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This numerical ground-water model for the Island of L.ana'i has multiple objectives, purposes, and
goals beyond the standard attempt to simulate historically observed data, create a predictive too!, and ulti-
mately provide a firmer understanding Lana’i’s ground-water hydrology. This study additionally attempts
to provide a common-ground framework of required reporting contents for future modelling efforts in
Hawaii within which hydrologists can explain and critique each others analyses and findings of numerical
ground-water models.

. The entire record of measured geologic and hydrologic information is presented in this report from

| which the conceptual model of Lana’i is derived along with the calibration targets of early Maunalei Tun-
nel flows and the chronological order of initial water-levels in shafts and wells. A major assumption in the
conceptual model is geologic homogeneity and isotropy on the regional scale.

- Lana'i is a small island (140 miles?) with only one significant stream, Maunalei Guich, which lies
in the rain shadow of the islands of Maui and Molokai yet it has ground-water-levels which range from the
a few feet near the coast to over 1500 ft. above mean sea level (msl) near the central portion of the island.
This is generally the result of impediments to ground-water flow in the major rift zones of the island under
arecas of significant recharge. Of all the Hawaiian islands, Lana’i relies the most on high-level ground-
! water where water-level elevations of wells with utility range between 600 to 1500 ft. above msl. Using a
- geographic information system (GIS) to model recharge on a monthly basis while recognizing soil-mois-

ture considerations resulted in an annual average recharge of 61.60 million gallons per day (mgd).

The calibration effort on steady-state and transient water-level analysis show that the numerical
model can reasonably simulate regional water-levels. Also, the effort revealed that the extent of the high-
level aquifer could be larger than previously estimated and that recharge appears to be augmented by
something more than observed rainfall; most likely fog-drip. Although steady-state calibration targets
were simulated adequately, transient simulation of historical water-levels revealed that no one regionally
homogenous storage coefficient could be identified. This fact undermines the major conceptual model
assumption of regional homogeneity and isotropy but does not invalidate the regional utility of the model.

Six predictive scenarios were investigated and their results are summarized as follows:

1 '42 16 '94 Average Pumpage | Water-level response is between 20% 1o 95% complete {several decades o sev-

= 1.79 mgd sral centuries to go}. Upper Maunalei tunnel should cease flowing.
2 Fog-drip Removal (8.9 mgd) | Water-level response would take several centuries with decreases between 100

to 700 f. depending on well location. Both Maunalei tunnels would cease to flow.

3 Total pumpage = 6 mgd with | Shaft 2 may lose its present ulility without any modifications to other existing
existing well infrastructure wells and both Maunalei tunnels would cease to flow. Existing wells would need
to be deepened, and/or additional wells would need to be drilled, and pumping
schedules carefully managed.

Combining 1 & 2 Many existing wells will lose their utility as well water-levels decline to sea-level.
5 Palawai Caldera Pumpage = | impacts to upgradient potable sources are small and may be immeasurable.
0.650 mgd
6 Future Pumpage = 3.52 mgd | Aquifer is not harmed under this scenario. Existing wells may need some modifi-

cation as some wells have no track record for this average pumpage. No wall
water-leve! declines to sea leve! are expecied. Lower Maunalei tunnel! should
continue to flow at around 0.103 mgd (i.e.total developed water = 3.62 mgd).
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Objectives, Purpose, and Goals

The impetus which generated this study for Lana’i was a request by the Land Use Com-
mission (LUC), State of Hawaii, for Lanai Co. (LCo.), in conjunction with the Commission on
Water Resource (CWRM), State of Hawaii, and the U.S. Geological Survey (USGS), to produce a
numerical model to further assess the ground-water hydrology of the island and potential impacts
of pumping ground-water from Lanai’s high-level aquifer. No specific objectives were outlined
by the LUC other than to produce a numerical ground-water model.

As such, the objectives, purpose, and goals for this study were kept simple and are as fol-

lows:

(1)

2)

(3)

4)

(©6)

(3)

To provide a firmer understanding of Lanai’s ground-water flow system based on
the more detailed level of analysis required by a numerical model.

To provide a firmer understanding of the limitations of the existing well
configuration as far as developing and utilizing the ground-water flow system.

Produce a two-dimensional (2D) preliminary numerical flow-type model to
investigate ground-water heads and flows only, rather than a transport-type model
which additionally incorporates solute transport phenomena. Solute transport is not
of primary concern at this time. Additionally, the numerical code should have
three-dimensional (3D) capabilities;

The model shall be at least interpretive and possibly predictive. As described by
Anderson & Woessner (1992), a model at the interpretive level of investigation
requires the methodology and framework for organizing existing data and
formulating ideas about the ground-water system dynamics, while predictive
models require a greater level of detail and calibration to reproduce actual observed
data and responses to pumping. This approach may also be classified as the solution
to an identification or “inverse” type problem (Anderson, & others, 1992; Weeks,
1994). Inverse type problems are where stresses, like pumpage, and the resulting
responses, or resulting water-levels, are known, but the aquifer system itself is
unknown;

To provide a framework of model reporting requirements for future studies related
to ground-water numerical modelling efforts in Hawail.

Lastly, this study provides an opportunity for hydrologists from LCo. and
government agencies to work together to produce a useful and meaningful
numerical ground-water model to further the geohydrologic knowledge of the
island, to provide an additional water management tool for the CWRM, and to give
the community of the Lana’i a greater sense of confidence in the estimates for the
occurrence and availability of ground-water on Lana’i.
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The Island of Lana’i is a single volcanic shield which has been extinct the longer than any
of the other main Hawaiian islands (Stearns, 1946). Information regarding Lanai’s general

regional setting are shown in Figure 1.
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There have been many studies directly concerning the geology, hydrology, land use, and
water resource development of Lana’i which are helpful for producing a ground-water numerical
model for Lana’i. These studies are chronologically ordered and a brief description of each is
found in Table 1. Full reference of these studies is located in the reference section of this report.

Table 1. Previous Hydrologic Studies on Lana’i

Fog-drip observations.

1822 Munro, G.C.
1924 Palmer, H.S. Ground-water conditions - no high-leve! aquifers.
1925 Wentworth, C.K. Geologlc conditions - no high-level aguifers.
1926 Munro, J. T. Fog-drip observations.
1930 Clark, W.O. g;?;‘r'\d-water development - no high-feve! aquifer but recommended tunnefing in Maunalei
1938 Steams, H.T. Anclent shorellnes - similar ocean stands experienced as the island of Oahu.
1940 Swartz. JW. Geophysical reslstivity survey - profile depth to ga!t-water/ freshwater inlerface along transect
T from Kaumalapau Harbor to the mouth of Maunalei Gulch interpreted as no high-level.
1940 Macdonald, G.A, Petrography - island building volcanics ceased at primitive slage; shieild building & caldera flfing
1940 Steams, H.T. Geology & Ground-Waler -est. recharge 6.46 mgd lor high-fevel aquifer, 21.26 mad for island.
1946 Steams, H.T. Short synopsis of Lanal’s general geologic history.
Supplement Ground - Water Development on Lana’l - sustainable yield 3 mgd or more.
1953 Steams, H.T. Ground- water loss is heavy on windward side between Maunalei and Lopa and not recovered
presently.
1954 Munro, J.T. & others unpublished Company intemai hydrological analyses (Mink, 1983).

1957-59 | Anderson, K.E. Threa reports ciled by Steams {1959} but not found in research. Defined 'Safe Yield' = 1.9 mgd.
1959 H! Water Authority Waler Resources in the Slate - ngeiopment of Lana'i groundwater and fog-diip imporiance.
iose | Steams, H.T Safe Yield - jéafe Yiekd" described by Anderson (1957-59) s defined by well infrastructure and

T yield may be increased by adding more wells. Believes little lateral leakance between wells.
1959 Anderson. KE. "Sa?fe Yield” definition letler - concurred with Steams's definition of *sale yield” and that it can
' be increased through development of new sources & lateral leakance phenomena.

1960 Anderson, K E. 2 Waler supply reports: Safe yield from sources = 2.2 mgd.

3 Water supply reports - Safe Yield from sources increased to 2.3 mgd. Ultimate high-level
1961 Anderson, K.E. aquiter supply estimated at 3.6 to 4.8 mgd. Appreciable amounts of Maunalel unnel water flows

by pass water supply system, are not accounted, and probably flow into the sea.
1964 Ekem, P.C. Fog-deip - rainfall precipitation augmented by 30 inches/yr beneath a mature Norolk pine.
1965 Malahoff, A, & others | Geophyslcal magnetic survey - verified Steam's rift zones and additional deep rifts.
1965 Krivoy, H.L. Geophysfeal gravity survey - vetified that main caldera located within Palawai basin.
1967 Sahara, T.S. & others | Land classification - various land use, soll, vegetation, crop productivity, acreage data.




Table 1. Previous Hydrologic Studies on Lana’i (Continued)

Year | ‘ !nvesﬁgﬂt"d

1968 Ching,A.Y. & others Land produclivity rating - various agricultural ratings and imgated acres.

1971 Bowles, S.P. unpublished walershed conservation and management program repoit (Bowles, t974).

1972 Foota, D, & others Soll Classlflcations - island-wide identification and classification of soil information.

1973 | adams. WM. &otrers | L Lower qually beween Kaisonaand Lopa.

1973 Amstrong & others Reglonal hydrologle parameter - average annual runoff = 11 inJ/yt rainfall = 21 inJyr.

1974 Bowles, SP. High-Tevel aqulfer development plan - infiltration {recharge} estimated at 8.5 mgd.

1975 Lieyd, R.H. Description of wefis, tunnels, and hydrology - Tunnels began work in 1923,

1979 USWRC Reglonal hydrologie parameters - Total recoverable ground-water (.e. sustainable yield) = §
mgd, developed (as of 1975} = 3 mgd, high-level area possibly larger than previously believed.

1982 Schoedar, T.A. Rainfall - median rainfall ischyets.

1963 | Anderson, KE. B e B aracion  roporied Well gt by 11 . rom 4776 o X165,

1983 Mink, J.F. High-level potable supply - recharge est 9.3 mgd, sustainable yield est. 6 mgd.

1984 Anderson, K.E. Letter report on Mink's hydrologle analysls- disagreed with Mink's approach.

1984 Anderson, K.E. Waler supply review - wells and infrastructure capable of supplying 2.7 mgd

1985 Giambelluca, T.W. Rainfall - median and mean rinfall ischyets.

1985 Anderson, K.E. Waler supply review -wells and infrastructure capable ol supplying 2.6 mgd.

1986 Harding Lawson, Ass. | Electrical resistivity Investigation - emphasis on jocating productive fresh water areas,

1988 Ekem, P.C. Evaporation rates - only one evaporation pan on Lana'i, insufficient to make isogram.,

1989 Anderson, K.E. Memo updale on high-level water supply - recharge = 8.89 mgd, S.Y. =6.22 mgd.

1989 MAE Pacific, Inc. Water resources development plan - Koele and Manele project water demands/development.

1989 JMM, Inc. Lanal Waler Use (1948-1288) - Graphs of ground-water use and waterlevels.
Water management area petition - Lana'i not designaled but determined that reasonable hydro-

1990 CWRM loglc values are: Recharge = 9 mgd, Sustainable Yield = 6 mgd, and identified a CWRM limit on
ground-water use = 4.3 mgd.

1991 Giambelluca, TW. Drought - Lanai’s most severe occumed in 1931 and lasted 9 moenths.

1993 Mink, J.F. Aquifer identification and Classification for Lana’} - aquiler boundaries for prolection strategy.

1993 Hobdy, R. Forest Reduction - Feral herbivores are responsible for most of forest damage/recharge impact.

1994 CEES-BGD TDEM surveys - Areal extent of possible high-fevel.

A few other hydrologic investigations are not listed in Table 1 because the results have not
been formerly published and no permission from the author to mention them was obtained. Well
information has been verified by an independent monitor and confirmed by the Lanai Water Com-
mittee. Additionally, environmental assessments (EAs) for the Koele and Manele project districts
were made for Lana’i and contain much of the hydrologic information found in M&E Pacific,
Inc.’s (1989) water resources development plan.




dreologi ing an n 1 Model

A conceptual model includes the essential features that represent a physical system. It is
based on the physical framework observed, which in this case is the geohydrologic conditions on
Lana’i, and attempts to link this observed physical framework to an equivalent digital framework
in a numerical model. The geohydrologic framework of Lana’i upon which the conceptual model
is based is described in the following subsections

General Aquifer Characteristics

Lana’i has basal and high-level dike confined aquifers. Our knowledge of actual areal
extent of these aquifers is limited by the amount of well and borehole information to date, but a
typical conceptual profile of the high-level and basal aquifers for Lana’i is shown in Figure 2.
Due to the information gathered from Well 10 the high-level aquifer is now believed to cover
more than 15 square miles. The high-level aquifer has both potable and brackish water. The pota-
ble water is of very good quality which is typical of high-level aquifers. High-level brackish

water (C1I">300 mg/1) has only been found in wells located within the Palawai basin area and are
accompanied by geothermal heating. Basal water is only brackish as evidenced by wells found
both near the coast and over a mile inland at Shaft 1.
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Figure 2. Profile of Basal and High-Level Aquifers on Lana'i (Mink, 1983)




Conceptual Hydrologic Boundaries

The conceptual hydrologic boundaries consist of physical or hydraulic boundaries which
define the entire ground-water domain and will internally influence ground-water flow patterns.
Basically, Lanai’s major hydrologic boundaries consist of the Pacific Ocean which surrounds and
penetrates under the entire island of Lana’i, caprock-like beach rock along the north shore of the
island, three (3) major rift zones which are manifested by observed dike and fault boundaries,
and the unconfined water table.

The salt-water of the Pacific Ocean effectively acts as a physical boundary surrounding,
underlying, and constraining fresh ground-water flow for Lana’i. Freshwater in basal aquifers is
known to float on top of the denser salt-water to form a freshwater lens according to the Gyhben-
Herzberg relationship (DuCommon, 1828; Ghyben, 1889; and Herzberg, 1901). The location of
streamlines along the bottom of the lens effectively makes a hydraulic boundary between fresh
and salt water. Through geophysical resistivity analysis of a cross-section of the island consisting
of twenty-one (21) readings between Kaumalapau Harbor to the mouth Maunalei Gulch (near Lae
Hi Point), Swatrz (1940) recorded a maximum thickness of the freshwater lens to be 973 ft. at Sta-
tion 11, where the maximum depth below mean sea level (msl) to salt water is 948 ft. with a cor-
responding calculated water table elevation of 23.7 feet above msl (see Figure 3, pg. 7).
However, initial water-levels found at three (3) wells located within approximately one mile of
Swartz’s Station 11, Wells 6 & 7 and Shaft 2, encountered water-levels much higher than
expected; 1005, 650, and 735 feet above sea level, respectively. Also, only Wells 1, 9, & 10 have
been drilled below sea level in the high-level aguifer but none of these wells have encountered a
transition zone or confining bottom under the dike confined portion of the aquifer. A later electri-
cal resistivity study by Harding Lawson Assoc. (HLA, 1986) consisted of thirty-three (33) sta-
tions strung out roughly perpendicular to Swartz’s study along the central part of Lana’i (see
Figure 3, pg. 7) also resulted in shallow fresh water layers. In some instances, the interpretations
by HLA show an absence of high-level freshwater between wells which have encountered and
produced potable high-level ground-water. In fact, the HLA study is careful to point out that their
interpretations may be erroneous due to the presence of the lateral boundaries of dikes and faults.
Other resistivity methodologies can be used to quantify the depth to salt water, the most recent
effort performed by CEEG-BGD (1994) using the Time Domain Electromagnetic (TDEM) sur-
veys (not available during the time of model calibration). Approximately ninety-nine (99) sound-
ings were taken around the island to estimate the depth to the salt water/fresh water interface and
high-level ground-water occurrence (see Figure 4, pg. 8). This areal extent was postulated as
early as 1979 (USWRC, 1979). The maximum salt water freshwater interface depth below mslt
was estimated to be in excess of 1000 ft. and the initial occurrence of the high-level water begins
no more than 3.8 miles inland from the coast anywhere on the island. Like earlier resistivity stud-
ies, the presence of dike and fault boundaries may distort results in the high-level area. On the
other hand, it may mean that the Ghyben-Herzberg relationship may not be applicable to the high-
level water on Lana’i. This information combined with the fact that there are few wells within the
basal aquifer lead one to conclude that the actual physical bottom location and profile of the fresh
ground-water/salt water interface island-wide under Lana’i is fairly known in the basal areas but
virtually unknown beyond qualitative description in the high-level areas.
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Ground-water eventually discharges all along the coast of Lana’i through a thin cross-sec-
tional area at the toe of the basal aquifer lens (see Figure 2, pg. 5). There is little or no discernible
caprock or alluvial deposits around the steep and rocky southernly shores from the western Pala-
hinu Point to the eastern Kamaiki Point. This southern shore topography is probably the result of
the prehistoric landslide known as the Clark Debris Avalanche (Moore, & others, 1989). How-
ever, on the northern coast between of these points there are alluvial deposits along the shore
which may act like a caprock formation of low permeability Stearns (1940). Steamns attributed
the existence of northeastern slightly-brackish wells near the shore due to this alluvial geology.
Otherwise, the area would be contaminated by seawater intrusion. Through resistivity analysis,
Swatrz (1940) estimated depth of alluvium at the mouth of Maunalei Gulch at 187 feet below msl.
The existence of a low permeability feature was further stipulated by Adams & others (1973).
According to the results of Adams’s geophysical resistivity survey consisting of 176 stations and
other field observations the typical shoreline profile from Kaiolohia to Naha is shown in Figure 5.
Adams noted that the highest seepage outflow observed along this study area was at Lae Hi Point
which happened to be a basaltic outcrop directly in contact with the ocean. This led the authors to
believe a beachrock, or caprock, impediment of low permeability exists along Lanai’s northern
coast’s alluvial sediments.
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Figure 5. Northshore Beachrock of Lana'i (Adams, & others, 1973)



The principal subterranean boundaries affecting the ground-water flow paths are located
in the three major rift zones on Lana’i. Stearns (1940) identified the rift areas as the northwest,
south, and southwest rift zones. Within the rift zones, intrusive dike and fault structures affect
and control the path of ground-water flow. Locations of over 375 exposed dikes and 100 exposed
fault boundaries are based on Stearn’s geologic mapping of the island (see Figure 6) and help to
define the extent of these rift zones on Lana'i. Undoubtedly, many unseen dike and fault bound-
aries must exist within the rift zones. Dikes may number between 10 to 200 per mile (Macdonald,
1956 & 1970) to 1,000 per mile (Takasaki & Mink, 1985). Additionally, a gravity survey by Kri-
voy & others, (1965) identified that the Palawai basin contains the island’s major caldera and the
possible existence of an ancient northwest rift zone and a northwest lobe (see Figure 7, pg. 12). A
magnetic survey performed by Malahoff (1973) also concurred with the major rift features identi-
fied by Stearns and Kirvoy and, like Kirvoy, indicated the possible existence of northern rift zone
not identified by Stearns (see Figure 8, pg. 12). Stearns stated that near Lanai City, the northwest
rift zone widens and may be up to 4 miles across as a result of early dike formation with later col-
lapsing and faulting which occurred in a more southwesterly area. As mentioned earlier, the most
recent resistivity survey via TDEM (CEEG-BGD, 1994) found that initial occurrence of the high-
level water begins no more than 3.8 miles inland from the coast anywhere on the island which
indicates a wide areal presence of impediments to ground-water flow. It is well known that dikes
are intrusions of dense rock which, when they are sufficiently numerous and intersect, form barri-
ers which impede ground-water flow. The intersection of dikes are such that the can affect both
the horizontal and vertical flow of water due to the dip and strike variabilities observed on other
islands (Takasaki & Mink, 1985; Walker, 1987). Faults may also act as barriers but their effec-
tiveness as impeding boundaries it is not as well demonstrated as dikes. However, Stearns
observed and described fault breccias to which he attributed low permeability and stated that they
should act like dikes in restricting ground-water flow. It is important to note that these breccias
contained fragments of the intrusive rocks associated with dikes which is evidence that dikes are
also shattered by faulting which may actually increase permeabilities of dike formations in some
instances.

The water table makes up the final hydrologic boundary for Lana’i across which net fluxes
from recharge and pumping occur and vary spatially and temporally. One could consider the
isograms of hydrologic processes affecting the spatial distribution of recharge, namely; rainfall,
fog-drip, runoff, and evapotranspiration, as individual hydraulic boundaries. Normally, however,
these features are not considered individually in a numerical model but are lumped together into a
net recharge flux term. Therefore, recharge flux is more appropriately handled through a separate
water-budget analysis which is covered later in this report.
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Finally, there is the possibility that hydrostratigraphic boundaries, or multiple alternating
types and layers of lava flows, have an effect on the isotropy and vertical flow of the model. The
layered and alternating flank flow characteristics between a’a clinker zones, pahoehoe lava, and
volcanic ash of the Hawaiian Islands, including Lana’i, produce anisotropic conditions. For
example, there is evidence of perched conditions on Lana’i from two seeps upstream from the dry
Waiapaa Tunnel (Stearns, 1940). These seeps were significant enough for drain basins to be built
to collect and pipe water to cattle. However, such seeps sites are considered very localized fea-
tures. Given the time and resource constraints of this study, the stratigraphy is assumed to be
more or less uniform when viewed from the larger regional scale. Using this assumption obvi-
ously sacrifices any vertical anisotropy but this is a small price to pay for the benefits of creating
an insightful tool which is limited to a single layer. Therefore, for the purposes of this study, the
entire island of Lana’i assumed to be isotropic at the regional scale.
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Ground-Water Hydraulic Properties & Parameters

General ground-water hydraulic properties described herein are specific to the dynamics
of the saturated portion of the aquifer alone. Necessary parameters for solutions in a numerical
ground-water model are hydraulic conductivity, transmissivity, and the storage coefficient while
homogeneity and anisotropy are related issues about the spatial distribution and magnitude of
these parameters. Hydraulic conductivity is a proportionality constant based on both the fluid and
the medium through which it passes and is essentially the capacity of a rock to transmit water. It
is based on Darcy’s Law which is defined in Equation eq.(1).

Q = KA(‘%) eq.(1)

where:

Q = quantity of water per unit of time (L¥t)

K = hydraulic conductivity (L/t}

A = cross-sectional area perpendicular to flow (L?)
dh/dl = hydraulic gradient (dimensionless)

Hydraulic conductivity, K, differs among different rock types but may also differ from
place to place within the sarne rock. This characteristic refers to the homogeneity of the rock. If
the K is the same throughout the rock then it is said to be homogeneous. If K values differ from
one area to another it is said to be heterogeneous. In the real world geology, rock is always heter-
ogenous. Although one can state that locally, and in absolute terms, that K values are generally
heterogenous, it was assumed that at the regional island scale that flank lava flows are homoge-
nous while recognizing that these flows are cut by dikes and faulting of different K values as well.
Dikes are denser rock and it is well established that they have lower K values than flank flows.
Dike widths found in other dike complexes on Oahu range between 1 to 5 ft. thick although dike
widths of 10 ft. or more are possible (Walker, 1987). However as stated earlier, they can be very
numerous in a dike complex region. Additionally, extensive faulting on the island in the three
major rift zones, as stated by Stearns (1940), “more than likely act similar to dikes™ and should
have low hydraulic conductivities although faulting probably has more variable impact of ground-
water flow. Like flank flows, it is assumed that at the regional island scale effective K’s for the
network of dikes and faults in the rift zone are homogeneous although different than flank flows.

K values may also differ in different directions anywhere within a rock or an aquifer. This
characteristic refers to the isotropy of the medium. If it is the same in all directions (x,y,z) it is
said to be isotropic, if not then it is anisotropic. As stated earlier. the layered and alternating flank
fiow characteristics of the Hawaiian Islands lean towards anisotropic conditions. However, this is
assumed to be insignificant at the regional island scale for the purposes of this report.
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As a final note on K, it is understood that the fluid in this study refers specifically to
ground-water which is assumed to be uniform throughout the aquifer. Generally, ground-water in
Hawaii is uniform in temperature and dissolved constituents. However, ground-water tempera-
tures in and near the Palawai basin are significantly elevated and since temperature affects the
density and kinematic viscosity of water it will affect the hydraulic conductivity in that area of the
aquifer. Therefore, this phenomena should be kept in mind when reviewing results of the model.
Additionally, the ground-water dissolved solids content in Palawai basin and near shore wells are
elevated which change the density of the modelled fluid.

The range of K values for basaltic rock covers twelve (12) orders of magnitude (Heath,
1982). Thus, one can appreciate the variability involved with estimating effective K values in
basaltic geology such as the Hawaiian Islands. Typical values for K for flank flows in Hawaii,
based on pumpage tests, range from several thousands of feet per day in flank flows to a few feet
per day (Sooros, 1973). K values for geologic features such as dikes are known to have low K

values which have been reported as low 107 ft/day for massive igneous rocks (Todd, 1980).

Transmissivity, T, is the product of hydraulic conductivity and the saturated thickness of
an aquifer and is the capacity of an aquifer to transmit water. Transmissivity is defined in Equa-

tion eq.(2).

T = Kb q.(2)

where:
T = Transmissivity (L%/t)
K = Hydraulic Conductivity (L/t)
b = Saturated thickness of aquifer (L)

Since T is dependent upon the saturated thickness, b, of the aquifer and the fact that the
Gyhben-Herzberg relationship (DuCommon, 1828; Ghyben, 1889; and Herzberg, 1901) exists in
the Hawaiian islands, it must be understood that T is not constant but varies within Hawaiian
aquifers. However, even without this assumption it is certain that the T on Lana’i is not constant.
The fact that the water-levels on Lana’i vary greatly identifies greatly varying values for . Since
the bottom of the Lana’i ground-water aquifer has never been firmly established through well
drilling and existing data it can only be assumed that the Gyhben-Herzberg relationship exists. If
the Gyhben-Herzberg relationship does indeed exist then values for b, thus T, could range over
several orders of magnitude.

Since T is dependent upon the value of K, T is subject to the same concerns of homogene-
ity and isotropy as is K. Again, these issues are assumed to have greater impact at the local scale
rather than the regional scale of this model.
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The storage coefficient, S, is the capacity of the aquifer to store water. § is defined as the
volume of water that an aquifer releases from or takes into storage per unit surface area per unit
change in head as follows in Equation eq.(3):

| 4

r

A (AR) eq.(3)

where:

S = Storage Coefficient (dimensionless)
V, = Volume of water released from aquifer (L*)

A = unit surface area (L%
Ah = unit change in head level (L)

S is most important in determining the transient response of an aquifer to stresses such as
pumping. When steady-state conditions are investigated S is set to zero (0) since transient behav-
ior is not sought and no changes in storage will occur, i.e. water will be released from storage
instantly with no time lag. Once initial steady-state conditions are determined, i.e., initial water-
levels encountered are reasonably matched, then the S can be determined through fransient water-
level responses to pumping.

S varies depending whether the aquifer is confined or unconfined. Ground-water released
from storage in confined aquifers is predominantly from aquifer compression and the expansion
of water under pressure. The reasonable range of S for confined aquifers is 0.00001 to 0.001
(Heath, 1982). Ground-water released from storage in unconfined aquifers is predominantly from
gravity drainage through the aquifer when water-levels decline and is essentially the aquifer’s
specific yield. The reasonable range of S for unconfined aquifers is 0.1 to 0.3 (Heath, 1982).
Additionally, for unconfined basal lens type aquifers water could also be released from bottom
storage as the transition zone rises according to the Gyhben-Herzberg relationship and could
affect § values by 41 times (Eyre, & others, 1986).

The common method of estimating the parameters described above are through aquifer
pumping tests. Ideally, observation wells are used to observe aquifer water-level drawdown
responses to pumping wells. Such multiple-well fests are uncommon in Hawaii due to the addi-
tional costs involved. Typically, only the pumped well itself is the available source for aquifer
test drawdown measurements. Such single-well tests introduce additional drawdown due to tur-
bulent frictional forces as water leaves the aquifer and enters the well bore. Thus, most single-
well tests have greater drawdown than that which occurs in the aquifer itself. Thisis a very local-
ized source of error. Although this is one major source of error in estimating aquifer K, T, and S
values, there are many other localized sources of error associated with single-well aquifer pump
tests. These sources of error are related to the following assumptions:
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Agquifer is infinite.

Aquifer is homogenous and isotropic.

Position and nature of aquifer boundaries.
Occurrence and nature of confining beds.
Thickness of aquifer is known.

Fluid is homogeneous.

Flow to well is uniform and horizontal only.
Ideally, wells are fully, not partially, penetrating into the aquifer.
Length of aquifer pump test period is adequate.
Pumping rate is constant.

Well losses vs. aquifer losses are known.
Nominal vs. effective radius of well are known.
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As stated earlier, one major assumption for this model is that the regional scale the aquifer
is homogeneous and isoptropic. This assumption is almost certainly invalid at the local scale
associated with aquifer pumping tests, With these caveats in mind it is quite evident that the
effective K, T, and S values can only be approximated and will be appropriate only for the grid
and cell size used in this study.

For Lana’i and in the well information portion of this report, Table 13, pg. 50, lists the
results of field pumping test data which estimate the K, T, and § parameters. The average K of

nine (9) tests is 18.3 ft/day, the average T of nine (9) pump tests is 7,854 ftZ/day, and §, based on
one test, is 0.1. These parameters are discussed in more detail in the well information section of
this report.
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Water-budget Analysis

The goal of the water-budget analysis is to estimate how much water eventually reaches
the ground-water table and becomes part of the ground-water system. This estimate is commonly
known as ground-water recharge. What is not common is a universally accepted method for mak-
ing this estimation (Anderson, & others, 1992). The general water-budget or mass-balance equa-
tion used to estimate recharge for this study was based on previous studies (Thornthwait, 1955,
Shade, 1995) through Equation eq.(4) as follows:

RF+FD+IR-DRO-ASMS-ET = R eq.(4)

where:

RF = Rainfall precipitation

FD = Fog-drip precipitation

IR = Trrigation return = 0 for this study.
DR = Direct runoff

ASMS = Change in soil-moisture storage
ET = Evapotranspiration

R = Recharge

In reality, BEquation eq.(4) is the same equation used in all other previous studies for esti-
mating Lanai’s ground-water recharge, R. In earlier studies for Lana’i the terms for fog-drip, FD,
irrigation, IR, and soil-moisture storage, ASMS, terms were not considered; in other words these
parameters were set to zero (0). Later studies began to acknowledge the impact of FI) on Lanai’s
ground-water B. This study considers the effects of both FI? and ASMS but continues to ignore
IR effects because most of the island is unirrigated and pingapple receives little, if any, Iitigation.

Differences between estimations of B were thus based on hydrologists” differences in the
values assigned individual parameters in Equation eq.(4). However, all the previous parameter
estimations shared a significant commonality; parameter estimations were based on total annual
averages. This study’s parameter estimations are based on month-to-month variations to estimate
annual averages.

The contemporary methodology, or Equation eq.(4), considers the difference beiween
potential evapotranspiration, ET,, vs. actual evapotranspiration, £7,, in conjunction with ASMS,
considerations whereas previous water-budget analyses did not. Basically, this considers the
available water for evaporation. The transient time periods selected could be monthly or even
daily depending on the available data. Ultimately, using monthly averages for the given parame-
ters while considering and including ASMS in the budget equation will result in a lower total
annual value of ET,. This is because at drier times of the year there is not enough soil-moisture
available to achieve the full ET,, which may otherwise be estimated at an evaporation pan station.
This is especially true during periods of drought when soil-moisture is extremely low for short
periods of time (State of Hawaii, 1991). Therefore, the contemporary approach yields greater R
values than those derived solely by annual averages.
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Other recent recharge analyses performed in Hawaii used monthly based averages for the
water-budget parameters in conjunction with a transient ASMS parameter to arrive at a more
accurate estimate of annual R (Giambelluca, 1983, 1986 and Eyre, & others, 1986). For Lana’i,
the monthly information for each parameter in Equation eq.(4), except IR, was entered and
manipulated digitally with the Geographic Information System (GIS) ARC-INFO Version 6.0
(ESRI, 1992) to estimate the cell-by-cell mean monthly recharge values. This work was per-
formed on a Data General AViiON 300 Series Workstation (Data General, 1990) in conjunction
with a PRIME 9955 mini-computer (Prime, 1987). The geographic datum and projection used in
this study was North American Datum of 1927 (NAD27) and the Albers Projection, respectively.

The average month-to-month input values for all the parameters are straightforward his-
torical data substitution except for ASMS which uses the logical expressions in equations eq.(7) to
eq.(10). ASMS at each cell is calculated by using a month-to-month bookkeeping procedure.
First, in the GIS water-budget model the difference between a month’s total precipitation (RF +
FD) and direct runoff, DRO, at a given cell location represents the volume of water which infil-
trates through the ground surface into the soil at that location for that month. This is shown math-
ematically in Equation eq.(5) as follows:

RF, +FD_-DRO, =1, eq.(5)

where:
RF,, = Mean rainfall precipitation for month m
FD,, = Mean fog-drip precipitation for month m
DRO, = Mean direct runoff for month m
I, = Mean infiltration, or water which passes into the soil, for month m

This infiltration, I, adds to the beginning or initial soil-moisture storage found at that cell
location for that month. If the amount of I, plus the beginning soil-moisture storage, (SMS)),,
exceeds the maximum soil-moisture storage capacity, SMS g,y the excess drains through the cell
and becomes the ground-water Ry, for the cell for that month. SMS,,,, is equal to the available

water in the soil which is the available water capacity (soil field capacity minus the wilting point)
multiplied by the root zone depth of the vegetation. For each month this is represented mathemat-
ically in Equation eq.(5) as follows:

I+ (SMS) -SMS,, =R, eq.(6)

where:
I, = Mean infiltration for month m
(SMS}},, = Initial soil-moisture storage at the beginning of month m

SMS,,,, = Maximum soil-moisture storage capacity = (available water capacity) x
(root zone depth)
R, = Mean recharge 20, for month m 20
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Following this calculation, evapotranspiration, ET, is then subtracted from the soil-mois-
ture storage at the maximum monthly rate, ET,, which is assumed to be the average amount of

water which would evaporate from a properly operated Class A type pan (Ekemn, & others, 1983),
again, for that particular month. The justification for taking out ET after first calculating recharge
is two-fold. First, R occurs mainly during storms, when RF intensity is high and ET is low. Sec-
ondly, the I rate through most soils is on the order of feet per day while ET rate is on the order of
feet per year. Therefore, during and immediately after storms water can infiltrate through the
ground surface and into the soil much faster than it can evaporate.

