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DISTRIBUTION AND SOURCE OF BARIUM IN GROUND WATER

AT CATTARAUGUS INDIAN RESERVATION,
SOUTHWESTERN NEW YORK

by Richard B. Moore and Ward W. Staubitz

ABSTRACT

High concentrations of dissolved barium have been found in ground
water from bedrock wells on the Seneca Nation of Indians Reservation on
Cattaraugus Creek in southwestern New York. Concentrations in 1982
were as high as 23.0 milligrams per liter, the highest concentration
reported from any natural ground-water system in the world. The
highest concentrations are in a bedrock aquifer and in small lenses of
saturated gravel between bedrock and the overlying till. The bedrock
aquifer is partly confined by deposits of silt, clay, and till. The
highest barium concentrations are attributed to dissolution of the
mineral barite (BaS04), which is in the bedrock and possibly in over-
lying silt, clay, and till. The dissolution of barite apparently is
controlled by the action of sulfate-reducing bacteria, which alter the
BaS04 equilibrium by removing sulfate ions and permitting additional
barite to dissolve.

Ground water from the overlying unconsolidated deposits and surface
water in streams contain little or no barium. Because barium is chemi-
cally similar to calcium, it probably could be removed by cation
exchange or treatments similar to those used for water softening.

INTRODUCTION

Barium is present naturally in the ground water of New York State. A recent
study of public-water supplies in New York State reported that barium concen-
trations range from less than 0.001 mg/L to 2.3 mg/L, with the highest values
in western New York (Cartwright and Ziarno, 1980). The New York State drinking-
water standard for barium is 1.0 mg/L. Ingestion of barium in high concentra-
tions may result in vomiting, diarrhea, spasms, and in some cases, paralysis.
The fatal dose of barium for man is reported to be 550 to 600 mg (U.S.
Environmental Protection Agency, 1976).

In 1981, the U.S. Environmental Protection Agency and the New York State
Department of Health sampled two public-water supplies that obtain ground water
from wells 6 miles apart on the Cattaraugus Indian Reservation (fig. 1).
Results of the sampling showed barium concentrations of 21.5 mg/L in one system
amd 6.13 mg/L in the other. Because the residents of the reservation rely on
these two public water supplies and on many other private wells, an investiga-
tion of the high barium concentrations was begun.

Little research has been done to identify the cause of high barium con-
centrations in ground water. The Cattaraugus Indian reservation, which lacks
industries or other obvious manmade sources of barium, made an ideal area for
study. In the spring and summer of 1982, the U.S. Geological Survey, in
cooperation with the Seneca Nation of Indians, conducted a single sampling of
100 wells and springs on the reservation to determine the distribution and con-
centration of barium in ground water.
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Purpose and Scope

This report describes the results of a study to obtain, from a single
sampling of ground water from 100 representative wells and springs, information
on the distribution and source of barium in ground water at the Cattaraugus
Indian Reservation. The report also describes the geochemical processes
involved in barium mobilization and presents detailed maps of the surficial and
bedrock geology, including two geologic sections. Also included is a tabulation
of water—quality and well data and geologic logs of two test holes.

Acknowledgments
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Seneca Nation Planning Department. Supplemental data gathered for this study
were provided by the Seneca Nation, local well drillers and consultants, and the
residents of the Cattaraugus Indian Reservation. Thanks are extended to all of
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the University of New Hampshire, and to other reviewers of this manuscript.

METHODS

The study entailed a literature search, compilation of available geohydro-
logic data, and a sampling program to test water from 100 wells and springs on the
reservation for barium concentration. This approach was used on the assumption
that the barium concentrations would be highest near or downgradient from the
source(s) of the barium and that the distribution would indicate the location
and nature of the source,

Water Sampling

Well-water samples generally were taken from household taps that were used
frequently. If a tap was not used frequently, water was run for several minutes
before sampling to remove all long-standing or stagnant water. Water from a few
of the wells sampled had been treated by water softening; samples from those
households were taken from taps ylelding untreated water wherever possible.

All samples were collected in 100-mL acid-washed polyethylene bottles, acid-
ified with nitric acid, and shipped to the U.S. Geological Survey Central
Laboratory in Atlanta, Ga., where total barium content was determined by atomic
absorption spectrometry. If available, data on well depth, well diameter,
aquifer, well owner and driller, pH, and specific conductance also were compiled
in the field for each well sampled. These data are tabulated in table 4 (at end
of report).

Filtered and unfiltered samples also were collected from three wells known
to have high barium concentrations to obtain more detailed information on the
water chemistry., The filtered samples were analyzed for dissolved barium,
calcium, chloride, fluoride, magnesium, nitrogen, potassium, silica, sodium,
strontium, sulfate, and total alkalinity. The results (table 3) were then used



as input for the WATROF computer program (Plummer, Jones, and Truesdell, 1976)
to determine the saturation level of the ground water with respect to common
barium-containing minerals. The unfiltered samples were analyzed for total
barium and total sulfide to determine whether barium is in the dissolved or-
suspended state.

GEOLOGY AND STRATIGRAPHY

Auger holes were drilled adjacent to the two wells from which the high
barium concentrations were initially reported. Sediment and bedrock samples
were collected from the auger holes to verify the stratigraphy near the wells,
The logs of the auger holes are included in table 2 (p. 10).

Maps of the bedrock geology (pl. 1) and the surficial geology (pl. 2) of the
area and two geologic sections (fig. 2) were drawn to delineate the geologic
formations and surficial deposits and to identify their relationship to well
locations and the distribution of barium.

