity of Land's wheatfield; tbe source 

.   I lu thav attributed to the BMA area.    The presence o<° DÖE in 
' °L?;    i on led with.Its correlation with ehloride, suggests 

M„„ ef the chloride content of Land's field is due to BMA 
* ZT Tnetilt v    amounts of the chloride concentration which 

irr.ascribae to BMA versus natural sources is very difficult to 

assess with the present information. 
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No arsenic was observed in any of the wells sampled except for 
RMA well no.  40.     In this well,   the arsenic content showed a 507, 
increase  over the   fall  sampling.     It is interesting to note that 
the  conductivity showed a 207. decrease as compared to last fall. 
It  therefore appears  that either additional arsenic is leached 
from above  the normal water table  layer by spring rains and subse- 
quent infiltration or that a change in ground water temperature 
'and/or pH may be important.    Arsenic compounds  such as As205,   and Ba3 

(AsO )     are known to be more soluble in cold water than in warm 
water;    Thus temperature and pH should be monitored in all future 
sampling programs.    As was previously noted in the fall sampling, 
the high arsenic concentrations in well no.  40 showed very restricted 
dispersion since other nearby wells were not found to contain anom- 

alous arsenic concentrations. 

Conductivities of the unconfined near-surface aquifer generally 
showed a 10-207. decrease except for those wells located close to 
Reservoir F  (see Map He) ,    These wells showed up to 50% increase 
in their conductivities as compared to last fall.    During the winter 
vpry high water reveTs were observer TfTEeservoir F.    This resulted 
in both splash-over and infiltration through the dike and into the 
southeast corner.     In addition,  portions of the liner generally 
located above the normal water level were submerged.    Previou3 

studies by Trost, have shown a poor liner integrity exists in the 
southeast corner..   This has resulted in contaminants entering the- 
shallow aquifer from this area.    Thus Aqueous .solutions from Reservoir 
F  could enter the shallow ground water system both through the south- 
*a*c corner area and possibly through the upper levels of the liner. 
Only very minor changes in conductivities were observed for the 
deeper «quiff««  such as wells Wt 3D-5,  6,  7,  and JLl.    Thus conduc- 
tivity shows  a significant seasonal variation for shallow aquifers 
bur   üttlc  for deeper aquifers  (400 ft.).    This seasonal variation 
may be useful in discriminating between shallow and deep aquifers 
and must be considered" in future  sampling programs and interpretation. 
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No significant variance in the dispersion paths have been noted 

between the spring and fall sampling thereby suggesting higher ground 

water levels do not influence dispersion direction*. 
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SOIL SAMPLING RESULTS 
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Soil samples were collected from Land's wheatfield north of 

the arsenal and from the wheatfield south of the arsenal. Soils 

samples from both the A and B soil horizons were collected in the 

same areas as previously sampled last fall. Sample results are 

presented on maps with separate maps for the A and B soil horizons. 

The mean and standard deviations for each sample area were calcu- 

lated and are shown in Appendix II. 

Descriptions of the areas sampled are: 

AO - E14 Land's wheatfield located in SW/4, Sec. 14, T2S, 

R67W. 

AAO - 'AE4-5 Area located south of the Arsenal in the NW/4 

Sec. 17, T3S, R66W.* 

Mercury concentrations in both the A and B soil horizons were 

determined. Results are shown on MapsIIIcA and IIIcB.  In general 

no significant seasonal variations in dispersion patterns were ob- 

served in the two wheatfields. It is noteworthy, however, that 

Land's wheatfield again showed a slightly elevated mean concen- 

tration level as compared to the wheatfield south of the Arsenal. 

This minor difference in the means is however negated by the large 

standard deviations. ..'•'' 

There does exist a seasonal variance in the concentration 

levels for both data sets, with the spring sampling showing 

significantly less mercury content than the gall sampling. This 

is probably due to summer evaporation and concentration of mercuric 

«fits from the near surface chloride-rich groundwater. This con- 

clusion is further documented by the slightly higher mercury con- 

centrations observed in the salt-rich B soil horisons. It is 

therefore imperative that all sampling be interpreted with regard 
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to season. Failure to do so could result in a false seasonal anomaly. 

•For example the fall mean mercury concentration for Land's wheat- 

field of 20.81 ppb does indeed appear anomalous compared to the 

spring value for the southern wheatfield of 8.10 ppb; whereas the 

fall mercury concentration in the southern wheatfield is 14.25 ppb 

vhich is comparable to the 20.81 ppb in Land's field. 