There are two different situations which affect estimating the ET, and ending soil-mois-
ture storage, (SMS;) . 1, for each month’s iteration. First, if ET), is greater than SMS,,,, then the
full ET,, cannot be achieved. This means that ET, will be less than ET), since water stops evapo-
rating once the soil-moisture reservoir is empty (see Figure 14, pg. 35). Therefore, ET, is equal
to either SMSpay OF, if SMS,,,, has not been reached, something less. The (SMSp)y,; term

would thus always be reset to zero (0) for the next monthly iteration. This first situation of esti-
mating monthly ET, and (SMS;),,.; is represented mathematically as follows:

If (ETp)p > SMSpqy then
(ET,) =1,+ (SMS,.)m—Rm eq.(7)

and

(SMS) =0 eq.(3)

m+1

where:
(ET,),.. = Mean potential evapotranspiration for month m
p’'m P P

(ET,), = Mean actual evapotranspiration for month m

(N = Mean infiltration for month m

(SMS;),,, = Initial soil-moisture storage at the beginning of month m

R, = Mean recharge for month m 2 0, calculated from equation eq.(5), pg. 19
(SMS})ins1 = Next month’s initial soil-moisture storage

In the second situation, if ET}, is less than SM.S 4y, or, if SMSp4, has not been reached,
then the full ETP is achievable. In this case, ET, would equal ETP. Also, the next month’s
(SMS}),,, would then be some residual amount left over after ET), has been removed from the soil-
moisture reservoir. This second situation of estimating (ET,),, and (SMS)),,.; is represented
mathematically as follows:
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If (ETp)m S SMS gy o (ETp)m < Ly + (SMS)p - Ry then
(ET,) = (ET,) . ea®
and
(SMS,) . =1,+(SMS) -R,-(ET) eq.(10)

where:
(ETP),,, = Mean potential evapotranspiration for month m
(ET,)m = Mean actual evapotranspiration for month m
I, = Mean infiltration for month m
(SMS)),, = Initial soil-moisture storage at the beginning of month m
R, = Mean recharge for month m 2 0, calculated from equation €q.(5), pg. 19
(SMS)pmaq = Next month’s initial soil-moisture storage

Again, irrigation return, IR, was not considered in this process for four reasons; 1) the irri-
gation fields were mostly outside the natural and most significant recharge area; 2) pineapple irri-
gation demand quantities, in general, are small; 3) potable wells are generally outside and
upgradient from the irrigated areas of pineapple; and 4) since pineapple production has ceased on
the island the resulting recharge without irrigation would be more indicative of present and near
future recharge conditions. In addition, studies have shown that pineapple reduces evapotranspi-
ration to amounts that are only 20% of observed pan evaporation in the same area (Ekem, 1960).
In other words, R should increase in areas where pineapple cultivation occurs based on reduced
ET in addition to increased IR.

In essence, this entire water-budget procedure combined with the GIS constitutes a model
for recharge. Therefore, there are really two (2) separate models in this study; 1) the numerical
ground-water flow model and 2) the recharge model. The results of the recharge model will be
used as a part of the entire input to the numerical ground-water model.

Using equations eq.(4) through eq.(10) while ignoring IR, the long-term mean annual R
can be calculated by summing resulting R,, values for each grid cell. This annual value of R pro-
vides cell-by-cell R input for the ground-water flow model. Our approach in calculating R 1s
more rigorous and precise than any previous recharge work done for Lana’i. However, the true
accuracy of this estimate, as with other water-budget methods, cannot be verified without a com-
plete and long-term database of all parameters identified in equation eq.(4), pg. 18. Yet, this
approach does provide a framework for and towards making more accurate future recharge esti-
mations. Each parameter from the general Equation eq.(4), is now described in more detail for
Lanai’s specific situation.
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Rainfall Precipitation (RF)

Lana'i lies in the rain shadow of West Maui and East Molokai and, consequently, the
island receives relatively little rainfall, RF. Since 1914, a total of 52 rain gage stations have mea-
sured RF and of these 48 were used to calculate monthly averages for the island (Giambelluca,
1986, & Figure 9). There are currently eight (8) rain gage stations still in service which are
tracked by the National Weather Service. Of these, only three (3) are read daily or hourly, the rest
are read weekly. All these stations report total monthly rainfall, RF,. The longest records of

RF, come from rain gages at Lanai City, State Key No. 672, Figure 10, and Koele, State Key No.
693, Figure 11, which have a combined record of RF,, from 1892 to the present. Lanai City has

daily readings since 1930 and hourly readings since 1976 (Hydrosphere, 1992). The greatest
hourly intensity on record is 2 in/hr on February 4, 1979 at SKN 672.
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Figure 8. Rain Gage Locations for Lana’i (State of Hawaii, 1972; Giambeliuca, & others, 1986)
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Hydrologists agree that the long-term annual average RF near the summit of the island is
about 38 inches (CWRM, 1990). Annual average RF contribution to the water-budget in previ-
ous studies were determined by taking areal extents of and isohyetal information and producing
total average annual volumes of RF. In this study, mean (average) monthly isohyetal information
was digitized from monthly figures in State Report R76 (Giambelluca, & others, 1986) and used
in conjunction with the ARC-INFO GIS to estimate mean monthly rainfall for use in Equation
eq.(4). The mean annual isohyetal information is graphically shown in Figure 12.
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¥Fog-Drip Precipitation (FD)

Advective fog-drip, FD, is a significant contributor to the water-budget analysis, not only
for Lana’i but for the other major islands as well (Stearns, & others 1942; Hawaii Water Author-
ity, 1959; Ekern, 1964, McKnight, & others, 1975, Juvik, & others, 1978). In its most basic
description, FD is the condensation of fog or cloud water vapor on surface areas, such as leaves,
until the surface area becomes saturated and water drips to the ground. FD productivity is depen-
dant on water droplet size in the 3-100 pim range (McKnight, & others, 1975) and other factors
such as humidity, temperature, forest canopy area, wind speed, etc. The phenomena is not unique
to Hawail as it has been studied in other areas of the world (Anon, 1954; Kerfoot, 1962; Kit-
tredge, 1948; Marloth, 1905; Molchanov, 1960; Penman, 1963; Twomey, 1957, & Went, 1955).
Munro (1922) perhaps made the first direct observation of FD on Lana’i. Stearns (1946) identi-
fied FID as the source of ground-water for Maui’s Waikaukane Spring(s) during droughts. For
Lana’i, Stearns (1940) noted that in the central seven (7) square miles surrounding Lanaihale the
soil is muddy or damp for most of the year. In support of this precipitation augmentation to rain-
fall are several reports which cite that the vegetation and soil type on Lanaihale are indicative of a
RF area greater than that measured. The State Land Study Bureau, LSB (Sahara, & others 1967)
stated that the vegetation on or near Lanaihale is typical of a forest which exceeds an average
annual RF of 60 inches and this apparent discrepancy with measured RF was attributed to the
continuous cloud cover. SCS Soil maps of the island (Foote, 1972) identity the Kahanui-Kalae-
Kanepuu and the Amalu-Olokui soil associations in the proximity of Lanaihale which are indica-
tive of RF ranges of 30-50 inches/year and 75-150 inches/year, respectively and mention that the
Kahanui Silty Clay Soil Series receives much of its moisture from FD. Mink (1983) argued that
FD had to exist since the vegetation around Lanaihale was indicative of a forest with a RF rate of
65 inches/year or more. Hobdy (1993) identified a cloud and mesic forest commmunity covering
the same approximate FI area for pre-polynesian conditions where, as he said, BRF must have
ranged from 27-50 inches/year,

Diirect observations of FI on Lana’i have been documented by Munro (1922 & 1929),
Fosberg (1936), Carlson (1961), and Ekern (1964). Of these, the direct measuremnent of D on
Lana’i by Ekern is most significant. Based on three (3) continuous years worth of data, Ekern
{1964) estimated that cloud water interception (fog-drip) could increase annual precipitation
below a Norfolk Island Pine tree on Lana’i by as much as 30 inches/year. Ekern’s study occurred
between the summers of 1955 to 1958; a period covering a range of average RF (see Figure 10,
pg. 23) which encompassed both a high and low in the 12-month moving average cycle. Also, his
study area was located in the middle of the ¥ region at an elevation (2,750 ft.) which is midway
between the base of the cloud cover (2,000 ft.) and the top of the isiand (3,370 ft.). Therefore,
Fkern’s results should be a reasonable representative average for the FD region on Lana’l. Pres-
ently, Ekern feels that the 30 inches/year figure is probably the upper limit of average FD contri-
bution from a Norfolk Pine to the water-budget for Lana’i (Ekern, personal communication, 4/19/
1994). There is no compelling evidence that the climactic fog-drip potential, FD,, for a similar

Norfolk Pine has changed since Ekern’s work and is considered the same today. However, McK-
night (1975) did design a computer program to differentiate between FI and non-vertical RF, but
wind data is required which was collected for only two (2) months during Ekern’s study. How-
ever, it is important to remember that the overriding factor for governing actual fog-drip, FD, is

providing the medium upon which FI can condense and be harvested from the air. Therefore,
changes in the type and density of the forest cover are more likely to change actual fog-drip on
Lana’i than changes in the surrounding ocean or global climate.
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There has been theoretical laboratory experimentation for predicting fog-drip production,
but this method cannot be used due to the lack of appropriate Lana’i field data. Merriam (1973)
proposed a method of predicting fog-water interception on leaves based on laboratory experimen-
tation and also in earlier studies (1960 & 1961). He amrived at an exponential relationship but
found that the there are a very large number of combinations of fog (cloud) water content, partic-
ulate matter, temperature, wind velocity, droplet size distribution, leaf surface area, leaf catching
efficiency, and leaf storage capacities which would affect actual fog-drip and can vary rates by as
much as 600%. These parameters have never been measured on Lana’i, or elsewhere for that
matter, the method is simply impractical. This does not even consider the variability in vegetative
areal distribution on Lana’i. Therefore, Ekern’s field work study is more pertinent and was used
in estimating #D contribution to Lanai’s water-budget.

Two (2) estimates for FID were considered as potential input for the model. Both methods
apply FD to areas above the base of normal cloud cover (2,000 ft.). The area encompassed by the
2,000 ft. contour is 8.36 square miles which is 17% more area than the year round damp area esti-
mated by Stearns but is reasonably similar. The first method considered would be to use the rea-
sonable maximum annual estimate for FD is 30 inches/year for the area above the 2,000 ft.
elevation. Alternatively, a monthly FD to RF ratio (FD/RF) can be computed and used from
Ekern’s field work, Using the existing 3-year period of record of FI with the existing 82-years of
monthly RF data, long-term monthly FD/RF ratios can be calculated. The resulting ratios can
then be used to estimate values for monthly FD through the GIS model for R.

It was decided that the monthly FD/RF ratio estimates were the more appropriate of the
two methods for FD input. This is justified for four (4) reasons. First, this approach is more con-
sistent with the overall monthly water-budget approach rather than using the 30 in/yr annual fig-
ure computed by Ekern (1964). Secondly, there is a long-term record of RF data to work with
which provides a more solid basis for computing the FI/RF ratios. Thirdly, and as described ear-
lier, the FD study was performed over a period of average RF. Lastly, Ekern himself felt that the
30 in/yr figure was probably an upper limit rather than an average. The analysis and computation
of monthly FD/RF ratios from Ekern’s work is summarized in Table 2. Monthly FI} and RF
together equal total monthly precipitation.

Since FD is a significant contributor to the water-budget of Lana’i, the health of the forest
canopy on Lanaihale is important. There have been concerns from Lana’t residents who have
observed a significant decrease in the vegetation in the upper forest area. Historically, it is esti-
mated that the native cloud, mesic, and dry forests once covered a much larger area than the
present day forest (Hobdy, 1993). Hobdy identified four (4) major periods of forest reduction.
The first began around 1400 A.D. when Hawaiians started moving to the island, with a peak pop-
ulation between 3000 to 3250 persons, and the undoubted forest clearing for farming and wood
demand which ensued. In the 1800’s goat, sheep, and hogs were introduced to the island whose
combined population exceeded 50,000 in 1898 and had all but denuded the dry land forest and
began to significantly impact the mesic and cloud forest cover. In the early 1900’s the Gay family
and, later, George C. Munro (LCo.) began and continued a goat, sheep, and hog eradication, upper
forest fencing, and reforestation programs which resulted in a substantial recovery of the forest by
1927. Today, Axis Deer, introduced in the 192()’s, are the present herbivore threat to the forests
which has only been addressed recently, beginning around 1988, through increased hunting pro-
grams. Aerial photographic surveys done in 1954 and 1994 by the Division of Forestry and Wild-
life, DLNR, are presently under examination for large scale changes in forest cover. However,
this reconnaissance type of survey may not be able to determine the extent of changes in the forest
undergrowth caused by the feral herbivores.



Table 2. Estimate of Monthly FD/RF Ratios

January 3.47 89.18 5.70 2.14 0.62
February 3.12 14.12 1G.99 412 1.32
March 4.62 7.14 252 0.85 021
April 2.43 582 3.39 1.27 0.52
May 842 17.18 8.77 3.29 0.3¢
June 7,10 18.54 11.44 4.29 G.60
July 4.30 12.14 7.85 2.94 0.68
August 3.24 10.04 6.80 2.55 0.79
September 4.80 10.18 5.28 1.98 0.41
October 3.96 7.31 3.386 1.26 0.32
November 3.09 11.47 8.38 3.14 1.02
December 1.31 7.31 8.00 2.25 1.72
ANNUAL 48.85 130.43 80.45 30.18 0,72

{(Spurce: Ekern, 1964}
MOTES:

FDYRE = Fog-drip to rainfall ratio.

1 = based on Ekern (1964) Table 1, 3-vear period (7/55 to 6/38) of study. Average = Totals/ 3 years.

2 = 30-ft. Norfotk Pine.

3 = Actual gain measured under pire bt not corrected for non-vertical rainfall capture.

4 = Corrected actual gain. Ekemn assumed that of the total average annual gain of 80 in. under the tree, 50in., or 62.5%, was atiributed
to captured of non-vertical rainfall . Therefore, correction factor to total average gain is 0.375

na = Not applicable.

* = based on monthiy matios. If based on annual totals, FD/RF = 0.605.

The resulting annual FD/RF ratio of .72 is the average of the monthly FD/RF ratios and
compares well to FD studies which were performed after Ekern. Juvik & others, 1978) used an
updated fog-catchment device and a computer program (McKnight, & others, 1975) he helped
develop to isolate FD from non-vertical RF and arrived at a FD/RF ratio of 0.65 to 0.70 for
Mauna Loa at the 2,500 meter (8,200 ft.) elevation. Obviously, with the studies performed on dif-
ferent islands and elevations one would not expect identical results but they should be within the
same order of magnitude (within a factor of 10). The close agreement between the two studies
suggests that Ekern’s earlier estimation of FIJ is not unreasonable although it may be an upper
estimate. As such, the results of Ekern’s studies are considered the upper limit for FIJ contribu-
tion to ground-water K.
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Irrigation Return (IR)

Although Lana’i pineapple covered up to 16,000 acres since 1923, irrigation return water,
IR, effects were ignored in this study for four reasons. First, for the majority of the plantation
existence, irrigation was minimal (< 2 mgd). Second, large-scale pineapple irrigation occurred
only over a short period of time from 1983 to 1991 when drip irrigation allowed an increased crop
yields. Third, the majority of the pineapple cultivation was located outside the area of primary R
and FD. Lastly, since large-scale pineapple production began to decline in 1992 and has almost
ceased altogether on the island the resulting R would be more indicative of present and near-
future recharge conditions.

While ignoring the IR component of the water-budget increases the conservative nature of
the model, one cannot ignore that this approach does introduce a certain amount of uncertainty in
R calculations. This would most affect water-levels encountered in the proximity and downgradi-
ent of irrigation; namely Wells 1, 9, 10, 12, & 13, hence a certain amount of uncertainty in water-
levels encountered around the Palawai Basin, Wells 1, 9, & 10 and near Manele, Wells 12 & 13.
However, most of these wells, with the exception of Well 1, were only drilled within the past
seven (7) years. The pumping of upgradient wells since the 1950°s has more than likely already
affected water-levels in these downgradient areas and probably introduces an equal, if not greater,
uncertainty in the initial water-levels encountered in these areas.

Direct Runoff (DRO)

In general, total runoff is a combination of direct runoff, DRQ, which is the portion of RF
water that flows immediately after rainfall; stream baseflow, streamflow sustained by ground-
water; or irrigation which flows overland and in stream or gulch channels to the ocean. DRO
occurs only after interception, depression storage, and soil-infiltration rates are exceeded. This
explains why in light rains there is little DRO. Thus, it is during heavy rains when the majority of
DRO occurs.

There is no streamflow or other DRO data for Lana’i which can be used to estimate this
parameter accuraftely. Stearns (1940) stated that streams seldom flow except for kona storms and
that Maunalei Gulch had been the only perennial stream on the island prior to its diversion by the
tunnels. This description by Stearns is supplemented by the comments of Gay (1965) that the
Maunalei flow in 1902 traveled a mile from its source at an estimated flow of 150,600 to 200,00
gallons per day (~ 100 gpm) and then became dry. This would indicate that Maunalei was a los-
ing stream before any major ground-water development occurred on the island although Gay also
mentioned that ‘old-timers’ had said the stream used to flow to the sea year round. Malo (1898)
recorded that there used to be wetland taro cultivation in Maunalei. Currently, any overflow from
the Maunalei Tunnels into the steam immediately infiltrates back into the ground and does not
make it past Shaft 2 (McCullough, personal communication, 4/22/1995). Other previous estima-
tions for DRO were made by simply assigning percentages of measured RF. In this study, DRO
was estimated by considering soil type characteristics as reported by the Soil Conservation Ser-
vice (SCS) (Foote, & others, 1972; State of Hawaii, 1972). Drainability, permeability, slope, and
runoff descriptions were the major soil characteristics considered in estimating DRO in relation to
RF. Lana’i soil data has been broken down into individual soil series and digitally compiled by
the SCS on their GRASS GIS and imported to the USGS ARC-INFO GIS. The USGS GIS was
used to compute individual cell monthly DRO values based on soil series characteristics in con-
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junction with RF trends. The GIS soil series data for Lana’i is shown in Figure 13 and is grouped
as modified soil associations (soil series polygons are too small to be shown in the figure but were
used). Soil series parameters important to DRO estimation are shown in Table 3.
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MOLOKAIL WAIKAPU, PAMOA, WATHUNA, UWALA ROUGH AND BROKEN LAND, NATWA

Figure 13. GIS Soil Map of Lana’i (based on Foote,& others 1972)



Table 3. Lana’i Soil Characteristics for Runoff Estimation

Soil Associations . Slope
Soifl Serigs . (%)

Amalu-Olokul Poorly to Well Dralnad 2.0 to 6.3 | 3 to extremely sieep Slow to rapld
Koele-Badiand Complex well drained 201063 4040 70 na
Koele Sitty Clay Loam well drained 201063 3025 slow to medium
Olokui Sifty Clay Loam poorly drained 201063 3030 slow
Rough Mountainous? na Permeable extremely steep rapic®

Jaucas-Mala-Pulehu Well Drained 0.20 to 200 0 to 40 V. Slow to rapid
Beaches na na na na
Blown-out Land na na 0o 40 rapid
Coral Outcrop na na na slow®
Jaucas Sand excessively drained 6.3 fo 20.0 Ot 18 very slow fo slow
Mala Silty Clay well drained 0.63 to 20.0 oto7 slow
Pamoa Silty Clay well drained 0.20 to 0.63 St 20 medium
Pulehu Clay Loam well drained 0631020 Ot 3 slow
Pulehu Sandy Loam well drained 0631020 206 slow
Pulehu Stony Sandy Loam well drained 0631020 Oto7 slow
Sandy Alluvial Land na na Otos slow®

Kahanul-Kalae-Kanepuu Well Drained 0.63 to 6.3 2t025 Slow to rapld
Kahanui Sitty Clay wellimoderately drained 2010063 3020 na
Kalae Silty Clay welf drained 200063 2025 slow to rapid
Kanepuu Silty Clay well drained 0.63102.0 3015 slow to rapid
Pooku Silly Clay Loam well drained 201063 8025 slow to medium

Molokal-Lahalna Well Dralned 0.06 to 2.0 Cto 40 Slow to rapld
Lahaina Silty Clay well drained 0.63102.00 Cio 40 slow to medium
Lualualei Clay well drained 0.06 10 0.20 olo2 slow
Molokai Sifty Clay Loam well drained 0.63102.00 3015 medium fo rapid
Uwala Silly Clay Loam well drained 0.63 to 2.00 2o 15 slow o medium
Waituna Clay well/moderately drained 0.20100.63 025 siow fo medium
Waikuna Gravelly Clay wellimoderately drained 0.20 10 0.63 3107 slow
Waikapu Silty Clay Loam well drained 0631020 Ot 15 slow

Very Stony-Rock Land na na 0 to precipitous | M. slow lo v. rapld
Riverwash na na na na
Rock Land na na leved fo very steep very rapid®
Hock Outcrop na na | gentle to precipilous very rapid®
Aough Broken Land na na 40 1o 70 rapid
Stony Alluvial Land na na Cio5 moderately slow
Stony Blown-Out Land na na 7030 rapid
Very Stony Land na na 7 lo 30 maoderately rapid
Very Stony Land Eroded na na 3040 mederately rapid

(Source: Foote, & others, 1972 & State of Hawaii, Report R44, 1972.)

NOTES:

na = Not available

1 = runoff is based on pemeability and slope of soil.

2 = soil mantle is very thin; 1 1o 10 inches over saprolite. Saprofile is soft and permeable to water & roots.

3 = SCS data based on Smith, 10/20/94.
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It is important to understand the degree with which the soils characteristics are known.
The soil associations shown in Figure 13 and Table 3 are general mapping units of soil in which
there is considerable uniformity in the pattern and extent of soils associations. However, individ-
ual soil series may differ greatly from one to another within the association and may even cross
several associations. The hierarchy of soil types broken down by the SCS mapping effort is as
follows: Associations, Series, and Phases. High- and medium-intensity surveys were done on
cultivated areas, low-intensity surveys were made on grazing and forested land, and aerial recon-
naissance-surveys were made in inaccessible areas. Therefore, on Lana’i, the extent of soils in
the Molokai-Lahaina association are better known than the Kahanui-Kalae-Kanepuu, Amalu-
Olokui, and Rock Land Associations.

In light of the limited DRO information, Table 4 is a summary of the approach used in this
study to quantify DRO.

Table 4. DRO/RF Ratios from Pear! Harbor for Lana'i

FL - Fift Land, Mixed (na) 1 32.98 43 .13 No
HLMG- Helemano Sifty Clay (30-90%) 2 70.34 8.13 0.12 No
KyA - Kunia Silty Clay (0 - 3%) 0 na na na No
LaB ~ Lahaina Sifty Clay (3 - 7%) 2 44.02 4.16 0.09 | . Yes
LeB - Leilehua Sifty Clay (2 - 6%) 0 na na na No
MuB - Molokai Silty Loam (3 - 7%) 4 38.24 232 006 { - Yes
MuC - Molokai Silty Loam (7 - 15%) 0 na na na Yes
FRK - Rock Land (level to very steep) 8 41.66 5.03 0.12 Yes
rRT-Rough Mountainous Land (very stesp} 0 na na na Yes
rTP-Tropohumults-Dystrandepts(30-90%) 15 41.54 4.73 0.1 No
WaA - Wahiawa silly clay {0 - 3%) o na na na Yes
WzA - Waipahu sifty clay (0 - 2%) 0 na na na No

(Sources: Foote, & others, 1972, State of Hawail, Report R44, 1972 & Giambelluca, & others, 1983
&1986.)

NOTES:

na = Not available or applicable.

1 - number of element matches where 80%,0r more, of the same soil type dominates in an finite-element cell for the Peard Harbor
RASA model, average annual rainfall = 30"y, and topography approximates conditions on Lana'i.

2 « RF = Rainfall frosm Giambelluca (& others, 1986).

3 . DRO « Direct Runoff from Giambelluca {1983 & 1986).
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Previous DRO estimation methodology for R analysis by Giambelluca (1983 & 1986) was
considered for this study since no other measured DRQ data is available for Lana’i. Giambelluca
used soil series information in conjunction with SCS runoff curves to amrive at DRO values for
specific soil series in the Pearl Harbor, Oahu region. Results for Pearl Harbor DRO using this
method can then be compared to corresponding RF to estimate direct runoff/rainfall ratios, or
DRO/RF. The DRO/RF ratio is simply the percentage of RF which becomes DRO. Therefore, if
comparable soil series can be found between the Pearl Harbor study area and Lana’i, then DRO/
RF ratios can be used estimate DRO as a percentage of the historical RF record available on
Lana’i. DRO computations were done for the USGS’s recently approved RASA model element
mesh for Pearl Harbor. The results were reviewed with the aid of GIS to find similar conditions
which exist on both islands. Table 4 summarizes the search results for dominant soil series in the
RASA model’s element mesh and how they relate to Lana’i.

Table 4 lists the soil series which occupied 80% or more of an element in the Pearl Harbor
RASA mesh. There were 177 elements in the mesh which met this initial criteria. These elements
were then checked for RF (= 30"/yr) and topographical (slope) conditions similar to Lanai. This
resulted in a match for fourteen (14) elements among three (3) similar soil series between the two
islands. Admittedly, this is a small number of soil series matches considering that there are over
fifty-eight (58) individual soil series on Lana’i, but this approach considers the most contempo-
rary estimation method for DRO in lieu of any corresponding data for Lana’i.

The three (3) DRO/RF ratios highlighted in Table 4 identify what is believed to be reason-
able values for slow, medium, and rapid DR for Lana’i. Ascan be seen on Table 3, pg. 31, SCS
describes DRO for individual soil series qualitatively in categories of slow, medium, rapid, and
very rapid according to soil permeability and slope. Slopes of the three similar soils, from Table
4, in their corresponding Pearl Harbor mesh element location were determined manually from
UGGS quadrangle maps. The Molokai silty loam (MuB) elements identified in the Pearl Harbor
model had typical slopes of 5% which is in the middle of the slope range described by SCS for
this soil series. Similarly, the Lahaina silty clay (LaB) and rock land (#RK) elements had slopes of
approximately 8%and 14%, respectively, which put them into the upper slope ranges in their soil
series as described by SCS. Soil series for Lana’i can be grouped according to slope and the qual-
itative DRQ description assigned by SCS. The only exception to the SCS descriptions were for
LaB since its slope in Pearl Harbor approximated 8%. Given this arrangement, it is found that the
highlighted DRO/RF ratio results from Table 4 can be used to estimate Lana’i soil DRO charac-
teristics of similar SCS slope and gualitative DRO descriptions. This approach is summarized in
Table 5 and constitutes the justification for use of DRO/RF ratios in the GIS analysis.

As a final check, one can compare the greatest hourly intensity of rainfall on record (2 in/
hr) against the permeability rates, slope, and runoff description of soils in Table 3, pg. 31. From
this comparison it is evident that the Molokai-Lahaina soil associations and series are the sotls
which probably produce the majority of DRO in conjunction with very steep areas. For the rest of
the island there are few large events which exceed the permeability rates of the soils listed. Thus,
it is reasonable to assume small percentages of DRQ occur compared to the total RF measured on
Lana’i. In fact, the topography of the island is indicative of limited DRQ. On the leeward side of
Lana’i there are no valleys and only a few small gulches. On the windward side of Lana’i there
exists numerous large gulches but no valleys.
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Table 5. Final DRO/RF Ratios for Lana’i

NOTES:
@ = SCS data (Foote, & others, 1972 & State of Hawaii, R44, 1972)
# = SCS data based on Smith, 10/20/94)

As as final note, the DRO is the amount of water that leaves the system and is not avail-
able for R. In the Palawai area the affect on recharge could be significantly in error. DRO from
the perimeter of the Palawai basin does not leave the system but is captured in a later scenario.
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Changes in Soil-Moisture Storage (ASMS & SMS,,,;,)

With equation eq.(5), pg. 19, and RF, FD, DRO, and I defined, we can now discuss soil-
moisture in detail. It is helpful to refer to Figure 14, an idealized cell diagram, when discussing
soil-moisture storage and changes in soil-moisture storage. Additionally, Figure 14 is good for
visualizing the computation of monthly mean recharge, R .

e (ET ), Liniit

Q ET)m
]

m

Roots

Figure 14. Soil-Moisture Storage Cell Diagram

where:

I, = Mean infiltration for month m

(SMS )y = Initial soil-moisture storage at the beginning of month m

SMS 0 = Maximum soil-moisture storage capacity = (available water capacity) x
(root zone depth)

R,, = Mean recharge for month m 2 0, calculated from equation eq.(5), pg. 19

(SMS )1 = Next month’s initial soil-moisture storage

(ETp)in = Mean potential evapotranspiration for month m

(ET,),, = Mean actual evapotranspiration for month m
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It is important to understand that Figure 14 is a simplified cell diagram which represents
how soil-storage is computed. SMS,,,, is the maximum volume of water which remains the soil’s

root zone after it is drained and capillary forces between water and the soil cannot be overcome by
gravity. Drainage, which is really R, actually takes place at the bottom of the soil layer rather than
overflowing the top as is shown in the cell diagram. However, the computation is equivalent.

The domain of SMS,,,, is defined by the depths of the deepest roots in a soil series and is

equal to the available water capacity (soil field capacity minus the wilting point) multiplied by the
root zone depth of the vegetation. Field capacity is analogous to specific retention or the water
which remains in the soil after it is drained. The wilting point is the pore pressure limit which
plants cannot overcome to further transpire, or use, water; hence they wilt. The root zone depth is
defined as the deepest roofts in the soil series where the SCS descriptions changed from any type
of roots mentioned to *“no roots” or if no reference to any roots occurred. This domain of SMS,, ..

was assumed constant throughout the soil series without any consideration given to actual vegeta-
tive cover which probably differed spatially on all soil series. This assumption may or may not be
conservative depending on the representativeness of the SCS soil description. Soil depth, maxi-
mum root zone depth, and available water capacity were reviewed in estimating SMS,,,,, for all

soil series. SCS information concerning these parameters for soils on Lana’i are summarized in
Table 6 and soil coverages for the water-budget analysis were used from those digitized by SCS.

The monthly change in soil-moisture storage, or ASMS,,, is the additional volume of
water necessary to fill the soil up to its SMS,,,,. Obviously, the magnitude of ASMS,, is depen-
dent upon the magnitude SMS,,,,. Its domain is limited by and coincident with SMS_, . but var-
jes with time.

With SMS,,,,, and ASMS,, defined, the process describing the remaining parameters in

Figure 14 is straight forward. For a given month m there is a beginning soil-moisture storage
value, (SMS;),,. Any average monthly infiltration water, I,,,, which exceeds ASMS also exceeds

SMS,,,, and goes towards that month’s recharge, R,,. The remaining volume of water in the cell
after this initial process is then decreased via and up to that month’s average ETp, or (ETp)y,, and
the (SMS;), value for the next month, (SMSj),, . is the water remaining in the soil, if any. If
(ETp)y is greater SMSp,,, than (SMS)) .1 = 0.
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Table 6. Soil Characteristics for ASMS,,,x Estimation

Amalu-Olokui

0.12to0 0.15

Koele-Badland Complex 0.121t0 0.14
Koele Sifty Clay Loam 0.12t0 0.15
Ofokui Sifty Clay Loam 0.1210 0.14
Rough Mountainous* na
Jaucas-Mala-Pulehu 0.05 to 0.13
Beaches 0.03t0 0.06
Blown-out Land 00310 0.05
Coral Outcrop 0.04%
Jaucas Sand 0to 60 22 0.05to 0.07
Mala Silty Clay 01to 40 49 0.06t0 0.13
Pamoa Sitty Clay 0to 62 62 0.03 lo 0.11
Pulehu Clay Loam 0to 60 60 0.09100.13
Pufehu Sandy Loam Oto 60 60 0.09100.13
Pulehu Stony Sandy Loam | 0to 60 60 0.03t00.13
Sandy Alluvial L.and na >60% 0.03 10 0.04
Kahanui-Kalae-Kanepuu 0to 67 53to 62 0.10 10 0.14
Kahanui Silty Clay 0to 60 60 0100 0.12
Kalae Silty Clay 0to 67 53 01210 0.14
Kanepuu Silty Clay 0to 61 61 0.11100.13
Pooku Sifty Clay Loam O0to 62 62 na
Molokai-Lahaina 0to72 15 to 60 0.09 o 0.14
Lahaina Sifty Clay 0to 60 46 0.1010 0.13
Lualualei Clay 0to 60 60 0.1110 0.13
Molokai Sifty Clay Loam Oto72 15 0.11 to 0.13
Uwala Sifty Clay Loam O0to 60 26 0.10to 0.12
Waihuna Clay O0to 65 18 0.09to 0.11
Wajhuna Gravelly Clay Oto 65 18 0.09100.11
Waikapu Silty Clay Loam 0to 60 24 0.1210 0.14
Very Stony-Rock Land na 4 to 80 na
Rock Land Shaffow 55% @ 4 10 10* 0.12t0 0.16
Rock Outcrop Exposed bedrock 10% @ 4108 na
Rough Broken Land <20 90% @ 40 to 80" 0.1410 0.16
Stony Alfuvial Land na >60* 0.05 to 0.07
Stony Blown-Out Land na 20% @ 2to 10* 0.07 to 0.09
Very Stony Land Little soif 75% @ 4 to 20* 0.0810 6.10
Very Stony Land Eroded na 80% @ 10 to 20* 0.0810 0.70

{Source: Foote, & others, 1972 & State of Hawaii, Report R44, 1972.)

NOTES:
ET, = Potential evapotranspiration
na = Not available

@ = Depth to top of profile identified as having ‘no roots’.
# = SCS data based on Smith, 10/20/94.

$ = Assumed

% = SCS data based on Smith, writlen personal communication, 10/20/94




As can be seen in Table 3, the ranges for the parameters important in estimating SMS,,,,

are great. Ultimately, maximum root zone depths and average available water capacity were used
for each soil series in the calculating SMS,.,,. For those available water capacities with no infor-
mation reasonable values were assumed. The final GIS input values for individual soil series are
summarized in Table 7 below.

Table 7. Final Parameters for Lana'i ASMS .y Estimation

Kc8 53 0.13 |} MmB 40 0.12 || rVT2 312 b0.09
KeC 53 0.13 }| MuA 15 0.12 || rRO 20.60 b0.04
KeD3 53 0.13 || MuB 15 0.12 || UwB 26 0.1
KhB 61 0.12 ]| MuC 15 0.12 || UwC 26 0.11
KnB2 61 0.12 || MuC3 15 0.12 j| UwC3 26 0.11
KhC2 61 o.12ﬂ MuD3 15 0.12 || WoA 18 0.10
KrB 18 0.14 || NAC 52 0.10 || WoB 18 0.10
KrC 18 0.14 || OOE 1 0.25 |} WoC 18 0.10
KrD 18 0.14 || PID 62 0.10 || WoD 18 0.10
LaA 46 0.11 §| PID2 62 0.08 || WohB 18 0.08
LaB 46 0.11 || PoB 60 0.12 |} wra 24 0.10
LaB3 45 0.11 |§ PoaB 60 0.09 || WrC3 24 0.10

PsA 60 0.14 |

rRk 24 b0.14

a. SCS data based on Smith, 10/20/94

b. based on Simmons, N. (10/11/24) and Nakamura, S. (12/1/84) written personal communication.
{Source: Foote, & others, 1972 & State of Hawaii, Report R44, 1872.}




Evapotranspiration (ET, ET,, & ET,)

Evapotranspiration, ET, is the combination of evaporation and plant transpiration pro-
cesses which return water to the atmosphere. It is important to understand that these two pro-
cesses are very difficult to segregate (Todd, 1980). in this study, potential ET, or ET, is very is
assumed to be the water which will evaporate from a properly operated Class A type pan. This, in
turn, identifies maximum ET,. It is also important to understand that many factors affect pan
evaporation, such as temperature, humidity, solar radiation, wind, and even the height of the pan
above the ground, but all these data are not available for Lana’i. It is important to note that the
error associated estimating evaporation from a Class A pan itself can be as much as T 10%
(Bkern, & others, 1985, Shuttleworth, 1993). Aside from pan evaporation methods, hydrologists
commonly use the Penman Equation (Penman, 1948) to estimate the potential for evaporation
from the surface of water, exposed openly to the air, through aerodynamic and energy budget con-
siderations. Chang (1968) noted that the Penman Equation only gives approximations of open
water evaporation and is also different than ET, where vegetation type and height is important.
The same factors which affect ET), also affect actual ET, or ET,; , but the influence of vegetative
type and density, root-zone depth, soil-moisture storage (SMS), and density of capillary tubes in
the soil are additional considerations. ET, can be estimated as percentages of ET,. Normally,
increases in all factors result in increased ET, although it has been shown that some vegetative
cover can actually reduce ET, such that it is significantly less than ET,. Pineapple has been
shown to reduce local ET, by about 20% below ET), (Ekern, 1960). However, ET, can also
exceed measured pan evaporation, ET,. To optimurm sugarcane cultivation conditions, sugarcane

water requirements may go as high as factors of 1.1 to 1.2 times pan evaporation (Chang, 1961,
Jones, 1980).