PHYSIOGRAPHIC SETTING

The Cattaraugus Indian Reservation occupies 60 miZ of the Cattaraugus Creek
valley southeast of Lake Erie (fig. 1). Cattaraugus Creek has a drainage area
of about 450 mi2 and flows westward to Lake Erie, draining several north-south-
trending tributary valleys in the Appalachian Plateaus upland. This area has a
continental climate with cold winters and warm summers. The mean annual precip-
itation is about 37 inches; the mean annual temperature is about 46° F (U.S.
Department of Commerce, 1982).

The western and central parts of the reservation are within the Erie Lake
Plain of the Central Lowlands, and the southeastern part is in the southern New
York Uplands of the Appalachian Plateaus (Tesmer, 1975). The low-lying Erie
Lake Plain is a relatively flat, gently sloping surface that rises eastward from
Lake Erie to the base of the Appalachian Plateaus. The central part of the
reservation is in an embayment of the Erie Lake Plain into the uplands (Muller,
1963); it is characterized by a relatively broad, flat valley bordered on the
north and south by low-lying bedrock hills. The southeastern part of the reser-
vation is at the base of the Appalachian Plateaus and is characterized by gently
rolling hills,

Relief on the reservation ranges from 473 ft along the shore of Lake Erie to
1,040 ft in the uplands. The Erie Lake Plain occupies the area between 473 ft
and 850 ft (Muller, 1963).

The bedrock that underlies the unconsolidated deposits consists of sedimen-
tary rocks of the Canadaway and Java Formations and the West Falls Group of
Devonian age (Buehler and Tesmer, 1963 and Tesmer, 1975). These strata are
essentially undeformed and dip gently to the south-southeast. Plate 1 depicts
the bedrock geology and includes a brief description of geologic units.



Unconsolidated deposits overlie bedrock both in the Cattaraugus Creek valley
and along the hillside. The valley is partly filled with as much as 350 ft of
lacustrine sediments of fine sand, silt, and clay that were deposited in ice-
dammed lakes that preceded Lake Erie (fig. 2). After the lakes receded,
Cattaraugus Creek deposited alluvial sand, gravel, and silt over the lacustrine
deposits. The bedrock hills are covered in most places by a thin layer of till.
A map of the surficial geology is shown in plate 2; the stratigraphy along two
geologic cross sections is shown in figure 2.

HYDROGEOLOGY

Water supplies on the reservation are obtained primarily from two kinds
of aquifers--confined bedrock and unconfined, unconsolidated sand and gravel
deposits. A third type, consisting of scattered pockets or layers of sand and
gravel buried beneath major confining units, may yield small quantities of water,
but this type is not widely used in the area.

Bedrock Aquifer

The bedrock aquifer is recharged by rain and snowmelt on the surrounding
hillsides, which in some areas extend beyond the reservation boundaries, and
also along the valley axis by upward movement of deep ground water, which is
of poorer quality than that from the hillsides. The bedrock aquifer discharges
ground water upward into the surficial valley-fill deposits, as indicated by
artesian heads along the valley axis. The bedrock is mostly confined by silt
and clay deposits that formed in late-glacial ice-dammed lakes and were then
reworked and redeposited as lodgment till by glaciers. These silt and clay
deposits have low permeability and therefore limit the exchange of water be-
tween the bedrock and the surficial sand and gravel aquifer.

Few wells in the area extend more than 200 feet into the bedrock because
the mineral content of the ground water increases beyond acceptable limits
below that depth.

Unconsolidated Aquifer

The unconsolidated aquifer in the area is composed of saturated sand and
gravel deposits at or near land surface that interfinger with or overlie the
silt and clay layers (pl. 1 and 2). These unconsolidated deposits consist of
deltaic sand and gravel in the southwestern part of the reservation, beach sand
and gravel scattered locally throughout the reservation, and alluvial sand and
gravel in low-lying areas near Cattaraugus Creek and other streams (pl. 2).
These deposits are recharged by precipitation wherever they are exposed at land
surface and locally from the upper bedrock aquifer.
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DISTRIBUTION OF BARIUM
Ground Water

Barium concentration in samples from wells ranged from less than 0.5 mg/L to
more than 23.0 mg/L. The highest barium concentration found during the study,
23 mg/L, was the highest reported to date from any natural ground-water system
in the world. The second highest in the world, 19.4 mg/L, was in a ground-water
sample from the Crimean Steppe zone of the Soviet Union (Terdovidov, 1971).

The areal distribution of barium as depicted on plate 1 indicates that wells
with high barium concentrations are distributed randomly throughout the reser-
vation. They are not clustered along Cattaraugus Creek nor around gas wells,
nor are they limited to specific bedrock units.

The hydrologic, geologic, and chemical data on well and spring samples in
table 4 (at end of report) indicate that:

(1) High barium concentrations are mainly in wells that penetrate the bedrock
aquifer. Of the 28 wells with barium concentrations in excess of 0.5 mg/L,
all are drilled wells, of which 12 were reported by the owners to penetrate
bedrock, The remaining 16 are assumed to penetrate bedrock because they are
either deep or near bedrock outcrops.

(2) Many of the wells with high barium concentrations also have a hydrogen
sulfide odor.

(3) One well (site 65, pl. 1) having high barium concentrations taps a buried
pocket of sand and gravel.

(4) The 26 wells and springs known to tap the surficial sand and gravel aquifer
yield water with low barium concentrations (less than 0.5 mg/L).