'   The salt-rich B soil horizon contains slightly higher mercury 

concentrations than does the organic-rich A soil horizon. Apparent y 
in areas of very high salt content, the formation of complex ulf a e 

lad chloride anions is a more controlling factor tharuthe humic acid- 

mercury relationships. 

Chloride content in soils is shown on Maps IIIdA, IIIdB. A 
signi^anTTeasonal variation in concentration levels was observed 

11 ^ n the fall and spring sampling. The spring concentration levels 

are approximately 507. lower than the fall levels. This decrease is 
"1 of downward flushing and mobilization by the spring rains 

and runoff. Thus it is again imperative that all soil sampling 

results be compared during the same seasonal period. 

No major change in the dispersion patterns was observed be- 

tveen the spring and fall sampling periods. The low-lying recent 

• Tlluvium areas I  both wheatfields still contain the highest rel- 

ative concentrations. 

Sulfat, content In soils Is shovn la Map IIIeA and Map uleB. 

NO significant seasonal variation in concentration levels . s o • 

insolubility .. CSV »» J»  «   BoblU2e the more soluble 

tht T/All""\  aC1, Maul  Oonoentration levels in both land's 

I   Z     ä  the field sou* of the Arsenal are extremely similar to 
ÄResults \ne 8eneral distrihution patterns are also very 

similar to the fall results. 
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Calcium content in soils is shown on Map IIIfA and Map IIIfB.. 

•A significant variation in the calcium content Of the B soil horizon 

was observed with the spring sampling showing lower concentrations. 

The A soil horizon did not show a significant change from the fall 

results. In the A soil horizon, the calcium is predominately 

present as'the insoluble CaS04, whereas in the B soil horizon 

calcium is immobilized by both CaS04 and clay adsorption. Thus 

spring flushing results in a decrease in calcium content due to 

desorption from the clays; whereas the insolubility of CaSC>4 in 

the A horizon shows no seasonal affect. 

No significant variation in the dispersion pattern was ob- 

served for either the A or B soil horizons in the spring or fall 

sampling. 

Magnesium content in soils is shown on Map IIIgA and Map IIIgB. 

No significant changes were observed in either the concentrations 

or dispersion patterns of magnesium and the A and B soil horizons. 

"This probably reflects absorption and adsorption of magnesium onto 

the clays -df-h relatively minor amounts available as soluble sulfr.te 

c- chloride salts which would be subject to seasonal variations. 
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VEGETATIVE SAMPLING RESULTS 

'  Cottonwood twigs were resampled in areas known to contain anom- • 

alous copper and mercury concentrations as delineated in the fall 

sampling program. These samples were compared with other cottonwood 

twigs obtained upstream from all RMA manufacturing activities. 

Samples were collected and analyzed in the same manner as the fall 

program.. Tabulated results are in Appendix I. 

Copper concentrations in twigs showed a slight increase in the 

spring sampling as compared to the fall sampling. This slighc in- 

crease is a seasonal effect probably due to a large volume of sap . 

running through the recent twigs to the new leaf growth. Although 

the copper concentration in the sap would probably be similar to   . 

the fall concentrations, the greater volume of flow would result in 

more copper being removed by the twig, and hence a higher twig 

copper concentration. 

All areas that were anomalous in the fall program were also 

found anomalous in the spring program." In one area (Sample No. 12N-5) 

along First Creek the copper concentration was found anomalous ..A 

*~  -pring sampling but not in the fall. This area should be re- 

sampled to insure no contamination was present. If the results, 

are reproducible a source of copper such as the trailer court • 
seepage lagoon located southeast of the Arsenal, would be suspected. 

No copper source due to RMA activities is reasonable for this area 

upstream of the plant's location. 

A composite twig sample from numerous trees, was taken from the 

transplanted cottonwoods along the north boundary near the bog. 

This sample was taken to provide a base line or.background value 

far future sampling programs. The copper concentration was 13 

pFa or average for those samples' upstream of the plants area. 
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No geochemical map was prepared for copper in twigs' since no 
change was observed in dispersion patterns. * 

Mercury, concentrations in cottonwood'* twigs showed a slight 
decrease as compared to the fall sampling results.    This decrease 
is probably related to the decreased conductivity in the ground 
water during the spring..    The decreased conductivity wax Id reflect 
a decreased chloride concentration.    Thus the formation of a stable 
mercury chloride complex would be inhibited and less mercury would 
be available in the ground water for the roots to assimilate. 