There is little direct pan evaporation data to estimate £7, on Lana’l. State Report R74

{Ekern & Chang, 1985) identifies only one pan evaporation station, Station No. 687.00 af Lana’i
City, having a limited duration of data collection (1957-1958) with an average rate of 25.63 in./yr.
This measured amount is quite low, especially knowing that over the open ocean the pan evapora-
tion rate is approximately 80 in./yr. The lower temperature associated with the higher elevation of
Lanai City (>1500 ft. msl) is probably a major reason for this lower measurement. According to
1.Co. there is no additional data they have on file. Stearns (1940) stated that it is obvious that tran-
spiration tequirements are not met on Lana’i except for the seven (7) square miles around
Lanaihale where the soil is muddy or damp for most of the year. Ostensibly, earlier overall £
estimates were based on professional opinion.

Although pan evaporation data is limited, three (3) methods were considered to estimate
ET, patiemns. In both methods, it is assumed that ET, is equal to pan evaporation. First, one
could use Ekern & Chang’s (1985) state-wide pan evaporation study conclusion that in areas
beneath tradewind orographic clouds evaporation ranges from 30 to 40% less than the oceanic
rate while in dry leeward areas evaporation was 30 to 40% more than the oceanic rate. These
rates could then be applied uniformly for areas above and below the 2000 ft. elevation, respec-
tively. Secondly, monthly ET,/RF rations could be estimated and used in spatially consistent
manner like the first method. Thirdly, monthly ET, ratios can be computed from the monthly per-

centages of the total annual evaporation actually measured at Lana’i City.
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Of the three methods considered, the third approach of estimating monthly ET), percent-

ages of total annual evaporation was considered the best method. Although a good rough esti-
mate for ET,, the windward/leeward percentage of oceanic rate was not chosen because oceanic

rates around Lana’i have not been measured nor is this approach discretized enough both spatially
and temporally. Because ET), is a function of aerodynamic and energy processes, not rainfall, the

method of ET,/RF is not a valid ratio estimation. Instead, the annual total pan evaporation can be
broken down into its monthly values to incorporate the monthly variations of E Tp, which can then

be used with other monthly estimated parameter values with equation eq.(4), pg. 18. Although
the period of data is limited, the monthly pan data provides the most direct estimate of monthly

ET,. This approach is summarized in Table 8.

Table 8. Estimate of Monthly £7, /ET,,p,, Ratios based on Pan Data
{Source: Ekem, 1964}

January 1.73 0.07
Fabruary 2.35 0.09
March 2.45 0.10
April 2.58 0.10
May 2.18 0.08
June 2.07 0.08
July 2.84 016
August 2.35 0.08
September 211 0.08
October 2.87 0.10
MNovamber 1.00 0.04
Decembar 1.56 0.08
ET onnual 25.63 1.00

a. unadjusted monthly data from Station Mo. 687.00, Ekem &
Chang, 1985}, {1/57 to 12/57 pericd)
b. ET/ET e = Potential evapotranspiration to total annual

evapotranspiration ratio.

©. For areas »2000 ft. elevation based on unadjusted data from

Class A pan
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To compensate for obvious areal differences, estimating monthly ETp for Lana’i was done
by dividing the island into two (2) major geographical areas. In the area above the 2000-ft. eleva-
tion, ET,pmuat = 25.63 inches/year, as shown in Table 2. In the area below the 2000 ft. elevation,
the ET,,,, a1 Value was estimated by multiplying the mean (average) of the annual average oce-
anic rate of 80 inches/year by 1.2. This is based Ekern’s & Chang (1985) conclusion that in dry
leeward areas evaporation is up to 40% more than the oceanic rate. With a 0% difference at the
shoreline and 40% increases up to the 2000 fi. elevation inland, the mean (average) increase
between these elevations is assumed to be 20% greater than the oceanic rate. This corresponds to
approximately 95 inches/year. Therefore, it is assumed that ET,,,,,; = 95 inches/year for areas
below the 2000 ft. elevation contour. Now, although the calculated monthly ET/ET,,, ;4 ratios
in Table 2 are based in the Lanai City area which approximates the 2000-ft. elevation area, it was
assumed that these ratios were consistent island-wide. Therefore, ET,/ET, 4 ratios below the

2000-ft. elevation are the same below the 2000-ft. elevation as above. From this analysis, the
resulting ET,, values for areas below to 2000-ft. elevation is shown in Table 9 as follows:

Table 9. Estimate of Monthly ET, /ET,,,, ., Ratios for Areas <2000-ft. Elevation

January 0.07 6.65
February 0.08 8.55
March 0.10 9.50
April 0.10 9.50
May 0.09 8.55
June 0.08 7.60
July 0.10 9.50
August 0.08 8.55
September 0.08 7.60
October 0.10 9.50
November 0.04 3.80
December 0.06 570

ET annuat 1.00 95.00

With monthly ET, estimated for the two major areas on Lana’i, ET, can now be calcu-

lated using equations eq.(5) or eq.(8). These equations require information regarding changes in
soil-moisture storage which was described in the previous section. Since ET, is the last parame-

ter in equation eq.(4), pg. 18 we can now assess recharge.

41



Recharge (R)

Ultimately, recharge, R, is the water which makes its way to the saturated ground-water
zone and provides the foundation upon which the ground-water flow model’s effective aquifer
parameters can be estimated. It is important to remember that R is different than infiltration, 1,
due to soil-moisture storage considerations (refer to Figure 14, pg. 35). Individual well/aquifer
pump test information (see Table 13, pg. 50) provides localized pockets of aquifer information,
that is not necessarily indicative of regional aquifer characteristics for many reasons described
later. However, the parameters from the water-budget calculation, in equations eq.(4) to eq.(10),
are more visible, accessible, and contain a wealth of hydrologic and time series information when
compared to geologic considerations. Therefore, R is derived on a more regional and long-term
basis for Lana’i than existing pump test information and provides the model with a starting flux of
water which provides firmer confidence in estimating the effective hydraulic parameters during
the calibration process.

Using equations eq.(4) to eq.(10), the GIS, and the previous individual parameter discus-
sions, a reasonable long-term value for R on l.ana’i can be estimated. As defined by equations
eq.(4) to eq.(10), long-term R is the annual average recharge based on monthly variations
amongst all contributing parameters. All available data are considered and factored into the esti-
mate of R. The GIS water-budget model was initialized by starting with the average monthly
value for ASMS,, after one year of simulated recharge computations.

Obviously, a longer period of record will provide a better estimate of the long-term aver-
age for any parameter under scrutiny. Rainfall, RF, has the longest period of record followed by
fog-drip, FD, and pan or potential evapotranspiration, ETp. All other water-budget parameters
did not have direct data records or, in the case of irrigation return, IR, were ignored. Direct run-
off, DRO, and changes in soil-moisture, ASMS, and actual evapotranspiration, ET,, were esti-
mated using the long-term RF record and soil information to create ratios as discussed earlier. FD
estimation was also enhanced using a ratio to RF approach. These considerations resulted in an
estimated average daily island-wide R for the island of Lana’i of approximately 62 mgd which is
approximately 38% of total precipitation available (RF + FD). The FD area of the island contrib-
uted 13.5 mgd of the 62 mgd for island-wide R. Results of the GIS calculation for individual
monthly parameters in equation eq.(4), pg. 18, are found in Appendix B.

It is difficult to make comparisons of this result with previous studies without recognizing
comparable recharge areas or familiar units. Table 10 summarizes and compares previous long-
term recharge analyses with this study’s analysis in units of inches per year which is similar to
previous studies and familiar to local residents on Lana’i. Table 11 is the conversion of Table 10
units to consistent units of million gallons per day (mgd) to facilitate the comparison between
studies. This study’s recharge spatial distribution pattern is also shown graphically in Figure 15,
pg. 45. However, aside from the areal differences, the major difference between recharge results
for this study and earlier analyses is that the nature of recharge in general is followed more closely
by the GIS analysis. Recharge occurs in spurts or pulses from major rainfall events, as clearly
shown Figure 14, pg. 35, thus the greater discretization of time will accommodate more spurts or
pulses. Theis (1994) compared recharge and discharge to and from ground-water tables calling
them “episodic” and “more or less constant”, respectively, which supports this recharge concept.
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Table 10. Lana'i Annual Recharge Estimates (inches/yr)

STEARNS (1940)

high-level 15.5 35 °NE dog 6.46
remainder of jsland 1268 195 °iz 14,80
Island Total 142.3 boi2 b17.9 21.26
ANDERSON (1961) 1.3 485 NE 411055
ADAMS & HUBER (1973) 142.3 1.2 NE NE 9.7 91.7109.8
BOWLES (1874) 15,5 h h h 6.5
ANDERSON (1983) NE
MINK (1983)

Primary 45 38 22.8 5.7 I20 75
Secondary a5 32 9.6 32 a3 24

Total 14.0 b3z by, b4.0 bog.8 99
ANDERSON (1984) NE kog.2 ! NE NE NE
ANDERSON (1989)

Primary 14 6.89
Secondary 10 200
Total 24 NE NE NE NE Mg g
FCWRM (1990) 14| 281035 13.8 <40 | 2610288 9
CWRM/USGS/A.Co. GIS (1995)

>2000 ft. elevation 8.36 29.84 22.28 3.29 14.92 13.50
remainder of istand 132.47 23.76 0 241 13.80 48,10

Istand Total 140.83 b54.12 b{.32 b 18 b13.58 61.60

a. Actual evapotranspiralion {& annual change in storage = 0}

b. Area weighled average estimate,

¢. Not estimated

d. Steams estimated 25% of rainfall in the high-level recharge area ultimately goes to recharge. This means that Steams
estimated DRO and ET to be about 75% of rainfall in the high-level recharge area, or approximately 26 inches.

e. Steams estimated 10% to 15% in the non-high-leve| area ultimately goes to recharge. This means that Steams estimated
DROC ang ETto be about 85% to 90% of rainfall in the non-high-level recharge area, or approximately 17 inches.

f. From Adams (1973) Table 3 based on Caskey {(1968) methods for Waikapu, Maui recharge.

g. Range of actual pumping to estimated recharge.

h. Agrees with Steams. (High-leve! rainfall = 26 mgd & recharge is 25% of rainfall)

i, Also stated thal B varies year to year with a range between 2 to 10 mgd.

j. Based on Mink's origina! descriptive calculations where ET was 20 inchesyear. In his algebraic calculations, primary ET was
tinadvertently or conservatively) increased to 22 inches/year resulting in his onginal 8.3 mgd estimation of total recharge.

k. “Effective Precipitation” defining "near-nomal” (average) rainfall empirically derived as follows; 1978 rainfall data used as
"near-normal” rainfal! year, neglects rainfall < 0,02" or >2.50", 0.02"< 100% value of data <1.00”, 1.00"< 50% value of

data< 2.50.

1. Disputes Mink's fog-drip estimates of 80% and 30% of rminfall in two areas. However, offers no estimate except acknowt-

edges that fog-drip "unquestionably contributes to recharge”.

m. Based on Anderson's total of primary (0.492 mgd/sq. miJand secondary (0.20 mgd/sq. mi.) recharge areas. Breakdown
of individual parameters not given. Basad on new information from Wells 6 & 7 and Ekern's (1964) fog-drip study.

n. Synopsis of reasonable range of values from previous studies. Area is recharge area
ADDITIONAL NOTES: al! footnotes also apply to Table 11
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Table 11. Lana'i Annual Recharge Estimates (mgd)
or
STEARNS (1940)
high-lavel 155 25.8 °NE d19.3 6.46
remainder of islang 1268 117.7 21029 14.80
Island Total 1423 bi435 biz22 21.26
ANDERSON (1961) 11.3 26.1 NE 411055
ADAMS & HUBER (1973) 142.3 Y435 NE NE fi33.8 91.7109.8
BOWLES (1974) 15.5 h h h 6.5
ANDERSON (1983) NE
MINK (1983)
Primary 45 8.1 49 1.2 4.3 75
Secondary 2.8 145 A3 14 150 24
Total 14.0 oo g bg.2 bo g biga ig.9
ANDERSON (1984) NE kog.2 ' NE NE NE
ANDERSON (1989)
Primary i4 6.89
10 2.00
Total 24 NE NE NE NE Mgg
CWRM A(1990) 14| 18710233 9.2 27| 17.3t%019.2 9
CWRM/USGS/LCo. GIS (1995)
>2000 fi. elevation 8.36 11.88 8.87 1.31 5.94 13.50
emainder of island 132,47 140.28 g 12,44 79.74 48,10
Island Total 140.83 b152.16 bsg7 1 P13.75 bg5.68 61.60

NOTES: (see Table 10 footnates) rounding occurs in figures to be consistent.
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There are several points to make concerning Table 10, Table 11, and the comparison with
previous overall island-wide recharge results. Stearns (1940) and Adams (& others, 1973) are
previous studies which specifically addressed the island-wide recharge. Mink (1983), discounted
Adam’s estimate stating that he “employed an unrealistic evapotranspiration rate for the high
region of the island”. Adam’s approach is suspect since it is not complete and uses ET estima-
tions derived for the Waikapu area on the island of Maui. Also, Adams’s primary objective was to
locate well sites on the windward side of the island for reforestation purposes and not to estimate
sustainable yield for Lana’i. Therefore, Adam’s small estimate for recharge is not considered rig-
orous enough to be valid nor comparable to other studies. Considering Stearns analysis, volumet-
rically, there is at least a 6% increase in the estimated average annual rainfall rate, RF, from the
GIS analysis. Due to the longer record of rainfall data available for this study such an increase is
not unreasonable and is, in fact, considered a better estimate with greater foundation. Even
Stearns noted that the available rainfall data during his survey was limited by stating: “The rain-
fall records are too short to determine reliable averages”. Fog-drip, FD, was not considered by
Stearns and cannot be compared directly. Since direct runoff, DRO, and actual evapotranspira-
tion, ET,, were combined in Stearns’s analysis it is hard to make a direct comparison between
these hydrologic parameters. Volumetrically, there is approximately a 30% decrease in the esti-
mated average annual ET, from Stearns to the GIS estimate. Since DRQO appears to constitute
only a small portion of the water-budget and all other factors except the length of time-series data
is common, this decrease can be firmly attributed to the monthly basis of R calculation combined
with the changes in soil-moisture storage, ASMS, considerations. These two considerations, as
discussed earlier, should result in a lower estimate of actual evapotranspiration, ET, than by using

annual averages based on yearly totals. Other parameters were not comparable at this island-wide
scale since they were not directly addressed. Therefore, it can be concluded that the two major
differences between the island-wide GIS analysis and previous studies has been the reduction of
ET, and the addition of FD. The GIS island-wide R estimate is almost three times the island-

wide recharge amount estimated by Stearns and is attributable, at least in part, to these two major
differences.

Several points can be made concemning Table 10, Table 11, and the comparison with previ-
ous R results in the FD area. Mink (1983), Anderson (1984 & 1989) and the CWRM (1990) are
previous studies which specifically addressed the impact of FD on Lanai’s ground-water
recharge. Stearns and Bowles (1974) also concentrated on comparable FD areas but did not
quantify FD. There are only approximate areal comparisons of FD influenced areas ranging from
a low of 8.36 to a high of 15.5 square miles. The GIS analysis has the lowest area influenced by
FD; 8.36 square miles. Volumetrically, the estimated annual average RF in the FD area is lower
from the GIS approach than previous studies by a maximum of 47%, when compared to Mink.
This is mostly attributable to the difference in area where the GIS considered 40% less area than
Mink. Volumetrically, the estimated average annual FD is about 4% less in the GIS analysis than
the previous studies. However, this total amount of F.D estimated by the GIS is concentrated over
40% less area. Volumetrically, the estimated average annual DRQ is approximately 50% less in
the GIS than in the previous studies and the majority of this, too, is attributable to the difference in
the FD area. Like the island-wide scope, the ET, was lower in the GIS approach for the FD area,

but by a greater percentage; 69%. However, unlike the island-wide scope, the difference in D
area, about 40% less, accounts for about one-half of this percentage difference between studies.




The other half, approximately 30%, is due to the monthly basis of R calculation combined with
ASMS considerations as evidenced by Table 10, pg. 43, which shows the resulting inches/yr rate
for ET, significantly less in the smaller GIS FD area. One would think that in the FD area the
more concentrated presence of FD would provide more water in soil-moisture storage available
for potential evapotranspiration, thus ET, can be more readily achieved. It follows that in areas
lacking FD there are definitely more times when there isn’t much soil-moisture storage available
for ET), to be achieved. Hence, one would expect that there should be fess of a difference in the
FD area’s estimated ET,, between earlier studies and the GIS than the ron-FD areas estimated
ET, since there is more opportunity for ET, to be achieved and earlier studies assumed that
annual pan evaporation rates were met. However, this is an additional example of the impact that
the monthly basis of calculating and ASMS considerations have on estimating annual averages.
Figure 16 plots the monthly variation of the water-budget parameters. As can be seen in Figure
16, summer months do not have as much water to meet the ASMS requirements as do winter
months. For example and from Appendix B, in the month of June there is an average infiltration
of only 1.30 inches while the ET, is 2.64 inches (see Table 2, pg. 28), of which only an average of
1.17 inches is calculated to actually evaporate. Therefore, ET, is not achieved for this month
even in the FD area. Thus, despite the area differences which affect the volumetric averages it
can be concluded that the two major differences between the GIS FD area and previous studies is
the concentration of FD over a smaller area and the reduction of ET,. The GIS FD area R esti-
mate is approximately double Stearns and Bowles estimate and about 50% more than Mink,
Anderson, and the CWRM estimates and is attributable, at least in part, to these two major differ-
ences.

Variation of Recharge Parameters H Total Monthly Recharge
monthly
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Figure 16. GIS Monthly Variation of Individual Recharge Parameters in FD Area
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QOverall, it can be said that the major differences in the results between the GIS methodol-
ogy and previous studies is due to the lower estimate of ET, and the concentration of FD over a
smaller area. Despite the higher level of precision in the GIS method, all previously investigated
parameters, with the exception of island-wide ET,, did not differ greatly when areal differences
are considered. There may be a cumulative effect of these smaller differences but the results indi-
cate that these differences offset rather than amplify one another. For example, in the FD area,
though the GIS estimates less DRO than Mink’s there is also less RF and FD due to the differing
areal domain. Also, it is interesting to note that ET, due strictly to the month-to-month basis of

calculation and ASMS considerations are at about the same rate for FD and non-FD areas; about
30% of RF.

A recharge scenario devoid of FD was investigated due to the concern over the health of
the fog forest on Lana’i and the corresponding potential impacts on Lanai’s ground-water
resources. If the forest leaf area is significantly lowered than FD may be affected similarly. The
conservative approach was taken where all FD was removed although its total absence is unlikely.
The results of this analysis are summarized in Table 12 below.

Table 12. FD vs. No FD Recharge Estimates

CWRM/USGS GIS (1994)
FD >2000 ft. elevation 8.36 11.88 8.87 1.31 5.94 13.50
remainder of island 13247 14028 9 1244 1874 48,10
Island Total 140.83 152.16 8.87 13.75 85,68 61.60
CWRMWUSGS GIS (1594)
No FD >2000 fi. elevation 8.36 11.88 0 1.31 5.49 5.08
remainder of island 132,47 140,28 0 12.44 1974 4810
Istand Total 140.83 152.16 0 13.75 85.23 53.18

As can be seen from Table 12, the effect of ignoring FD is an 8.87 mgd loss to R in the
areas above the 2000 ft. elevation resulting in a decreased estimate of R for the FD area from
13.50 to 5.08 mgd. The reduction to island-wide R is small, 14%, compared to the reduction to R
in the FD influenced area; 62%. This clearly indicates that FD constitutes a major portion of R in
the FD area.

Finally, DRO captured in the Palawai basin topographical depression can increase infiltra-
tion above that estimated by the GIS methodology. This was investigated by not allowing DRO
to occur in grid cells within the Palawai basin. This analysis found that an additional 1 mgd could
be added to the total island R for this consideration. Given that this constitutes less than 2% of the
island-wide R with FD and without FD it was assumed that this ignorance of captured DRO is not
a significant error on the regional scale. However, such a change in the more localized area of the
Palawai basin may be significant, especially since there are important wells within the basin.




Existing Wells, Historical Pumpage, and Water-Levels

There are twenty-four (24) wells with information helpful to the modeling effort. A new
well, Well 14 is currently under construction. The location of these wells are shown Figure 1, pg.
2. These wells and their information relevant to producing a flow-model are listed in Table 13,
pg. 50, and Figures 17 through 30. Individual chloride information has been omitted to empha-
size the flow-type nature of the model. Both water-levels and pumpage from these wells vary
temporally according to seasonal and operational changes and are shown for each well and the
cumulative pumpage in Figures 17 through 30. Magnified views of monthly water-level
responses for each well can be found in Appendix H.

On an island-wide basis, Lana’i has a long record of both pumpage and water-level data.
The historical record of pumpage and water-level data spans from 1926 to the present. Records
from 1926 to 1939 and 1942 to 1985 were found on file at the USGS and records from 1988 1o the
present are found in CWRM files. Records for 1986 through 1987 were provided by LCo.

Aquifer hydraulic parameters are also listed in Table 13. The three (3) hydraulic parame-
ters listed are hydraulic conductivity, K, transmissivity, 7, and the storage coefficient, §. These
parameters, their significance, and how they are obtained were discussed earlier and in more
detail. It is important to note that there are nine (9) estimates for X and T but only one (1) esti-
mate for §. This highlights the fact that single-well pumping tests were the conditions under
which the majority of these parameters were obtained. Therefore, for reasons outlined earlier,
these values were obtained under less than ideal situations. Thus, errors are present it should be
understood that the values in Table 13, pg. 50, are not absolute nor necessarily accurate. How-
ever, they do provide a reasonable range to begin the flow model parameter estimation process,
Where possible, reported values were checked using pump analysis software {Geraghty, 1989).

The average T value from nine (9) high-level pump tests is 7,854 fi¥day. However, T
values are not accurately known because accurate high-level aquifer thicknesses, &, are unknown
and vary between analyses.

The average K value from nine (9) high-level pump tests is 18.3 ft/day. Like ¥ values, K
values are very rough approximations since & is unknown Typical values for K in basalt can range
from 107 to 10° £./day (Heath, 1982}. Research by Sooros (1973) estimated the range for Pearl
Harbor flank flows between 7 to 8500 ft/day. For dike complexes outside of caldera regions on
southeastern Oahu, Takasaki & Mink (1982) had estimated a range for K from 1 to 500 ft/day.
Therefore, the average K is for Lana’i is consistent with values for dike complexes. However,
several of these pump tests, specifically wells 1, 3, and 9 are known to have encountered flow
boundaries. Therefore, K values are probably higher than those estimated from past pump tests.
Also, K values were estimated by consultants assuming different aguifer thicknesses. Addition-
ally, the pump test for Shaft I indicates a much higher K value for the basal regions of Lana’i.

Typical values for § range from 0.1 to (.3 for unconfined aquifers. However, only one (1)
estimate for § was made by Mink (1983) based on an observation well, T-2, data. § is important
for transient model simulations only. As stated earlier, § could be 41 times for a lens type situa-
tion, However, since the high-level aquifer is not known to follow the Gyhben-Herzberg relation-
ship, unknown lag-time considerations of transition zone movement, and transmissivity would
have to be modified as well, it is probable that 0.1 to 0.3 is a reasonable range.
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Table 13. Existing Lana’i Wells

4454-01 Manele %na 2.5 na na na na na
4552-01 Well 12 1990 5 -25 na na
4553-01 Well 13 1590 o 25 na ha
4555-01 Well 10 1988 208 208 na na
48352-01 MH Tunnel 1918 Dry 2,700 na na na na
4852-02 Well 5 1950 1,57¢ 1174 6.4 bcﬁ,iﬂ 2 na Figure 17
4852-03 USGS T2 na na na 12 94,355 Bp.1 na
4853-01 Gay Tunnsl 1920 Dry 1,820 na na na na
4853-02 Well 1 1945 818 -3 %48 93,740 na | Figure 18
4854-01 Weil 9 1990 ‘808 446 deg 2 %2 570 na | Figure 19
4952-01 Waiapaa Tun. 1924 Dry 2,220 na na na na
4952-02 Well 4 1950 1,589 1,149 8.0 RS2 863 na | Figurs 20
4953-01 Well 2 1948 1,544 203 na Figure 21
4953-02 Shaft 3 1064 1,553 91,510 na Figure 22
4954-01 Well 3 1950 P1,124 651 SEg 1 | 2002 na | Figure 23
4854-02 Well 8 1820 1,014 412 16.5 19,900 na Figure 24
5053-01 Lower Tunnel 1911 1,103 1,103 na na na Figure 25
5053-02 Upper Tunnel 1911 1,500 1,800 na ra na Figure 28
5054-01 USGS T-3 1950 K1,064 | ground-9286 na na na na
5054-02 Well 6 18886 1,608 BO0 lzs8 138 640 nE Figure 27
505501 Welt 7 1987 850 450 2 2,400 1ia na
5148-01 Gay Well A 1800 2 ~A44 na na na na
5154-01 Shaft 2 1g38 735 479 fia na na Figure 28
5253-01 Shafi 1 1936 2.4 1.4 M4 800 | 480,000 na Figure 28
TOTAL Data | 24 welis na 22 20 8 g 1 Figure 30
AVERAGE na na na na 8.3 7,854 0.1 Figure 30

a. not avaisbie/ not applicable

b. Mk (1983}, Jacob's Mathod & b =1 inglal head 1o boltom of well {u=0.08 @ T2),
c. based on recovery data & Theis method.

d. Nance {1993), Jacob's Method & b = initial waterJevel above sea jevel,

e. Prebable boundary sheountered

f. Updated from K. Takasaki x/x/8x fieid investigation and resurveyed ground elevation information.
g. based on Steams (1953 & 1959) length of tunnel behind bulkheadis 7455 ¢,

h. based on Stearns (1959).

I. Pump test report MEE Pacific (1991), Medified Soroos Method.

j. b= water table to bottom of well.

k. based on Stearns (1959).

L. Sorons Method {1973) modified.

m. Based on Theis equation although Theim Is more appropriate nc observation. wells (Takasaki & Mink, 1982); probably too high.
n. net inctuding resulis from Shatt 1 since it is a basal source.

Other Notes 1o Table 13

K = estimated hydraulic conductivity from assuming aquifer thicknesses and T restlis.
T = estimated transmissivily from pump tests.

8 = storage coefficient.

msl = mean sea level
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LANAI CITY (SKN 672.00)

Tunne! flow only — Monthly Rainfall 1930 - 1994

Pro-Pumping Pariod 1 Penod 2 Penod 3 Period 4 Perod 5 - Porod 6 Period 7,

RAINFALL {inches)

" {2-MA\ DP FR MED]AN

TOTAL LANAI RIGH-LEVEL PUMPAGE

b 2207

date (latest period

T S N PR
A1y L ETR,

T
| — 13-MAV]|

Figure 31. Selected Periods of Drawdown Levels on Lana'i
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It is important to note that there are gaps in the data for both water-levels and pumpage.
Part of the reason for the Maunalei sources’ data gap in the late ‘G0s through the late 70’s were a
combination of a flooding event in Shaft 2 and problems with the distribution system going up the
pali (McCullough, personal communication, 4/22/95). Gaps in the data for other sources are sim-
ply indicative of the intermittent nature of pumpage and the lack of taking water-levels between
pumping and non-pumping times. There are also spikes in the data which do not seem reason-
able. Upon checking original recorded data with LCo. and consultant reports (Anderson, 1983)
some of these spikes were corrected and such corrections are reflected in Figures 17 through 30.
Other spikes could not be rectified. However, despite these problems with the water-level and
pumpage data the overall historical data necessary for model calibration is good.

Water level data on Lana’i were and continue to be measured via pressurized airlines for
both pumping and non-pumping conditions on continuous water-level charts. Pumps are operated
on demand, hence they are turned on and off frequently. Pumping water-levels are reported as the
lowest water-levels during a particular month. Pumping water-levels, or dynamic water-levels,
always include some turbulent and frictional losses, which are primarily the function of well
design, construction, and development and add to the theoretical drawdown in a well. Non-
pumping, or static, water-levels are more representative of an aquifer’s water-level response to
stresses and are more important in the model calibration effort than pumping water-levels. This is
because MODFLOW does not account for pumping well losses. Static water-levels on Lana’i
were taken at least one-day after pumps were tumned off although measurements after longer peri-
ods, sometimes several months, of pump shut-off are also common. The static water-level was
and continues to be reported as highest water-level during a particular month.

There are definite general trends in the water-level data. Specifically, the rising trends in
some of the wells in the absence of any long-term changes in rainfall patterns (Figure 10, pg. 23)
and corresponding fluctuations in total pumpage (Figure 30, pg. 64) during the 1960’s are curious.
Bowles (1974) attributed the steady rising water-level trend in Shaft 2 (Figure 28, pg. 62) during
the 1960’s to reforestation and drainage programs initiated in the 1920’s by Dole Plantation. The
same may be said of Well 1 (Figure 18, pg. 52). From the early 70’s to the late 80’s a general
decline in water-levels occurs between the ranges of 100 to 275 feet; a period of increasing pump-
age. Since the early 90’s, water-levels have recently been recovering due to the cessation of
pumpage for pineapple which significantly lowered island-wide total pumpage.

Historic pumping stresses are to be imposed to the model after initial water-levels have
been calibrated. Ideally, there should be periods where recharge, pumping and water-levels,
show a steady-state like condition. This would allow the calibration of the model based on two
(2) apparent steady-state conditions where effects of storage depletion from an aquifer have com-
pleted and can be ignored (i.c. the effective storage coefficient can be set to zero (0) and it is
unnecessary to calibrate this parameter). Assuming the modeled long-term average recharge as
steady-state, one can identify the second situation by comparing pumpage and water-levels alone.
However, no clear steady-state condition can be identified for all wells simultaneously. Thus, the
lack of two (2) definite steady-state situations island-wide makes it necessary to investigate tran-
sient situations to further evaluate the model. This entails calibration of the storage coefficient.
Therefore, periods where significant trend changes in related rainfall, pumpage, and water-levels,
were identified and resulted in eight distinct periods as shown in Figure 31, pg. 65. These same
periods which define variations in pumping also define variations in recorded rainfall which can
then be applied to the GIS recharge model to arrive at corresponding variations of recharge.
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Selection of Numerical Code for Model

The numerical model chosen for the flow model is the three-dimensional flow finite-dif-
ference model MODFLOW (McDonald, & others, 1988). The code is public domain, well docu-
mented, and is referenced herein. An additional package to the original MODFLOW was used to
simulate the barriers to horizontal-flow imposed by dikes and faults (Hsieh, & others, 1993). This
augmentative code is also an open file report with the USGS and well documented. The advan-
tage of Hsieh’s work is that the MODFLOW model grid need not be changed to add these barri-
ers.  Additionally, the MODFLOW code performs mass balance (water-budget within
MODFLOW separate from the GIS water-budget) and allows closure criterion for calculated
water-levels.

The experience associated with MODFLOW’s use was a major factor in selecting it for
this preliminary model. MODFLOW has been the most widely used code by the USGS in model-
ling ground-water. One-hundred and sixty-five (165) calibrated models have been published by
the USGS (Appel, 1994). There are other numerical models which are available but their use has
been limited. For example, SHARP (Essaid, 1990) is a freshwater and saltwater flow model
which could be used for Lana’i. However, there are limitations in its grid construction when com-
pared to MODFLOW and it is usually used for studies where the interface near the shoreline is
important. Since the high-level ground-water source is of primary concern, the shoreline inter-
face between fresh and salt water is not of primary concern, and it can be used as a three-dimen-
sional model, MODFLOW is considered the more efficient and appropriate model to use.
Additionally, SHARP has only eight (8) documented calibrated models (Appel, 1994) as com-
pared to MODFLOW’s 165.

Basically, MODFLOW solves for the fundamental three-dimensional (3D) movement of
ground-water by the partial differential Equation eq.(1 1), which is defined as:

d{,on) d,ok), df,oh) _oh |
E(Kxa—xj+dy Ky—a—;J+a“£(Kz-a—£J = Ss-a—t -F CQ(].].)
where;

K,, K,, and K, = hydraulic conductivity along the x, y, and z axes (L/t)

h = potentiometric head (L)
F = net volumetric flux per unit volume of aquifer per unit time (1/t)
S, = Specific storage of porous material (1/L)

f = time (1)

Equation eq.(11) is derived by combining Darcy’s law, equation eq.(1), pg. 14, and conti-
nuity considerations for a constant density fluid where flow into and out of the system is equal.
Anderson (& others 1992) describes this fundamental equation as the flow system viewpoint
where one is not concerned with identifying individual aquifers and confining beds per se but in
constructing the 3D distribution of heads, hydraulic conductivities, and storage properties every-
where in the 3D system. A description of MODFLOW’s finite difference equations and numeri-
cal methods used to solve Equation eq.(11) between each cell is too technical for this report but is
well documented {(McDonald & Harbaugh, 1988).
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Numerical Model Construction

The goal of any numerical model construction is to represent the important conceptual
properties of the study area in mathematical terms which can be solved numerically. To do this
one requires the governing matliematical equations, or equation €q.(11), pg. 67, boundary condi-
tions that mathematically describe how water gets into and out of the aquifer, and known initial
conditions. In constructing the Lana’i numerical model one concept was kept in mind at all imes;
make the model as simple as possible yet capture the important properties, and no simpler.
Although this limits the flexibility of the model, this approach is thought to produce the most
defensible model. This also limits the “subjectivity” of the model by forcing the modeler to use
one consistent approach.

Grid

The grid is the starting point of the model construction in that it provides the consistent
framework to which all parameters must relate. The simplest grid to construct is one where indi-
vidual cells are of uniform size which adequately cover the entire area of interest. Since the
model is at a regional scale cells should be on the order of many hundreds, or a few thousands, of
feet square. A cell size of 2000 ft. by 2000 ft. square, which covers an area of 1/7 mi?, was chosen
to discretize the island. This resulted in a total grid size of 1800 cells (50 x 36) which encom-
passes the entire island of Lana'i (See Figure 32). For convenience, the grid was oriented along
the relatively straight northeastern coast of Lana’i, which spans from the mouth of Maunalei
Gulch to Halepalaoa Landing, and such that wells were located in separate cells. The total grid
size and nodal spacing on the order of thousands of feet place the model in the regional scale cat-
egory according to Anderson & Woessner, (1992). This is an important feature since many differ-
ent local or site characteristics that may reside solely within one cell will not be addressed by this
model.