Surface Water

The U.S. Geological Survey has collected water-quality samples regularly
since November 1978 from Cattaraugus Creek at Gowanda, 1/2 mile upstream from
the Reservation (fig. 1), at high, medium, and low flows. Results of the barium
analyses of samples taken from November 1978 through September 1981 are sum-
marized in table 1; the concentrations in all samples were low (less than 0.2
mg/L). Because no industries or other likely sources of barium are between the
sampling point in Gowanda and the reservation, the barium concentrations
measured in Gowanda are probably similar to those in Cattaraugus Creek where it
passes through the reservation.

POSSIBLE SOURCES OF BARIUM

Several possible sources of the high barium levels in ground water were
considered in this study; conclusions based on the results of the water—quality
sampling are described in the following paragraphs.



Table 1.--Barium concentrations in water samples from Cattaraugus Creek
at Gowanda, N.Y., November 1978 through September 1981.

[Data from U.S. Geological Survey, 1980, 1981, 1982.
Location is shown in fig. 1. Dash indicates no data.]

Total
recoverable Dissolved

Date barium Barium
(mo-day-yr) (mg/L) (mg/L)
11-09-78 0.10 0.10
1-10-79 .10 <.05
4-10-79 <.05 <.05
6-21-79 .10 .06
11-26-79 - .05
1-22-80 20 .07
4-29-80 <.05 .05
6—-18-80 .10 .07
9-04-80 .10 .10
11-13-80 .10 .05
3-18-81 .10 .10
7-15-81 .10 .07
9-17-81 .10 .10

Cattaraugus Creek

If barium in ground water originates from seepage from Cattaraugus Creek and
surface-water sources upstream from the reservation, high barium concentrations
would be found in water samples from the creek and from wells adjacent to the
creek wherever natural or induced recharge may occur. The distribution of
barium shown in plate 1, however, does not indicate a clustering of high barium
concentrations in wells near the creek, nor were high concentrations detected in
samples from the creek (table 1), Therefore, Cattaraugus Creek is probably not
the source.

Land Surface

If barium originates from the dumping of barium-rich substances on the land
surface, large barium concentrations would be expected in shallow wells near the
contaminated areas. Plate 1, however, indicates that the high barium con-
centrations are widespread, not localized in any specific area., Also, high
barium concentrations were found in water from the deep wells, not the shallow
wells, which are more vulnerable to contamination from surface sources. For
example, wells 50, 5la, and 51b (table 4 and pl. 1) are close to one another but
have considerably different barium concentrations. The deeper well (50) is the
only one with a high concentration of barium (23 mg/L). This well penetrates
more than 80 ft of relatively impermeable silt and clay, as determined from test
boring 2 (table 2) before reaching the water-bearing unit (presumably bedrock).
These observations seem to rule out surface contamination as the source of
barium,



Table 2. Geologic logs of auger test holes.

[Locations are shown in pl. 2.]

TEST HOLE 1

Located 50 ft north of well 90. Log from sample study by R. B. Moore,
U.S. Geological Survey,

0-6 ft Clayey silt, brown, breaks apart, moist

6-15 ft Clay, some silt, brown to gray, very pliable, saturated
15-26 ft Till, mostly clay, pebbles and cobbles, gray, nearly dry
26.5 ft Refusal

TEST HOLE 2

Located about 200 ft west of well 50, Log from sample study by R. B. Moore,
U.S. Geological Survey.

0-13 ft Gravel, some silt and cobbles, brown, saturated at 7 ft

13-88 ft Clay, with silt, intermittent sand layers, gray, pliable, saturated
88 ft Bottom of hole; no refusal

Barite Drilling Mud

If barium originates from barite drilling mud used during the drilling of
gas and water wells, large barium concentrations would be expected only in wells
in which barite drilling mud was used. However, several wells with high barium
concentrations were constructed by procedures that did not use drilling mud
(Frey Well Drilling, written commun.,, 1982, and Edwards and Moncriel, oral
commun,, 1982), which indicates that drilling mud is not the source.,

Gas Wells Tapping Deep Bedrock

If deep ground water containing high barium concentrations were leaking
upward into the aquifers along the casings of active or abandoned gas wells,
large barium concentrations would be expected in water wells close to or down-
gradient from the gas wells., However, the wells with high barium concentrations
were not clustered around gas wells nor were they aligned downgradient from
them. Therefore, gas wells do not appear to serve as a conduit for barium con-
tamination.

Upper Bedrock

Results of the water—quality sampling indicate high barium concentrations to
be widespread among wells tapping the bedrock aquifer. Because no other source
of barium has been identified, the high barium concentrations are probably
derived from the dissolution of barium minerals in the upper bedrock.

10



Barite (BaS04) and witherite (BaC03) are the most common minerals containing
barium and are, therefore, the most probable sources of barium; their solubil-
ities are the most probable controls on barium concentrations in ground water.

BARIUM SOLUTION PROCESSES

In an attempt to verify the state of saturation of ground water with respect
to barite and witherite, the WATEQF program (Plummer, Jones, and Truesdell,
1976) was used to relate the ion-activity products (IAP) of barite and witherite
in waters from the three wells (table 3) having the highest barium concentration
to the solubility products (KT) of the minerals. From the relationship, a value
of log IAP/KT greater than zero indicates oversaturation, a value less than zero
indicates undersaturation, and a value of zero indicates saturation. The log
IAP/KT values obtained were:

Well 50 Well 62a Well 90
Barite (BaS04) * 0.3 0.7
Witherite (BaCO3) -0.7 -1.8 -1.5

*Concentration of sulfate was less than the detection limit,
therefore, the IAP could not be calculated.

