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Hydraulic conductivities have been measured at two test wells
located in the salt-dissoclution zone below the Rolling Plains and
the Canadian River Valley. Hydraulic conductivities are
estimated to be 9.7 to 1.6 ft/day (0.2 to 0.5 m/day). Hydraulic
conductivities measured at a test well located in the salt-
dissolution zone below the Southern High Flains range from 0.0002
to 0.002 {ft/day  (0.000056 to 0.0006 m/day). The report states
that groundwater velocities in the salt-dissolution zone below
the Southern High Flains may be less than the groundwater
velocities in the salt-dissolution zone below the Rolling Flains
and Canadian River Valley. The difference in velocity is
attributed to differences in hydraulic conductivity and hydraulic
gradient. The inferred differences in flow rate correspond to
observed differences in salinity. The report states that the
coefficient of storage of the salt-dissclution zone ranges from
approximately 107%-% tg 10-%-s, The groundwaters found in the
salt-dissolution zone below the Rolling Plains and the Canadian
River Valley are stated to be approximately 10,000 to 20,000
vears old. The salinity of the water found below the Rolling
Flains and the Canadian River Valley ranges from 68,000 to 25,000
mg/L.. The NaCl type of water is capable of dissolving halite.

The description of the construction technigues used for the test
wells is not clear. Additional descriptions should be provided
to clarify the construction of the test wells.
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The hyvdrogeologic tests were affected by well bore storage

effects. These single well tests were hbandicapped by the
hydrogeclogic properties of the materials being tested and the
test technigues that were emploved. Storativity was estimated

based on the barometric efficiency of the wells. Calculation of
gpecific storage is dependent upon an estimated porosity that was
based on interpretation of geaphysical logs.

Groundwater sampling for iscotope analyses and age dating is
subject to contamination from drilling fluids. A tracer was used
in the drilling fluids to facilitate the evaluation of well
development.

BRIEF SLMMARY OF DOCUMENT:

The authors cite previous studies which indicate that the
solution of halite and anhydrite beds in the Rolling Flains,
Fecos Flains and Canadian River Valley have caused local and
regional subsidence of the land surface during the Cenozoic (p.
1. The report also states that evidence indicates that halite
beds have dissolved during the Guaternary and that salt-
dissolution is an active and dynamic hvydrogeclogic process. The
purpose of the report is to characterize the hydrogeology of the
salt-dissolution zone in the Palo Duro Rasin. The report intends
to present insights into the timing, rate, and mechanism of salt-
dissolution processes (p. 2). BSalt~-dissolution zone refers to
the rocks of the upper Fermian (Guadalupian to Ochoan) age from
which halite, anhvdrite, and gvpsum have been dissolved. Tho
majority of the information used in the repot* was collected +from
four wells drilled for the purpose of testing salt dissolution
zones. These wells are the Sawver MNo. 2, Mansfield dNo. 2. Destiten

No. 2. and the Harmamn No. 1| wells. These wells were drilisd by
Stone  and Webster Engineering Corporation (SWEC). Drill stem
tests also were conducted in the salt-dissolution zones at the

SWEC Holtzclaw Nao. 1 well.

The report states that the elevation and location of the deepest
zones of salt dissolution vary. The uppermost salt bed is higher
in the stratigraphic section toward the center of the Falo Duro
Rasin. The highest halite bed in the lower part of the San
Andres Formation occurs at the Sawyer No. 2 well. The uppermost
halite beds at the Mansfield No. 2, Detten No. 2, and Harman No.
1 wells pccur at successively higher horizons in the Seven Rivers
Formation and the Salado/Taneill Formations (p. 3).

The test wells were designed to obtain samples of water from near
the zone of dissolution of salt. Geophysical logs and core were
studied for selecting the test intervals. The bases of the test
zones were within 7 to 49 feet of the upper suwface of the bedded



halite. The Sawver No. 2, Mansfield No. 2, and the Detten No. 2
test wells were off-set by 100 to 200 feet from previously
drilled hvydrostratigraphic test wells. Well construction
consisted of driiling to the top of the test interval.
Geophysical swveys were run and the well was cased. The test
zone, below the casing, was drilled or cored with an air-mist
foam to minimize drilling fluid contamination. Thiocyanate

{(SCN~™) was dissolved in the drilling fluid to trace the degree of
contamination in the test zones. The test zones were developed
by blowing water from the well for several hours using compressed
air. The Sawyer No. 2 and the Mansfield No. 2 wells vyielded
about 30 to 80 gpm with this well development procedure. The
Detten No. 2 well did not yvield water by this well development
procedure.