Grids in MODFLOW are finite difference which can be either block-centered or mesh-
centered. Block-centered grids places the flux boundaries at the edge of the cells and the node of
the cell at the center, whereas the mesh-centered grid places the flux boundary at the nodes and
not the cell edges. To utilize the horizontal-flow barrier (HFB) package of MODFLOW the
block-centered grid was chosen to use cell edges as flux boundaries.

2-D Rational

As shown in Figure 32, pg. 69, the model is only a single layer which effectively makes
this Lana’i numerical model two-dimensional (2D). This is because for any single unconfined
layer, MODFLOW incorporates Dupuit assumptions which ensure horizontal-flow by requiring
no change in head with depth. This effectively removes the K, term, or any vertical flow, from
equation eq.(11), pg. 67 and reduces the problem to one of 2D. MODFLOW can still solve D
distribution of heads, but multiplé layers are necessary. Since the initial assumption was that at
the regional island scale the aquifer would behave isotropically and the model is preliminary, mul-
tiple layers were not made. Again, the purpose is to keep the model simple as possible. Because
of this approach, water-levels would be averaged over 1000’s of feet of depth and the model will
only be a good regional approximation if calibrated.
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Lanai MODFLOW 36 x 50 Grid
1800 Cells 2000 ft. x 2000 ft. square

100,000

70,

Y - axis (ft.)
3

40,

30,

20,

10,

0 10, 20, 30, 40, 50000 60, 70,
X - axis (ft.)

Note: Y - axis in MODFLOW has origin at the top rather than the normal cartesian display as shown.

Figure 32. Single Layer MODFLOW Grid 50 x 36 Mesh with 2000 ft. square cells. 69



Mathematical Boundary, Internal, & Source/Sink Conditions

The way the conceptual hydrologic boundaries and stresses correspond to the mathemati-
cal boundary, internal, and source/sink conditions in the Lana’i numerical model are described in
the following paragraphs. It is important to note that setting boundary conditions is the step in
numerical modelling most subject to serious error (Franke, & others, 1987). The boundaries in
this model are physically based; the head around the shoreline is equal to zero; the top is the water
table; and the bottom is estimated but poorly known. The reader should note that references to
internal boundaries in this report are also commonly referred to as special zones.

Normally, when speaking of boundary conditions in a numerical model the modeler is
addressing the mathematical boundary conditions which define the extent or domain of the entire
modelled area. These can be thought of as the perimeter, bottom, and top of the saturated
ground-water between which all flow occurs within the grid layer. When these mathematical
boundary conditions are specified then one may solve the partial differential ground-water flow
equation eq.(11), pg. 67 through simultaneous algebraic equations in the numerical model
(Franke, & others, 1984). The three (3) major types of mathematical boundary conditions are:

(1) Specified head;
(2) Specified flow; or

(3) Head-dependent flow (some combination of (1) & (2)).

Such boundaries constrain the problem and make solutions possible. The freshwater low
at the coast does not extend for any significant distance offshore. Therefore, the perimeter of the
grid is a specified flow type where no flow occurs. Also, the bottom of the freshwater lens is
assumed to be an idealized constant which is not physically correct in location but is correct in
establishing streamlines along the bottom of the aquifer. These streamlines go towards the ocean
and provide a datum for the model to estimate aquifer T values based on given K values. This
specified flow boundary of no-flow across the bottom of the model was set at 400 ft. msl based on
geophysical resistivity work by Swartz (1940) which identified the depth of salt-water/freshwater
break in a cross-section of the island. As stated earlier, the maximum aquifer bottom elevation
was estimated at -948 ft. msl by one station. Due to the general lack of caprock around the island
and a thick basal lens, lens depth must decrease to approximately zero at the coast. Therefore,
the average depth between the coastline and the maximurn aquifer depth was considered to be rea-
sonable assumption for constant bottom depth ((948+0)/2 = 424 = 400 ft.).

Tt is clear that grid perimeter and bottom of the grid layer for the Lana’i model are no-flow
mathematical boundaries. The top of the model, or the water table, is a different matter. Since the
Lana’i numerical model uses Dupuit assumptions, where all flow is horizontal in the 2D single
layer representation, flux across the water table is treated as a source, lumped in the F term in
equation eq.(11), pg. 67, rather than a boundary condition (Anderson, & others 1992). Thus, the
model’s mathematical boundaries are no-flow on five (5) with recharge occurring as the sixth side
{water table).
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Internal model conditions are not to be confused with mathematical boundary conditions.
The relevant physical or hydraulic hydrologic boundaries for Lana’i are the Pacific Ocean coast-
line which surrounds the entire island, a northern region of low permeability along the coast, the
three rift zones which are manifested by observed dike and fault boundaries, the water table (com-
puted by MODFLOW), the tunnel sources, and even flank flows. In the Lana’i numerical model,
these conceptual hydrologic boundaries are types of internal conditions, or boundaries, which are
different than the mathematical boundary conditions described in the previous paragraphs.

The Pacific Ocean coastline is represented by surrounding the island with the equivalent
of a leaky streambed which is an internal head-dependent flow condition. The river or drain
packages in MODFLOW calculate aquifer heads necessary to simulate seepage from the aquifer
to a surface water body (the ocean) with a constant stage. These packages are identical although
the river package allows flow to and from the surface water body whereas the drain package
allows flow only to the surface water body. The river package, RIV, was chosen over the drain
package to allow for ocean intrusion at the coast. Normally, the river package is used to represent
streams but can be used to represent the equivalent leaky type of boundary where flow through the
coastal toe of the basal lens must occur. The ground-water must pass through a thin region near
the shore which approximates the toe of a basal aquifer which does not extend past the shoreline
for any great distances. Therefore, a thin band of this leaky internal head-dependent flow condi-
tion surrounds the entire island as is shown in Figure 33, pg. 72. A total of one hundred and sixty-
four (164) cells were identified to form a single cell wide band around the island. All cells ocean
side of this boundary are not part of the island ground-water system and were given the infernal
specified flow condition of no-flow. The internal river boundary is divided into the two (2)
regimes of a flank flow permeable southern coast and a less permeable alluvial northern coast.
The demarcation points for these two regimes are Palahinu Point and Naha, which corresponds to
Stearns (1940) description of coastal alluvial deposits and is twice the length of Adams (& others,
1973) study regime for the alluvial beachrock on the northern coastline. This stretch of northern
shoreline is assigned a lower hydraulic conductivity than the southern shore with the exception of
Lae Hi Point which happens to be a basaltic outcrop. These internal conditions corresponding to
a caprock like condition impact a total of seventy-two (72) cells in the numerical model and are
also shown in Figure 33, pg. 72.

The boundaries associated with three (3) major rift zones for Lana’i are also internal
head-dependent flow conditions. The combination of dikes, faults, and rock contained within
Lanai’s rift zones produce a honeycombed effect as these geologic features incise the flank flows
of the island and intersect with each other within the major rift zones. The horizontal-flow barrier
(HFB) package in MODFLOW provides and easy way to model these conditions. A total of eight
hundred and ninety-five (895) cell walls were made into effective internal HFB conditions. It is
important to remember that these internal conditions represent the net effects of many unseen
geologic features and are not actual individual boundaries.

The Lower and Upper Maunalei Tunnels are modeled as internal head-dependent flow
cells through the drain package. Finally, all other pumping wells are sink terms in the model.
One important issue with wells is that although they are located in the model’s individual cells
they are only approximately located at the central node in each cell. In addition to this approxi-
mation, interpolation errors between the grid nodes in this regional numerical model may be as
much as 10 ft. (Anderson, 1988).
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Source/sink terins are basically the net flux, F, applied at each cell node in the model in
accordance with equation eq.(11), pg. 67. The recharge, R, array portion of this net F term is the
result of the GIS water-budget model discussed earlier and is a source term. The individual cell
value results were constructed by merging the GIS results with the model grid and inputting the
results into the recharge package of MODFLOW. Recharge values were in inches/day over for
each cell area in the model grid which produce a cell volumetric inflow rate. Once initial water-
levels have been calibrated then pumping stresses can be imposed easily for each well by using
the well package of MODFLOW. Pumping stresses in the Lana’i numerical model are all sink
terms which mean they take water out of the aquifer system.

Hydraulic Parameters

Previous discussions of the governing hydraulic equations for Darcy’s Law, equation
eq.(1), pg. 14, and transmissivity, equation eq.(2), pg. 15, are not repeated here. Before discuss-
ing additional and individual hydraulic parameters, it is again necessary to clarify a major concept
regarding their values. As discussed earlier, and in general, the many sources of error associated
with aquifer pumping tests dictate that values obtained are not absolute nor necessarily accurate.
Such values are more appropriate for local conditions and individual well performance rather than
island-wide regional hydraulic behavior. Thus, the actual heterogeneity in the real world cannot
be entirely dismissed. However, these hydraulic tests do provide a ‘ballpark’ starting point and
reasonable range to begin the parameter estimation process for an assumed or ‘effective’ homoge-
neous situation which represents the heterogeneous situation. It is important not to label or con-
fuse resulting ‘effective’ homogenous hydraulic parameters estimated by the numerical analysis
with the ‘actual’ hydraulic parameters in the very heterogeneons real world. 1t should also be
understood that rules governing the estimation of these ‘effective’ homogeneous parameters are
not well defined (Smith, & others, 1993).

For the Lana’i numerical model there are four basic hydraulic parameters which are varied
in the calibration process. These are the global flank flow horizontal hydraulic conductivity, or
permeability, Kj, the coastal streambed conductance term, SC, the horizontal-flow barrier (HFB)

hydraulic characteristic, HYDCHR,,., and the tunnel drain conductance term DC.

Global K can be described as the average effective hydraulic conductivity in the flank
flow lavas. Although there is ample evidence that homogenous and isotropic conditions do not
exist at the local scale The average K, from existing pumping test data is 18.3 ft/day(Table 13, pg.

50). As stated earlier, it is known that pumping tests occurred in the rift zone and actually
encountered dike, fault, or both boundaries. The intrusive boundaries cause greater drawdown
during a pump test than would otherwise be observed which results in lower computed K, values

for flank flows. It is difficult to determine to what degree pump test Kj values would increase to
correct for boundary encounters but it would not be unreasonable to assume flank flow Kj, values
are within the range of tens (10") to thousands (10°) of feet per day. The Kj value may be lower in

the Palawai Caldera region than other parts of the island as evidenced by pump test results (see
Table 13, pg. 50) but this relative difference is less than an order of one (1) magnitude.
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Streambed conductance (coastal leakage cells in this model), SC, is defined in MOD-
FLOW as:

SC = =¥ eq.(12)

where:

SC = Streambed conductance (L/t)
K = hydraulic conductivity (L/t)

I =length of cell (L)

w = width of cell (I.)

m = depth of stream bed layer (I.)

In the numerical model, the length, I, and width, w, are constant for all cells, including the
coastal cells, at 2000 ft. which results in an area of 4,000,000 sq.ft. The depth and thickness of the
coastal streambed was defined by setting the bottom of the river bed at -10 ft. msl in the model
which is estimated to be the thickness of the freshwater lens in these coastal cells. The RIV pack-
age requires a constant water-level to be maintained in the stream/ocean coastline itself, which is
sea level, or 0.0 ft. msl. The resulting stream bed hydraulic conductivity, K, must then be esti-
mated. The overall the SC term is inherently empirical (McDonald, & others, 1988) and must be
calibrated. Given the lack of a caprock type formation along the southern coast, the streambed
hydraulic conductivity, X, in eq.(12), is set equal to flank flow K}, of any particular calibration run.
Given the caprock or beachrock coastal geology along the northern shore, the streambed hydrau-
lic conductivity, K, in eq.(12) for each cell must be calibrated to yield observed water-levels and
will be lower than the flank flow K, of the same comresponding calibration run. Typical X values
for other windward type caprock have been estimated to range between 0.1 to 0.08 ft/day (Eyre &
others, 1986, Yuen, 1994).

The horizontal-flow barrier (HFB) boundary package for MODFLOW requires a hydrau-
lic characteristic input which is defined as:

K
HYDCHR, = 2%
W

eq.(13)
where:

HYDCHR = Unconfined aquifer HFB hydraulic characteristic (1/t)

Ky, = hydraulic conductivity of the horizontal-flow barrier(L/t)

w = width or thickness of horizontal-flow barrier (L)
note: the barrier is vertical and impedes flow in the horizontal direction.

Equation eq.(13) is valid for MODFLOW layer types defined as unconfined. It is some-
what empirical since one does not know the actual width or actual ‘effective’ width of a HFB.
Therefore, HYDCHR,, was calibrated to simulate water-levels. Since we know that the Ky, term

must be lower than the global flank flow K, term, the w term could be a significant portion of the
width of the cell, or 2,000 ft., and the Kj;, term could be several orders of magnitudes lower than
K, the HYDCHR,, term should be as low as 10 or less.
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There is no general formulation presented in MODLFOW for the drain conductance term,
DC, like the other modeled hydraulic parameters. This is due to the difficulty in quantifying all
the parameters which affect flow to a drain. Therefore, it is truly a lumped proportionality param-
eter. However, three (3) processes affecting drain flow are discussed in MODFLOW and are
described through equation eq.(14) as follows:

DC = CF-KD- WL eq.(14)
where:

DC = Drain conductance (dimensionless)
CF = head losses from convergent flow to the drain
Kp = hydraulic conductivity or material around drain

WL = head losses from flow through the drain wall openings, length, etc.

Like SC, DC is empirical and perhaps even more so given the fact that turbulent flow
losses are to be accounted for in this term. However, if one knows the flow to the drain then DC
can be calibrated for that flow. Fortunately, sufficient Maunalei tunnel flow data is available.

As a final note, the storage coefficient, § (see equation eq.(3), pg. 16), is set to zero (0) in
all initial tunnel flow and water-level computer runs since we are calibrating to an assumed
steady-state conditions. In transient situations it will be necessary calibrate S to match transient
water-levels.

Solution Techniques

Of the two basic solution techniques available in MODFLOW to solve the large matrices-
which are developed in making a model, the Strongly Implicit Procedure Package (SIP) was used
throughout the computer runs for this study. SIP utilizes backward difference approximation, or
implicit difference formulation (Wang, & others, 1982), to solve the system of linear equations
which approximate the analytical solution to equation eq.(11), pg. 67 for each cell, This tech-
nique is favored since it always numerically stable, i.e. errors introduced at any time diminish
progressively at succeeding times. The specific technique is not covered here but is well docu-
mented in MODFLOW (McDonald, & others, 1988). An alternative solution technigue called the
slice successive over-relaxation (SSOR) is available but was not used.

Numerical Parameters (closure, seed, acceleration, etc.)

Various numerical parameters were used for error checking and to help speed convergence
of the model. The closure criteria was set at 0.001 ft. maximum absolute value of head change
and was constant throughout all simulations. Seed factors were always calculated by MOD-
FLOW. The acceleration factor used was generally one (1) although model estimation sensitivity
during later simulations necessitated smaller positive values (down to 0.1) to smooth solution clo-
sure and speed convergence.
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Calibration Targets (tunnel flow, initial water-levels, transient water-levels)

Generally, steady-state, or equilibrium, calibration targets need solid definition for a
meaningful calibration effort. The steady-state targets are those conditions where the mean water-
levels of the system during a representative climactic period show no increasing or decreasing
long-term trends. Ideally, many observation wells could be put in and ground-water-levels
recorded many years prior to any pumpage to establish some stead-state distribution of ground-
water-levels. In reality, wells are normally pumped immediately after they are drilled since the
expenditure of monies for drilling was justified by the potential utility of supplying water needs in
the first place. Thus, the historic record must be carefully searched to identify appropriate target
values.

Fortunately for Lana’i, there is a period of steady-state pumping and initial water-levels.
Aquifer water-levels for the first ground-water sources, the Lower and Upper Maunalei Tunnels
are difficult to ascertain except that they are higher than the tunnel floors. These tunnels had been
producing ground-water for at least twelve (12) years prior to the drilling of later sources and may
have affected the later sources’ water-levels. However, this seemingly unfortunate circumstance
actually provides a steady-state situation. The steady-state calibration target was identified as the
established base flow from the tunnels and the corresponding water-levels for Shafts 1 & 2 which
were not pumped significantly during this period and serve as observation wells. Other than this
scenario, there is no other definite period of constant water-levels with constant recharge, pump-
ing, and ground-water-levels in the record.

The establishment of baseflow from both Maunalei tunnels is difficult given the historical
record. Although Stearns stated that the Lower Maunalei Tunnel was ‘driven’ in 1911, data recor-
dation for the tunnel flows did not begin until 1926. However, Lloyd (1975) stated that water
development of the gulch began in 1923. Whatever is the actual case, the tunnels had at least
twelve (12) years in which to deplete storage and reach base-flow or steady-state conditions. On
Qahu, the maximum time to establish based flow conditions for the Waiahole Ditch tunnels was
approximately seven (7) years from Takasaki’s & Mink (1985) estimation of monotonic decay
periods. Therefore, it is assumed that the Maunalei tunnels probably had reached steady-state
base flow conditions before other Lana’i wells were drilled and pumped. Using this reasoning,
the average flow for the Maunalei tunnels during 1926 to 1939 was deemed to be an appropriate
value to use. One could argue that perhaps the data from 1933 to 1939 would be an even better
period of flow use since this would filter out the initial decay period of tunnel flow to get a better
base flow average. However, considering the rainfall departure, as shown in Figure 10, pg. 23 &
Figure 11, pg. 24, for the two different periods it can be seen that the 1933 to 1939 period is a
much wetter period than the longer 1926 to 1939 period. Not surprisingly, the average tunnel
flow for 1933 to 1939 is slightly higher than the average flow for 1926 to 1933 for both tunnels.
This indicates that the tunnel flows are sensitive to changes in climactic conditions and recharge.
Therefore, the longer period was considered closer to the average climactic conditions on Lana’i
than the 1933 to 1939 period and is somewhat more conservative. These tunnel flow calibration
targets values are shown in Table 14, pg. 77. These target tunnel flows are primarily achieved by
altering the DC parameter from equation eq.(14), pg. 75 but are also dependent on the inland
ground-water-levels which, in turn, are defined by the various other hydraulic parameters already
defined.
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In addition to tunnel base flow calibration, observed ground-water-levels for existing non-
pumping wells or initial ground-water-levels observed for wells drilled after the tunnels must also
be calibrated. This results in a calibration effort which must simultaneously match tunnel base
flows and initial ground-water-levels in selected wells to achieve the calibrated steady-state situa-
tion. ground-water-level data from Shafts 1 & 2 provide the best estimate of initial water-levels
for the steady-state period, at least for the windward side of Lana’i. Although initial water-level
data is limited to these two (2) sources and not gathered on Lana’i under ideal conditions (wind-
ward only, and during a higher rainfall period), it is the best situation available for steady-state
conditions. However, this situation can be helped by a ranking, or weighting, of other initial
water-levels encountered. The resulting ranking of initial water-levels is more or less chronologi-
cal since stresses imposed on the aquifer vary through time in concert with the construction of the
wells. The calibration targets for initial water-levels are shown in Table 14.

Table 14. Calibration Targets and Rank of importance

T1 1900 | Gay Well A £14901 3, 34 &7,25 2 T
2 1911 Lower Tunnel 5053-01 32,25 48, 37 1103 0.261
3 91 Upper Tunnel 5053-02 33,25 43, 35 1500 0.064
4 1918 MH Tunnel 4852.01 39, 24 47,23 (dry)<2700 na
5 1920 Gay Tunne! 4853-01 37, 22 43,27 {dry)<1520 na
6 1924 Waiapaa Tunnel 4952-01 36, 24 47,29 {dry)<2220 ra
7 1936 Shaft 1 5253-01 27,30 53, 47 24 na
8 1938 Shaft 2 5154-01 30, 26 51, 41 735 %0014
9 1945 Well 1 4853-02 36, 20 39, 29 818 0
10 1946 Well 2 4953-01 35, 22 43,31 1544 0
1 1950 Well 3 4954-01 a2, 21 41,37 1126 0
i2 1950 Well 4 495202 36,23 45, 29 1589 0
13 1950 Well & 4852-02 39, 23 45,23 1570 0
14 1950 USGS T3 5054-01 30,23 45, 41 1067 0
15 1954 Shaft 3 BH 495302 35,22 43, 31 1553 0
16 1986 Well & 5054-02 29,23 45, 43 1005 0
17 1987 Well 7 5055-01 27,22 43, 47 650 0
18 1989 Well 10 4555-01 38,12 23,25 208 0
19 1989 Well 9 4854-0t a3, 19 37,35 808 0
20 1990 Well 8 495402 31, 22 43,39 1014 0
21 1990 Well 12 455201 44,16 31,13 5 0
22 1980 Well 13 4553-01 44,15 29,13 0 0
23 na Manele 4454-01 43,13 25,15 c2 0
24 19509 USGS T-2 485203 Bag, 23 B45, 23 na 0

a. not available

b. based on 9/22/36 10 1/14/37 intermittent pump lest {Steams, 1840). However, ignored in calibration effort.
¢. measured in 1993 when discovered by Lanai Co.

d. estimated.
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It should be clear that no true “initial” ground-water-levels, even in areas with zero (0)
pumpage, can be established without an initial comprehensive network of observation wells.
Ground-water-levels throughout the island will fluctuate naturally under varying climactic condi-
tions, especially in dike confined regions. However, such variations in water-levels should
approach an average equilibrium over time periods where long-term natural conditions can be
identified. Unfortunately, observation well networks are seldom in place prior to pumping condi-
tions and Lanai’s situation is no different. Since pumpage would affect initial regional equilib-
rium ground-water-levels, then the earliest drilled wells deserve greater weight in matching than
wells drilled later in time. Additionally, although tunnels do not give an accurate measure of the
ground-water table other than the fact that they lie below it (or above it if dry!), they do provide
limits which must be met. Also, geothermal heating for Wells 1, 9, and 10 affects the water-levels
initially encountered. Such heating could account for water-level differences in the neighborhood
of five (5) feet for these three wells (this can easily be calculated by taking specific the ratio of
water’s approximate specific weight at 60° F and 100° F, or 62.37/62.00 (Roberson, & others,
1980), multiplied by a 1’x 1’x 900" water column = 5.4 ft). Therefore, the initial ground-water-
levels should not be affected by geothermal activity significantly in areas with water-levels
exceeding several hundred feet in elevation on Lana’i.

In addition to the steady-state calibration targets, levels or associated error targets must be
defined to provide an additional basis of identifying an acceptably calibrated solution. Given the
model assumptions of regional isotropy, homogeneity, and other averaged hydrologic parameters,
it is unlikely that every observed water-level will match perfectly. Associated error targets pro-
vide a means of a qualifying how well the steady-state calibration targets have been achieved rel-
ative to one another. For this study, an acceptable steady-state calibration solution is achieved
when the combination of all model hydraulic parameters resulting in observed tunnel flows and
water-levels minimize the associated errors. This was accomplished most efficiently by defining
several levels calibration and striving to maximize higher levels of matching while minimizing
lower levels of matching. Therefore, such associated error targets are defined for both Maunalei
Tunnel base flows and initial water-levels in which is surnmarized in Table 15.

Table 15. Levels of Calibration for Lana’i Numerical Model
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Admittedly, levels of associated error targets are subjective but are based on relevant crite-
ria. Typical flow meters and totalizers, especially older, are commonly known vary as much as
5%. Given the uncertainty of the tunnel base flow data and the completeness of their record vari-
ability is arbitrarily set in increments of 5%. For water-levels, properly installed airline measure-
ments are accurate to the nearest 0.1 ft. Also, and as mentioned earlier, nodal interpolation errors
alone may cause errors up 10 ft. in a regional model (Anderson, & others 1992) and well locations
are not exactly coincident with nodal locations in the grid. The ignorance of return irrigation
could also affect water-levels but such effects are probably limited to the Palawai basin area.
Also, dike-confined water-levels are generally more sensitive to climactic variations than basal
aquifers. Since the majority of wells on Lana’i are located in dike-confined regions their initial
water-levels will be difficult to match due to local climactic differences when initially drilled. As
described earlier, geothermal presence can also affect water-levels by a few feet in the Palawai
Caldera. Considering these factors alone would justify an associated error of several tens of feet.
Basal wells, on the other hand, typically do not exhibit the same level of sensitivity to climactic
and pumping stresses. Therefore, the associated error for basal wells should be much lower than
that for dike-confined water-levels; on the order of a few feet. Again, these associated errors are
subjective and based on discussions with hydrologists of the USGS, CWRM, and L.Co.

There are two (2) additional calibration targets which must be met before any of the initial
water-leve! or tunnel base flow results are compared to the calibration targets identified in Table
14, pg. 77 and Table 15, pg. 78. These are the water-level closure criteria, where the numerical
iteration processes will stop, and the corresponding mass balance for each run. A rule of thumb is
that simulated water-level closure criteria should be one to two orders of magnitude smaller than
the level of accuracy possible (Anderson, & others, 1992). Since water-levels have been mea-
sured to the nearest 0.1 ft. on Lana’i this would correspond to a closure criteria of 0.001 ft. Each
calibration run had to meet this error criterion, which means that before its results were accepted,
water-level changes between progressive iterative solutions for each cell could not exceed this
amount. The mass balance error is calculated by MODFLOW at the end of a calibration run when
the water-level closure criteria is met. A mass balance target error of 1%, or less, is considered
acceptable (Anderson, & others, 1992). When both these error criterions were met the results of a
calibration run were considered acceptable to rate against Tables 14 & 15.

A second major effort in this calibration process was to match transient water-levels in
each well with historical data. The target transient ground-water-levels are defined as those
observed in each well over the eight periods identified in Figure 31, pg. 65. The effort here is to
calibrate the model’s effective storage coefficient, S (see equation eq.(3), pg. 16), and also to give
a sense of reliability to the initial steady-state calibration effort. As stated previously, the reason-
able range of S is 0.1 to 0.3 for the unconfined aquifers. Other modelling studies in the State, on
the island of Oahu, have shown that storage coefficients between 0.02 to 0.05 appear reasonable
for unconfined basal situations (Eyre, & others, 1986). Whether or not this is the case for high-
level unconfined aquifers is subject to conjecture. In any case, it is much more difficult to identify
a § calibration or an associated error target with water-levels since they vary with time. Instead,
transient water-levels were analyzed in a more spatial context at each well site. This spatial anal-
ysis also provided insight for changing boundary conditions. For example, it was found during
early rounds of the transient simulations that the windward water-levels were too low while the
leeward side water-levels were too high. This led to a change in the configuration of dike bound-
aries on the windward side which led to a better match in transient water-level response.
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Model Calibration Results

Trial-and-error is the method used to arrive at best fit solutions for initial steady-state and
transient recharge and pumping water-levels. In both situations, the goal is to meet the associated
error and closure criteria conditions which minimize the average difference between the simu-
lated and observed initial heads and pumping drawdowns. MODFLOW does have an automated
calibration module called MODFLOWP. However, MODFLOWP is a recent code which has not
been used much and it may be 10 to 20 years before the use of such automatic calibration models
become standard practice (Anderson, & others, 1992). Therefore, this study remained with the
trial-and-error method of calibration. It is important to understand that the trial-and-error
approach does not guarantee the statistically best solution (Anderson, & others, 1992). Therefore,
sensitivity analysis will be necessary later to help quantify the effects of uncertainty in the param-
eter estimation through this trial-and-error approach. ‘

There are many ways to identify and measure the success of the calibration effort for
Lana’i. The two (2) major categories to evaluate the calibration effort are quantirative and quali-
tative measures of success. The ultimate calibration objective is to minimize both types of mea-
sures of error. The statistical measures used in this study to quantify average differences between
the simulated and observed initial heads and transient drawdowns are the mean error (ME), the
mean absolute error (MAE), and the root mean squared error (RMS), or standard deviation.
However, these quantitative statistical properties do not identify the spatial, or qualitative, distri-
bution of the errors. Therefore, spatial relationships between simulated and observed water-levels
must be evaluated as well.

Initial Steady-State Ground-Water-Levels

Over a thousand (1000) ground-water-level simulation runs were performed to calibrate
the model to the initial steady-state water-level conditions. In the effort to verify the final concep-
tual model, many of these runs were made to test possible conceptual models which were much
simpler but probably too simple to meet observed conditions. For example, through many com-
puter runs it was found impossible to match observed water-levels with a single uniform effective
global permeability, K, devoid of other internal boundaries to horizontal-flow, with a calibration

level of 1 (see Table 15, pg. 78) for more than 1 well at any time. Likewise, it was found impos-
sible to match observed water-levels by using only field identified dike and fault and boundaries
alone without any inference of unseen barriers to horizontal-flow which must exist in the known
rift zones. Thus, the failure of these simpler conceptual models mean that they are too simple and
that there must be many unseen internal boundaries. Some adjustments to internal boundary con-
ditions were necessary in the rift zones and along the shoreline to calibrate the model but overall
there is little deviation from the initial assumptions of homogeneity, isotropy, and simplicity for
the regional scale of the Lana’i numerical model. Therefore, many of the earlier simulations ruled
out other possible conceptual models.

Following the initial invalidation of oversimplified conceptual models, the final concep-
tual model, as shown in Figure 33, pg. 72, was calibrated by varying the various hydraulic param-
eters until a best fit match for the in initial steady-state water-levels was obtained. MODFLOW
input data and resulting output data for the best fit calibration are in Appendix C and D.
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Summaries of calibrated initial steady-state ground-water-levels conditions are shown in
Tables 16 & 17 and Figures 33 and 35. 1t is important to understand that this is not a unique solu-
tion and that other values of these hydraulic parameters can result in similar results although
changes in internal boundary conditions have a much greater effect on the resulting water-level
distribution. For example, it was found that under the original boundaries to horizontal-flow con-
figuration initial water-levels for Wells 1 and 12 were several hundred feet too high when other
wells seemed to be reasonably matched. The solution for this was to remove a single makai most
boundary to horizontal-flow rather than altering the hydraulic permeabilities locally. Likewise,
using recharge distributions from past studies resulted in Shaft 2, the most important initial water-
level, drying up consistently when pumped at its long-term average, which is not consistent with
reality. Only after using the GIS recharge determined for this study was the Shaft 2 problem
resolved. An important feature of the steady-state calibration effort was that the Upper Maunalei
Tunnel needed to cross into the next mauka cell since a single cell did not provide enough flow.
This is reasonable since the tunnel source is really horizontal and may indeed cross into another
cell in the conceptual model. Whether or not this is frue, such a change is necessary for the model
to achieve the defined steady-state target conditions.

Table 16. Resultant Calibration Parameters for Initial Steady-State Conditions

s Storage Coefficient 0 } dmensionless
K}, (both x & y directions) Global Horizontal Permeability
tsland 1000 ftiday
Palawai Caldera 100 fi/day
sc Coastal Leakance
Southern coast 4x10° f2/day
Northem coast 4x10% ft¥/day
HYDCHRA,, Horizenta! Flow Boundary Cenductance
Dike Comptexd 5.01 x 105 1/day
be Drain Leakance
Lower Maunalei 255.84 t2iday
Upper Maunalei ' 1370.00 t2/day
Extension of upper 1370.00 f@/day
R Recharge 61.60 mgd
Areaof R Recharge area 140.83 mi2
Bottom Elevation Bottom of model ~400 ft
Pumping Pumpage scenane (v} mgd
Mass Balance values < 1.0% are acceptable -0.05 %
Closure Criteria waterJevel changes < 0.001 ft stops itera- na ft.
tion
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Table 17. Best Fit Steady-State Calibration Results

HName ,
1 | Gay Well A 2 25 0.80 +0.5 1 0
2 | Lower Tunnel 1103 1240 089 | +137 b1 0.261
*3 | Upper Tunnel 1500 15086 0,99 +6 & 0.064
*4 | MH Tunnel (dry}<2700 1841 “nn nn 1 0
‘5 | Gay Tunnel {dry}<1320 1504 nn nn 1 0
*8 { Waiapaa Tunnel | (dry)<2220 1743 nn nn 1 0
7 | Shaft 1 2.4 24 1.00 0 1 0
8 | Shaft2 735 738 1.00 +3 1 0
9 [ Well 1 818 850 0.96 +32 2 0
10 | Well 2 1544 1523 1.01 -21 1 0
11 | Well3 1126 1154 0.98 -28 1 0
12 | Well 4 1589 1625 0.98 +36 2 0
13 | Well 5 1570 1723 0.91 +153 4 0
14 | USGS T-3 1067 1131 0.94 +64 3 0
15 | Shaft 3 BH 1553 1523 1.02 -14 1 0
16 | Well 8 1005 891 1.01 -14 1 0]
17 | Well 7 650 755 0.86 +105 4 0
18 §{ Well 10 208 318 0.65 +110 4 0
19 | Well 9 808 846 0.96 +38 2 0
20 | Well 8 1014 1191 0.85 +H177 4 0
21 | Well12 5 0.3 16.67 -4.7 4 0
22 | Well 13 0 0.7 0.00 +0.7 1 0
23 | Manele 4 2.3 0.87 +0.3 1 0
*24 | USGS T-2 ®na na na na na 0
a. obscrved water-level, Hy, divided by simulated calibration water-level, Hgy
b. related to steady-stale flow equal to ‘26-'39 average.
¢. not hecessaty
d. measured in 1993 when discovered by Lanai Co.
e. not available.

ME = iE(iniriaI—calfbm:ed) = 404

MAE = }lz(linniat—ca!fbmredl) = 48.1

a.5
RMS = [r—l'}:(ini:fa[nca]ibrared) 2] =723

whete n = 18 (wells marked * not counted)
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Simulated Regional Steady-State Ground Water Level Contours for Lanai
Best-Fit Calibration with Fog-an
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Figure 34. Spatial Contour Results of Best Fit Calibration (also see Figure 33, pg. 72)
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From Table 17, pg. 82, the MAE of the simulated water-levels for all wells is 48 ft., which
implies that the overall match is fair (Level 2, as defined in Table 15, pg. 78) while the standard
deviation is 72 ft. (Level 3). However, considering the assumptions of homogeneity and isotropy
and the transient considerations of wells coming on-line at various times, the match is better than
expected. Additionally, calibrated hydraulic parameters from Table 16, pg. 81, fall within the
range of reasonable values mentioned earlier in this report.

To investigate the reasonableness of the 61.60 mgd recharge R input, a separate calibration
was performed where the fog-drip component of R was entirely removed. The total average R for
this situation was 53.18 mgd (see Table 12, pg. 48). The model was then calibrated using the
same technique and closure criteria from the previous calibration effort. The best calibration fit
parameter values with the no fog-drip R are summarized in Table 18 below.