Thus, water at all three wells was undersaturated with respect to witherite,
and water in wells 62a and 90 was oversaturated with respect to barite, indi-
cating that barium concentrations in the waters are probably controlled by the
solubility of barite. This result and the reported occurrences of barite
elsewhere in the same type of rocks that underlie the reservation (Hall, 1843)
strongly suggest barite to be the barium source.

Additionally, if barite is the primary source of barium, one would expect
the molar concentration of sulfate to be similar to that of barium from the 1:1
stoichiometric relationship expressed in the following equation:

BaS04 &=5Batt + S04~ (1)

Additional sources of sulfate such as gypsum would make the sulfate con-
centrations even greater. However, the concentrations of sulfate in the three
wells having the highest barium concentrations were very low (table 3). A
possible explanation of the low sulfate concentrations may be the action of
sulfate-reducing bacteria. In an anaerobic environment, these bacteria use
sulfate as an oxygen source for metabolizing organic material. 1In the process,
sulfate is reduced to sulfide, as indicated in equation 2, and the sulfide may
eventually escape from solution as hydrogen sulfide gas (Hem, 1970), as follows:

S04= + CH4 —>HS~ + HCO3™ + H20 (2)

The odor of hydrogen sulfide gas was noted in many of the wells sampled,
including those with high barium concentrations.

11



Additional observations support this explanation. Sulfate concentrations in
the ground water of three wells were between <1 and 2 mg/L (table 3), whereas
those in precipitation in the area range from 2 to 25 mg/L (Archer and others,
1968, p. 19). Because precipitation is the main source of recharge for ground
water in the area, either sulfate concentrations in precipitation were less at
the time of deposition or sulfate is being removed from the ground water. The
organic compounds necessary to support the sulfide-reducing bacteria are common
in most shale bedrock and have been observed in the Dunkirk shale (pl. 1)
(Tesmer, 1975, p. 34). Also, natural gas produced by anaerobic bacteria that
require an environment similar to that of sulfide-reducing bacteria has been
reported to be emitted from several water wells in the area (table 4).

Together, these observations lead to the conclusion that the bedrock in the area
has the proper anaerobic environment and food source to support sulfate-reducing
bacteria, which are, in fact, removing sulfate from the ground water,

This conclusion has chemical implications significant to this study. If
sulfate is being removed from solution, equilibrium will shift to favor the
dissolution of barite, which will increase the amount of barium in solution.
This process would explain the unusually high concentration of barium measured
in the ground water of the Cattaraugus Indian Reservation,

The high barium concentrations in the water can probably be reduced to more
acceptable levels by standard water-treatment techniques. Because barium has
the same positive (++) charge as calcium and magnesium, barium should be removed
from solution by water softening or ion exchange. Water softening appeared to
be effective in reducing the barium concentration of water from well 50. The
barium concentration in well 50 decreased from 23 mg/L to 0.3 mg/L after treat-
ment by water softening (table 4).

Table 3.--Chemical analyses of ground water from the three wells having
high barium concentrations, Cattaraugus Indian Reservation, N.Y.

[Well locations are shown on plate 1. All concentrations are in
milligrams per liter. Samples collected April 23, 1982].

Well Number

Constituent or Property 50 62a 90
pH (field) 7.2 7.1 6.8
Total alkalinity [as CaC03] 200 240 340
Barium, dissolved 23.0 2.5 6.9
Calcium, dissolved 28.0 36.0 64.0
Chloride, dissolved 9.8 110 74.0
Fluoride, dissolved .3 4 .3
Magnesium, dissolved 7.6 15.0 27.0
Nitrogen, dissolved .1 .1 .1
Potassium, dissolved 2.4 1.8 3.2
Silica, dissolved 12,0 15.0 15.0
Sodium, dissolved 46.0 110 71
Strontium, dissolved 1.30 0.86 2.00
Sulfate, dissolved <1.0 2.0 2.0
Sulfide, total <.5 ) <5
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SUGGESTIONS FOR FURTHER STUDY

If water-supply needs increase, it would be desirable to obtain more data on
the quality and quantity of water available on the reservation and on the
distribution of barium in various aquifers. Important questions to address are
(1) whether barite minerals occur in the confining lodgment till and lake silts
and clays that overlie the bedrock, and (2) whether increased development of the
sand and gravel aquifers will draw barium-enriched water from the underlying
bedrock, Future studies should also determine precisely the sulfate and sulfide
concentrations in relation to the barium concentration in the ground water.
Studies using the isotopes of sulfur (3%s and 328) in the ground water would be
helpful in determining whether bacteria are indeed reducing sulfate to sulfide.

SUMMARY AND CONCLUSIONS

Ground water on the Cattaraugus Reservation contains dissolved barium con-
centrations as high as 23 mg/L. The high barium concentrations are primarily in
water from the upper bedrock aquifer, although some are in water from isolated
deep sand and gravel deposits. Water from the unconfined, unconsolidated deposits
contains little or no barium. Results from a sampling of 100 wells and springs
in the summer of 1982 indicate that the barium originates from dissolution of
the mineral barite (BaS04) in the bedrock. The removal of sulfate by sulfate-
reducing bacteria allows unusually high barium concentrations to be reached
before the solubility of barite serves to control the barium concentrations.
High barium concentrations could probably be decreased by water-softening treat-
ment.