The Harman No. 1 well was originally drilled to 3,041 feet below
land surface using a salt based drilling mud. The well was
converted +for the disscglution zone test by placing a8 cement plug
in the borehole below the zone of interest. A 148 ft interval
was left open between the base of the casing and the top of the
cement plug. This test zone was more contaminated with drilling
fluid than were the test zones at the other three sites.

A submersible electric turbine pump was used at the Sawyer No. 2
and the Mansfield No. 2 wells. Water was bailed from the Detten
No. 2 and the Harman NMo. 1 wells because the water vield was
small.

Water level measuwrements were made using silicon strain gauge
transducers - which were connected to a microprocessor controlled
data recorder. The transducer was calibrated before and atter

the test. Discharge rate was determined by measuring the time
required to fill a calibrated S—gallon bucket. Water level
recorders (Stevens Type F, 8-day claock) were installed on the
Sawver No. 2 and the Mansfield No. 2 wells atter the completion
of sampling and testing. The recorders were used to measure
water level {fluctuations. Atmospheric pressure data were

obtained Ffrom the records of the National Weather Service in
Amarillo, Texas (p. 3).

Groundwater samples were obtained once tracer concentrations
indicated that cleanup of the test interval was complete.
Groundwater samples were collected for determinations of calcium,
sodium, magnesium, potassium, strontium, iran, sulfate,
bicarbonate, chloride, bromide, iodide, del-D, del-®(0, del-*3C,
del-=45, and *4C. Wells were pumped until pH, Eh and temperature
were stabilized. Temperature, pH, alkalinity and Eh were
measured at the well site.

The Sawver No. 2 well test zone consists of a highly porous,
vuggy dolomite in the unit 4 carbonate of the lower part of the
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San Andres Formation {p. &). The test interval is limited to the
top 22 ft of the unit 4 carbonate. No observation wells were
available for this test or subsequent tests on other test wells.
The initial recovery period extended from April 20, 1983, through
April 21, 1983, A drawdown test was conducted from the 21lst to
the 22nd, and a second recovery period was monitored on the 22nd.
Frior to the first recovery period the well had been pumped Ffor
seven days at 12 to 13 gpm and intermittently since March 29.
The report states that the static water level was at a depth of
approsimately 249.8 ft (elevation 2,330.3%F ft msl),

The Mansfield No. 2 well test interval includes two poorly
cemented beds of red, muddy, fine-grained sandstone. & portion
of the 35 +t test interval consists of indurated red mudstone (p.
7). Three drawdown tests were conducted on this well. Recovery
periods were monitored after the tests but only two recovervy
periods resulted in the collection of useful data. Static water
level in the well was stated as being at a depth of 41s ft (3,232
+t msl). The specific weiaght of the water in the well was 0,459
psi/ft. This is the same specific weight as the fluid found in
the Sawver No. 2 well.

The Detten MNo. 2 well test interval lies in the uppermost strata
of the Seven Rivers Formation. The pumping test data of the
Detten No. 2 well are dominated by wellbare storage. A pumping
rate as low as 0.5 gpm dewaters the well. .

The Harman No. 1 well was constructed from a previously drilled
well of much greater depth. The well was scraped and freshwater
was Fflushed in the well to remove the salt-based drilling mud
left in the boarehole. The report states that the salt-based
drilling mud had been tagged with SCN™ tracer. Unfortunatelv,
the freshwater used in constructing the test zone lacked the S5CN~
tracer (p. 9). The report states that wellbore storage dominates
completely the water level changes during the pumping test of
this well.

The Holtzclaw No. 1 well was used to conduct drill stem teste in
the Salado/Tansill Formation and the Seven Rivers Formation. The
report states that the data were analvzed to give estimates of
fluid pressure and permeability.

The J. Friemel No. 1 well was constructed in the salt-dissolution
zone of the Seven Rivers Formation. The report states that the
shut—in pressure buildup period was too shorti: wellbore storage
effects dominate the data. The data are inadequate for the
determination of permeability or formation pressures.