Table 18. Resultant Calibration Parameters for No-Fog Steady-State Conditions

5 Storage Coeflicient 0 | dimensionless
K, (both x & y directions) Global Horizontal Permeability
Island 1000 fYday
Palawai Caldera 100 fi’/day
sC Coastal Leakance
Southem coast 4x 108 f2iday
Northem coast 4x10* f%/day
HYDCHR,, Hosizontal Flow Boundary Conductance
Dike Complex 2,40 x 105 1/day
DC Drain Leakance
Lower Maunalei 5120.00 fi2rday
Upper Maunalei 5120.00 ft2/day
Extension of upper 5120.00 fte/day
R Recharge 53.18 mgd
Area of R Recharge area 140.83 mi2
Bottom Elevation Bottom of model 400 ft
Pumping Pumpage scenasio o mgd
Mass Balance values < 1.0% arme acceptable 0.05 %
Closure Criteria water-level changes < 0.001 ft stops ileration na ft

As expected, the HYDCHR,, and DC terms were different in the no fog-drip R scenario. The
best way to compare the impacts of these changes is to view the changes in the profile of the
resulting changes in water-levels (see Figures 36 & 37 on the following pages). For statistical
information, the standard deviation of simulated water-levels under the no-fog calibration was
258 ft. which is three times greater (worse) than the standard deviation calibration with fog.

85



Y - axis (ft.)

Simulated Ground Water Level Contours for Lanai

I l | [ !

|
OO0
0] EEEE

0O
[
s

90,0001

80,000

000000

70,000

60,000—

50,000

40,000

BEEEN

30,000

Lo
]

20,000

10,000

OO

\ _
N ARERN

,l ARNRN

A 10000 20000 30000 40000 50000 60,000 70,000

X - axis (ft.)

O]

@ - Well locations with original water levels. (3 - Numerical coastiine of Lanal

86
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The results of this alternative calibration show that, for the given conceptual model with
all its assurnptions and identical internal boundary locations, the R with FD is a better estimate of
istand R than without FD, for several reasons. First, it was impossible to get the Upper Maunalei
Tunnel to flow at all under the same steady-state model conditions as the previous calibration. It
was found that additional 2000 ft. mauka extensions to both tunnels was necessary to achieve the
calibration target of historic tunnel flows observed, before any other wells were drilled, for R
without FD. These boundary changes are not incorporated into Figure 37, pg. 87 since we are
comparing calibrations without boundary changes which is a more meaningful comparison.
Therefore, it was only possible to match the Lower Maunalei Tunnel flow and initial Shaft 2
water-levels but not the Upper Maunalei Tunnel flow. This is clearly visible in Figure 37, pg. 87
since the Upper Maunalei Tunnel will not fiow in the R without FIJ scenario since the bottom of
the tunnel floor lies above the ground-water-level. Even if these boundary changes were allowed
the horizontal fiow boundary, HYDCHR, had to be decreased such that ground-water-levels

could rise to achieve not only tunnel flow but the observed initial water-leve! at Shaft 2.

The fact that HYDCHR,, must be decreased (tightened) to meet the calibration targets is
expected, since less recharge would require tighter dike and fault formations to increase water-
levels to compensate for less R, and is the second reason why R with FD is a better estimate of
island R than without FD. Removing FD from R affects water-levels on the leeward side more
than the windward side of the island. For R without FD, calibrated water-levels on the leeward
side of the island are consistently higher than if R incorporates FD, as is clearly shown in Figure
37, pg. 87. All the observed initial high-level water-levels with a calibration level greater than 1
are already lower than water-levels from the calibration with R containing FD (see Table 15, pg.
78 and Table 17, pg. 82). Therefore, removing FD from R increases this error rather than
decreasing it.

Lastly, the decrease in HYDCHR , will also affect aquifer response to long-term average

pumpage such that drawdowns for the model calibrated without FD are less reasonable. Figure
38, pg. 89 shows that even with long-term pumping the water-levels at Wells 1 and 10 are on the
order of 200 to 300 ft higher than what has been initially observed at these two wells sites. Also,
drawdowns in other wells seem much more drastic than what is observed in the field. From Fig-
ure 38, pg. 89 it can be seen that the drawdowns at Wells 2 & 4 should be on the order of 300 to
600 ft greater than what is currently observed and historical behavior of these sources do not indi-
cate that such drawdowns would be expected. The only exception of ground-water-level response
without FD is Well 5, which appears to be a better match than the calibration with ¥D. However,
Well 5is known to have efficiency problems and, as will be seen later in fransient runs, this source
is one of the more poorly modeled wells in this report. Therefore, it is the opinion of the author
that this figure is further evidence that the model calibrated with FD is a better calibration than
without it. Therefore, calibration parameters made with FD, as described in Table 16, pg. 81 are
deemed the “best-fit” calibration model from here on in this report.
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Transient Recharge, Pumping, and Water-Levels

Following the steady-state initial water-level calibration, transient water-levels are investi-
gated to calibrate the effective storage coefficient § and to further provide confidence in the cali-
bration of the steady-state conditions. As shown from Figure 31, pg. 65, there are eight (8)
periods of significant changes in static water-level trends from 1942 to 1994. These periods cor-
respond to what are called stress periods in the numerical model. Therefore, there are eight (8)
stress periods in the transient model input. Since the high-level water elevations are sensitive to
both climactic and pumping stresses both must be defined for and varied within each stress
period.

Varying recharge, R (with fog-drip, D), over the specified periods was accomplished
through the GIS by applying the fractional monthly departure from the long-term monthly means
for rainfall, RF, and running the recharge model with these modified RF variables for each
period. No other water-budget parameters were altered and it is assumed that the lag-time
between recharge and water-levels is negligible. The results for the periodic RF departure com-
putations are shown in Table 19, pg. 91. The resulting effect on the GIS R departure computa-
tions for each stress period are shown in Table 20, pg. 91, and it is interesting to note that they
generally exceed RF departures. The reason for the difference in departures is most likely due to
the differences in ET,, which is dependent on changes in soil-moisture storage, ASMS,,, which

was discussed earlier in this report. Computations of periodic recharge rates used in deriving the
tables 19& 20 can be found in Appendix E.

Of the twenty-four (24) ground-water sources identified for Lana’i in this report, only
eleven (11) of these were pumped significantly and of these eleven only nine (9) have water-level
responses to pumpage and climactic changes. These production wells and their corresponding
average pumpage for each period are summarized in Table 21, pg. 92. Yearly time-steps were
investigated for each stress period. For example, in stress period one, *42 to ‘51, there are ten (10)
years or ten (10) time-steps in the model. In each of these time-steps the model will iterate to a
solution which meets the criteria set forth in Table 16, pg. 81 before moving to the next time-step.
However, since this is a transient simulation the water balance criteria does not have to necessar-
ily meet the steady-state condition of 0.05% difference since changes in storage now occur.

For comparison, specific capacities reported by Takasaki & Mink (1982) for wells in the
Waiahole-Waikane dike complex region range between 1 to 10 gal/min/ft which means that a well
pumped at a rate of 200 gal/min would result in a drawdown of between 200 to 20 ft., respec-
tively. This is consistent with the current reaction of most individual wells pumpage on Lana’i.

With the transient input variations established, calibration of the storage coefficient, §,
was approached by trial-and-emror. Five (5) § values were investigated; 0.01, 0.05, 0.1, 0.2, 0.4
with the assumption of homogeneity on the island-wide regional scale. No lag-times were con-
sidered. The resulting transient water-level runs and tunnel flows for the final calibration are
found in Appendix F. The best S value is the one which matches the trend or relative changes in
ground-water-levels for each source. This is best accomplished by matching the departures from
the mean for each source for the observed data and each resulting simulated transient run. These
results are graphed in Appendix E.
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Table 19. Stress Period Departures from Mean RF for R Calculations

Period 1 Period 2 Period 3 Period 4 Period 5 Period 6 Period 7 Period 8
'42-'51 '§2-'56 '57-'8/611 '9/61-"64 '65-'69 '84-'90 '91-'94
Jan. 14.77 -13.10 3.13 77.44 29.92 27.36 -37.71 -43.66
Feb. 6.23 -13.59 -44.13 £7.36 22.25 9.65 16.79 -11.74
Mar. 29.45 -24.45 -12.96 95.58 i7.22 -28.30 27.09 -44.72
Apr. 51.41 -53.29 -53.56 48 40 67.50 -4,66 2117 -82.77
May -13.47 -39.58 4209 97.79 70.22 2272 -5.76 -11.06
Jun. 3095 -37.45 -18.38 -25.96 -11.88 8.19 -1.25 24.42
Jul. 21.07 11.60 -32.84 67.62 65.03 -17.85 10.82 2.60
Aug. 505 -19.56 -8.62 -1.57 13.13 221 -39.67 -13.87
Sep. -19.58 -11.01 -11.77 -49.95 Q6,22 -34.25 -5.50 43.99
Qct. -38.50 -27.36 -30.10 4363 6.83 -23.09 10.06 15.51
Nov. -11.90 31.00 -5.43 15.68 96.02 -19.52 2371 -21.95
Dec. -10.99 39,12 -14.88 -20.92 38.12 261 28.30 -35.42
Year 3.66 -10.84 -14.99 2762 42.68 -5.29 -0.89 -21.13
Table 20. Stress Period Departures from Mean A from GIS Model

Period 3 Petiod 4 Period § Period & Period 7 Period 8
'42-'51 '52-'56 '57-'8/61 '5/61-/64 ‘65-'69 '70-'83 '84-'30 91-'24
Jan. 20.46 -17.80 428 1292 4234 38.65 -50.71 -58.21
Feb. -9.23 -19.95 -57.88 -74.44 3510 14.47 25.98 -17.26
Mar. 52.34 -40.90 -22 40 178.84 3020 -46.39 -44 67 -69.27
Apr. 100.92 -76.76 -77.04 94.66 135.11 -8.18 39.93 -91.73
May 2712 -60.09 105.47 280.84 191.78 -41.50 -12.35 241
Jun. 51.13 -40.38 35.09 -29.06 -156.09 13.40 -2.08 38.81
Jul. 29.69 14.53 -36.48 130.86 124.92 -21.00 14.74 4.14
Aug. 7.81 -25.52 -12.85 243 20.14 3.47 -44.44 -18.92
Sep. -32.73 -18.04 -20.30 £7.92 269.25 -49.01 -11.66 112.55
Oct -64.72 -51.25 -54.60 100.38 16.27 -46.16 21.00 3475
Now. -18.19 53.83 -9.33 26.68 179.62 -31.24 40.79 -34.38
Dec. -15.08 5491 -20.26 27.7% 5420 320 39.41 -44 62
Year 10.91 -9.71 204 63.41 73.452 2.7 -0.85 -41.06
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Table 21. Stress Period Pumpage Input

Period 1 | Period2 | Period3 | Period4 | Period5 | Period® | Period 7 | Period 8
‘42-'52 '‘52-'56 57-'8/61 | '9/61-'64 ‘65-'G9 70-'83 ‘84-'9Q '01-'04

bUpper Tunnel 0.223 0.103 0.040 0.027 0.042 0.026 0.051 0
bl ower Tunnel 0.2086 0.112 0.115 0,138 0.198 0.094 0.107 0.072
Shaft 2 0.216 0.140 0.157 0.109 0.058 0.060 0.435 0513
Shaft 3 BH 0 0 0.596 0.378 0.291 0.408 0.310 0
Weli1 0.029 0.038 0.085 0.073 0.002 0.118 0.286 0.110
Well 2 0.171% 0.360 1.000 0.287 0.360 0.374 0.355 0.193
Well 3 0.005 0.196 0.194 0.125 0.058 0.319 0.345 0.285
Well 4 0.003 0.105 0.218 0.180 0.023 0.315 0.766 0.506
Weli 5 0.016 0.232 0.099 0.066 0.077 0.234 0.288 0.105
Well 6 C 0 0 0 o 0 0.019 0.330
Well 9 0 0 0 0 0 0 0 0.145
Total 0.868 1.287 2.516 1.364 1.110 1.949 2.961 2.260

bUpper Tunnel | 29808.2 | 137752 5300.6 3605.6 5581.9 2420.3 6850.1 0
b ower Tunnel | 27520.9 | 150159 | 15355.8 18411.2 | 26490.8 12573.6 | 14238.1 7617.2
Shaft 2 28880.0 | 187015 | 210299 14583.7 7742.2 80635 | 58159.0 | 68582.6
Shaft 3 BH o 0} 79698.8 50545.4 | 38849.3 54657.8 | 51382.2 )
Well 1 3874.6 5087.2 | 12737.3 9812.9 315.7 15842.0 | 39261.1 | 14770.1
Well 2 2228565 | 481265 | 133743.4 38413.4 | 48189.4 499931 | 47487.9 | 25827.2
Well 3 623.3 | 262233 259734 16742.8 7784.5 42678.7 | 46053.6 | 38084.1
Well 4 340.0 | 14062.8 | 29297.0 21412.2 3128.8 42078.8 | 102414.9 | 67705.1
Well 5 2174.4 | 310782 | 132393 8858.4 | 10254.2 31291.8 | 384395 | 14026.3
Well 6 0 0 0 0 0 0 25194 | 44103.6
Well 8 o 0 0 0 0 0 0] 194237
Total 1.16x105 | 1.72x105 | 3.36x105 | 1.82x10% | 1.48x10% | 2.61x105 | 3.96x10% | 3.02xi0°

a. million gallons per day

b. Gravity flow

c. cubic feet per day
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Several important observations resulted from the transient analysis. First, in earlier tran-
sient simulations it was found that the transient windward water-levels were to low and the lee-
ward were too high. This prompted a change in the internal boundary conditions by adding
several additional horizontal flow boundaries in the Puu Kawelo and Puu Mahana area. Addition-
ally, a mauka horizontal flow boundary in the Shaft 3 bulkhead was removed since the tunnel here
does extend for some distance. These changes, in turn, necessitated a recalibration effort to meet
the initial steady-state conditions which was then followed again by transient analysis. This cir-
cular type of calibration effort resulted in a much better match for all observed water-levels. Sec-
ondly, there is no one best § value which can accommodate the entire island on the regional scale.
This should cast some doubt on the validity of the initial assumptions of homogeneity and isot-
ropy on the regional scale. From the various figures in Appendix F it can be seen that some simu-
lated transient water-levels match observed trends better than others for different S values. Table
22 was constructed to show these differences in matching trends.

Table 22. Best Match for Transient Conditions

AUpper Tunnel best

& ower Tunnel best
Shaft 1 best
Shaft 2 best
bShaft 3 BH best
Well 1 best
Well 2 best
Well 3 best
Well 4 best
Well 5 best
“Well 6
“Well 9
Total 3 1 1 2 3

a, Gravity low
b. Pumped in model but actually gravity fiow tunnel
¢ Not enough information to assess.

An additional transient run was made to investigate and provide a estimate of how close
the present situation is to steady-state conditions. The long-term average pumpage for each
source was induced on the best-fit calibrated model and run for 1000 years into the future. A sin-
gle § value 0.1 was chosen for this exercise. Results for each well in this exercise is found in
Appendix G. According to this exercise, water-levels in wells are between 10%-90% of steady-
state water-levels for the long-term pumpage between 1942 to 1994 excluding well 5.
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As noted earlier, the trial-and-error approach of parameter estimation does not guarantee
the statistically best fit, and sensitivity analysis is necessary. Sensitivity analysis is simply
observing the water-level response changing an individual hydraulic parameter on the best fit cal-
ibration while holding all other parameters and boundary location conditions constant. This is
done to help quantify the uncertainty of the calibrated Lana’i numerical model. Specifically, the
individual regionally effective model parameters are; the global and caldera horizontal hydraulic
conductivity, K, the horizontal-flow barrier (HFB) hydraulic characteristic, HYDCHR,,, the
north and south coastal streambed conductance term, SC, the tunnel drain conductance term DC,
and the input flux of recharge, R. Each parameter was varied individually by increasing or
decreasing its calibrated value over the range of * 100% and the model run to steady-state. The
changes in resulting ground-water-levels between the simulated steady-state best fit calibration
and sensitivity runs is summarized in Figure 39, pg. 95.

It is important to understand that Figure 39, pg. 95 shows the sensitivity of the calibrated
model based only on the internal boundary geometry, the simplified assumptions of regional
homogeneity and isotropy for the hydraulic values of these boundaries, and the steady-state con-
ditions discussed earlier. Figure 39, pg. 95, does not include the model’s sensitivity to changing
mathematical or internal boundary geometry nor initial seed conditions, such as starting head val-
ues for a specific computer run. Changing internal boundary conditions will create an alternative
solution which could be calibrated, graphed similarly, and would also show a trend towards a zero
(0) mean absolute error along the x-axis of the figure. What is also missing from Figure 39 is the
models’s sensitivity to changes in internal boundary conditions. Through the calibration effort it
was clear that the Lana’i model is also quite sensitive to small changes in the locations of internal
boundary conditions. For example, removing only a few horizontal flow boundaries had dramatic
regional and local effects on water-levels. In fact, other recent studies (Meyer & Souza, 1995)
have shown that water-level responses to pumping in compartmentalized high-level type aquifers
are very sensitive in numeric models. Changing the calibrated boundary geomeiry, in effect, cre-
ates a new model.

From the sensitivity analysis it is clear that the model is most sensitive to changes in the
horizontal flow boundary, HYDCHR,, and recharge, R. The sensitivity to HYDCHR, and R
should not be surprising since these internal boundaries are known to be a reason for high-level
aquifers and their observed sensitivity to climactic conditions in the real world. Since the model
is sensitive to HY DCHR,, it follows that the model must then be sensitive to the locations of these
internal boundaries. This supports the statement made in the preceding paragraph that the model
is very sensitive to changes in boundary locations but is difficult to show in the graphical manner
as done in Figure 39, pg. 95.

A few other statements can be made from the behavior of the sensitivity curves. The
model scems to be equally sensitive to equal changes in both HYDCHR,, and R. This indicates
that the two are correlated which makes sense since the lack of either one would result in no high-
level water. Changes to other parameters in the model do not induce significant changes until
much larger percentage increases than HYDCHR,, and R, and even then the MAE is much less.
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I Predictive Run

Using the best-fit calibrated model as the base, six (6) predictive scenarios were investi-
gated to assess potential regional ground-water-level responses to various stresses. The first pre-
dictive run was made to assess the impacts of pumping at the long-term ‘42-'94 average.
Secondly, fog-drip only is removed (i.e. no pumpage). Third, the model is pumped at the current
CWRM estimate of island-wide sustainable yield (6 mgd) through existing wells normally oper-
ated. The fourth predictive run combines the impacts of scenarios 2 and 3; removing fog-drip and
imposing 6 mgd pumpage. Fifth, the Wells | & 9 in the caldera were pumped alone with all other
wells turned off. Lastly, a potential pumpage distribution specified by LCo. is investigated.

Pumpage was not constrained by the actual physical limitations of each well. Estimated
future withdrawals from existing wells to meet the 6 mgd pumpage for scenarios 3 & 4 are simply
a matter of convenience. This approach is probably not an accurate prediction of actual future
operations but it serves as an objective way of distributing 6 mgd pumpage. Not knowing the
future distribution of such an increase in pumpage, additional necessary pumpage was distributed
evenly amongst the existing recent annual average pumpage for each high-level pumped well.
Future pumpage for Scenario 5, concerning the caldera, is evenly distributed between Wells 1 &
9. Pumpage in scenario 6 was specified by LCo.’s hydrologic/engineering consultant. The pump-
age values used in these predictive scenarios are summarized in Table 23.

Table 23. Individual Well Pumpage for Predictive Model Runs

AGES
Caider,
...... mgd 5
Upper Tunnel I ff fi] f ff f fi ff ff ff
Lower Tunnel ff ff ff] ff ft ff fi ff ft ff
Shaft 2 0.186 26,190 0 0! 1.044 139,618 0 0.500 66,836
Well 1 0.116 15,479 0 0| 0690 92229 | 0325 434501 02701 36,001
Well 2/Shaft 3 | 0.721 83,021 0 0| 0.604 80,786 0 0] 0.300 40,102
Well 3 0.205 27,398 0 0} 08683 91,29 0 0] 0300 40,102
Well 4 0.273 36,483 0 0} 0918 122,668 0 0| 0.400| 53,469
Well 5 0.155 20,738 O 0} 0.53 71,010 0 0| 0.400 53,469
Well 6 0.029 3,919 0 0] 0.748 99,744 0 0| 0300} 40,102
Well 7 0 0 o o 0 0 0 0} 0200} 26,734
Well 8 0 0 0 0 0 0 0 0| 0300 40,102
Well 9 0.012 1,671 0 0] 0.784 104,733 | 0.325 434501 0.2701 36,091
Bwell 14 0 0 0 0 0 0 0 0] 0.280 37,428
“Total 1.607 | 214,800 O 0| 6.000 802,079 | 0.650 86,900 | 3.520 | 470,526

a. ff - free-flowing, no induced pumping.
b. Future well under construction and not ontine.

¢. Ignores any contribution of tunnel flow 1o total ground-water removal via ariificial means.
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Predictive Run Results

Before discussing predictive run results, it is an appropriate time to clarify the issue of
sustainable yield and regional water-level response. The reader may recall from Table 1, pg. 3,
the issue regarding the definition of the term ‘safe yield’ between Stearns and Anderson. The
issue is significant since it highlights what other respected hydrologists (Theis, 1994 & Lohman,
1979) have identified as the “Alice-in-Wonderland” syndrome where there is a plethora of defini-
tions for aquifers and safe yields which complicate the communication and representation of these
hydrologic concepts. Likewise, the definition of sustainable yield has many different meanings to
many different people both familiar and unfamiliar to ground-water hydrology. Therefore, it is
important to understand that the results from the six (6) predictive runs do not define a single sole
“number” for the sustainable yield for Lana’i. Instead, the numerical model will only attempt to
predict Lanai’s regional or aquifer ground-water-level response to particular stress scenarios.

Another important issue must be clarified before interpreting predictive results. It is
important to understand that regional or aquifer responses predicted by the model do not predict
localized or discrete water-levels over areas smaller than a single cell grid.  In other words,
water-levels predicted by the model represent the average water-level found within an entire cell
grid which covers a 2000° by 2000 area. For local or site changes in ground-water-levels (more
discrete locations within grid cells, such as pumping wells), it can only be said that such changes
are only as accurate as the regional water-level prediction for the particular grid cell in which they
reside. The numerical model is predicting the average regional water-level at each cell node
which represents a 2000 ft. by 2000 ft. area and not a typical 12 to 18-inch diameter well. One
would have to increase the discretization of the model grid, i.e. increase the number cells by
reducing cell sizes to the diameter of a typical well (around 2’ x 2°) to have the numerical model
address such a localized question. Not only would such a change dramatically increase the
amount of work and time in constructing a new model grid and boundaries but heterogeneities
and anisotropies would play a more significant role at smaller scales and increase the difficulty in
calibration. If and once this is achieved then an additional difficulty would need to be addressed.
Localized ground-water-level changes in pumping cells are further complicated by well efficien-
cies and the effect aquifer dewatering has on calculating such efficiencies (Driscoll, 1986). Such
analysis estimates the increase in actual well drawdown beyond theoretical aquifer or regional
drawdowns due to well inefficiency. MODFLOW does not account for such well efficiencies or
aquifer dewatering effects and assumes that wells are 100% efficient. Therefore, one would have
to additionally estimate well efficiencies which depend on many factors, some of which have been
described earlier in this report. Efficiencies of 70% to 80% are usually obtainable if a well is
properly designed, constructed, and developed (Driscoll, 1986) but may be as poor as 50%, where
actual pumping well drawdowns would double. Well efficiencies can also change with time.
Observation well data away from the turbulent effects of a well are necessary. In all, estimating
localized pumping well water-levels requires another level of analysis which is beyond the scope
of this report and would also necessitate redefining the grid used for this regional model.

The results of the six (6) scenarios according to Table 23, pg. 96, are summarized graphi-
cally in Figures 40 through 53 on the following pages. One general statement which can be made
is that, except for Scenario 1, in all scenarios the Maunalei tunnel sources will eventually dry up
at steady-state conditions. Other statements are now broken down by scenario.
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Scenario 1: ‘42-’94 Average Pumpage

This scenario, steady-state ground-water-levels response to the long-term average pump-
age has actually already been covered in the determination of the “‘best-fit” calibration (see Figure
38, pg. 89). In the plan view, there does not appear to be much difference between the “best-fit”
water-level contours (Figure 33, pg. 72) with the water-level contour map for this scenario, Figure
40, pg. 99, except that the areal extent of some higher-level contours are a bit smaller. Drawdown
contours shown in Figure 41, pg. 100, show that the regional water-levels should decrease
between 50 to 250 ft. with the greatest drawdown near Shaft3/Well 2 and Well 4. The Lower
Maunalei Tunnel should have a steady-state flow around 183,000 gpd while the Upper Maunalei
Tunnel should dry up if the long-term average pumpage is continued or exceeded and long-term
recharge is unchanged. Observed static water-levels and recently reporied tunsel flows are
regionally consistent with this prediction with the understanding that steady-state has not yet been
achieved.

Maximum steady-state regional drawdown predicted by the model is 264 feet. Wells 4 &
5 in recent times have approached this drawdown on particular months and have actually
exceeded it during pumping (see Figures 17& 20). Otherwise, no reported static or pumping
drawdown has exceeded this value.

The predicted range of time necessary to reach steady-state is on the order of several
decades to several centuries. Figure 42, pg. 101, compares observed water-levels with simulated
water-levels taken out 1000 years from 1942. This transient figure for other wells is found in
Appendix G. Like the other transient runs done during calibration on only the past 50 years,
found in Appendix F, there does not appear to be one universal storage coefficient value for all
wells. From Figure 42, it can be seen that through various storage coefficients the time needed to
reach steady-state is on the order of several decades to several centuries. The transient fit for this
source was a storage coefficient of 0.4 which would place this source’s steady-state on the order
of centuries.

Comparing model predicted regional drawdowns with observed static drawdowns in wells
it can be generally said that the range of actual aquifer drawdowns due to long-term pumping is
somewhere between 20% to 95% of steady-state drawdowns. This statement is independent of
the time necessary to reach steady-state conditions but is only a comparison of steady-state draw-
downs predicted. This statement does not apply to Wells 6 & 9 which are relatively new and have
very little data compared to other older sources on the island and Well 1 whose recent pumpage is
much greater than the historical long-term pumpage averaged over 52 years.
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Simulated Regional Steady-State Ground Water Level Contours for Lanai
Best-Fit Calibration with Existing Wells Pumped to '42-'94 Ave mgd
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Figure 40. Scenario 1 Predictive Regional Ground-Water Level Contours



Simulated Regional Steady-State Drawdown Contours for Lanai
Best-Fit Calibration with Existing Wells Pumped to '42-'94 Ave mgd
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Figure 41. Scenario 1 Predictive Regional Drawdown Contours
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Scenario 2: Total Fog Drip (FD) Removal

This scenario attempts to filter the impact FD has on ground-water-levels on Lana’i. To
obtain the maximum domain, or envelope, of FD impacts, all FD contribution to recharge is
removed. This is truly a worst case situation as some FD will occur even on bare soil and rocks.

If FD is completely removed from the “best-fit” calibrated model, regional water-levels
around existing high-level wells are predicted to drop between 100 to 700 ft. (see Figure 44, pg.
104) and impact a much broader area (see Figure 43, pg. 103) than impacted by the existing long-
term pumpage. This greater impact is expected since FD is estimated at about 8.9 mgd whereas
long-term pumpage is around 1.8 mgd. The major impacts are confined within the center most
portion of the high-level aquifer (see Figure 50, pg. 112) while the outer fringes of the high-level
aquifer are not as affected. This is expected since this is the area above the 2000 elevation where
rainfall precipitation is augmented.

Transient analysis of this scenario, as shown in Figure 45, pg. 105, assumes S = 0.1 and
indicates that it would take between 400 to 600 years to achieve complete steady-state. However,
much of the changes should be seen in the first 100 years of such a drastic change. These two
observations indicate that if a significant amount of FD were reduced in the past 50 years then
some of the drawdown seen in the wells may be due to a reduction in FD, but it will also take a
long time before the full effects of such a reduction are complete.

The insight provided by this predictive run shows that FD, or some other form of precipi-
tation which augments rainfall, is an important contributor to the ground-water supply on Lana’i.
This should not be surprising given the sensitivity of the calibrated model to recharge. Water lev-
els can therefore be greatly affected by this one recharge component alone. In fact, Bowles
(1974) had attributed some of the decline in ground-water-levels due to the reduction of forest
cover on the island which would have an effect on FD although other factors such as changes in
runoff may be involved. Since FD is dependant on forest cover this scenario makes a particularly
strong case for protecting forest cover, particularly in the regions above the 2000’ elevation con-
tour where FD is more prevalent.

What is most interesting about this particular scenario is that it can be viewed as a poten-
tial optimized well configuration scenario. Assuming long-term recharge, including FD, contin-
ues, then placing wells at every cell node (i.e. every 2000 ft.) in the region above the 2000’
elevation and pumping at a rate which matches the effect of FID removal at that cell node would
result in the same aquifer response as removing FD only. Thus, such an optimized well configu-
ration could pump 8.9 mgd with similar regional effects as shown in Figures 43 to 45. This does
not mean to say that such a well configuration, which itself is questionable considering econom-
ics, power, and other physical constraints, would result in fully operational pumpage scheme
since localized water-levels depend on other criteria such as well efficiencies or water quality.
However, the model suggests that from the aquifer’s point of view such an optimized scheme is
possible.
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Simulated Regional Steady-State Ground Water Level Contours for Lanai
Best-Fit Calibration minus Fog-Drip Only
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Figure 43. Scenario 2 Predictive Regional Ground-Water Levet Contours



Simulated Regional Steady-State Drawdown Contours for Lanai
Best-Fit Minus Fog-Drip Only
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Figure 44. Scenario 2 Predictive Regional Drawdown Contours



elevation above mslin ft

Transient Effects of Fog-Drip Removal

1800 )
| Beginning calbrated water levels with fog-drip and no pumpags.
1600 1
Storage Coefficient, S = 0.1
1400 -+
Approx. 600 years (o steady-stats. 5
1200 ;
k Well 4
Welt 2
1000 :
\ Weil 8 |
800 _\ Well 6
A Well 1
800 -
Shaft2
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Scenario 3: 6 mgd Pumping From Selected Existing Wells

This predictive scenario has its origin in the current CWRM estimate for sustainable yield
for the Lana’i. Pumpages for this scenario are defined in Table 23, pg. 96. A plethora of 6 mgd
scenarios are possible as one could distribute such pumpage in an infinite number of ways. For
purposes of this report, the additional pumpage necessary to bring 1994 well pumpages up to a
total island pumpage of 6 mgd was distributed equally as possible amongst such pumping
sources.

On the regional scale, pumping selected existing wells to 6 mgd results in regional draw-
downs between 50 to 950 feet over a larger area than the long-term pumpage effects but a smaller
area than what the model predicts for Scenario 2; total FD removal. Figures 46 & 47 show this
clearly when one compares these with the corresponding Scenario 2 figures. This is expected
since drawdowns due to 6 mgd pumping through a limited number of wells, rather than spreading
a greater flux removal, total FD, over a larger area, should be more concentrated.

In broad areas around the existing wells regional water-levels would decrease on the order
to 300 to 500 feet with the maximum drawdowns occurring at Shaft 2. In fact, the model predicts
that aquifer water-levels at Shaft 2 would go below sea level which would probably render this
source unusable. This was the same well problem encountered before GIS recharge was incorpo-
rated into the model, The historical behavior of this source does not indicate such a drastic event
would result and probably indicates that there are some unresolved local effects associated with
this source. Additionally, the lower Maunalei Tunnel would cease to flow.

Although regional water-levels remain high at steady-state for this scenario it does not
mean the 6 mgd can be achieved under the current well configuration. Again, localized effects
will increase drawdowns at the specific well sites and would necessitate the deepening of all exist-
ing wells which do not reach sea level. Even such a modification may not be enough to develop 6
mgd from the aquifer and additional wells would probably be required.
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Simulated Regional Steady-State Ground Water Level Contours for Lanai
Best-Fit Calibration with Existing Wells Pumped to 6 mgd
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Simulated Regional Steady-State Drawdown Contours for Lanai
Best-Fit Calibration with Exisfing Wells Pumped to 6 mgd
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Figure 47. Scenario 3 Predictive Regional Drawdown Contours



Scenario 4: Combined FD Removal & 6 mgd Pumping Scenarios

Scenario 4 is the combination of scenarios 2 & 3. Figure 48, pg. 110, shows that regional
water-levels are greatly affected throughout the high-level area with high drawdowns located
around several existing wells. Figure 49, pg. 111, shows the spatial distribution of drawdowns
with maximum regional drawdowns in excess of 1300 ft. Regional water-levels would reduce the
utility of many wells as they reach or go below sea level. This is not unexpected since the total
stress delivered to the aquifer is equivalent to a 14 mgd pumping scenario which is over twice the
next nearest sustainable yield estimate ever made for the island. However, even at this elevated
pumpage scenario the model predicts regional water-levels would remain near 1000 ft above sea
_level but on the windward side of the island only.

One technical problem with this scenario is that many cells in the model actually dry up
which induce error into the results. In the particular version of MODFLOW used, once cells dry
up during an iteration solution they become inactive. This, in turn, reduces transmissivities in the
model which may cause error in other parts of the grid. There is a module which allows MOD-
FLLOW to re-wet a cell which has dried up during an iteration but experience with this modular
package resulted in a decision to leave this particular feature out of the model. Another way to
address this problem is to reduce the time-step size to avoid large numerical oscillations as the
model attempts to reach a solution. This was approach was not fully investigated but assuming
cells which do go dry should is conservative. Despite the is drawback, the model shows that the
combination of total FD removal combined with a 6 mgd pumping scenario results in a drastic
reduction of regional water-levels on the leeward side of the island.

For a different perspective, Figure 50, pg. 112, was produced to compare water resulting
water-level responses between scenarios 2-4. Using the same A-A’ profile shown earlier in Figure
36, pg. 86, profiles were constructed along this base profile line to compare scenarios 2-4. As can
be seen in Figure 50, greatest changes occur near the center of the island where the majority of
recharge is concentrated. As one moves away from the center of the island water-level responses
become more attenuated, especially when one moves outside the high-level area and into the
basal portions of the island’s ground-water system.
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Simulated Regional Steady-State Ground Water Level Contours for Lanai
Existing Welis Pumped to 6 mgd & Fog Drip Removed
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Figure 48. Scenario 4 Predicted Regional Ground-Water-Leve! Contours



Simulated Regional Steady-State Drawdown Contours for Lanai
Existing Wells Pumped to 6 mgd & Fog Drip Removed
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Figure 49. Scenario 4 Predictive Regional Drawdown Contours
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Scenario 5: Palawai Caldera Pumpage Impacts

This scenario is based on the concern over the impact of pumping wells 1 & 9 (and the
soon to be completed Well 14). Chlorides in Well | have decreased with increasing pumpage
which indicates that fresher water is being supplied to the well and raises concern over the impact
on upgradient sources.