Treatment of water from wells with the high barium concentrations may be
feasible because barium has the same positive (++) charge as calcium and could
be removed by water softening or ion exchange.

REFERENCES CITED

Archer, R. J., LaSala, A, M., Jr,.,, and Kammerer, J. C., 1968, Chemical quality
of streams in the Erie-Niagara basin New York: State of New York Conser-
vation Department Water Resources Commission, Basin Planning Report ENB-4,
104 p.

Buehler, E. J., and Tesmer, I. H., 1963, Geology of Erie County: Buffalo
Society of Natural Sciences Bulletin, v. 21, no. 3, 118 p.

Cartwright, R. H. and Ziarno, J. A., 1980, Chemical quality of water from
community systems in New York, November 1970 to May 1975: U.S. Geological
Survey Water—-Resources Investigations 80-77, 444 p.

Hall, James, 1843, Geology of New York, part 4, comprising the survey of the
fourth geological district: Albany, Carroll and Cook Printers, 684 p.

13



REFERENCES CITED (continued)

Hem, J. D., 1970, Study and interpretation of the chemical characteristics of

natural water, second edition: U.S. Geological Survey Water-Supply Paper
1473, 363 p.

Muller, E. H., 1963, Geology of Chautauqua County, New York: New York State
Museum and Science Service Bulletin 392, 60 p.

, 1977, Quartenary geology of New York, Niagara sheet: New York
State Museum and Science Service, Map and Chart Series No. 28, 1 sheet.

Plummer, L. N., Jones, B. F., and Truesdell, A. H., 1976, WATEQF - a Fortran
IV version of WATEQF, a computer program for calculating chemical
equilibrium of natural waters: U.S. Geological Survey Water—Resources
Investigations 76-13, 63 p.

Terdovidov, A. S., and Chupis, N. Y., 1971, Barium and strontium in ground-
waters of mesozoil-cenozoil sedimentary deposits in the Crimean Steppe
zone: Geokhimiya, no. 11, p. 1343-1352,

Tesmer, I. H., 1975, Geology of Cattaraugus County, New York: Buffalo Society
of Natural Sciences Bulletin 27, 105 p.

U.S. Department of Commerce, National Oceanic and Atmospheric Administration,
1982, Climatological Data Annual Summary - New York, v. 94, no. 13, 30 p.

U.S. Environmental Protection Agency, 1976, Quality criteria for water:
Washington, D.C., 256 p.

U.S. Geological Survey, 1980, Water resources data for New York, water year
1979: U.S. Geological Survey Water-Data Report NY-79, v. 1, 538 p.

1981, Water resources data for New York, water year 1980: U.S.
Geological Survey Water-Data Report NY-80, v. 3, 247 p.

1982, Water resources data for New York, water year 1981: U.S.
Geological Survey Water-Data Report NY-81, v. 3, 223 p.

14



a]qeTIeARUN 1B BIBP S9IBDIPU] --—

0,67 31e wd/oyun uy ‘adue3onpuod OT3Idadg 4
ToARI3 pue pues = 9 % § €
PolTIIpP = T30
Butads = § ‘11om = M 1
£311ENnD pOOYy [ 5 041 8°9 -—— 8 0L 1aa — auwyy M saqhey ayeld 9% LS6S8L0 8IEECY
uoljg 1° 611 T°9 - 9 ov-S¢  T1ada 6961 uosuyof M STi11eH WeTTTIM S% GY8GBLO Ll1EElY
a0po 9pIjIns uaBoapid 1°> 861 %9 —-_— 9t V44 ang —_—— - M sqooef a1s8Td %% 60658.0 90EECY
sulels uoly ‘iopo spyjIns uadoaphH 9 69t 69 —-- -— --—-  13@ —-— oXuyg M JolaieM BIID10T  £%  HCHGCB/O TEEELY
||||| 1°> 16l #%°¢ 2% S e -—— 3ng ——— - M $)003g uFadj ¢y 168680 9SEETYy
931sel 100d pue 3sny A vet 0°9 —-—- 9 ---  1aa -— -— M joo) ayuod 1% 61/58.0 £0EETY
||||| 1* vl 1°L -—- - —_—— = -— SUBAD1S M uokua) eue@ (% CT/SBLO THIELY
utuw/{e8 y/¢ ‘10po apr3IIns uadoiphy i o1z (9 --—- 9 Sy 14a 9661 uosuyof M paye] sewoyl 6t 61£58/0 SETZELY
£1ddns poo3 ‘Leid Lpno1d v 01z 89 -—— - S€ 1@ 2961 uosuyof M Le7 suadnd  gf £0/$8L0 61ZELY
uoaj 8°€ 912 0°¢L -—- 9 66 1@ 1861 uosuyorp M 997 ueAl 9€ 96968.0 C0TELY
41ddns poog ‘1opo apyjIns uaBoiphH 6° 8sC 0L - 9 9s 11Q —— SUaA31S M uosdwoyl ans ¢ 1€/68/0 1CZETY
Aap sa03 sawyilawmog 1°> £0C %°¢ 228 9¢ -— 3ng —-— Jaump M uosaajed epuaag %€ 86/S8L0 9TTElY
uyu/1e3 g/1 1° 9% £°9 -— 9 STT 1aQ 6.61 LCRE | M uosasuwif afsTd €€ L1868.0 9€CZECY
———— 1 00% S°¢L 9%S —_— — - —_—— -_— S e --— 1€ £06S8.0 £STECY
£1ddns pue £3y77enb poo9 1° e 19 -—- -— -— - —_— -— M 19qAel paemoH  0f 11658.0 00ZETY