The anomalous mercury concentrations observed in the fall 
sampling along the southern boundary of BMA was not observed in 
Zsplg program.    This may be due to a decrease in mercury con- 
centration in Se effluents of the Montbello industrial area or 
less mercury mobilization due to a lower chloride content.   No 
other significant changes in the dispersion pattern were noted 
Due to Z lack of significant dispersion changes no geochemical 

map has been compiled for mercury in cottonwood twigs. 
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RECOMMENDATIONS 

Based on the results of Phase Ha and Phase lib the following 

recommendations are made: 

(1) That the temperature and pH be measured at each well 

sampled to aid in data interpretation. 

("2) That Mr. Jim Land's shallow well be resarapled after 

pumping for 1 hour to insure a fresh sample, 

(3) That all data be collected, interpreted, and compared 

during the same season to avoid seasonal variations. 

(4) That specific wells e.g. BMA no. 40, LLW, 118, BMA no. 

60 20N-1, 20N-2 be monitored and utilized to interpret seasonal 

fects on concentration' levels. 

(5) That a sampling program be developed to determine if 

high concentrations of DIMP, DCPD, etc. move as a surge front. 

This will aid in predicting when and where high concentration 

levels of contaminants will appear. 

(6) That a correlation plot of DIMP vs Cl be prepared on a 

seasonal data base and utilized to interpret what relative amount 

of chloride, due to BMA sources, is present in Land's field in the 

shallow aquifer. • 
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BEPQRT 0? ANALYSES 

Sample (soils) Ca, %     YgnJi    SSiEE* SPj;! ueg/gm     Cl". neq/gn 

AA 

AB 

0 
OB 
1.5 
1.5B 
3.0 
3.0B 
k.$ 
1».5B 

0 
0B 
I. 5 
1.5B 
3.0 
3.0B 

AC0 
0B 

.1.5 
1.5B 
3.0 
3.0B 
U.5 
U.5B 

AD 

O 

o 
OB 
1.5 
1.5B 
3.0 
3.OB 
U.5 
U.5B 

o.U3 
o,U5 
0.U3 
.0.U8 
0.72 
0.69 
0.32 
0.35 

0.68 
0.U7 
0.37 
0.36 
0.53 
0.1*2 

0.U1 
0.55 
0.39 
0.U9 
0.96 
0.70 
0.80 
5.5 
O.UO 
0.38 
0.U3 
0.U7 
1.1 

. 0.70 
0.1*3 
0.U8 

0.29 
0.50 
0.35 
0.U5 
o.UU 
0.62 
0.3U 
0.38 

0.3U 
0.U3 
0.37 
0.36 
0.35 
0.5U 

0.35 
0.56 
0.32 
0.U1 
0.61 
0.79 

. 0.53 
0.58 

0.26 
0.33 
0.39 
0.U1 
0.U8 
0.62 
0.U3 
0.58 

10   • 
10 

<10 
10 
10 
15 

<10 
<10 

15 
<10 
<10 
<I0 
<10 
<10 

<10 
<10 
<10 
<10 

20 
20 
30 
15 

<10 
" <10 

<10 
<10 

15 
i5 
10 
15 

36 
16 
6 

2k 
7 

3U 
32 
< 

U9 
7 . 
7 
7 

10 
18 

5' 
32 

U 
10 
U5 
lib 
< 
<l 

<l 
<1 
<J 
<i 
28 
6 
8 
6 

6 
1   * 
U 
5 

10 
1U 

1 
2 

6 
1 
2 
2 
9 

•  6 

9 
39 

U 
3 
9 
8 
3 
2 

It 
15 
3 

16 
8 
3 
2 
2 

*n "o 03 r z z 
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Job« 6F27 

A DIVISION. OF 

NATURAL RESOURCES LABORATORY. INC. 

Sample (Solla) 

AE 0 
OB 
1.5 
1.5B 
3.0 
3.OB 
a.s 
1».5B 

AO 
OB 
2 
2B 
U 
IB 
6 
6B 
8 
8B 

BO 
OB 

. 2 
2B 
Ux 

r-liar 
6X 
6BI 
8X 
8BX 
10 
10B 

C 2 
2B 
U 
to 
6 

•6B 
8 

. OB 
10 
10B 

Kg, %     Hg.PPb     SOJ^J. peq/gm     &**■ geo/gm 

0.58 
0.U3 
0.27 
0.32 
0.32 
o.l»5 
0.33 
0.35   . 
0.22 
1.3 

0.1*3 
0.1t3 
0.3U 
6.1 
o.U5 
1.1 
0.16 
0.5? 
0.50 - 
0.55 
0.3U 
0.58 

0.32 
0.31 
O.itf 
U.8 
0.3^: 
0.U6 
0,31 
0.U7 
0.37 
0.U5 

0.U5 
0.5? 
0.3U 
0.56 
0.33 
0.U6 
0.25 
0.3? 