Figure 51, pg. 114, shows the steady-state drawdown contours associated with pumping
just wells 1 & 9 to assess their impact on the aquifer. To filter out effects of other well pumpage
all other wells are turned off for this scenario. As can be seen, in the caldera region a total pump-
age of 0.650 mgd would have a regional drawdown of about 50 ft. with a maximum drawdown of
about 80 ft. Other wells upgradient would see steady-state regional drawdowns of about 10 to 30
ft. due to the caldera pumpage. Given the general sensitivity of the high-level wells to local
pumpage and climactic events, it would be reasonable to “miss” or not see the effects of the
caldera pumpage due to the normal variation in water-levels. In other words, the relative effect of
caldera pumpage is such that pumpage and the climate would have to be very steady over a rea-
sonable long period to measure the effects of caldera pumpage in upgradient sources. Also, sensi-
tivity analysis (see Figure 39, pg. 95) has shown that the model is insensitive to caldera
permeability, probably due to the small region it covers compared to the entire island. Generally
speaking, the model predicts that the effects of caldera pumpage on upgradient well regional
water-level are relatively small.
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Scenario 6: A Potential Plan of Future Pumpage

The pumpage distribution for this scenario has been supplied by LCo. which should pro-
vide a more realistic pumping scenario for the future. The pumpage scenario is only one possible
distribution of average pumping at each existing source with the addition of the new Well 14
(State well no. 4854-02) which is under construction and will be intergrated with wells 1 & 9,

Results of this predictive run are shown graphically in Figures 52 & 53 on the following
pages.

As expected, the resulting regional water-levels fall between the extremes of long-term
pumping and scenarios 2, 3, and 4. Given the existing infrastructure some wells may or may not
need to be deepened depending on the actual well losses incurred at higher pumpage rates. No
existing well in this scenario is predicted to have its water-level decline to sea level.
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Summary of Predictive Scenario Results

Table 24 below summarizes the steady-state results for individual wells for the various
predictive runs rather than the island profiles shown earlier. The reader is reminded that the best-
fit aquifer parameters found in Table 16, pg. 81 are the base upon which the various stress scenar-
ios are imposed. It is important to realize that the water-levels predicted are regional and are more
relevant to the aquifer water-level response rather than the actual pumping water-level response in
each well for reasons explained earlier. Also, the reader is reminded that transient analyses has
shown that there are definitely heterogeneities at the local well scale (see Table 22, pg. 93) which
also add to the uncertainty water-levels in actual well sites,

Table 24. Summary of Predictive Ground-Water System Responses

Shaft 2 681 627 527 -204 < -400 ' 735 412

Well 1 729 765 675 449 275 768 662
Well 2/Shaft 3 1426 1259 1050 953 315 1502 1254
Well 3 1024 974 861 412 < -400 1127 796
Well 4 1503 1390 1096 957 26 1606 1326
Well 5 b1519 1604 1143 1345 608 1709 1492
Well 6 1026 915 764 190 < -400 983 631

Well 9 721 762 672 447 275 764 658

Lower Tunnel 0.005 0.183 0.000 0.000 0.000 0.000 0.103

Upper Tunnel 90.000 0.000 0.000 0.000 0.000 0.000 0.000
a. As of October 1994

b. As of November 1993
¢. million gallons per day
d. As of January 1991
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A summary of the results for each scenario which considers transient results of each pre-
dictive run is as follows:

1.

Water level changes from long-term pumpage are between 20% to 95% complete in
terms of present water-level changes compared to steady-state water-level changes
predicted by the model. However, the Upper Maunalei Tunnel is predicted to cease
flowing at the continued long-term pumping rate. Although no one regionally homo-
geneous storage coefficient can used, it appears that water-level changes due to long-
term historical pumpage of 1.790 mgd should be complete on the order of centuries.

Total removal of fog-drip would have a more impact on water-levels in the high-level
aquifer area than the overall long-term pumpage. Fog-drip, or whatever phenomena
accounts for precipitation above observed rainfall, has a major role and impact on
observed water-levels. Assuming a storage coefficient of 0.1, the middle value of best
matches from transient analysis on all wells with sufficient data, a total fog-drip
removal event would take between 400 to 600 years to fully impact water-levels with
changes between 100 to 700 ft. depending on location of existing well. Both Maunalei
tunnels would cease to flow.

Pumping 6 mgd from existing sources will create greater regional drawdowns in some
areas than if fog-drip alone stopped altogether. However, pumpage patterns would
have to be modified as under this scenario’s distribution Shaft 2 may lose its present
utility. Still, it may be possible to develop 6 mgd from the aquifer without harming the
resource although not without major medifications to existing wells, additional well
development, and carefully managed pumping distributions and schedules. Both
Maunalei Tunnels would cease flowing at this island pumpage rate.

Pumping 6 mgd from existing sources and losing all fog-drip would result in several
existing wells losing their potential utility and both tunnels would cease flowing.

Pumping caldera wells 1 and 9 an average of 0.325 mgd each for a total of 650,00 gpd
would have relatively small impacts on upgradient wells and such impacts would be
difficult to differentiate from natural water-level changes.

Pumping 3.520 mgd from existing wells does not harm the aquifer. However, some
changes in the existing well infrastructure may still be necessary as some of the wells
specified for future pumping have no track record of water-level response to such
stresses. The lower Maunalei Tunnel should continue to flow with an average flow of
0.103 mgd. However, the model predicts that the Upper Maunalei Tunnel would cease
flowing at this island pumpage rate.
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No predictive sensitivity analysis was performed outright due to time constraints. Instead,
it is anticipated and most probable that the model will have the same sensitivity to the horizontal
flow boundaries and recharge as found in earlier sensitivity analyses. However, it is evident that
the distribution of pumpage is an important factor in resulting ground-water-level responses
according to the numerical model.

Model Limitations

The limitations of the model are based upon the assumptions and uncertainties associated
with the construction and calibration of the model. These assumptions and uncertainties do not
invalidate the model but do provide important caveats which should be kept in mind when inter-
preting the results of the model. A synopsis for the assumptions and uncertainties which were
described in the body of this report are listed as follows:

1. The Lana’i ground-water model is classified as an identification or “inverse” type problem.
Inverse type problems are where stresses, like pumpage, and the resulting responses, or
resulting water-levels, are known, but the aquifer system is unknown. Unfortunately,
inverse type problems do not have unique solutions, and especially when the model is a
“simplified” or “effective average” version of the real world. Additionally, the “inverse”
problem must be solved before a prediction problem can be solved (Bear,& others, 1992).

2. Sources of error can originate in the conceptual model, the numerical analysis, and the
input data. Errors in these three general areas are cumulative. Additionally, it is hard to
differentiate errors between the three once they are integrated.

3. Conceptual errors could arise if significant perched conditions exist on Lana’i since the
model does not consider this possibility. Additionally, the model does not consider that
differences in the ground-water fluid from the geothermal activity in the Palawai Basin.

4, Numerical errors arise mainly from the interpolation of nodal values which for Lanai’s case
are water-levels and thus depend on nodal spacing. Ideally, actual data values should
coincide with nodal location. In this model cell areas cover one-seventh of a square mile
and wells are not exactly located at the node of the cell. This type of interpolation error can
be as much as 10 ft. or more (Anderson & others, 1992).

5. Another source of error is the GIS recharge calculation based on geographic information.
There are over ten (10) sources of error associated with the accurate projection of any map.
However, since the island of Lana’i is relatively small this cartographic error is assumed to
be small. Also, the GIS is an improvement over earlier studies which were based on
outdated projections.
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10.

11

12.

13.

14.

15.

16.

For any field measured data input (head, rainfall, evaporation, recharge, etc.) sources of
error include transient effects, measurement technique, scaling effects.

Must be aware that there are differing structures at different scales. The Lana’i ground-
water model is looking at the entire island scale which may differ from the smaller scale of
individual localized well sites and results from their pump tests. Such “scaling-up” may be
€ITONeous, |

Regional homogeneity and isotropy is assumed for the regional scale of the island which
may or may not be invalid.

Setting boundary conditions is the area most prone to serious error. Many unknown dike
boundary locations may render uniform distribution of “effective” barriers to horizontal-
flow erroncous. Boundary effects of faulting are not accurately known. They could
provide either an impediment or a more permeable conduit in some local situations.

Dike inclinations or dips are assumed to be vertical. This is not usually the case in
Hawaiian volcanics as evidenced by dike systemns examined in Windward Oahu and
Kilauea, Hawaii.(Walker, 1987). This could invalidate single layer approach of the model.

Rates and spatial variations and conditions of leakage between boundaries are unknown.

Effects of geothermal activity on water viscosity, density, and water-levels in the Palawai
Basin, or elsewhere, are not directly addressed. Density in MODFLOW is assumed
constant. Realistically, however, effects of this on water-levels are probably less than
0.6%.

Resistivity analysis is of limited value and the presence of dikes and faults may invalidate
interpretive results. Additionally, thickness and resistivity of interpreted layers are not
independently well determined by resistivity analysis; only the product of the two. On the
other hand, it may mean that the Ghyben-Herzberg relationship may not be applicable to
the high-level water on Lana’i.

It is important to understand that it is the combination of dikes, faults, and rock contained
within the dike complex which is most important rather than the individual hydrologic
characteristics of each compartment. This is an argument, of course, for the simplified
conceptual formulation of the model.

Variability of areal distribution (spatial heterogeneity) and annual averages based on
monthly variability (temporal variability) for total rainfall, RF, fog-drip, FD, direct runoff,
DRO, changes in soil-storage, ASMS, and evapotranspiration, ET, to calculate recharge, R,
introduces more complexity, hence chance for subjective error.

Assuming maximum root-zone information is uniform throughout soil areas may induce
significant error in actual evapotranspiration, ET,, estimates for calculating individual cell

recharge values.
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17.

18.

19.
20.

21

22.

23.

24.

25,

Irrigation return, IR, was ignored in calculating cell-by-cell recharge values.

Direct surface runoff, DRO, constrained within topographical depressions is not
considered. Although preliminary GIS analysis indicates that this does not appear to
induce a major significant error (underestimation) of recharge, R, in the Palawai basin area,
the cumulative effects of island-wide depressions are unknown.

Pineapple reduces evapotranspiration, ET, rates by about 20% (Ekern, 1960) but is ignored.

Pan evaporation is assumed to equal potential evapotranspiration, which is technically
incorrect. '

Direct measurements for actual evapotranspiration, ET,, and direct runoff, DRO, are

lacking and must be estimated indirectly through soil-storage, ASMS, information which
has limited actual data sampling.

Although the boundaries in this model may be good under steady-state conditions they may
not hold true under transient (i.e. pumping) conditions (Anderson, & others, 1992). Under
transient conditions initial hydrologic boundaries may change in response to stresses
imposed under transient conditions which will result in errors. This is especially true where
the bottom of the aquifer on Lana’i is defined by the water-level dependent Ghyben-
Herzberg relationship.

Variability in pumpage from well to well and year to year is the norm and predictive
analysis assurnes constant average pumpage.

Assumptions made in determining global T, K, S from pumping tests on Lana’i are as
follows:

Aquifer is homogenous and isotropic.

Aquifer is infinite.

Position and nature of aquifer boundaries.
Occurrence and nature of confining beds.
Thickness of aquifer is known.

Fluid is homogeneous.

Flow to well is uniform and horizontal only.
Ideally, wells are fully, not partially, penetrating into the aquifer.
Length of aquifer pump test period is adequate.
Pumping rate is constant.

Well losses vs. aquifer losses are known.
Nominal vs. effective radius of well are known.

SRS R TR e D O

As stated by others, (El-Kadi, & others, 1985, Anderson & Woessnor, 1992) complete
equivalence in hydraulic behavior between the true heterogeneous or nonuniform medium
in the field and a model’s homogeneous uniform medium is obviously impossible.
Therefore, overall model input values are “averaged” and not necessarily true or accurate
values. This is the attempt to define “effective” parameters which try to preserve observed
hydraulic behaviors.
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26.

27.

28.

29.

MODFLOW does not simulate a 2 fluid system of freshwater floating on the more dense
salt water which is known to exist in basal aquifers. However, this problem should not
significantly affect the ground-water flow system in the dike-confined regions of the
aquifer.

The lack of a single “effective” regional storage coefficient, S, makes the validity of the
initial assumptions of regional homogeneity and isotropy doubtful.

Evaluation of a model is based on 1) The amount, distribution, and quality of information
used; 2) methods and criteria used to calibrate the model; and 3) post-auditing. Obviously,
a post-audit for this model cannot occur for the next several years.

Due to all the previous reasons above, resulting regional water-lfevel responses cannot be
directly related to localized individual wells. Individual well responses will probably be
both more and less than that predicted by the numerical model.
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nclusions and P di

Due to the higher level of precision required in developing the Lana’i numerical ground-
water model, it has been shown that there is a wealth of historical information and hydrologic
studies on the island. There are a minimum of forty-five (45) historical hydrologic and geologic
studies about Lana’i and numerous hydrologic consultant reports by Anderson. Additionally,
Lana’i has one of the few fog-drip studies ever done in Hawaii to quantify the augmentation of
rainfall precipitation at higher elevations. Most importantly, there is a long record (over 50 years)
of rainfall, pumpage, and both pumping and non-pumping water-level data which is unique in its
the island-wide completeness in Hawaii, This fact is important since other hydrologists have
argued that numerical models are many times invalid since they are not ‘closed’ systemns
(Oreskes, & others, 1994). Since the entire island of Lana’i is modelled with much of the histori-
cal data known it is as ‘closed’ a system one may find in Hawaii and may be an important contrib-
uting factor to the model’s success of matching regional ground-water-level responses.

Despite all the possible sources of error, pitfalls, and lack of data associated with numeri-
cal models in general, the Lana’i numerical model does a reasonably good job of reproducing the
observed steady-state ground-water behavior with reasonable flow parameters based on the exist-
ing data and similar information from other studies in Hawaii. Other numerical models in Hawaii
have also been able to reproduce the complex hydrologic behavior of aquifers at the regional scale
(Souza & Voss, 1987; Eyre & others, 1986). The assumed steady-state ground-water-levels and
tunnel flow data was calibrated with an excellent match and other ground-water-levels for this sit-
uvation seemed reasonable on a regional scale, Also, the numerical model does a reasonably good
job at simulating the major ground-water-level trends observed in transient well data. Statisti-
cally, the model simulated observed high-level water-levels to within: 48 ft. based on the mean
absolute error;. approximately 50 ft. based on the average mean error; and approximately 70 ft.
based on the standard deviation. However, this error is relatively minor given the high water-lev-
els for most wells on Lana’i.

The transient simulations reproduced observed transient water-levels reasonable well
except for a few sites. However, the inability to utilize a single global storage coefficient testifies
that localized water-level responses are difficult to match. Also, inaccurate transient responses in
Shaft 3/Well 2 and Well 5 could be based on inaccurate boundary conditions and do not even con-
sider the additional complications of including well inefficiencies. The issue is basically, one of
precision vs. accuracy; the numerical modelling effort has scrutinized Lanai’s ground-water flow
system in high detail and precision but it is not necessarily accurate. The higher level of precision
than previous studies gives one greater confidence in the recharge and conceptual make-up of the
island, but the localized conditions are such that the assurnptions of homogeneity and isotropy are
limited to the regional scale of the island. Still, these simple island-wide assumnptions and
approach enabled the model to match the observed data reasonable well. The advantage of the
regional assumptions is that it simplifies the model to a point where hydrologists can agree upon a
simplified conceptual model, which can then be ‘effectively’ calibrated, and agree to disagree on
how closely the numerical model represents the actual ‘reality” at the localized scale. Ignoring
this approach would open the model up to much more subjectivity and lead to a greater multitude
of non-unique solutions which were initially sought to be constrained by the assumptions of
homogeneity and isotropy.
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It is believed by many prominent hydrologists that the true value of numerical models are
the insights into how an aquifer flow system works (Anderson, 1994; Bredehoeft, 1994, 1995;
Konikow, 1994). This study has provided a few from which several conclusions can be drawn.

Beginning with the source of ground-water, it is clear that the estimated ground-water
recharge to the entire island is more than previously estimated. Both the GIS and the calibrated
numerical model analysis in this study support this conclusion. The long-term average recharge
estimate for Lana’i is approximately sixty (60) mgd which includes fog-drip, or whatever phe-
nomena is augmenting rainfall precipitation, above the 2000’ elevation,

The insight provided through sensitivity analysis clearly shows that under natural condi-
tions both horizontal flow boundary and recharge magnitudes and their spatial distributions are
the most important variables in controlling the ground-water flow system on Lana’i. This conclu-
sion has various implications. One is that the combination of these two parameters fogether is the
major controlling factor which governs the observed water-level responses to induced climactic
and man-made stresses on the flow system rather than each of these parameters alone. This was
clearly shown by the problem of Shaft 2 continually drying up until the GIS spatially distributed
recharge was overlaid upon the internal system of horizontal flow boundaries. Likewise, it was
difficult to match observed water-levels for Well 5 any better than 150 ft. error and would require
changing assumptions of homogeneity in various parameter values or spatial placement of inter-
nal boundaries to reduce such error.

Since the calibrated model is sensitive to recharge then recharge should be protected and
enhanced to guarantee a reliable ground-water resource. The numerical model has shown the
importance of fog-drip and makes a strong case for the maintenance of fog-drip efficient vegeta-
tion above the 2000’ elevation. A significant portion of drawdowns observed in the wells may be
attributed to changes in the forest cover in the cloudy regions above 2000° ft. This has been sug-
gested as early as 1974 (Bowles).

Given the insights provided by calibrating the model, additional insights are provided by
imposing changes in stresses on the calibrated model. The spatial distribution and magnitude of
pumpage are just as important as the recharge and internal boundary structures. The reader need
only be reminded of the comparative results between predictive scenario 2 (fog-drip removal) & 3
(6 mgd pumping from existing sources) where drawdowns for the latter were greater than the
former despite having approximately 30% less removal of water from the aquifer to see the truth
in this conclusion.

Transient analysis has provided the insight that the time required to reach steady-state con-
ditions is on the order of a few to several centuries. Also, in terms of steady-state water-levels
only, the model indicates that if current conditions remain unchanged drawdowns are 20% to 95%
complete although it may take many years to reach 100% average steady-state water-levels.Man-
agement decisions regardless of the model’s validity, or ‘closeness’ in representing reality.

Predictive model runs provide additional insights. First, the model predicts that the reduc-
tion of forest cover would affect ground-water-levels drastically. The model shows that many
more wells would be necessary to achieve pumpages near the current CWRM sustainable yield
estimate of 6 mgd assuming that long-term recharge conditions in the regions above 2000" eleva-
tion remain stable. Also, modifications are probably necessary to existing well configuration to
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realize greater long-term development of ground-water on L.ana’i. It appears that more water
could be developed from the windward side of the island. This is consistent with Adams’s (1968)
conclusions of developing sources along the northeastern windward shores of the island although
better quality water in the high-level aquifer is likely more inland. However, the model cannot
address the subject of individual well yields due to the uncertainties of localized heterogeneities
and well inefficiencies. Other published numerical modelling studies in Hawaii (Underwood, &
others, 1995) have stated such information must be gained through field experience or have lim-
ited their predictions in water-levels to areas rather than specific well sites (Eyre, & others, 1986).

Finally, there is general agreement between hydrologists that post-auditing is a necessary
element of any worthwhile the modelling effort (Anderson, 1994; Bredehoeft, 1994, 1995; Koni-
kow, 1994, Oreskes, & others, 1994). Post-auditing is the continued recalibration of the model
with new information, thus continued data collection is absolutely necessary (Emery, 1994).
Even with all the available data on Lana’i the continuation of long-term data collection is neces-
sary if improvements to this model are desired. Areas of data collection which could be improved
on Lana’i are pan evaporation and further fog-drip analysis. The continued monthly measurement
and reporting of long-term well pumpages and pumping and non-pumping water-levels is also
necessary to contribute to any post-auditing effort. Additionally, to address 3D concerns and geo-
thermal impacts additional layers and variable density fluid changes could be made to the model.

With the current drilling of Well 14, the need of post-auditing is underscored. The initial
ground-water-level encountered is unofficial but reportedly confined and artesian conditions have
been observed. This confined situation is not considered in the current numerical model since it is
only one layer. If true, this shows the need for post-auditing of model work to further fine tune
this model or and any numerical model. The Lana’i numerical model is one step towards a finer
tuned model but it is not the final model. Additional study could be performed to use multiple
layers for a more fully three-dimensional ground-water flow model and perhaps even transport
modelling of chlorides can be performed in the future to further fine-tune a tool with which to
assess natural and hurnan induced stresses on Lanai’s ground-water resource.

This report has also provided a general guideline in documenting numerical modelling
efforts. There are guidelines available (Anderson & Woessner, 1992; ASTM, 1993, CWRM,
1994) but none has been officially approved or endorsed by the CWRM. Guidelines are necessary
to convey the assumptions, analysis, and results in a simple and consistent format.

In closing, Loucks (1995) has defined numerical models useful for management decisions
as Decision Support Systemns (DSS). To be useful, numerical models need to be easy to learn and
remember and useful in providing information in a meaningful form (i.e. graphically) and in a
timely manner. The input and output methods used to design and calibrate the Lana’i model prob-
ably do not meet this criteria at this time, especially if post-auditing is undertaken. However, new
software is emerging which expedites this process. Information and insights gathered from this
modelling effort can no doubt be used when this newer user friendly software is available.
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APPENDIX A



LANAI CITY RAIN GAGE (SKN 672.00)

YEAR JAN FEB MAR APR MAY JUN JuL AUG SEP oCcT NOV DEC ANN
1930 7.64 1.59 4.58 0.04 0.04 0.13 1.61 270 6.27 513 483 0.44 3500
1931 0.47 0.36 325 2.98 3.92 0.71 285 4.45 449 4.22 0.84 1.46  30.00
1932 163 119 2.50 1.71 0.50 223 1.03 1.14 324 1.02 1.20 536 3347
1933 0.50 6.26 a2 1.15 032 0.60 0.54 1.05 0.08 060 1,09 7.39 2279
1934 2498 4.87 1.95 234 3.18 3.07 0.75 2.90 6.49 3.26 2147 1.51 35.47
1935 4.42 0.92 563 0.30 1.56 2.02 1.34 269 3.90 6.25 2.0 0.61 31.65
1936 2.85 3.44 2.31 453 0.99 1.25 0.59 0.38 2,49 9.73 an 1.20 3257
1937 7.08 1097 1363 1.37 3.26 0.60 i.64 2.15 1.00 352 i.32 596 5250
1938 212 5.81 492 5.23 570 065 1.71 3.50 032 338 0.35 209 3578
1939 2.68 239 5.36 7.87 1.68 1.88 0.20 113 3.42 7.03 i.56 3.01 3821
1940 8.35 1.96 3.79 292 6.80 2.56 2.32 1.52 4.34 7.00 7.80 492 5428
1941 1.63 1.42 0.69 0.61 1.92 0.41 1.29 222 0.77 544 0.84 0.31 17.585
1842 067 1.95 4.85 1.61 1.01 2.86 5.59 4.05 1.4% 3.37 2.80 540 3567
1943 17.42 226 2.31 163 1090 0.69 0.92 1.42 0.72 2.76 0.10 2.94 4407
1944 0.33 542 1234 0.71 0.75 2.74 0.73 0.20 0.45 1.59 1.47 1.84 2857
1845 0.44 1.76 265 1918 2.03 078 4.24 0.98 0.89 087 1.38 3.06 38.26
1846 10.93 1.95 0.07 043 1.05 0.72 224 1.54 1.48 3.89 347 786 3563
1947 0.65 2.11 3.56 1.58 2.09 034 3.35 1.23 7.74 0.80 3N 1.73 2869
1948 6.30 8.89 238 4.85 1.80 591 2M 2,69 338 0.07 2.48 0.40 4187
949 1164 3.09 0.83 0.78 Q.76 220 1.03 0.55 0.16 017 1.51 1.46 2415
1950 1046 117 054 1245 1.31 0.91 0.50 2.53 1.35 036 1148 794 5110
1951 1.44 745 2159 203 1.99 0.98 0.98 210 1.38 449 082 3.24 4849
1852 7.16 0.66 2.34 0.09 1.77 0.85 1.95 0.35 0.68 4.18 1.86 1.69 2355
1953 1.47 1.36 3.00 0.90 2.90 0.52 0.52 0.26 0.07 0.87 0.73 344  16.04
1954 0.0 5.56 4.94 1.86 i.24 1.81 2.54 1.15 0.11 2.09 3.30 679 32.29
1955 4.69 5.69 3.87 1.09 0.95 0.51 1.24 2.31 5.69 048 1333 1233 5218
1856 8.59 3.34 0.77 3.04 1.41 0.64 4.07 2.55 3.94 3.14 2.58 378 3785
1957 6.60 1.75 0.73 2.48 4.11 0.19 0.66 2.24 0.97 047 7.43 4147 3180
1958 0.48 2.01 10.90 0.50 1.69 1.18 2.38 245 1.94 474 0.24 482 33.44
1958  12.75 3.99 0.31 0.96 i.49 0.35 048 0.43 3.26 0.88 4.1 0.86 29.88
1960 0.87 0.92 4.61 039 10.87 2.36 1.16 1.41 2.15 217 0.71 3.87 3158
19561 6.36 2.00 0.64 2.61 1.29 1.57 1.52 0.99 i74 704 10.41 129 37.46
1862 7.69 4.1 12.77 2.84 512 0.19 0.74 1.00 0.41 1.84 0.20 3.6 4087
1963 1675 195 10.04 752 1007 1.61 243 2.00 1.39 3.85 0.94 431 6286
1964 1.88 0.56 5.41 1.35 0.76 0.44 3.77 1.24 1.1 1.56 462 8.17  30.87
1865 5.71 5.44 1.53 509 7.04 0.85 2.58 363 5.21 562 16.53 111 6034
1966 200 4.83 257 1.59 3.29 0.29 0.58 0.80 3.06 239 6.88 3.86 3214
1967 7.94 298  10.09 4.41 8.74 2.36 745 2.72 4.05 1.96 4.31 9.46 66.47
1968 7.29 8.34 562 13.01 222 0.93 1.45 1.63 8.85 448 438 867 66.87
1868 11,16 1.91 3.4 0.93 2.09 1.67 3.20 0.53 1.96 1.33 0.52 473 33.29
1970 6.06 1.52 0.16 211 0.69 1.47 1.84 2.09 0.37 178 10.73 033 29.15
1971 16.90 1.50 4.30 0.82 2.51 0.13 0.39 0.79 1.50 1.28 0.42 .40 3154
1972 493 9.68 540 1.84 0.73 1.36 0.24 0.62 1.29 212 0.30 321 3172
1973 1.43 0.87 067 1.34 244 042 0.22 232 1.44 1.23 8.59 6.90 2787
1874 11.28 2.87 5.00 1.65 226 6.44 3.60 0.23 8.7 3.82 235 0.94 4915
1875 10.52 6.21 1.87 218 0.37 0.44 1.47 0.47 0.97 0.34 2.11 1.09 2775
1976 1.06 508 6.85 1.82 0.30 048 3.42 0.63 1.85 2.08 1.63 0.19 25389
1977 1.43 0.76 270 115 3.38 03¢ 0.66 0.95 0.28 1.37 0.7 1.16 2530
1978 1.75 0.70 338 2.41 4.83 233 0.58 415 033 6.62 408 165  32.81
1979 7.86 13.66 1.40 2.30 1.28 0.40 0.92 264 0.57 233 0.58 721 4115
1680  14.35 6.48 2.09 2.15 4.83 0.50 4.44 1.63 1.94 0.07 0.16 7.66 4631
1981 1.15 2.34 0.55 430 2.64 0.69 1.10 3.51 1.10 0.60 2.87 8.70  30.55
1982 13.70 6.39 4.86 4.84 1.24 4.58 1.58 2.20 0.24 6.20 2.00 892 5742
1983 1.18 0.95 0.42 0.61 2.15 1.34 0.81 i.62 1.9 1.27 0.97 7.53 19.96
1984 2.62 0.95 1.85 1.57 1.60 0.13 1.45 1.07 0.96 025 2.05 256 17.06
1985 4.60 2.84 0.67 0.27 1.03 2.30 1.17 0.99 410 564 6.10 120 3101
1986 067 4.45 5.22 1.56 2.40 1.65 4.66 0.58 263 2.02 1.99 344 3127
1987 1.57 2.99 1.26 2.56 8.26 0.70 3.36 1.05 4.07 0.79 528 1040 4229
1988 8.24 1.01 2.86 0.48 0.49 1.47 0.44 1.78 232 207 542 7.94 3423
1989 0.43 6.90 395  14.39 1.98 3.57 2.27 1.16 0.41 11.44 1.49 422 5213
1880 476 1219 435 459 2.30 0.05 1.01 0.32 0.94 055 6.49 643 4388
1991 3.65 -9.99 -9.99 0.00 430 0.28 1.02 0.99 0.00 6.69 0.38 274 20.06
1992 237 243 0.75 0.35 3.04 1.98 2.35 0.86 4.98 1.93 4.12 669 3185
1993 443 1.42 2.55 083 2.02 1.42 1.75 1.36 4.63 3.53 525 006 2925




KOELE RAIN GAGE (SKN 693.00}

YEAR
1892
1893
1894
1895
1896
1897
1898
1905
1906
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1623
1924
1925
1926
1927
1928
1929
1930
1931
1932
1833
1934
1935
1936
1937
1938
1939
1940
1941
1842
1943

1959

1965
1966
1967
1968
1969
1970
1971
1972
1873
1974
1875

JAN
6.60
1.35
2.21
6.86
3563
1.89
0.23
0.00
4.75
0.00
0.78
0.88
517
0.54
22.28
6.31
477
0.34
632
578
1.88
11.02
0.90
235
2.50
5.19
1.13
6.23
7.72
0.51
1.48
1.25
2.75
424
2.56
6.77
2.08
4.13
8.08
1.66
0.81
18.37
0.21
0.27
14.59
1.25
6.45
11.53
10.62
1.67
7.24
227
0.97
472
8.83
6.00
0.63
12.38
0.91
6.72
7.57
16.32
1.88
528

FEB

MAR
1.50
1.79
1.09
1.41
473
1.75
9.22
2.00
1.99
0.00
1.24
5.34
7.92
3.60
570
283
5.41
3.00
0.89
157
2.02
4.69
247
215
2.81
408
1.51
274
3.88
3.06
2.60
315
1.98
7.60
3.20

13.85
6.19
5.48
412
0.85
4.08
243

13.50
142
0.00
443
1.21
0.85
0.55

2212
2.16
241
5.34
3.81
064
0.61

11.19
0.7
5.00
0.63

13.24
9.98
6.34
1.85

NOV
241
6.85
358
1.93
3.14
2.81
0.00
0.51
3.50
0.41
039
2.03

4.95
247
2.76
4.03
2.75

3.86
1.69
0.99
1.16
0.75
0.79
2.03
099
10.80
428
1.58
1.14
1.26
2.20
3.62
3.08
0.17
0.27
1.28

1.20
274
0.4
1.10
1.69
3.38

314
1.43
12.18
0.61
262
042
330
13.18

8.51
0.3
532
0.61
9.93
0.16
0.70

17.76
6.01
5.31
436
081
11.58
048
0.29
8.60
307
2.15

39.79

31.97
32.45
35.81
41.40
58.28
29.21
61.55
32.10
65.28
67.14

30.67
27.55
30.18
27.99
45.05
24.11



PAN
END_DATE EVAPORATION (inches)

31-Jan-57 1.73
28-Feb-57 2.35
31-Mar-57 2.45
30-Apr-57 2.58
31-May-57 2.18
30-Jun-57 2.07
31-Jul-57 2.64
31-Aug-57 2.35
30-Sep-57 2.11
31-Oct-57 2.67
30-Nov-57 1.00
31-Dec-57 1.50
31-Jan-58 2.60
28-Feb-58 1.31
31-Mar-58 2.65
30-Apr-58 2.70
31-May-58 1.85
30-Jun-58 2.07

31-Jul-58 5.19

A-3
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FD
END_DATE inches

31-Jul-55 1.05
31-Aug-55 1.83
30-Sep-55 0.00
31-Oct-55 1.02
30-Nov-55 3.51
31-Dec-55 3.28
31-Jan-56 2.84
29-Feb-56 4.54
31-Mar-56 1.94
30-Apr-56 1.28
31-May-56 2.44
30-Jun-56 3.93
31-Jul-56 1.24
31-Aug-56 4.07
30-Sep-56 0.42
31-Oct-56 1.49
30-Nov-56 0.82
31-Dec-56 3.45
31-Jan-57 3.92
28-Feb-57 1.38
31-Mar-57 0.42
30-Apr-57 1.40
31-May-57 1.89
30-Jun-57 0.06
31-Jul-57 2.73
31-Aug-57 6.47
30-Sep-57 2.58
31-Oct-57 1.30
30-Nov-57 5.55
31-Dec-57 6.14
31-Jan-58 2.07
28-Feb-58 1.73
31-Mar-58 3.58
30-Apr-58 1.10
31-May-58 5.09
30-Jun-58 2.76

31-Jul-58 1.39
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APPENDIX B



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

Average

Recharge Parameters for Steady-State GIS, in mgd

FD RF
1475 32514
1931 20236

331 21973
691 175.88
3.88 108.05
246 49.53
472 57.84
3.21 49.33
3.45 92.20
392 138.15
13.54 187.33
27.00 22040

8.87 152.16

DRO
-29.32
-18.36
-19.88
-15.96

-9.75

-4.46

-5.19

-4.43

-8.29
-12.49
-16.97
-19.88

-13.75

AE
-121.66
-111.92
-109.52
-101.68

-78.92
-42. 89
-48.15
-42.56
-70.41
-90.05
-101.98
-107.96

-85.68

R
188.91
91.39
93.64
65.15
23.26
464
9.22
5.15
16.95
39.63
81.92
119.56

61.61

E &

3
e —="m

wod
g

o«

Varlation of Recharge Parameters

GISR
189.29
92.1
93.94
65.16
23.23
53
95.43
5.76
16.65
39.34
78.21
120.81

61.60

B-1



APPENDIX C



Lanai BAS BASIC MASTER INPUY FILE PACKAGE
11121314 00018190022 00 026 0 0 O

1250

5
0000000000000 000000000DD0O0

[

000000000 0G001111100000000

00000000000

0000000000011 1111141100000

00000000000

0000000000111 111111111000

00000000000

CODO0O0O0O0D001T11111111 11111300

00000000000

0000000001111 114411111110

DoDDDDROOGDD

ooopOOOODO1T1TYT11T14111T1114 11

00000000000

gooo00000DF1T1TYTYI1T1T1T 411111114

10000000000

0O00DOOOCODDTTTTITTTTI 1T 1111111

11000000000

0O0O0DOOOODDTTTT1TTTTTIT 1111111

11000000000

000000000+ TTTITTTYIT 11111

11100000000

0Do0O0OOOODD1TEI1TTTTTTT L E 81111

111100060000

DOoODODDOVOYTIITTTT T4 11 11

11111000000

oggoo00DDOO0OYTYYIYIYTT1 118111

11111100000

gooo0Q0O0O0OO0OD0O0OO0FT1T1TT 111411141111

111111910000

0000000000011 1T 1T E 1111111

11111140000
00000000000 TTT1TTTTEI1TT 11119

11411111000
coO0OODOO0OO0O0GOYTT1TT 4111111411

111411111100
GoO00D0O0O00001T4111 1111414111

1411411114100
oOOOOO0O00O01TYI YT E I T T 111114

14111111110
Co0000000C1T 1114111144444

111111148110
GOoO0D0OO0OO0DCOT1T1 1111111111111

111111143110
0000000011111 1T111113111

111911411110
0o0O0O0DDODTETEIYTTTIIITYT Y1181 1

11111111110
poCODOD1TTY 4111111441111 11

11111111110

co0o011411 1111119111111

00O0O0OT1T1T118 3311111111111 11

111111111140

11111111110
go0011131141v1 1814911111111

11411111110

o011 111111111 95911311111

t1133111110
o141 11111419 11419119111

$1114111110

0011111111111 1111431111111

0111114111111 11111119141
11114114110

0011111411111 15 19111143311
111141111410

14111111110

0000141145111 1114111351111
BooO0ODT1ITTTEE s 18818111111

0O0T 111111111111 1r4 1111111
1141114311110

001 T11111111139 1111111111
11111118840

g1i11111111911111 413113143114
111111138110

0111111111114 41 31114111114
11111111110

[ T TR T T TR T T T T N T D T O O T e O |
111111111140

0011111144111 111311111111
111111491410

111114114140

A



g0000000G1T 1111111 111141951
0000000000 1T1T1TTT1T1T1111111
111411111100
0o0po00000DOO1ITTTTTITT 11111111
11111111000
0000000000000 O01TTT 1T E11111
11111110000