£1ddns poo3
‘923se3 Jood ‘iopo apyIIns uaBoaphy Z°1 91g ¢°/ Mooapagd —— Sig 13a —_—— *0) sey M BO9Uas syaod 67 6€£858/0 1€1€CYy
£1p s908 sawrlamos 3 3Isny 1 Ly L9 23S 9 29 1ad 6L61 13193ang M sTa®l A1aeH 87 BEBCBLO THIELY
A1ddns 3 £3y7enb pooy 1 08z L9 2%s 9 8y 1ad 0861 @Yy M @0321d I0SPUTM [T 9T8S8L0 £E1€TY
£1ddns 3 £3y1enb pooy T SST L*9 9% 8§ —— 9% 11Q -— ayuyd M TTTH uUoTIel  GZ /£08S8.0 TOTELY
£1ddns 3 £317eNb pooY 1> 8ZC 6°9 27%s 9 8¢ 110 SL61 STITID M Aeag preuod €7 €££8$8.0 LSOETY
utu/Te3 ¢*/1 £337ENnD pood 1 L0€  6°9 9%S L LY 124 €961 auyd M sundoml Tned 1Z 908$8/0 €S0ETY
£1ddns 3 L3yrenb pooy z* LT 6'9 29%S - -—= ~—= 50961 -— M uosid33ed 33095 0T [S/S8.0 LEOETY
A131END poOOYH 1° wye 1L 23S -— _—— - — —-— S dmeyoy 61 6S.58.0 920€TY
(paey) £1ddns 3 A3yrend pooy 1*> SZE 6°9 93%S 9¢ oY ang L€61 aaumQ M uosialed uead g1 8%/S8/0 0T0ETY
Xew ujw/Tes ¢ 3 uoal 1° 90C %°L V%S 9 Sy Tada -—— uosuyof M AMeYON 3Isauly 91 8LLGBLO ST0ECY
£1ddns 3 A371end pooy z° %82 6°9 9% g J— 0s 1ad 8961 ajuy 3l M uosaswy[f uoaeys ST £%968.0 8S6TTY
L1ddns 3 L331enb pooy 1*> GlT 8°'9 9% S - —_—— ——— —_— —_— M pneuay adtajeay %1 96968/0 100€CY
£1ddns 3 £317enb pPoOY 1 oot 0L 228 8 S*6 - - - M aadoo) suuezng €1 0TLS8L0 8S6CCY
£1ddns 3 43771enb pooy 1° ovs 0%« V%S —-— 15 1ad LL61 ELENTR M e uiated Z1  6TLSBLO 1S6CCY
4£371enb pooy T° oce L°9 97%S - e 1ad (Y4 - M A9TPUTYDS TeYSIEW TT  O1LS8L0 0£62C%
£311END pOOY 1*> ¥8C 979 9%S -— (V14 3¢ spg6l asunp M uosdwoyl a1TeIBN 01 65958/0 €06CCY
£1ddns pooy 1> 02 $°9 9% S —_—— == 3nq —— —_— M sewoyl uyof 6  06958.0 9S8ICY
asjem Aeas Apnoy)d 1 8¢ €8 -——- 9 (¢)ey 1ad 6.61 ajuyy M sun3om] €333 1d 8  BEBSYLO 168CCY

a3uadljos i191je
poldues-saje[nojilaed-£3yTenb 1004 1°> 182 1°8 —--- -— -—=  T13aQ 0861 auyy M }ooyusy Toaed L 6%LS8L0 £¥8TCY
||||| 1> %8¢ 9°9 T3aeay L 14 9 ang —_— aTed S @ITYM UANQTIR 9 61868.0 O¥8CCTY
£1ddns 3 £311enb pooy 1> 081 1°, >poapag or 9L 114 -— L1100 ) 931TYM pPTRUOY G %78S8L0 8TBITY
Aap s903 sowrjauwog 1> 08¢ 0°L - 8 - 1aa SL61 a)uyy M ST99Yaaalls BITA Y €G6L68L0 LT8CTY
——— 1° (ST 1°f - -— _— - — -—— S  mmmemmmem—— € %£.S8.0 818TTY
£1ddns 3 A3yTeEnb pooo 1°> wHe 6°9  ——— -— —_— - 2961 - ) x04 sef3noQ 4 €ELS8L0 918CCYy
——— 10> 95y 89  ——- _— e - - -— S memmmmmmee———— 1 879$8L0 TETETY

12UMO 10 JuapIsaa Aq sS)Iewady (1/3uw) & Puod Hd mmnzu (ut) (13) Z112M Pa3dna3s  J13T[F3¢ [@d1n0§ juapisaa *ou apnit8uo]
unyieq *oadg a93ynby weyp yaidep jo -uo3 a0 20 18207 —apniiiel
18301 Buy 118M odAL PpaTTTap JaumQ
-SB) ajeq

*286 1 duUMG-Buiuds “uU0LID04289Y UDIPUT INBNDUDIZD) 818AIDUD umldpq fO 83 IN8d4L PUD DIDP Auoguaaur=17oM——*% 2790]