0.U3 
0.U5 
0.U6 
0.57 
0.53 
0.67 
0.5U 
0.U7 
O.UU 
0.8U 

0.33 
0.3? 
0.U5 
0.71 
o.5U 
0.86 
0.U3 
0.72 
0.1*5 
0.6U 
0.1i5 
0.6U 

0.50 
o.5o 
0.55 
0.80 

- 0.U3 
0.60 
0.U1 
0.76 
0.52 
o.U? 

15 
10 
10 
25 
10 
15 

<10 
10 

<10 
<10 

20   . 
20 
25 
20 
10 
10 
10 
15 

<10 
10 
15 

IS. 
20 
15 
15 
15 
10 
15 
20 

15 
15 
15 

•15 
15T 
10 
15 
35 

•    10 
<io 

5U 
10 
3 

16. 
2 
h 

< 
1 

3 
u u 
1 
3 
3 
8 
8 
2 

500- 

3 
2 
3 

28 
110 
U70 
130 
210 
130- 
120 

2 
8 

1 • 
2 

130 
1100 
■ Sor- 

ts 
1U 
U? 
3 
6 

12 
2 
2 
7 
1 
5 
1 
3 

<1 
1 

<1 
<1 
<1 
<1 
2 
2 
1 
7 

<1 
<J 
<J 
<J 
20 
12 
12 
17 
10 
8 

< 

<1 
1 
6 

12 
18 
12 

1 
8 

<1 
<1 
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-LGEOLABSJ^ Job» 6F27 

A DIVISION OF 

NATURAL RESOURCES LABORATORY, INC, 

Sample (soils) Ca, %     WgjjL     forPP* Cl-, aeg/gn 

_ " m 

«"US iff"» 
a • w p> 
r* CO 

-n ^ ts> 
r z z 

C 12 
12B 
1U 
1l*B 

D 2 
28 
U 
1* 
6 
6B 
8 
8B 
10 
10E 

'     12 
12B 
m 
1l*B 

E2 
2B 
U 
1*B 
6X 
6BX 
8 
8B 
10 
10B 
12 
12B 
1U 
1l*B 

0.31 
1.1 
0.36 
0.1*2 

0.32 
0.33 
0.28 
0.30 
0.38 
3.0 
0.3$ 
0.3U 
0.3U 
0.53 
0.30 
0.39 
0.25 
0.31 

0.27 
0.32 
0.28 
0.38 
0.1*2 
0.39 
0.38 
0.1*8 
0.1*3 
0.50 
0.27 
0.33 
0.1*3 
0.1*6 

0.1*9 
0.73 
0.50 
0.60 

0.1*9 
0.50 
0.1*1* 
0.1*7 
0.1*8 
0.71 
0.1*0 
0.1*5 
0.1*6 
0.68 
0.1*1 
0.5U 
0.37 
0.50 

0.1*6 
0.S8 
0.1*8 
0.8U 
0.53 
0.36 
0.53 
0.70 
0.69 
0.66 
0.39 
0.50 
0.1*7 
0.1*8 

15 
10 
15- 
20 

10 • 
<10 
<10 

10 
<10 

10 
10 
10 
10 
30 

<10 
<10 
<10 

10 

<10 
<10 

10 
<10 
<10 
<10 
<ib 

10 
10 
10 

<10 
15 

<10 
<10 

2 
i* 
3 
1* 

1 
<1 
<1 

1 
2 

29 
25 
13 
<1 

1 
<1 

2 
2 
3 

3 
U 
2 

12 
57 
60 

2 
2 
2 
2 
3 
2 
2 
2 

<1 
<1 
<1 
<1 

<1 

< 
< 
< 

2 
10 
7 

<1 
<1 
<1 
<1 
<1 
<1 

1 
2 
1 
2 

22 
).27 

<1 
<1 

1 
<1 
<1 
<1 
<1 
<1 

t> 
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A DIVISION OF 

NATURAL RESOURCES LABORATORY, INC. 