11111111110
go00O0O01T1T11T11ttt11 11111111
11111111110
000000001111 1T1T1 111111111
11111151100
11111111100

000000D0OO0D000000000000000

00000000000

-0.0000

0O0000000000000000001 1 1T

0000000000000 000001 111111
00000000000

111t1000000

35

1.0000

1.0000

1

c-2



LANAI BCF BLOCK CENTERED CONTROL PACKAGE

1
i
0

-1

1.(20F4.1) -1 Xy snasotropy

0 2000 ({10E12 4} -1 row lengih
0 20000 -1 col langih

L1 B
§.0000a+03
1.0000e+03
1.0000a+03
1.0000e+03
1 0000e+03
1.0000a+03
1.00000+03
1.00006+03
1.00000+03
1.0000e+03
1.00006+03
1.0000e+03
1.0000e+03
1.0000e+03

1.0000e+03

0O0{1DE 12.4) Kh

1.00000+03 1.00000+03 1 D0008+03 1 0000e+03 1.0000a+03
1.00008+03 1 00000+03 § 0O00+3 1.00008+03 1.0000e+03
1.00000+03 1.00008+03 1.00008+03 1.00000+03 1.0000w+03
1.00000+03 1.00008+03 1.00006+03 1,00006+03 1.0000e+03
1.00000+03 1.00008+03 1.0000e+03 1.0000e+03 1.0000e+03
1.00009+03 1.00000+03 1.00000+03 1.00000+03 1.00008+03
100008403 1.00008+03 1.0000e+03 1.00006+03 1.00008+03
1.00006+03 1.00000+03 1.00006+03 1.00000+03 1.0000¢+03
1.00000+03 1.0000e+03 1.00000+03 1.0000e+03 1.00000+03
1.0000e+03 1.00008+03 1.0000e+03 1.00006+03 1.0000u+03
1.0000e+03 1.00006+03 1,0000e+03 1.00008+03 1.0000e+03

1.00000+05 1.00008+03 3 00000+03 1.00008+03 1.00000+03
1.00000+03 4.00008+03 4 0000e+03 1.00008+02 3.00008+03
1.00000+03 1.00000+03 1.00006+03 1.00008+03 1.0000¢+03

1 0000e+03 1 0000a+03
1 0000e+03 1.0000e+03
1 0000e+03 1.00006+03

1.0000s+03  1.000064+03
1 00C0e+03 1.0000a+03
1 00C0e+03 1.0000¢+03

1.0000e+03 1.0000a+03
10000e+03 1.0000e+03
1 0000e+03 1.0000e+03

1 0000e+03  §.0000a+03
1 0000e+H03 1.00002+03
1 0000e+03  1.0000a-+00

1.0000e+03 1.0000e+03
1.0000e+03  1,0000e+03
1.0000e+03  1.00006+03

1.0000e+03  1,0000e+03
1.0000e+03 1.0000e+03
1.0000e+03 1.00000+03

1.0000e+03  1.0000e+03
1.0000e+03 1.0000a+03
1.0000e+03 1.0000e+03

1.0000e+03 1.00002+03
1.0000e+03  1.0000e+03
1 00C0e+03 1.00D0e+03

100000403 1.0000a+03
100008403 1.00006+03

1.0000e+03  §.0000e+03
1.0000e+03 §.0000e+03
1.0000e+03 1.0000e+03

1 0000a+03  1.00000+03
1.0000e+03 1.0000e+03
1.00002+03 1.00000+03

1.0000e+03 1.00002+03
1 000Ga+03 1.0000e+03
1.0000e+03 1.00008+03

1.0000e+03 1.0000e+03
1.00006+03 1.0000e+03
1.0000e+03 1.0000a+03

1.0000e+03 1.0000e+03
1.00006+03 1.00000+03
1.0000e+03 1.0000e+03

1 6000e+03  1.0000a+03
1.0000e+ 03 1.00004+03
1.0000e+03 1.0000e+03

1.0000e+03  1.00000403
1.00000+03  1.0000e-+03

1.0000e+03 1.0000e+03
1 0000e+03 1.0000e+03
1.0000e+03 1.0000e+03

1 0000e+03 1.0000a+03
1.0000e+03 1.00008+03
1 0G00e+03  1.00002+03

1.0000e+02 1.00006+02
10000a+03  1.0000e+03
1.0000e+03  1.0000e+03

1 0000e+03 1.0000¢+03
1 000Ca+03 1.00002+03

1.00000+03
1.00006+03
1 0000e+03
1.00000+03
1 00000+03
1.0000a+03
1.00006+03
1.0000¢+03
1.0000e+03
1.00006+03
1.0000e-+03
1.0000e+03
1.00002+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000a+03
1.00006+03
1.0000e+G3
1.00006+G3
1.00008+03
1.00006+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000e+03
1.00008+03
1.0000a+02
1.0000a+03
1.0000a+03
1.0000a+03
1.0000e+03
1.0000e+03
1.00006+03
1.0000e+03
1.0000e+03
1.00006+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000e+03
1:U300@+m
1.00006+03
1:%%
1.00000+03
1.00000+03
1.0000e+03
1.00008+03

1.0000e+03

c3



1 0000e+03
1 0000e+03
1 0000e+03
1 0000e+03
1 00008 +03
1 D000e+03
1.0000e+03
1 00006 +03
1 0000a+03
1 0000 +03
1 0000a+03
1 0000a+03
1.0000e+03
1.0000a+03
1.0000e+03
1.00006+03
1.00000+03
1.0000e+03
1.00000+03
1.000004+03
1.0000e+03
1.00006+03
1.0000e+03
1.0000e+03
1.00006+03
1 0000e+03
1.000Ce+03
1.0000e+03
1.00000+03
1.00006+03
1.0000e+03
1.0000a+03
1 000Ce+03
1.000Ce+03
1.00002+03
1.00000+03
1 0000e+03
1.0000e+03
1.000Ce+03
1.0000a403
1.00002+03
1.0000a+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000a+03
1.00000+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000a403
1.0000a+403
1.0000a403
1.0000e+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000e+03
1.0000e+03
1.00008+03
1.00008+03
1.0000e+03
1.00000+03
1.0000e+03
1.0000e+03
1.0000e+03
1.00006+03

1.0000e+03
1.00000+03
1.00008+03
100000 +03
1.000Ge+03
1.0000a+03
1.00000+03
1.0000e+02
1.0000e+03
1.00000+03
1.0000e+03
1.0000e403
1.00006+03
1.00002403

1 D000e+03
1.00006+03
1.00006+03
1.0000e +03

1 DCOOB+03

1. DOOOe-'OS

1. 0000M-03
1.00000 +03

1.0000e+03

1 0C00e+03
1 0000e+03
1 0000e +03
1 00000 +03
1.0000e+03
1.0000e +03
1 0000e+03

1.00004+03

1.0000e+03

1.0000e+03
1.0000e +03
1.0000e+03

1.00000+03
1.00000+03
1.00008+03

1.00008+02
1.00006+03
1.00000+03

1.0000e+03
1.0000e+03
1.00000+403

1.00004403
1.0000e+03
1.00006+03

1.0000e+03
1.0000a+03
1.0000e+03

1.0000a+03
1.00006+03
1.00000+03

1.0000e+03
1.0000e+03
1.0000e+03

1.0000a+03
1.0000e+03
1.0000e+03

1.0000a+03
1.0000e+03
1.0000a+03

1.00000+03
1.0000e+03
1.00008+03

1.00000403
100.00e+00
1.0000e+03

1.0000e+03
100.00e+00
1.0000e+03

1.0000e+03
100.00e+00
1.00008+03

1.0000a+03
100.00e+00
1.0000e+03

1.0000e+13
100.00e+00
1.0000e+03

1.00000+03
100.00a-+00
1.0000e+03

1.00002+03
100.00e+00
1.0000a+03

1.0000¢+03
100.00e+00
1.00000+13

1.0000e+03
1.0000e+03
1.0000e+03

1.0000e+03
1.0000e+03
1.0000a+03

1.0000e+(3
1.0000e+03
1.0000e+03

1 0000e+03
1.00000+03
1 0000e+03

1.00006+33
1 0000e +03
1.00000+03

1.0000e +03
1 00006 +03
1.00006+03

1.0000e+03
1 00C0e+03
1.00000+03

1.00006-+03
1.0000e+03
1.0000e+03

1 (000g+03

1.0000e+03

1.00008-+03

1.0000e+03

1.0000a+03
1.00000403
1.0000e+(03

1.0000e+03
1.0000e+03
1.00008+03

1.0000e+03

10000“03

1.0000e+G3
1.0600e+03
1.00000+03

1.00008+03
1.0000e+03
1.0000¢+03

1.0000e+03
100.00e+00
1.0000g-+03

1.00000+03
100.00e-+00
1.0000e+03

1.0000e+03
100 00e-+00
1.0000e-+03

1.00008+03
100.00e+00
1.0000e+03
1.0000e+03
100.006+00
1.0000e+03
1.0000e-+13
100.00e-+00
1.0000e+03
1.00006-+03
100.00e+00

1.0000e+03
1.0000e+03
1.00000+03
1.0000e+03
1.0000e+03
1.0000¢-+Hr3

1.00006-+03

1.0000e+03
1.00000+03
1.0000+03

1.00000+03
1.00000+03
1.00008 +03

1.0000e+03
1.00008+03
1.0000e+03

1.900Ce+03
1.0000e+03
1.0000e+03

1.00000+3
1.0000e+03
1.00008+03

1.00006+03
1.00008+03
1.0000e+03

1.00000+03
1.00006+03
1.0000e+03

1.00008+03
1.0000a+03
1.0000e-+33

1.0000e+03
1.00000 +03
1.0000e+03

1.0000e+03
1.0000e-+03
1.00006+03

1.0000a+03
1.00000+03
1.0000e+03

1.0000e+03
1.0000a+03
1.00006+03

1.0000a+03
100.000+00
1.00000+03

1.00000+13
100.00e+00
1.0000e+03

1.0000e +03
100,00e+00
1.00006+03

1.0000e+03
100.006+00
1.0000e-+53

1.0000e+03
100.00e+00
1.0000e+03

1.0000e+03
100.00e+00
1.00008+03

1.00000403
100.000+00
1.0000e+03

1.0000e+03
100.006+00
1.0000e+03

1.0000e+03
1.00000+03
1.0000e+03

1.0000e+03
1.0000e+03
1.00006+03

1.00006+03
1.00008+03
1.0000e+03

1.00000+03
1.0000e+03
1.00006+03

1.0000e+03
1.0000e+03
1.00000+03

1.00000+03
1.0000a+03
1.00006+03

1.0000e+03
1.0000e+03
1.0000e+03

1.0000e+03
1.0000a+03
1.0000e+03

1.0000a+03
1.0000e+03
1.0000e+03

1.0000e+03
1.00008-+003
1.0000¢+03

100000 +03
1.00000+03
1.0000e+03

1.0000e+03
1.00008+03
1.0000a+03

1.00006+03
1,0000e+03
1.0000e+03

1.0000e+03
1.0000e+03
1.0000e+03
1.0000e+03
1.00000+03
1,00006+03
100.000+00
1.00000+03
1.00000+03
100.00e+00

1.0000e+03
100.000-+00
1.0000e+03

1.00000-+03
100.006+00
1.00006+03
1.00000+03
100.00e-+00
1.0000e+03
1.0000e+03
100.000+00
1.00000+03
1.0000e+03
1.0000e+03
1.0000e-+03
1.0000e+03

1.0000e+03
1.00000+03

C-4



1.0000e+03 1.0000e+03
1 0000e+03 1.0000e+03
1.00000+03 1.00008+03
1.00000+03  1.00000+03
1.0000e+03 1.00008+03
1.0000+03 1.00006+03
1.0000a+03  1.0000e +03
1.00000+03 1.00006+03
1.0000e+03 1.0000e+03
1.0000e+03 1.00006+03
1.00006+03 1.00000+03
1.0000e+03 1.00000+03
1.0000e+03 1.00000+03
1.0000e+03 1.00000+03
1.00006+03 1.0000e+03
1.0000e+03 1.0000a+03
1.00006+03 1.0000e+03
1 0000e+03 1.00000+03
1.00006+03 1.0000a+03
1.0000e+03 1.0000e+03
1.0000e+03 1.00006+03
1.00000+03 1.00008+03
1.00008+03 1.00008+03
1.00000+03 1.00006+03
1.00006+03 1.0000+03
1.0000a+03 1.00004+03
1.0000e+03 1.0000e+03
1.0000e+03 1.0000a+03
1.00006+03 1.0000e+03
1.0000e+03 1.0000e+03
1.00000+03 1.0000e+03
1.0000e+03 1,00006+03
1.0000e+03 1.00000+03

0 -400.000(1DE12.4}

1.00006 +03
1.00000+03
1.00006+03
1.60000+03
1.00000+03
1 00008+ 03
1.0000e+03

1.00000+03

1.00006+03
1.00000+03
1.0000e+03
1.0000e+03
1.0000a+03
1.00000+03
1.0000a+03
1.00000+03
1.0000e+03
1.0000e+03

1 0000e+03 1.00000+03
1.0000e+03 1.0000a+02
1 0000e+03  1.00008+03

1.0000a+03 1.00000+03
1.0000a+03 1 0000a+03
1 0000e+03 1 0000e+03

1.0000a+03 1.00000+03
1.00000+03 1.0000+03
1 0000a+03 1.0000e+03

1.00008+03 1.00000+(3
1.00000+03 1.0000e+03

1.0000e+03 1.0000e+03
1.00000+03 1.000Ce+03
1.00006+03 1.0000e+03

1.0000e+03 1.0000e+03
1.0000e+03 1.00000-+03
1.0000a+03 1.00008-+03

1.00006+03 1.0000e+13
1.00000+03 1.0000e+03
1.0000e+03 1,0000e+03

1.0000a+03 1 0000e+
1.00006+03 1 0000e+03
1.00000+03 1.00008-+03

1.00008+03 1.0000e+03
1.00000+03 1.0000e+03
1.0000e+03 1.0000e+03

1.0000e+03
10000e+03
1.0000e+03

1.00008+00
1.00000+03
1 00006+03

1 0000e+03
1.00000+03
1.0000a+03

100008 +03
1 0000a+03
1.00006+03

1.00000+03
1.0000e+03
1.0000a+03

1.0000e+03
1.00000+03
1.0000e+03

1.0000a+03
1.00004+03
1.00008+03

1,00006+03
1.0000e+03
1.00000+03

1.00000+(3
1.0000e+03
1.0000e+03

1.00000+03
1.0000g+03

1.00008+03
1.0000e+03
1.00000+03

1.00006+03
1.0000a+03
1.0000e+03

1.00008+03
1.00006+03
1.0000e+03

1.00006+03
1.00008+03
1.0000e+03

1.0000e+03
1.00000403

1.00008+03
1.0000a-+03
1.0000e+03

C-5



LANALRCH RECHARGE PACKAGE

1
1

0
0

18 0.000Z283(10E12 4)

©.0000E+00
0.0000E+00
0 DO0OE+00
0.0000£-+00
0.0000€ +00
0.0000E +00
0.0000€ +00
0.0000E +00
0 0000E +00
0.0000E+00
0.0000E +00
0.0000E+00
0.0000E +00
0.0000E +00
0.1690E+01
0.0000E+00
0.0000E +00
0.0000€+00
0.7620E+01
0.0000E +00
0.0000E+00
0.0000E +00
0.7740E+01
0.000GE+00
0.000CE +00
0,0000E +00
0.7660E +01
0.0000£ +00
0.0000E +00
0.1200E+01
0.8380E+01
0.0000E+00
0.0000E+00
0.3100E+00
0.8020E+01
€.0000E+00
0.0000E+00
G.0000E+00
0.77TOE+01
0.0000E+00
0.0000E+00
0.0000E +00
0.7130E+01
0.0000E +00
0.0000E+00
0.0000E+00
0.1082E+02
0.0000E-+00
0.D000E +00
0.0000E-+00
0.1226E+02
0.0000E+00
0.0000£+00
0.000CE +00
. 1396E+02
0.1200E+00
0.0000E+00
0.0000E+00
0. 1592E+02
0.5480E+01
0.0000E+00
©0.0000E+00
0.4240E+01
0.7900E+01
0.0000E+00
0.0000E+00
0.3560€+01
0.8250E€+01
0.0000E+00
0.0000E+00
0.3870E+01
0 BES0E+01
0.0000E +00
0.0000£ +00
0.4120E+01
0.9050E +01
0.0000£+00
0.0000£+00
0.1570E+1
0.9190E+01
0.0000E +00
0.0000E +00
0.3640E+01

0.000CE+00
0 00OCE+00
0 00O0E+00
€ GOODE+00
0.0000E+00
0 COO0E+00
0.0000E+00
0.0000E+00
0.00D0E+00
0 DODOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1800E+00
©.0000E+00
©.0000£4+00
€.0000E+00
¢ 2190E+01
0.3270E+01
0.0000£+00
0.000CE+0D
{.4840E+01
0.B730E+01
0.0000E+00
0.0000E+00
0.5960E+01
0.8380E+01
0.0000E+00
0.0000E +00
0.8130E+
0.7560E+01
0.0000E+00
0.0000E+00
Q.7250E+01
0.7220E+1
0.0000E+00
0.000CE+00
0.5130E+01
0.7920E+01
0.0000E+00
0.0000E+00
0.4530E+01
0.6000E +01
0.0000E+00
0.0000E+00
0.2000€-01

0.6510E+01

0.0000E+00
0.1798E+02
0.8550E+01
0.0000E+00
0.0000E+00
0.1414E+02
84508 +01
Q.000CE+00
0.0000E +00
0.5080E+01

0.0000€ +00
0.0000E+00
€. DODOE +00
0.0000€+00
0.0000E +00
0 DO00E +00
0.0000E+00
0.0000E+00
0 0000E+00
0.0000E+00
0 0G00E+00
0.0000E +00
0.0000E+00
0.2230E+01
0.0000E+00
0.0000€ +00
0.0000E +00
0.8290£+04
0.0000E+00
0.0D000E+00
0.0000E+00
0.8380E+01
0,3550E+01
0.0000E +00
0.0000E +00
0.8550E +01
0.8940£ +01
0.000GE +00
0.0000E+00
0.8720E+01
0.872CE+01
€.0000E+00
(.000CE+00
0.9160E+01
D.ITH0E+D1
0.0000E +00
0.0000E +00
0.8390E+01
0.8040E+01
0.0000E +00
0.0000E+00
0.9830£+01
0 7880E+01
0.0000E+00
0.0000E£+00

0

0.0000E +00
0.0000E +00
0.0000€ +00
0.0000€ +00
0.0D00E +00
0.0000E +00
0.0000E +00
0.0000E +00
0 OO00E+00
0.1460€ +01
0.0000E+00
0.0000€+00
0.0000E+00
0.7640€+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8500E+01
0.0000E +00
0.0000€ +00
0.0000E+00
0.8740E+01
0.4000E 1

0.0000E-+00
0.0000E +00
0.8830E+01
0.5190E+Q1
0.0000E+00
0.0000€ +00
0.8160E+01

0.9920E+01
0.7570E+01
0.0000E+00
0.0000E+00
0.9940E+01
0.7370E+01
0.0000E+00
0.0000E+00

0.7740E+401 O 1MEEH2

0.8390E+04
0.0000E+00
0.0000E+00
0.4910E+01
0.8790E+01
0.0000E+00
0.0000E+00
0.1330E+01
0.2680E+01
0.0000E +00
0.0000E+00

0.5480E+01
0.0000E-+00
0.0000E-+00
0. 1034E+02
0.8390E+01
0.0000E-+00
0.000CE +00
0.1036E+02
0.5350€ +01
0.0000€ +00
.0000E +00

0.0000E+00 0.0000E+00 0.0C00E+00 0 OOOOE+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0 0CO0E+00 0.0000E+00 0.0000€ +00
0.000GE+00 0.0000E+H0

0.0000E+00 ©.0000E+00 0.0C00E+00 0.0000E+00 0.0000E +00

0.0000E +00
0 DOOOE +00
0.0000E +00

0.0000& +00

0.10008-01 0.0000E+00 0.0000E+00 0.0000E+00 O.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0 DOCOE+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00 0.D0COE+00 0.0000E+00 ©0.0000E +00
0.6200E+01 0.7150E+D1 D.4370£+01 0.2500E+01 0.1990E+01
0.0000E+00 0.0000E+00 0.0000E+00 0.00006+00 ©.0000E +00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.B750E+01 0.8700E+01 0.8TS0E+01 0.8540E-+01 0.7970E+01
0.0000E+00 D.0O00E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0,0000E+00 0.0000E+00 0.0C00E+00 {.000D0E-+H00
C.8830E+01 (.9170E+D1 0.B420E+01 0.7770E+01 0.7060E+01
0.0000E+00 0.0000E+00 0.0000E+00 0.0000€+00 0.0000E-+00
0.0000E +00 0.0000& +00

0.0000E+00 0.0000E+00 0.000CE+00 0.0000E+00 0.0000E+00
0.8740E+01 0.8200E+01 O.7140E+01 0.7710€+01 0.6800E+01

0 0000E +00

0 DO00E +00
0.2000€-01
0.0000E£-+00

0.00006+00
0.7560E+01
0.0000E+00

0.0000E+00
0.7320E+01
0.0000E+00

Q.0000E+00
0.6770E+01

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 (.0000E+00 0.0000E +00

0.0000E+00 0.0000€ +00

0.0000E+00 0.0000E+0C 0.0000E+00 0.0000E+00 0.0000€+00
0.7550E+01 0.7220£401 Q72205401 O TINEDT 0.7T260E+01
£ 7000 +00 O.0000E+00 0.0000E+00 H.0G00E+00 0.0000E +00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00 0.0C00E+00 0.0000E+00 .0000E+00
0.7630E+01 O.7670E+01 0.7660E+01 0.75%0E+01 0.7340E+01
0.5170E+01 0.1180E+01 D.DO0OE+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00 0.0000E400 0.0000E+00 0.0000E +00
0.7740E+01 0.6540E+01 D.65308+01 0.7340E+01 O.1062E+02
Q.6630E+01 0.5800E+01 0.1040E+01 0.0000E+00 0.0000E+00
0.0000£+00 0.0000E+00

0.0000£+00 0.0000E+00 0.0000E+00 0.0000£+00 0.0000E+00
0.74406+01 0.6260E+01 0.4020E+01 0$540E+01 0.1526E+02
0.6T70E+01 0.6600E+01 0.3370E+01 0.0000E+00 0.0000E+00
0.0000E +00 0.0000E-+00

0.0000E+00 0.0000E+00 O.0000E+00 0.0000E+00 0.0000E+00
0.8650E+01 0.6830E+01 D.2300E+01 0.1025E+02 0.1659E+02
0.7510E+01 0.6800E+01 0.4900E+01 0.2500E+00 0.0000E +00
0.0000E+00 0.0000E-+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E4+00 0.0000E+00

0.0000E+00
Q.T100E+01
0.0000E +00

0.0000E+00
0.7Z20E+01
0.0000E-+00

0.0000E+00
0.8410E+01
0.0000E+00

0.0000E+0
0.1009E+02
0.0000E +00

0.0000E+00
0.1381E+02
0.00C0E+00

0.0000E+00

0.9550E+01 0.9700E+01 0.1395E+02 0.1709E+02 0.9180E+01 0.1086E+02

(.B570E+D1 0.7250E+01 OBETOE+D1 O.4530E+01 0.1300E+00
0.0000E+00 0.0000E+00

€.0000E+00 0.0000E+00 0.0CO0E+00 0.0000E+00 0.0000E+00
0.STBOE+01 0.1107E+02 0.1394E+02 0.1656E+02 Q.1013E+02
0.6310E+01 0.7810E+01 0.8570E+01 0.8580E£+01 0.3530E+01
0.000GE+00 0.0000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Q.97T70E+01 0.107CE+02 0.1556E+02 0.2488E+02 0.1258E+02
0.8050E+01 0.6720E+01 0.8110E+01 O.5420€+01 0.8980E+01
0.0000E+00 0.0000E+00

0.0000E+00 0.00008+00 0.0000E+00 0.0000E+00 0.0000E+00

0.0000E+00

0.0000E +00
0.3580E+01
0.3200E-+00

0.0000E +00
0.8500€ +01
0.4110E+01

0.0000€+00

0.3000E-01 0.9460E+01 0,1012E402 0.1033E+02 0.1543E+02 0.2125E+02 0.5800E+01 0.7150E+1

0.7800E+00
©.0000E +00
0.0000€ +00
0.0000E +00
0.1840E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.1365E+02
0.1420E+01
0.0000&+00
0.5900E+00
0.8200E+01
0.6650E+01
0.0000E +00
0.2320E+01
0.6340E +01
0.7540€ +01
0.0000E +00
0.5230E+01
0.3380E+01
G.7810E+01
0.0C00E +00
0.8320E+01
0.1660€ +01

Q.3770€+01
0.0000E+00
0.0000E+00
0.8190E+01
0_2420E+01
0.0000E+00
0.0C00E+00
0.8170E£+01
0.2070E+01
©.0000E+00
0.0000E+00
0.9680E+01
0.5800€+01
0.5700E+00
0.0000€ +00
0.1019E+02
0.8600E +01
0.4670E+01
0.0000E+00
0.9180E+01
¢.61508+01
. 7GB0E+01
0.0000E +00
010728402
0. 1001 E+02

0.6870E+01 0.6510E+01 0.B230E+01 C.1173E+02 0.1125E+02
0.0000£4+00 0.0000E+00

0.0000E +00 0.0000E+00 0.0000£+00 H.0000E+00 0.0000E +00
0.1105E402 0.1138E+02 01782E+02 O.2770E+02 0.1903E+02
0.7620E+01 0.7850E+01 0.9280E+01 O 1M02E+D2 0.8840€ +01
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000C +00
C.1051E+02 0.1213E+02 015936402 022588+02 0.1718E+02
0.7650E+01 0.6020E+01 (.8280E+01 0.9530E+01 0.8150E+01
0.OC00EH0 ©.0000E+00

0.0000E+00 0.0000E+00 0.0000£+00 0.0000E+00 0.0000E+00
0.8800E+01 0.1131E+02 0 2139E+02 0.2281E+02 0.1605E+02
O.B110E+01 0.1920E+01 0.1015E+02 Q.5250E+01 0Q.67S0E+C1
0.0000E+00 0.0000E+00

0.00005+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E-+00
0.92006+01 0.1214E+02 0.1954E+02 0.2272E+02 0.1380E+02
0.1780E+01 0.BOS0E+01 0.6580E+01 Q17TS0E+01 0.3200E+01
0.0000E+00 0,0000F+00

0.0000E+00 0.0000E+00 0.000CE+00 0.0000E+00 0.0000E+00
0.8850E+01 0.8100E+01 O6020E+01 01B67E+0R 0.15B1E+02
0.B120E+01 0.7090E+01 0.5810F+01 0.4020E+01 (.3640E+01
0. H180E+01 0.0000E+00

0.0000E€+00 0 0000E+D0 0.0000E+00 0.0000E+00 0.0000E+00
0.6150E+01 0.4TSOE+01 0.3540E401 0.1B54E+02 O.1B73E+02
0,7310E+01 0.4910E+01 0.574DE+01 Q.72B0E+01 0.4230E+01

0.8360E+01

0.0000E +00
DAT20E+C1
0.8680E +01

0.0000E+00
0.1160E+01
0.8750E+01

0.0000€ +00
Q.4500€+00
0.8750E+01

0,0000E+00
0.2900E+00
0.7250E+01

Q.0000E+00
0.3050E +01
0.7900E+01

0.0000E +00
0.1441E+02
0.5650E +0%

C4



DEI9OE+01 0 BOJOE+0N 0.7440E+01 O 7510E+01 0 25205+01 0.0000E+00

00000 +00 0 COCOE+00 0.0000E+00 0 GXOE+D0 0.00006+00 0.0000E +00 0 0000E+D0 0.000CE+D0 0.0000€+00 0 COOOE+D0
DOOOOE+D0 D.1150E+01 Q.1041E+02 O9670E+01 069S0E+01 0.6280E+01 053B0E+0V 0.1285E+02 O.419GE+D2 0 Z970E+01
0 11606401 0 5500 +01 0.9220E+01 O.7080E+01 O.1417E+02 054206401 O 4110€E+01 0.2420E+01 ©.1730E+01 0 3300E+01
06160E+01 0.7580E+01 0 6E50E+01 0.7160E+01 O.4680E+01 0.0000E+00

D OODOE+00 0.0000E+00 0 GOOCE+D0 0.0000E+00 0.0000E+00 0.D000E+00 0.000CE+00 O O0OCE+OG 0.0000E+0C 0.0000E+00
0.100CE+C0 0 6350E+01 0.1055E+02 0. 1040E+02 Q.6330E+01 0.1470E+01 0 2010E+01 0.4300€+00 0.0000€+00 0 0000E+O0
0 1350E+01 D.3390E+01 Q.7300E+01 O 7580E+01 0.4820E+01 0.1490E+01 0 3210€+01 0.1120E+01 0.5100E+00 0 1380E+01
0 7210E+01 D.7370E+0V O.7470E+01 O 7460E401 0.5810E+01 0.1000E+00

0 O000E+0Q 0 DOCOE+00 0.0000E+00 0 DODOE+00 0.0000E+00 0.D000E+00 O 0000E+00 O 0CO0E+00 0 DOOGE+D0 0.8900E +00
D.SB40E+01 0.1005E+02 0.9790E+01 U 81BOE+01 0.7150E+01 0.5850E+401 0 9500E+Q0 0.1200£+00 0.0000E+00 0.0000E+00
D.4450E+01 0 31905+01 O ASTOE+DY 0 1460€+01 0.2280E+01 0.5100E+00 0.1200E+00 0.2700£+00 0.2200E+00 0 1330E+01
DGO7OE+DY D B19OE+01 O 7690E+01 0.7810E+0% 0 2BS0E+D1 0 1200E+00

0 000GE+00 0.0000E +00 0.0000E£+00 0 OGO0E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.1900E+01 0.7570E+01
0 9230E+01 D.BTSOE+01 O.6840E+01 DLITOE+01 Q.ETI0E+D1 O.7450E+01 049106+01 0.1430E+0% 0.2000E-01 0 7100E+00
063006+00 D.3580E+01 0.5750E+01 01300E+00 0.7D00E+D0 0.1200E+401 0ETI0E+01 0.5230E+01 0.1159E+02 0.7440E+01
0.7250E+01 D.7870E+01 0.72B0E+01 0.T100E+01 0.5930E+D1 0.5000E+00

0.0000E+00 0.0000E+00 D.0000E+00 0.0000E+00 0.000CE+00 0.0000£+00 0.S000EL1 02710E+01 0.7930E+01 0 8510E+01
0.9440E+01 0.9650E+01 0.7610E+01 0.3640E+01 0.4850E+01 0.7490E+01 0.6230E+01 0.7160E+01 0.2600E+01 0.2500E+00
0.4330E+01 0.6080E+01 0.41008+01 0.1760€+01 0.2050E+0% 0, 4400E+00 0.1270£401 0.3750E+01 Q.1111E+02 0.9540E+01
0.1429E+02 0.65660E+01 0.7080E+01 D.6990E+01 0.6660E+01 ©.2800E+00

0.0000E+00 0.0000E+00 0.0000E£+00 0.0000€+00 .0000£+00 0.0000E+00 0.3540E+01 0.7520E+01 0.8510E+01 0.5050€+01
0.72306401 0.6730E+01 O.5870E+01 05670E+01 0.5850E+01 O.6550E+01 0.6850E+01 0.7730E+01 0.5600E+01 0.1930E+01
0.7550E+01 D.6020E+01 03350E+01 030106401 0.3130E+01 O.1118E+02 0.1116E+02 0.1442E+02 0.1650E+02 01264E+2
0.9610E+01 D.6450E+01 O 1015E+02 0. 1176E+02 0.144BE+02 0.1060E+01

0.0000E+00 0.0000E+00 0.0000£+00 0.0000E+00 0.0000E+00 0.5800E+00 0.7110E+01 0.8030E+01 Q.6050E+01 0.1810E+01
0.2410E+01 0.4510E+01 0.4330E+01 0.5790E+01 06360E+0% 0.7180E+01 Q.7680E+01 0.7580E+01 0.3080E+01 0.B360E+01
0.87106+01 0.4620€+01 0.3170E+01 0.2710E+01 0.BC20E+0Y 0.1460E+02 0.2262E+02 0.170SE+02 0.1489E+02 0.4540E+01
0.44505+01 0.7410E+01 0.7800E+01 O.S400E+01 0.1104E+02 0.3700E+00

0.0000E+00 0.0000E+00 0.00C0E+00 O.0000E+00 0.000DE+D0 0ASS0E+01 0.6660E+01 0.6840E+01 0.74B0E+01 0.6110E+01
0.4040E+01 0.3740E+D4 D.4550E+01 O.5470E+01 0.5820E+01 0.7460E+01 0.J760£+01 0.5890E401 0.2880E+01 0.8360E+01
0.9200E+01 0.4940E+01 0.5560E+01 0.2490E+01 0.4080E+01 0.4540E+401 0.2103E+02 0.1034E+02 0.7490E+D1 06220E+01
0.4990E+01 DG530E+01 0.1015E+02 0.1267E+02 0. 1173E+02 0.3100E+00

0.0000£+400 0.0000E+00 0.0000E+00 0.00006+00 0,1270€+01 0.8730E+01 0.B840E+01 0.5650£401 0.5470E+01 0.4410E401
0.4210E+01 0.3430E+01 0.4420E+01 O.6010E+01 O.B550E+01 0.7420E+01 0.7770E+01 0.6690E+01 0.5090E+01 044206401
0.1410E+01 0.7900E+00 0.B430E+01 O4362E+02 0.1443E402 0.2052E+02 O.A7SBE+02 0.4260E+02 0.5670E+01 0.8480€+01
0.6260E+01 0.8390E+01 0.1088E+02 0.1096E+02 0.4390£+01 0.4000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.6540E+01 0.8740E+01 0.7520E+01 0.3830E+01 0.3160E+01 0.4530E+01
0.4450E+01 0.40208+01 0.4960E+01 DE220E+01 (.B4B0E+01 0.7150E+01 0.6430E+01 0.7070E+01 0.5160E+01 0.3500E+00
0.0000E+00 0.5870E+01 0.1458E+02 03291E+02 0.3346E+02 0.3538E+02 0.1700E+02 0.1220£+02 0.1089E+02 0.1088E+02
0.9720E401 O.1084E+02 0.9150E+01 0.8530E+01 0.4280E+01 0.3800E+00