15



Sswa1qoad uoay ‘iopo apyiins uadoapiy

(81 69 -——— *up 9 - 11d -— —— M uyeal preuod €8 T1€%06.0 SOEETY
----- L1 89 9 %S *33 9 0z 8nq ——— ———— M STWOOT ¥de1d 7B 9£606L0 9€TETY
30700 Maep ‘aopo apyjiins uoadoapiy 60 L'9 ———— 1 (19 — —_— ——— M 19pAug sewel {8 €TS06L0 €TIELY
S§>ue] ul swioj
A112f uoar ‘aopo apr3Ins uaB0apiH Y8 ¥ L - 9 oyl 1ad LL6l = M AMEYON *D 6L 6E£06L0 8OEETY
23se] 19z373S [1°12 S AN - - 1aa —— auyy M uvosiawyf 3T7d2qeUUY g/ CICO6L0 10EE€TY
£331E0b po03d ‘uoajy €S1 9°9 9% S 01 67 1aQ —— £oay M Wuaay uep wolTY L[ 9YE06L0 TSZETY
£311enb 3 £1ddns pooy SLT 69 ———ee € ¥1 UdATIQ - aaump M wojjed uhayled 9/ ZI€06L0 SHTETY
(p2a23113) urw/1ed ¢ ‘wvoar ‘sen SIS L ———-- - 991 1ad 1,61  su@a21s M a9ied eupd G/ GYZO06LO 14ZETY
A1ddns pajrwyy ‘A3FTenb pooy gyl 0L ———- A St 13d el ————- M £3900fudd 332q0d %/ 0£T06L0 14ZETY
Afddns pajjwy} ‘A311enb poop sl L9 9 %S 9¢ 91 3ng —_—— aaumQ M J3ouuag ApeS €/ 01Z06L0 14ZELY
£317B0D pPOOY 061 69 9 %8S 8 1z 13d 0L61  suaaa1s M moydaN £1331 7. 6E106L0 8ETETLY
s8pooTj a@3je 1dedxa A3jend pood €T 9 (&) D %S 9 0z 1aQ —_— a3uyg M Ael @dua1013 ®IL 00T06L0 ¥EIELY
———— sel 2L v wnSs - 41 uaajaq ——-- - M Buraed a3taendaed 1/ BII06L0 1%ZETY
a10po 2p1JIns uaBoaphy wye 0L ————- -= - 11d —— ———— M A12zpoY LATTABH 0L 9Y106L0 1€E€ETY
||||| U74 B AN AT - - - —_—— ———— puod ——— B69 62106L0 £vEETY
iopo apy1jIns uasoapiy 0% 69 poaped 9 A 11d LL61  sudad1§ M rbayooluay yimd 69 0E106.0 9%EETY
uoag SL SS9 9%S§ v 91 3nq — —— M BO9UAS BULUEBZNS 89 /TT06L0 10EETY
A317ENb pooy 91 'L 9 %8S - 9z —— ——— ———— M piojues *y /9 6%006L0 1SEETY
£31TeNb pooy 0l 6°9 pues 9¢ z1 3ng 0861 12ump M uyof YiIIpd 99 6Z006L0 BYEELY
upw/1es 11 ‘uvoaj 8SZ 9°9 1113 moTeq  —-— 6% 1ad 6L61 Kaag M PpaojueS yeaoqad 69 [0006L0 6EEECY
124av31)
£1ddns poo3 ‘uwoaj g6l UL ———— 8 SE 1ad ——— ayuyd M BO3UDdS ufIaBW %9 BOT106L0 LIEETY
&311Enb pooOd 61 §°9 9D %S 81 0t 3nq — I2UM0 M YosIIN YeTAML €9 Z0106L0 T10EETY
uelSalae [IaM sEBY (1€ 1°L ooaped - - 1ad ——— ——— - e BZ9 LS006L0 teTEeYy
ueIS233R uU0A] 0vZ 1°L Wooapeg 9 - 1ad — ——— M 330adysy uaydais 79 6%006L0 0EZETY
paey ‘A1ddns poon 60% €°9 pueg 9 21 1ad 0961 L1100 M moTjuaod 433124 ®19 €1006L0 ¥ZTETY
gujualjos 1933e pojdues ‘A1ddns poon 06% 9°9 9 %S 9 4 13Q LS61 ——— M Teydsyead WeIITIM 19 L1006L0 2TzTElYy
paey 3nq £3jTend pood 08y 0°L ————- 1) Sy 1ad ZL61  suaadls M sueIITIM I08d 09 00106£0 1Z1€T¥
Kagrend 3 L1ddns poon 091 €L  ——-m- o1 - 1ad %161 auy3 M uyof yeaoqad 65 8S006L0 6£1ETY
A3r1enb ® L1ddns poon Sil 2°9  ————- - 01 —— —— m—— S uosialed sraoq 85 SE006L0 ¥S1ETY
aopo api3ins uadoapiy Gl1Z 0°fL Mooapeg 9 0L 12d 7661 o)uyy M Swell1tM Tised LS €0006L0 0GI1ETY
Aap aaaau ‘moy s3a8 Bujads €zl G*9 9% S - - — —— ——— S J3INH uosTeN 96 9%6G68.0 TE1ElY
||||| 081 6°9 9%S - 09 1ad L961 41100 M uyol y3laqezi(d ¢S BE6S8L0 TZIELY
K377E0b pPOOYH (07 8°9 ———— - - — —— e S uosaauwif puowded %S 916$8/0 6Z1ETY
aaua3ljos i1233je peidueg 08l v £ —— - - 1ad e M 221214 Apes €S S16S8L0 €S1eCy
||||| 0SZ 9°9 9% § - - gng — — M el M AeW 7S L76S8L0 €0TELY
----- 06z 89 998 ozt -- 3nq ——— —— M uol3eN eoauds QIS ($6S8L0 9vZELY
----- 0sZ 8'9 9 %S 0zt — 8ng —— —— M uor3IBN BO2UdS ®BIG 00006/0 OYZELY
asua33jos a93aje /3w ¢°0
=3893 SYSN ‘aopo op13Iins udB0apiy 91 Tt ———— - - 1ad ——— == M Bursnog 13BN BO9UdS 0§ 10006/0 0£ZETY
£311eNb pooy 9%l ¥'9  ————- - €S 13d S0G61  uosuyorl M wOSIAWI[ STIIOH 6% L%8S8L0 00EETY
lllll (12 0°9 9 %S %2 — 3ng —_— ———— M ———— 8% G6S868L0 BOELLTY
Jsumo 30 juepisea £q syiewsd  (1/3w) ,*puod ~ad&3 (uT)  (33) ,119m paIdonays 391130 (22anog Juapisai ‘ou apn3j3uog
*dadg aa3nby *weTp yaideap 3o -uod a0 ao 1e001 —-apniyle’]
Bul 119M @dA&L pai1iap aaump
-SB) aje(d