The report states that the hydraulic conductivity of the salt-
dissolution zone ranges from 0.0002 to 2.0 ft/day (0.00006 to 0.6
m/day) . Table Z from the report under review is appended to this
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review., The table summarires the tyvpe of test conducted on =ach
weall and the results of the data analvses. Hvdrawulic
conductivities are based on  the assumption that the effective
thickrness of the transmissive zone i1is eguivalent to the test
interval thickness. It should ke noted that the S5awver MNo. 2
well tests were influenced strongly by wellbore starage during
the drawdown and recovery periods aof the tests. Recovery data in
the Sawyer pNo. 2 well and in the Mansfield No. 2 wells were
atfected by the water draining out of the production tubing at
the cessation of pumping. This drainage occurred because a check
valve was not Ffitted to the production tubing. The drill stem
tests conducted at the Holtzclaw No. 1 well apparently were not

affected by wellbore storage effects.

Hydraulic heads were measured in open boreholes in the Detten No.
2 and the Harman No. 1 wells. The report states that these water
level measurements may underestimate the true hydraulic head
because of incomplete water level recovery atter water production
from the well. The report states Ffurther that the bhvdraulic
heads at the Holtzcl aw No. 1 well were determined by
extrapolating pressure buildup curves from the drill stem test
datas these heads are stated to reflect true hydraulic head in
the tested zones. The report states that the hydrauwlic head in
the salt-dissolution zone at the Sawyer No. 2 and Mansfield No. 2
wells varies daily by a few centimeters (p. 13). The report
states that the close correspondence between the patterns of
water level change and atmospheric pressure changes indicates
that most of the variation is due to fluctuation of atmospheric
pressure.

Barometric efficiencies of the Sawver No. 2 well and the
Manstfield No. 2 well were calculated. The barometric efficiency
was estimated by comparing the ratioc of standard deviations of
the pressure histories. The calculated barometric efficiencies
for the two wells are 0.3538 and 0.37, respectively (p. 135).

Specific storage was not calculated based on pumping test data.
Observation wells were not available for these tests. Specific
storage was calculated uwsing the barometric efficiency of the
wells and the following relationship:

Se = n pg /Eun E,

where S, = gpecific storage, n = porosity, pg = specific weight
of the water, Eun = bulk modulus of compressibility of water, and
B = barometric efficiency (p. 14). The specific storage of the

salt—-dissolution zone is estimated to be about 107 ff—2,
Specitic storage was calculated using an assumed average porasity
of I0¥: average porosity was estimated based an neutron
geophyvsical logs. The bulk modulus compressibility of the water
was  approximately 00,000 osi (p. 13). The calcul ated



coefficient of storaoce ispecific storage @ aquifer thickress) i
about 10742 st  the Man aflﬁjd Mo. 2 welli abt the Sawver fNo. 2
well it is estimated to be between 10795 and (0-F-&,

The Sawver HNo. = and the Manstigld MNo. 2 wells achieved
approximately zero concentrations of the tracer (thiocvanate)
prior to sampling. The thiocvanate concentrations in the Harman
No. 1 and the Detten No. 2 wells were appro,lmatplv 2 to 4 ppms
the slow rate of cleanup of these btwo wells is attributed to the
low permeability of the test zones in these wells (p. 13). A
summary table (#3) from the report under review is attached which
gutlines the chemical analyses and the isotopic analyses
conducted on the samples obtained from the wells.

The report describes the groundwater from the unit 4 carbonate of
the San Andres Formation in the Sawver Mo. 2 well as a saline,
sodium chloride tvpe water. The total dissolved solids
concentration is "94,924 mg/L" (p. 1%). The report states that
the water is undersaturated with respect to halitei the water is
saturated with respect to gypsum. The del-D and del—-*®0 of
groundwater from the Sawver Mo, 2 well is about -50 3/700 and -7.
Q/00, respectively. These values 1lie along a line which is
typical of worldwide precipitation and is consistent with values
of rainfall and groundwater found in the Southern High Flains and
Rolling Flains.

The agroundwater in  the Lower Seven FHivers Formation at  the

Mansfield No. 2 well is a saline, sodium Lh]DrLde tvpe water.
The total dissolved solids concentration is  "&7,337  mg/L" {p.
idd. The report states that the groundwater is undersaturated
with respect to halite: the water is saturated with rasspect fo
QYD SLUM. Tie groundwater is meteoric with a del-D af -&50 ta -7
O/00 and & del-**0 of -%.3 0/00, The repart states that the

del-D, del-*80, del-*"C compositions of groundwater found in the
salt—dissclution zones at the Mansfield No. 2 and the Sawver Na.
2 wells are similar to isotopic compeasitions of groundwater +found
in the Dockum Group aguifer.