Sample (water) Cu.ppb     As,ppb     Xrpho/ca 

13W-3 
-U 

18K-1* 
-2 
-3 
-U 
-5 

*?N-1 
-2 
-3 
-U 

..0N-1 
-2 
-3 
-5    • 

12D-2 
_■» 

-u 
-5 

2I4D-2 

2D-U 
-5 
-6 
-7 
-8 

• 1DC-V 

JL-1 
:      2 

2NP* 

LLVJ** 

<10 
10 

10 • 
10 

<10 
<10 

10 

20 
20 
20 
10 

10 
10 
10 
10 

20 
10 

Mfl 
10 

10 

10 
<10 

10 
ko 
10 

20 

10 
$0 

75 

<10 
<10 
<10 
<10 
<10 

<10 
<10 
<10 
.<10 

<10 
<10 
<10 
<10 

<10 
<10 
<10 
<0 

<0 

<I0 
<10 
<10 
<10 
<10 

<10 

<10 
<10 

<10 

800 . 
9W 

Ii60 
U33 
33U 
333 
986 

951 
.U72 m 

885 

973 
1930 
1310 

U39 

600 
886 

1210 
2020 

' 780 

830 
359 
625 
357 

1230 

U29 

392 
751 
1*73 

7620 
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A DIVISION OF 

NATURAL RESOURCES LABORAl 

Sample (water) Cu.ppb As.ppb     Ätpho/cm 

tc   1*** 65 <10 W1 
LE   1*»» 20 • ™ 

jrif      i$HHfr 20- ™ ^ 

2i0 
U1 
115 
118 

50 3000 8OI4O 
30 •     <10 3130 
20 <10 1510 
30 <10 3990    • 

119   ' 
121 

10 <10 1300 
20 <10 2310 

1US 
3A 
17 
37 
60 
62 

20 <10 2250 
10 <10 1580 
20 <10 2190 
20 • <10 622 
20 <10 1820 
10 <10 1090 

WTX 8.1 50 <10 6U5 

#No acidified sasple received 
*# 2 acidified samples received 
«** 3 acidified saaples received 

Sample (water)       'ife.ppb     Cl",ppm (Job 6J05) 

JL-1 
-2 
-2NF 

LLW (1) 
LLW (2) 
II« (3) 

IX 1 
LL 1 
1L 1  (3 

1) 

1 

O.I 
<0.1 

0.1 
<0.1 
0.1 

<0.1 
0.1 
0.1 

•    5 
130 
32 

2380 

20 

ANALYTICAL SERVICES_A_ND RESEARCH  . ... 

• c o ™ o 

—* - »« 

a a w t» 

v"OTIi 

00 

'•IW.1'.!  'I  I-  •     *•' 
1 ■^•■11. 1 wr? 



y 

li>   <4' ■■■-■**« 

GEQLAöS 
,1100 Simms Street 
Ukewood, Colorado 
phone (303).233-8155 

( 

f'•• 

O 

Page 6 «W- 

■^arrer. 
Mailing Additm: 
P.O. Box 702 
Edgemont BrancH 
Goldon, Colorado 80401 

Job: 6P27 

A OIVISION OF 

NATURAL RESOURCES LABORATORY, INC 

Sample (plants)       Cu.ppa     H(^?ppb        . 

CT-1 
2 
3 
6 

11N-1 
11N-2 
11N-6 

. 12N-5 

17H-U 

CT-Bog Hew 

29 
2$ 
1*5 
10 

13 
10 
9 

27 

IS 

13 

25 
20 
20 

<10 

20 
10 

<10 

20 

15 

15 

Ronald L. Sell 
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APPENDIX II 

Ca7. 

Sample Nos.        No. of 'Samples Mean 

AAO - AE4-5 
AAOB - AE4-5B 

19 
19 

0.57 
0.78 

AO - E14 
AOB - E14B 

32 
32 

■    M 

0.36 
0.88 

AAO - AE4-5 
AAOB - AE4-5B 

19 
19 

0.38 
0.50 

AO - E14 
AOB - EHB 

32 
32 

H« ppb 

0.47 
0.61 

AAO - AE4-5 
AAOB - AE4-5B 

19 
19 , 

8.10 
8.84 

AO - E14 
AOB - E14B 

32 
32 

SO4. JUeg/ga 

9.41 
11.66 

AAO - AE4-5 
AAOB - AE4-5B 

19 
19 

0.57 
0.78 

AO - E14 
AOB - E14B 

.    32 
32 •    • 

0.36 
0.88 

AO - E14 
AOB - E14B 

32 
32 

Cl 

0.36 
0.88 

AAO - AE4-5 
•AAOB - AE4-5B 

19 
19 

5.05 
7.16 

AO - E14 
AOB - E14B 

32 
32 

• 3.28 
3.64 

—     •* .. .. Cu • 

Water Samples 
13N-3 44 

K 

21.84 

44 13.61 

"V-P--5- 

Standard Deviation 

0.30 
1.15 

0.08 
1.31 

0.09 
0.12 

0,07- 
0.14 

8.29 
7.72 

6.91 
7.90 

0.30 
1.15 

0.08 
1.31 

0.08 
1.31 

0.20 
9.04 

6.36 
6.27 

25.78 

16.18 
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