- (PONU1UOD) 26T douunS-buluds UOLIDLDEDY UDIPUT 8NENDUDIID) ‘918AIDUD unldDq fO 831nsdd puv DIDy Auojusaui-11opM-="p 219DL

16



9IQEITEABUN 91 BIBP S2IBIJPU] -~

D,6C 3 wojoyur ug ‘9ouUeIdINPUOD IIFFOAdS
19se13 pue pues = 9 ¥ §
Pe1T¥#Ip = Ta@d ,
Bufads = g ‘TIM =pn
———— ¥Zl ¢°9 D =®S - 3nq IaumQ M 3PIYD TTel uewaoN 101 T11%06L0 Letecy
utw/1es Q1
‘paey ‘iopo api3Ins usBoipin 96s  b6*Y  Poipay 9 Tad L6l uyy n BOBUAS uTAd)Y Q01 8T1/06L0 %0SEZY
uiw/1es y/¢ ‘uoaj auos 0ttt 9°9  ooapad 9 1ad 8L61 susaaalsg M puowpay paempi 66 €SL06L0 LSYETY
ujw/Tes ¢*| ‘i1opo api3Ins uadoipdy 11c 0°¢L A20apay 9 Tad 0gel aaump M YOTI391d 339 86 YSL06L0 9twely
"33 eyl
jyooapaq 03 yidap ‘uoii ‘ueiselay £9C Q"L doapad 9 Tad ———— 333anyg M 493104 31990y L6 1SL06L0 cowEey
uolj} ‘iopo 2piFIns uaBoaphy lel 2°L ==——- 9 Tad 9L6l STTTIW 1) Apauud) 112q04 ®Y6 yI1L06L0 wYYETY
10po 3pijIns uaBoipAy 981 6°9  4doapay 9 Tad Lol ———— M 90Fd UOIIFTID 96 wI1LO06LO THwelw
A3}lenb pood 3ing uoij g*l 69C 0°L  doapay ¥ 1ad — afuyd M uewadlem dITIUd  S6 BTLO6LO wIwELY
———— 1> V9s  B*'Y - 9 1au — ST M sweaqy yany €6 E€I1¥06L0 9SvETY
A1ddns pajjwyl I*t ¥9C ©°9  AP0apdy ] 114 —— ——— o 90131d UTAT®HW €6 ZEYU6GLO 6T%ETY
J0po IPLI NS uaBoapay rAd L8s v/ ———— <1 Tad — SuaAaly M ouaaieq pueloy lo 0TS06L0 E£9%ECY
J0po IPIJINS UIBOIPAn 6°9 Sty 8°Y AD01pay - 1 — E2 LN M UOTIEeN EDdUdS 06 LI1906L0 8¥Y¥ETY
193eM UmOJ }31) IBATIS 1*> (9] AL ——— - —— —— —--—--133eM umo]l SWeI{TTM PABUOIT ¥y TCY06L0 1TwECY
10700 OBIq ‘I0pPO BPIIINS udBOIpAH gy ot 'Y m=—-- 9 1ad —— 41104 M s3001g AQYV /8 E¥S06L0 9SEETY
—— 1 t9¢ t*9 VS - any — ———— M s)001g AQV 98 (%S06L0 ¥SEETY
A19z319s ‘sey gy L7 R A —_—— 9 11d — ———— M maydaN Iny3lay S8 LISU6L0 YHEETY
Aates b°C sY8  0°L ——— Y 1 —— ———— M moydoN BIIOTY w8 STI¥06LU TTEETY
J9uUMO 10 JUIPISaI AQ SHIBWIY (1/8w) ,*puod ud ¢9dA] (ut) (33) ZI1em pa3oni3s 13111 @0an0§ Juapisea *ou 2pn313uo]
*dodg 133100y swep 30 ~uod 10 ao 18907 -9pR3IFIEB]
Bug ad4),  pa1TTap asunp
-se) a23eq

- (Panu1quov) 2861 dauumg-buruds ‘UOLIDAUDEDY UDIPUT ENBNDUDIID) ‘818A7DUD UMIIDG [O 837n8ad DUD DIVP AuOjuaaul-779M-—*p 97qDL

17