Groundwater from the Harman No. 1 well is the most saline, sodium
chloride tvpe water sampled in the salt-dissolution zone. The
total dissclved spnlids content is approximately 288,000 mg/L  (p.
1&) . The report states that the groundwater is nearly at
equilibrium with respect to halite and anhvdrite. The magnesium
concentration of the brine in the Harman No. 1 well is anamalous.
The magnesium concentration of a brine in  thermal dvnamic
equilibrium with halite, anhvdrite, and dolomite would be only 24
mg/Ls the molal ratio (Mg®*/Ca=*) would be about 0,03, The
magnesium concentration in the Harman No. 1| well is approximately
4,000 masla the molal ratio is approximately 4. The report
states that magnesium may be derived by ion exchange fram
magnesium rich clay minerals in the Upper Fermian shale.
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Groundwater samples from the Detten No. 2 well must be evaluated
with caution because of possible contamination by drilling fluid

or by cement leachate (p. 17). The report states that the
"Detten water plots along the meteoric water line near the SWEC
Mansfield MNo. 2 sample” {p. 17). A considerable amount of

dissolved agvpsum and halite plus calcium and potassium is
reported to be in the water.

The reported values of del-—=25 of dissolved sulfate for the
dissolution zone suggest that the source of the dissolved sulfate
is mainly the dissolution of Fermian age anhvdrite. The value of
del-248 ranges from about +8 O/00 to +12 O/00.

The axidation state of the groundwater at the Sawver No. 2 and
the Mansfield No. 2 wells is reported to be low relative to that
of tvpical shallow groundwaters. The oxidation state (indicated
by ER) is similar to the oxidation state of the groundwaters
found in the Dockuwn Group aguifer (p. 18).

The Er—/Cl- weight ratios for groundwaters from the four wells
sampled in the salt-dissolution zone are between 121079 and
T S "These ratios reflect complete or congruent solution of
marine halite and are distinct Ffrom ratios determined in il
field brines (Whittemore, 1984)" (p.18).

The isctopic compositions (del-D, del-®0, and del’2?*=C) of
groundwaters in the Mansfield No. 2 and Sawver No. 2 wells and
the Dockum Group aguifers are similar. The similaritv suggests
that aroundwater "Flow in the Dockum Group has a large influence
on dissolution of salt beds in and around the Falo Duro  Basin.
The hvdraulic head in the Ogallala and DRockum Group aquifers 1is
above the hvdraulic head in  the salt dissolution zaone. The
digtribution of hvydraulic heads indicates that groundwater can
flow downward into the salt dissolution zone" {(p. 18-1%).,

The amount of carbon-14 (*4C) in groundwater in the dissolution

zone at the Sawyer No. 2 and the Mansfield No. 2 wells is onlyv a
small percentage of modern *4C (p. 21). The del-*=C value is
approximately -2 Q700 +to -3 O/00% the del-=C is more enriched

than the groundwater found in the wunsaturated zone of the
Ogallala Formation ((-17.9 0/00). This enrichment suggests that
biologic or lithologic reactions have added carbon to the water.
The groundwater age, based on '4C values for the Sawver Nog. 2
well, is approximately 10,000 years. The *4C age at the
Mansfield No. 2 well is approximately 19,000 years. The report
concludes that the vounger age of the Sawyver No. 2 aroundwabter
sugoests that Holocene groundwater or a mixture of Holocene and
Fliestocene groundwaters may be moving through the salt
dissolution =zone east of the caproclk escarpment.
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SIGMNIFICANCE TO NREC WASTE MAMAGEMENT FROGEAM:

The report i3 important to the Waste Mapagement Frogram bhaecause
it discusses the salt—-dissolution zone. Littie testing and
information was available on the salt-dissolubion zones pirior :
the tests conducted by the Department of Enerav. The hvdraalic
conductivity walues and the chemical a&and i1sotopic analvees
indicate the genesis of the salt-dissolution zones. The data
suggest that the salt-dissolution zZones may be active at this
time. Salt dissolution is important to the program bec: it
potentially can remove soluble contfining beds located withﬁn the
aevaporite aguitard seguence. The dissolution of the =soluable

strata within the evanorite aguitard segquence couid laead to an
@arly exposuwre of the radigactive wastes to the aroundwater +iow
svatems. Such svposwe could reduce groundwater btravel time to

the accessible environment.

~ROBLEMS, RDEFICIENCIES OFR LIMITATIONS OF REPORT:

states that the salt-dissolubtion zones tested 1n tThe
s are at diffesrent stratigraphic locations as well
i
t

The report s

well
a locations (o, 2-T0, The comparison of hvdeogeologro dad
LW'lJthd from i fferent stratigraphic and Drﬁhablv
hvdrostratigraphic wnits  1s problematic. The polint showld have
an discussed in greater detail in the report.
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The report doese not state clearly how the wells were constructed
(P I it is necessary to refer to the attached figures to
ascertain whether o not the wells were soreened and whether a
agravel pack was installed in the wells.

The report states that it 15 assumed that the effective thickness
o+ the transmissive z2one in the test interval 1s 2qgquivalent
the flow test interval thickness. This practice is consistant
withh practices used by most hvdrogeologists in the svaluation of
pumping test  data. Unfortunately, this prachtice 1a ik
consistent  with propsr scientific proceduresi the transmissivity
should be appropriately proportioned among the units included 1in
the test interval. This correct procadure 1S now Deling used at
the BWIF siie, The procedure used in the report results 1n the

M ]
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caliculation  of nonconservative hvdranlico conduactivities bhecauwss
the transmissiviity is  spreasd aover  the entire test interval
thickness, The deteramination of the effective or oroducing

intarvals within the test interval results in the calculation of

higher hvdraulic conductivities than are caiculated by the method
emploved in the report.

Specific storage is calculated based on the relationship of
barometric efficiency to specific storage. Calculation of
specific storage by this method requires the estimation of
affective porosity from the interpretation of neutron geocphvsical
logs. The neutron geophvsical logs vyield value which more
closelv reflects total porosity than effective porosity. The
calculation af specific storage by this method also reqguires  +the
determination of the bulk modolous of conpressibility of waters
the water in this case is a high density fluid, which makes the
accuwracy of the estimation of the bulk modulus of rnmprEESibilitv
guesticnable. The approach used to estimate the specific storage
coeftficient and hence coefficient of storage is appropriate
considering the +act that observation wells were not available
for  the pumping tests at  each of the wells. The caloculated
specific storage is an estimates this point is not stated
adequately in the report.

n

The report discusses the isotopic compasition aof the groundwaters

found at  the test wells. The report does not discuss the
potential effects ot small amaounts af drilling +luid
contanination on the idisoctopic data. The report should discuss
this issue. The thiocvanate tracer concentration in the wells
was measred and  does reflect some contamination of the

qroundwater samples.
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Table 2. Summary of Hydrologic Tests

Test JQ b Pp AP s/cycle 27 K
Period (n”fday) () (psi) (n) m/day m/day Method

Sawyer #2 Well

drawdowan #1 58,873 6.71 1.0 5.25 & - 2.4 to 0.% to type-curve match
3.3 3.6 0.5
recovery #2 58.875 6.71 1.0 3.3 & - 2.3 to 0.3 to type-curve match J
3.42 3.7 0.6 .
Manslield #2 Well
drawdown #1 49.55 16.76 1.0 3J) - 3.2 0.19 type-curve match
" . - - 2.32) J.2 0.19 Jacob approximation
recovery 41 §9.35 16.76 1.0 3.7 - 2.3 0.17 type-curve match
" " - - 3.3 2.7 0.16 Theis approximation
drawdown #) 53.73 16.76 1.0 6.15 - 2.7 0.16 type-curve approximation
" " - - .35 3.0 n.131 Jacob approximation
drawdown #4 58.57 16.76 1.0 4.95 - 1.5 0.09 type-curve approximation
" " - - 3.38 3.2 0.139 Jacob approximation
recovery 14 58.57 16.76 1.0 2.47 - 3.0 0.3 type-curve approximation
* " - - 3. 102 3.5 0.19 Theis approximation {
Holtzclaw #1 Well: Seven Rivers Formation
test 1} 0.y 14.08 10.0 235.0 - 0.1 0.007 type~curve approximation
Hokzclaw #1 Wells Salado/Tansill Fonnations
test #2 0.62 14.04 1.0 46.2 - 8 x10-" 6x103 type-curve approximation

Q - flow rate; b - test-zone thickness; PD = type-curve pressure match-point; AP - data inatch point} s/cycle - straight-line
slope on semi-log plot; T - transinissivity; K - hydraulic conductivity



Table 3

Results of Chemical Analyses
{concentrations in mg/L unless noted otherwise)

Detten #2

Sawyer #2 Mans(ield #2 ‘
Sample date "/27/33 6/9/83 /i3y 6/16/8% 8/iv/80 319/83 3129185
ca?* 1,860 1,460 850 610 . 630 a8l 37
mg?* 280 8 <0.5 <0.2 <0.4 t <0.2
Na* 33,000 23,850 8,010 3,750 5,150 2,970 3,130
k! 30.) 3.9 17 163 220 113 101
se? 2.4 23.1 2.6 12.6 17.2 8.8 7.43
sio, 3.69 W <0.54 <0.63 0.73% KL -
Fe . 0.77) 0.091 141 - - - .-
so, > 0723 3,610 3,780 2,820 3,180 2,13 2,070
cr 34,700 36,120 9,330 3,770 3,680 3,010 3,640
titrated alkalinity 72.6 . ML) - .- -- 9.4meq/L 7.9meq/L
8r” 2.0 6.2 2.9 <0.2 <0.2 2.2 1.87
Vv bdl bl 37 0.58 2.48 0.3 --
n,s b bal -- - -- - -
ol 6 7.2107.5% 1.2 - -- 11.72 1.ss
Ehlv) -0.183 -0.325 .- -- - - --
1°%C 2.5 22.9 17.3 .- .- - 23.0
t.d.s. 94,924 67,53 23,988 11,986 15,708 9,130 2,950
snlet -A7.7% -60.5% .- -- - -- --
sn?* -32.0% -72.0% - .- - - -
8 |)3o" - .- - . -- -62% --
s '3t -1.3 /oo -9.2 /oo -- -- -- -- -
s o2t -7.18 %00 -9.40 ©/o0 - - - e -
LK . - .. - .- -3.8% .-
83452 +11.92 %/oo +9.07 /oo - -- - - -
JEINR B . . - - 7% -
sV 8 -1.9 /o0 -3.1 ®/oo - - - " h
K B B . - - N 3
et 33 204 17 4013 - e . - - -
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Table 3 (cont.)
Harman #)
Sainple date 8/1/3% (a) 2/1/34 (b) 9/14/84 3 19/83 3/29/85 (a) 5/29/83 (b)
ca?’ 1,640 1,340 1,870 1,570 1,466 1,79
Mgl 3,370 3,810 3,050 3,830 3,923 4,000
Na® 96,020 101,600 94,390 100,300 108,700 110,700
K* 1,130 1,250 5,130 1,290 1,218 1,293
se* 3 29.5 29 7.3 2.3 3.5
$io, 0.73% .73 0.33* - - -
Fe - - .- .- - -
so,.z' 6,060 6,230 3,070 5,880 73,760 3,700
cr 151,600 158,900 152,500 161,180 166,300 170,400
titrated alkalinity 7 ? 7 ki ? 7
B ) 3 Y “.6 52 58
r 2.0 1.4 8.9 6.8 - --
H,S - - -- - -- --
pi -- .- 6.1 5.9 6.3 -
Ehlv) .- - - - -- --
¥°c - - 22 22 3] -
s, 260,318 273,471 261,104 274,177 287,899 291,954
Iy et - - .- - - -
8 |)2" -- - . .- .- -
sod* . - . 51% -- .-
MENY 3 . . . 3y .
5 l802,'l . N B . . .
NESRR B B . 3% B .
64523 +11.92 %00 +9.07 ©/ao -- - -- --
s 3‘058,5 . - . 27.9% - .-
PR -1.9 °/o0 -3.1 %00 - .- -- -
A N . . . 24% 3 ~
18:3)7 3.3 <04 1.7 «0.1) - - -~ -

1dvHd|

{ - reparted by Knauth, L. P, Arizona State University 8 - reporied by Winters, Ken, Coastal Science Laboratories, Inc,
2 - reported by Mankigwicz, P, )., Global Geochemistry Corp, bdl - below detection limit

3 - reported by Long, A., University of Arizona ¢ . at detection’fimit°

& - SMOY siandard a - Marinan water sample from top ol water column

3 - Lanyon Diablo meteorite standard b - larman water samnple from bottom of water columin

6 - PO standard

7 - % Modern