0.0000E+00 0.0CO0E+00 0.0000E+00 0.0000E+00 0.82BCE+01 0.7330E+01 0.4D80E+01 0.2960E+01 0.3550E+01 0.4830E+0%
0.3750E+01 0.49306+01 0.4690E+01 DATSOE+D1 0.6110E+01 0.6300E+01 0.5920E+01 0.7160E+01 0.7470E+01 0.1B70E+01
0.2500E+01 Q77406401 0.2301E+02 0.2675E+02 0.3814E+02 0.3341E+02 0.3024E+02 0.2513E+02 0.1509E+02 0.1275E+02
0.1090E+02 0.4194E+02 0.9280E+01 0.7880E+01 0.4680E+01 0.4100E+00

D.0000€+00 0.0000E+00 0.0000E+00 0.9200E+00 0. F006E+02 0.B180E+D1 0.4210£+01 0.26506+01 0.3280E+01 0.4420E+01
0.2980E401 0.ASS0E+01 02750E+01 0.44BOE+01 0.4030E+01 0.2700E+01 0.3540E+01 0.7480E+01 0.8590E+01 0.7040E+01
0.41B0E+01 0.3410E+01 0.2328E+02 0.3655E+02 0.3630E+02 0.4091E+02 0.3939E402 0.3423E+02 0.2178E+02 0.1758E+02
0.1425E+02 0.10K4E+02 D.$390E+01 0.9710E+01 0.7400E+01 0.5500E+00

0.0000E+00 D.0000E+00 0.0000E+00 O.B000E-01 0.8560E+01 0.8870E+01 0.7340E+01 0.3150E+01 0.8700E+D0 0.4250E+01
0.32306+01 D.4890E+01 D.3650E+01 0.3400E+01 0.2790E+01 0.37B0E+01 03960E+01 07310E+01 0.8570E+01 0.3740E+01
0.3030E+01 D.4050E+01 D.2106E+02 O33B1E+02 0.3657E+02 0.3926E+02 0.3837E+02 0.2735E+02 0.2154E+02 0.4641E+02
0.1370E+02 0.1020E+02 0.9920E+01 0.8550E+01 0.6490E+01 0.3800E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.1230E+01 0.8880E+01 0.9540E+01 0.9230E+01 0.6870E+01 0.4500E+01 0.23306+01
0.3340E+01 0.49206+01 (.3740E+01 0A4200E+01 0.4140E+01 0.4800E+01 0.7330E+01 O.7710E+01 0.8340E+01 0.9280E+1
0.3510E+01 0,1142E+02 0.9150E+071 0.M23E+02 0.36556+402 0.3714E+02 0.3481E+02 0.3363E+02 0.2524E+02 0.1906E+02
QI41BE+2 0.6420E+01 (.8490E+01 O.6790E+01 0.7090E+01 0.2100E+D0

0.0000E+00 0.0000E+00 0.0000E+0Q 0.4090£+01 0.8000£+01 0.9030E+01 0.BSSOE+0V 0.7050E+01 0.5310E+01 0.3560E+01
0.2500E+01 0.4450E+01 0AS00E+01 03510E+01 0.3260E+01 O.5690E+01 0.7270E+01 O.7750E+01 0.7920E+01 0.9170E+04
0.9040E+01 0.7930€+01 0.1143E+02 0.3I51E+02 0.3517E+02 0.3515E+02 0.3146E+02 0.33338+02 0.2809E+02 0.1881E+02
0.13208+02 0.9650E+01 0.9920E+01 0.B850E+01 0.7980E+01 0.2B00E+0

0.0000E+00 0.0000E+D0 0.0000E+00 D.2450E+01 0O.6680E+01 0.8580E+01 0.8930E+01 0.9370E+01 0.8550E+01 0.7B40E+01
0.7380E+01 0.4030F+01 0.4050E+01 D.2920E+01 0.4020E+01 0.53B0E+01 0.6590E+01 0.7520E+01 0.75908+01 0.7860E+01
0.8560E+01 0.5740€+0% 0.1247E+02 0.3551E+02 0.3624E+02 0.3400£+02 0.3189E+02 0.3058E+02 0.2275E+02 0.1243E+02
0.1668E+02 0.15T3E+02 0.1131E+02 0.8050E+01 0.5860E+01 0.6C00E+00

0.0000E+00 0.0000E+00 0.0000£+00 0.0000E+0C 0.4800E+00 0.5430E+01 0.8450E+01 0.8960E+01 0.8800£+01 0.BOBOE+01
075706401 065206401 D.3110E+01 0.2300E+D4 0.2900E+01 0.2480E+01 D.3790E+01 0.4580E+01 0.4380E+01 0.77605+01
0.7000E401 0.A0I0E+01 0.2380F+02 0.334E+02 D.3442E+02 0.3402E+02 0.3649€+02 0.3057E+02 0.1934E+02 0.1442E+02
0.4067E+02 0.5070E+(1 0.6900E+01 0.7490E+01 0.5080E+01 0.3000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.00C0E+00 0.0000E+00 0.0000E+00 0.3430E+01 0.8380E+01 0.8790E+01 0.88308+01
0.E210E+01 0.B1206+01 0.BO30E+01 0.4150E+0% 0.2670E+01 0.2240£+01 0.2B50E+01 0.3890E+01 0.4750E+01 0.5350€+0%
0.3750E401 0.2050E+01 0.2456E+02 0.3025E402 0.3041E+02 0.3914E+02 O.3447E+02 0.2537E+02 ©0.1370E+02 0.1066E+02
0.86120E+01 0.140BE+02 0.4432E+02 0.1047E+02 0.2890E+01 0.2800E+00

0.0000E+00 0.0000E+00 0.0000€+00 0.00006+00 0.0000E+00 0.0000E+0C 0.00006+00 0.3370E+01 0.8390E+01 0.8800E+01
0.5050E+01 0,9050E+04 0.8440E+01 O.T610E+01 0.4460E+01 0.5920E+01 O.J400E+01 02020E+01 0.17306+01 03240+
0.3250E+01 D.45TOE+D 0.1B40E+02 0.2458E+02 0.2889E+02 D.3937E+02 O.3US4E+02 O2007E+02 0.8720E+01 0.6530E+01
0.7960E+01 0.9430E+01 0.7230E+01 0.7650E+01 0.5260E+01 0.5000E-01

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0 0000E+00 0.0000E+00 0.000CE+0C 0.0000E+00 027206+01 0.7900E+01
0.9020E+01 0.8930E+0% 0.B750E+01 0.6760E+01 O.B950E+01 0.8630E+01 0.8850E+01 0.4690E+01 0.1380E+01 0.9700E+00
0.5580E+01 0.5740E+01 012508402 0.1993E+02 0.2221E+02 0.3610E+02 0.2649E+02 0.6650E+01 0.9920E+01 0.4690E+01
0Q.2280E+01 0.4590E+01 0,7650F+01 0.B1B0E+04 0.2800E+01 0.0000E+00

0.0000E+00 0.0000E+00 0.00008+00 0.0000E+00 0.0000£+00 0.0000E+00 0.000GE+03 0.0000E+00 0.000QE+00 0.3300E+00
07108401 O.8370E+01 0.8680C+01 0.9030E+01 0.9210E+01 0.1075E+02 0ASD4E+02 OISTE+O2 Q.3900E+01 0.JOBCE+D1
0.6510E+01 0.4160E+01 0.2361E+02 0.3442E+02 0.3009E+02 0.2575E+02 0.1653E+02 0.7950E+01 Q.100BE+02 0.9330E+01
0.55708+01 0.7820E+01 0.8120E+01 0.7670E+01 0.4310E+01 Q.0000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000£+00 0.000CE+00 0.0000E+00 0.C000E+00
0.1280E+01 D.6230E+01 0.B000E+01 0 B8850E+01 0.9550£+01 O1019E+02 0.1039E+02 0.9730E+01 0.8220E+01 0.8320€+01



0.7090E+01
0.BG40E +01
0.0000E +00
0.000GE +00
0.9270E+01
0 BBI0E+01
0 0O00E +00
0.0000E +00
0.1282E+02
0 6980E+01
0.0000E +00
0.0000E+00
0.1202E+02
0.7050E +01
0.0000E+00
0.0000E+00
0.5360E+01
0.6600E+00
0.0000€ +00
0.00C0E +00
0.2400E+00
0.0000E +00
0.0000E+00
0.0000E +00
0.0000€ +00
0.0000E+00
0.00C0E+00
0.0000E +00
0.0000E +00
Q.O000E +00

0.8880E +01
0.8400€ «01
0 OODOE +00
0.0000E +00
0 8420E «01
0 B170E+01
0.0000€ +00
0.0000€ +00
0.8510€ +01
0.7630E+01
0.0000€ +00
0 0O00E+00
0.9350E +01
0.3570€+01
0.0000E +00
0.000CE+00
0.8760E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.4220€+01
0.DO00E 0
0.0000€+00
0.0000E +00
0.00008+00
0.00006+00
0.0000E+00
0.0000E+00
0.0000€+00
0.0000E+00

0 1234E+02
0.7920E +01
0.0000€ +00
0 3220E+01
0 8870 +01
0 7TBAQE+O1
0 OOD0E +00
0.2590E+01
0 9270E+01
0.5790E+01
0.0000E +00
0.CO0CE +00
0.8360E+01
0.1500E+00
0.0000E+00
0.0000€+00
0.8220E+01
0.0000E+00
0.0000£+00
0.0000€ +00
0.6470E+01
Q.0000€ +00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0D
0.0000E +00

0 1692E+02 0 1285E+02
0 5980€+01 0.1300E 01
000005 +00 0.0000E +00
0 7570E+01 0.9110E+01
0 1086E+02 O BB5S0E+01
0.4650E+01 0.2900E+00
0.0000E+00 0 COOCE+00
0.3570E+01 0.3310E+01
0.1011E+02 0.8720E+01
0.1260E+01 0 O000E+00
0.0000E+00 0.0000E +00
0.0000E-+00 0 BO00E-O1
0.9060E+01 0.7420E+01
0.0000£+0) 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.8720E+01 0.8870E+01
0.0000E+00 0.0000E+00
0.0000£+00 0 0000E-+00
0.0000E+00 0.0000E +00
0.4810E+01 0.3970E+01
0.0000E+00 0.0000E +00
0.0000E+00 0.0000E+00
0.00006+00 0.0000E+00
0.0000E+00 0.000GE +00
0.0000E+00 0.0000E +00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E 00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.1343E+02
0.0000E +00
0.0000€+00
0.9480E +01
0.9970E+01
0.0000E+00
0.0000E+00
0.9020E+M1
0 90G0E +01
0.0000E+00
0.0000E+Q0

0 1162E+2

0 D0OCE +00
0 B£470E+01
0 9190E +01

0 0000E +00
0 8730E +01
0 1G21E+02

0.0000E+00

0.1710E+01 0.2B20E+01

0 8140E+01
0.0000E +00
0.0000E +00
0.0000E+00
0.8380E+01
0.000CE +00
0.0000E+00
0.0000E +00
Q.B300E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000£+00
0.0000E+00
0.0000E+00

0.9010E+01

0.0000E+00
0.0000E+00
0.564DE +01

0.0000E +00
0.0000E +00
0.0000E +00

0.0000E +00
0.0000E +00
0.0000E +00

0.0000E +00
0.0000E+00
0.0000E+00

0 T09TE+0Z 0.96T0E+01

0 CO00E+00 0.0000E +00
0.7700E+01 0.8230E+01
0 7310E+01 0.1084E+02

0 0000DE +00 0 0000E +00
0.9230E+01 0.9630E+01
0.7700£+01 Q.1047E+02

0 0000E+00  0.0000€ +00
0 3720E+01 0.776DE+01
0.8430E+01 0.7850E+01

0.0000E+00 0.0000E+00
0.0000E+00 0.1100E +00
0.13BOE+01 OQ.1570E+01

0.0000E+00 0.0000E+00
0.0000E+00 0.0000E +00
0.0000E+00 0.0000E+00

0.00006+00 0.0000E+00
0.0000E+00  0.0000E+00
0.0000E+00 0.0000E+00

0.0000E-+00 0.0000E +00
0.0000E +00 0.0000E+00
0.0000£+00 0.0000€+00

0.1058E+02

0 DOCOE +00
0.7850E+01
0 B130E+01

0.0000E +00
0.9170E+01
0.82380E+01

0.0000E 0
0.9050E+01
0.8290E+01

0.0000E +00
QA7T10E 01
0.7500E+00

0.0000E+00
0.0000E +00
0.0000E+00

0.0000E+00
0.0000E+00
0.0020€ +00

0.0000E+00
0.0000E+00
0.0000E+00
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30 00005010
300 00005010
30000005010
290.00005010
29000005010
260 00005010
28000005010
270.00005010
270 CO005010
270.00005010
260.00005010
260.00005010
26000005010
260.00005010
260.00005010

170.00005010

170.00005010
170.00005010
160.00005010
160.00005010
150.00005010
150.00005010
14000005010
140.00005010
130.00005010
12000005010
120.00005010
110.00005010
16000005010
100.00005010
90.00005010
93.00005010
80.00005010
80.000G5010
13000005010
13000005010
120.00005010
110.00005010
110.00005010
10000005010
250,00005010
260.00005010
23000005010
£0.00005010
£0.00005010
£0.00005010
4000005010
40.00005010
5000005010
£0.00005010
70.00005010
80.00005010
90.00005010
10000005010
$10.00005010
12000005010
1230.00005010
14000005010
150.00005010
160.00005010
170.00005010
50.00005010
63.00005010
70.00005010
80.00005010
9000005010
160.00005010
110.00005010
120.00005010
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130 00005010
140 00005010
150 00005010
160 00005010
170 00005010
180 00005010
50 00005010
&0 00005010
70.00005010
B0 00005010
9000005010
100 DCO0S010
110 00005010
120 00005010
5000005010
6000005010
70 D005 10
B0 005010
9000005010
100.00005010
110 00005310
120.00005010
50.00005010
€0.00005010
70.00005010
80.00005010
50.00005010
100.000050 10
110.00005010
5000005010
£0.00005010
70.00005010
80.00005010
90.00005010
100.00005010
110.00005010
12000005010
50.00005010
60.00005010
70.00005010
80.00005010
9000005010
100.00005010
110.00005010
50.00005010
60.00005010
70.00005010
80.00005010
90.00005010
100.00006010
1000035010
12000005010
5500005010
B0.00GDS010
TO.00005010
8000005010
90.00005010
10000005010
110.00005010
120.00005010
130.00005010
130.00005010
120.00005010
130.00005010
120.00005010
13000005010
110.00005010
120.00005010
130.00005010
110.00005010
120 00005010
130.00005010
9000005010
100.00005010
110.00005010
120.00005010
120.00005010
14000005010
150.00005010
160.00005010
90.00005010
100 00005010
110.00005010
120.00005010
13C.00005010
140 00005010
150.00005010
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43 18 43 19000005010
43 19 4a 200 00005010
9 20 Qa 21000005010
9 21 Qa 22000005010
43 22 43 230 00005010
43 23 43 240 00005010
k] 24 43 250 00005010
43 25 43 260.00005010
4 % 43 270.00005010
43 27 43 28000005010
Q 17 &4 170.00005010
4 18 &4 18000005010
43 19 &4 199.00005010
43 20 44 20000005010
43 21 44 210.00005010
43 22 44 220.00005010
43 24 44 240.00005010
} 4 25 44 250.00005010
43 2% 4“ 260.00005010
44 16 “ 170.00005010
44 17 a“ 180.00005010
44 18 44 190.00005010
44 19 a4 200.00005010
44 20 a4 210.00005010
a4 Pal 44 220.00005010
44 22 4 230.00005010
“ 24 44 250.00005010
i 44 25 44 260.00005010
44 w44 270.00005010
44 27 4“4 28000005010
“ 1% 45 19000005010
4“4 20 45 200.00005010
44 2 45 210.00005010
£ a4 P 45 220.00005010
44 25 45 250.00005010
44 26 45 260.00005010
44 27 %5 270.00005010
44 28 45 280.00005010
H 45 17 45 180.00005010
i 45 18 45 15000065010
: 45 19 45 200.00005010
45 20 a5 210.00005010
a5 w2 45 230.00005010
45 24 45 250.00005010
45 5 45 260.00005010
; 5 2% 45 270.00005010
45 29 45 300.00005010
5 2% 4 210.00005010
; 45 22 46 22000005010
! 5 25 4% 250.00005010
: 45 2B 45 26000005010
46 19 45 200.00005010
& 20 465 210.00005010
s N 45 220.00005010
& 2 46 230.00005010
% 24 46 250.00005010
8 25 45 260.00005010
8 26 46 270.00005010
: % 29 45 300.00005010
! 48 2 47 21000005010
‘ 8 2 47 220,00005010
8 25 4T 250,00005010
48 26 47 260.00005010

47 21 48 210.00005010
47 7 48 220.00005010
a7 25 48 250.00005010
48 2 43 230.00005010
a9 20 40 200.00005010
39 21 40 210.00005010
e} 2 43 220.00005010
39 23 40 230.00005010
39 24 40 24000005010
g 25 40 250.00005010
38 i) 40 26000005010
b} 20 9 210.00005010
9 21 39 220.00005010
9 22 39 230.00005010
39 23 38 240.00005010
29 24 39 250.00005010
39 25 39 260.00005010
e} 26 39 270.00005010
39 23 39 300.00005G10
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NERNBEERBENBRERERY

NURBEEREEBEEEYEEREEIREREYTYYTRLY

NENSSSEESSBBNNRRRY

180100005010
190 00005010
200 00005010
210.00005010
220 00005010
230 00035010
240.00005010
250 00005010

200.00005010
210.00005010
22000005010
230.00005010
180.00005010
190.00005010
200.00005010
210.00005010
220.00005010
18000005010
190.00005010
200.00005010
210.00005010
220.00005010
220.00005010
180.00005010
190.00005010
200.00005010
21000005010
220.00005010
180.00005010
180.00005010
200.00005010
210.00005010
22000005010
230.00005010
180 00005010
190.00005010
200.00005010
210.00005010
22000005010
180.00005H0
150.00006010
200.00005010
210.00005010
22000005010
230.00005010
180.00005010
190.00G05010
200.00005010
210.00005010
220.00005010
180.00005010
190.00005010
20000005010
210.00005010
22000005010
23000005010
180 00005010
190.00005010
200.00005010
210.00005010
220.00005010
180.00005010
190.00005010
200.00005010
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170.00005010

190.00005010
170.00005810
180.00005810
190.00005010
200.00005010
160.00005010
170.00005010
180.00005M 0
190.00005010
160.00005010
170.00005010
180.00005010
150.00005010
150.00005010
160.00005010
170.00005010
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30.00005010

27000005010
280 00005010
290.00005010
300.00005010
310.00005010
230.00005010
240.00005010
290.00005010
300.00005010
310.00005010
32000005010
230.00005010
240.00005010
270.00006010
280.00005010
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LANA! RIV RIVER PACKAGE
164 -1
: 164

-

13 0.000 4.0000+08.1.000a+01

14 (.000 4 O00a+08-1.000e+01
15 0.000 4.000a+08-1.0008-+01

16 0.000 4.0008+08-1 000e+01

17 Q000 4.000+08-1.0000+01

17 0000 4.0008+08-1.000e+01

18 0.000 4.0000+04-1.000e+01

18 0.000 4.0006+04-1.000e+01

20 0000 4.000a+04-1.000e+01
20 0.000 4.000e+04-1.000e+01
21 0.000 4.0008+04-1.0000+01

0.000 4.000a+04-1.000a+01

22 0.000 4.0000+04-1.000e+01

23 0.000 4.0000+04-1.0000+01

23 0.000 4.000e+04-1.0006+01

24 0.000 4.0000+04-1 000e+01

24 0.000 4.0008+04-1.0000+01

25  0.000 4.0006+04-1.000e+01

25  0.000 4.0000+04-1.000e+01

26 0,000 4.000e+04-1.0008+01

26 0.000 4.000a+04-1.000e+01
27 0000 4.000a+04-1.000a+01
10 27 0.000 4.000e+04-1.0000+01
0.000 4.000e+04-1.000e+01
0.000 4,000a +04-1.0000+01
0.000 4.0008-+04-1.000e+01
0.000 4.0000-+04-1.0008+01
0.000 4.000e+04-1.000a+01
0.000 4.000e +04-1 000e+01
0.000 4.0006+04-1.000e+01
0.000 4.000a+04-1.0000+01
0.000 4.0008+04-1.000e+01
0.000 4.0008404-1.0000+01
0.000 4.0000+04-1.000e+01
0.000 4.0006+04-1.0000+01
0.000 4.000a+04-1,000e+01
0.000 4.0008+04-1.0006+01
0.000 £.000e+04-1.000e+01
0.000 4.0000+04-1.000e+01
0.000 4.000a+04-1.0000+01
8.000 4.000e+04-1.0000+01
{3.000 4.000e+04-1.0002+(1
0.000 £ S008+04- 1. 000 0F
0.000 £800n+04-1 CO0eHY
GO0 £.0002404.1. 0000+
G000 4.0008+404-1.0008+04
0,000 4.0000+04-1.000a+01
Q.000 4.0005 +56-1.000a10%
0.000 4.000e-+04-1.000e+01
0.000 4.000e+04-1.0002-+01
0.000 4.0006+04-1.0006+01
0.000 4.000e+04-1.000e +01
0.00G 4.0002+04-1 0006 +01
0.00G 4.000e+04-1.000e+01
0.000 4.000e+04-1.000e+01
.000 4.000e+04-1.000e+01
0.000 4.0008+04-1.000e-+01
0.000 4.0008+04-1.000e+01
0.000 4.0000+04-1.0006+01
0,000 £.0000+04-1.000e+01
0.000 4.000e+04-1.000e+01
0.000 4.000e+04-1,0008+01
0.000 4.000e+04-1.000e+01
0.000 4.000e+04-1.0000+01
0.000 4.000e+04-1.0006-+01
0000 4,000 +04-1.0006+01
0.000 4.000¢ +04-1.0000+01
0,000 4.000e+04-1.0000+01
0.000 4.000e+(4-1.000a+01
0.00C 4.000a+04-1.0008+01
000 4.000e+04-1.000e+01
0.000 4.000a+04-1.0008+01
0.000 4.000a+04-1.000e+01
0.000 4.000e+04-1.0000+01
0.000 4.000e+4-1.000a+01
0.000 4.000a+04-1.000e+01
0.000 4.0000+04-1.000e-+H
0.000 4.0008+04-1 0008+
0.000 4.000e+04-1.0000+01
0.000 4.0000+08-1.0006+01
0.000 4.000e+08-1.0006+01
0.000 4.000e+08-1.000a+01
0.000 4.0000+08-1.000e+01
0,000 4 {00e+08-1.0008+01
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VAR ADIZOG NO®

Ia..n—b_n.n.._.uuu.a.a.a.a.‘ - Ry
DO—'-‘-QLUNMWQ"‘MUBOUI

RO @B I OO A EAAVUGRWUGWRNOGNAGOREARD NI ND

0 D00 4 D00e+0-1 Q000N
0000 4.0008+08-1 KOs+
0 000 4 D00u+03-1 00Cw-+011
0.000 4 000e-+D8-1 D00e+01
0 000 4.0008+08-1.000e+(r
0000 4 000e+08-1.000e+01
G.000 4.000¢+08-1 000¢-01
0 000 4.000¢+08-1.000e-+01
0000 4.0000+08-1 000w+
0.000 4.0000+08-1 0006+01
0.000 4.0008+08-1.000e+01
0.000 4.000e+08-1.000e+(1
0000 4.0000+08-1.000e+1
0000 4.000¢+08-1.000e+01
0.000 4.000e+08-1.000e+01
0.000 4.0000+08-1.0000+(11
0.000 4.0006+08-1.0000+0%
0.000 4.0000+08-1.0008+{11
0.000 4.0008+08-1.000e+01
0.000 4.0008+08-1.000e+01
0.000 4.0008+08-1.000e+0
0.000 4.0008+08-1.0000+01
0.000 4.000e+08-1.000e-+0
0.000 4.0005+08-1.000e+01
0.000 4.000e4+08-1.0000+1
0.000 4.0006+08-1.0006+01
0.000 4. 0008-+08-1.000e+01
0.000 4.0000-+08-1.000e+011
0.000 4.0006+08-1,000e+01
0.000 4.000e+08-1.000e-+H
0,000 4.000e+08-1.000e-+01
0.000 4.000e+08-1.000e-+0r1
0.000 4.0000+08-1 000e-+0't
0.000 4.000e+(8-1,000e+71
0.000 4.0008+08-1.000e+01
0.000 4.0000+08-1.000e+01
0.000 4.0006+08-1.000a+01
0.000 4.0000+08-1.0000-+(11
0.000 4.0006+08-1.0006+01
0.000 4.0000+08-1.000e-+01
0.000 4.0000+08-1.000e+0
0.000 4.000a+08-1.000s+ %
0.000 4.000e-+08-1,000e+01
0.000 4.0000+08-1 0006+
0.000 4.000e+08-1.000e+01
0.000 4.0000+08-1 000+t
0.000 4.000e+08-1,000e+01
0.000 4 0000<08-1. 0006+
0.000 4.0008+06-1.000e+01
0.000 4.0006+08-1.000¢+N
0.000 4.0000+08-1.000e+01
0.000 4.0006+08-1.000e+01
0,000 4.0008+08-1.000e-+{N
0.000 4.0008+08-1.000e+0
0.000 4.000¢+08-1.000e-+01
0.000 4.0000+08-1.000e+01
0.000 4.000e+08-1.000e+011
0.000 4.000e+08-1.000e+01
0.000 4.000u+08-1.000%+01
0.000 4.000e+08-1.0000-+01
0.000 4.0008408-1.0000-+01

- 0.000 4.000e+08-1.000e-+01

0.000 4.000e~+08-1.000e-+{r
0.000 4.0008+08-1.000e+1
0.000 4.0000+08-1.000e+01
0.000 4.0000+08-1,000e+01
0.000 4.0008+08-1.000e-+01
0.000 4.000e+05-1.000e+01
0.000 4.000e+08-1 0006+
0.000 4.0006+08-1.000e-+0
0.000 4.0006+08-1.000e+01
0.050 4.0000+08-1.000e+1
0.000 4.0008+08-1.000e+01
0,000 4.0006+08-1.000e+01
0.000 4.0006+08-1.000e+01
0.000 4.0008+06-1.000e+01
0.000 4,0000-+08-1.000e-+011
0.000 4.0000+08-1.000e+01
0.000 4.000e+08-1.000e-+01
0.000 4.0006+08-1.000e-+071
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25 13
25 1500
24 1500

255.64 fower tunnel
137000 uppot tunnet
1370.00 axiension of upper

LANALWEL CALIBRATED INMAL STEADY-STATE

.Mt dddaddaaaaaaaaaaaaBl

(-]

BEEREBEEREEREEREORE

LANALWEL LONGTERM PUMPAGE

A M a s aamamaaaaaaawaasaaalN

o

CEL LRSS RE 20 SRR R30S

16 0000
15 0.000
13 0.000
12 0000
23207376

24 0.000
34 0000
2 0000
23-36483.9
24 0.000
22-83020.8
20-15479.0
19 15708

25 0.000
25 0000
26-26190.1

23 0000
233H83

2 0.000
30 0.000
22  0.000
21-27388.1

well 13
well 12
manals
waell 10

well 5

Qay

well 4

well 253
woll 1

woll @

sht 2

T3
walt 6
well 7

well 8

well 3

LANALSIP STRDONGLY IMPLICIT PROCEDURE PACKAGE

25000
1.0000

5
0.001

1 1

1

LANALOC OUTPUT CONTROL PACKAGE

o]
2]
1

¢
]
0

an 40
0 i
1 i

-2



APPENDIX D



LANA! OUTPUT RESULTS (BINARY FILES ARE EXCLUDED AND USED IN CREATING REPCRT FIGURES)

1 U.5. GEOLOGICAL SURVEY MODULAR FINTTE-DIFFERENCE GROUND-WATER MODEL
Dianai: Khx 1000, HB =895, R=61 5. P=0, KAY=5 01E-5, SC it South=4EB North=4E4), Khe=100,Drmens (lower DC=255 8 upper DC= 1370, ox

1 LAYERS 50 ROWS 36 COLUMNS

1 STRESS PERICI{S} N SIMULATION
MODEL TIME UNIT IS DAYS
OO UNITS:
ELEMENTOF IUNIT; 1 23 4 56 7 8 010111213 14151617 181920212223 24

YOUNIT: 1112131400 01813 0 02 000260000000 0

DBASY - BASIC MODEL PACKAGE, VERSION 1, 5/4/87 INPUT READ FROM UNIT 5§
ARRAYS RHS AND BUFF WILL SHARE MEMORY.
START HEAD WILL BE SAVED

16290 ELEMENTS IN X ARRAY ARE USED BY BAS

16290 ELEMENTS OF X ARRAY USED GUT OF 350000
DBCF3 - BLOCK-CENTERED FLOW PACKAGE, VERSION 3, 7//92 INPUT READ FROM UNIT 11
STEADY-STATE SMULATION
CONSTANT HEAD CELL-BY-CELL FLOWS WILL BE PRINTED
HEAD AT CELLS THAT CONVERT 7O GRY= 0.00000
WETTING CAPABILITY I5 NOT ACTIVE

LAYER AQUIFER TYPE INTERBLOCK T

1 1 O-HARMONIC
3601 ELEMENTS IN X ARRAY ARE USED BY BCF
45891 ELEMENTS OF X ARRAY LISED QUT OF 350000
OWEL1T ~ WELL PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM 12
MAXIMUM OF 23 WELLS
88 ELEMENTS IN X ARRAY ARE USED FOR WELLS
19979 ELEMENTS OF X ARRAY USED QUT OF 350000
ODRN1 — DRAIN PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 13
MAXIMUM OF 3 DRAINS
CELL-BY.CELL FLOWS WILL BE PRINTED WHEN ICBCFL HOT O
45 ELEMENTS IN X ARRAY ARE USED FOR DRAINS
49994 ELEMENTS OF X ARRAY USED OUT OF 350000
ORCH1 — RECHARGE PACKAGE, VERSION 1, 8/1/87 INPUT READ FROM UNIT 18
OPTION 1 — RECHARGE TO TOP LAYER
1800 ELEMENTS OF X ARRAY UJSED FOR RECHARGE
21754 ELEMENTS OF X ARRAY USED OUT OF 350000
ORIVi ~ RIVER PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 14
MAXIMUM OF 164 RIVER NODES
CELL-8Y-CELL FLOWS WILL BE PRINTED
984 ELEMENTS IN X ARRAY ARE USED FOR RIVERS
22778 ELEMENTS OF X ARRAY USED OUT OF 350000
051P1 - STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 19
MAXIMUM OF** [TERATIONS ALLOWED FOR CLOSURE
5 ITERATION PARAMETERS
107205 ELEMENTS IN X ARRAY ARE USED BY SiP
129963 ELEMENTS OF X ARRAY USED OUT OF 350000
OHFB1 — HORIZONTAL FLOW BARRIER PACKAGE, VERSION 1, 06/1 386 INPUT READ FROM UNIT 26
A TOTAL OF 835 HORIZONTAL FLOW BARRIERS
4475 ELEMENTS IN X ARRAY ARE USED FOR HORIZONTAL FLOW BARRIERS
134458 ELEMENTS OF X ARRAY USED OUT OF 350000
1Lanai; Kh=1000, HB=885, R=61.6, P=0, K/W=5.01E-5, SC is South=4EB Nth=4E4), Khc=100,Drains {lower DC=255.B upper DC=1370, ex
[}

BOUNDARY ARRAY FOR LAYER 1WWLL BE READ ON UNIT 5 USING FORMAT: (253}

1 2 3 4 5 L] 7 8 9 10
1 12 13 14 5 16 17 1B 19 20
21 n 3 24 25 2 r44 28 23 20
| 32 xn ) 35 36
01 0 0 0 0 0 [} 0 0 0 0
0 0 o 0 o] o 0 o 0 0
0o 0 o o) 0 o o o] 0 0
0o 0 0 o) 0 o
02 [} 0 o 0 0 0 o 0 0 0
0o 0 1 1 1 ] 1 0 0 0
0o 0 o 0 0 0 o 0 o [}
0o 0 o [} 0 o
03 o o o [} 0 0 o o o [}
0o 1 1 1 1 1 1 1 1 1
<] 0 0 o 0o 0 0 0 0o
o 0 o o o 0
04 o 0 o 0 o 0 0 o o o
1 1 1 ] 1 1 1 1 1 1
1 1 o 0 o 0 0 o 0 o
0 o 0 0 o 0
05 0 0 0 0 o [} 0 0 o ]
] 1 1 ] i 1 1 1 i ]
1 1 1 0 0 0 o o
0 o 0 0 o 0
o0& o o 0 0 o 0 0 o 0 1
1 i 1 1 1 1 1 1 1 1
1 1 1 1 0 0 o o o] 0

s8]




o7

os

o8

[=]
-
[=]

011

L —

012

013

-

014

015

016

017

018

018

020

021

o2

o

024

02

g%

o2

028

D2



ox

020

o3

oxR

0x3

034

035

0%

037

03

029

040

041

042

043

04

045

045

047

048

049

050



0 0
0 0
4] [}

0 0 0 0 Q o 0 0
] 0 0 0 ¢] o 0 0
0 0 ] 0

DAQUIFER HEAD WILL BE SET TO 000000 AT ALL NO-FLOW NODES (IBOUND»0),

0

INITIAL HEAD, LAYER 1 WILL BE READ UNFORMATTED ON UNIT 35

1 2 3 4 5 L) ? 8 L] 10
11 12 13 14 15 16 17 18 19 20
21 2 23 24 25 26 7 28 29 30
31 a2 33 4 35 ¥
L . 00000 00000 00000 00000 0.0000 00000 00000 0.0000
00000 00000 00000 00000 D000 00000 00000 00000 00000 00000
00000 00000 00000 00000 D0ODO 00000 00000  0.0000 0O000  0.00C0
0.0000 ©0.0000 00000 00000 00000 0.0000
02 00000 00000 00000 00000 00000 00000 00000 00000 00000 0.0000
0.0000 00000 2.3181E-07 7.0108E-05 1.0285E-04 9.5275E-05 7.4483E07 (00000 00000  0.0000
00000 (0000 00000 00000 00000 00000 00000  0.0000 00000  0.0000
00000 00000 00000 00000 00000 0.0000
03 00000 00000 00000 00000 00000 00000 00006  0.0000 00000  0.0000
0.0000  34317£07 16217E-04 7.0208E-02 0.1031 9.644BE-0Z 6.5004E-04 0.2544 03812 04357
0.0000 00000 00000 00000 0.0000 00000 00000 000006 00000  0.0000
0.0000 0.0000 00000 00000 00000  0.0000
04 00000 00000 00000 00000 00000 00000 00000 003G G0N0 0.0000
3.3271E-07 1.8169E-04 9.2588£-02 0.1742 02313 02656 02316 04010 0457 0.5337
05808 0.6046 O00DO 00000 00000  0.0000 00000 Q0000 0E000 00000
0.0000 0.0000 00500 00000 00000 0.0000
05 00000 00000 00000 000D 00000 00000 QOO0 00CO0 00000  2.5403E-07
1.516BE-04 BS400C.02 0.1507 02852 03623 04232 04789 05512 06142 06580
06864 06796 06910 0.0000 00000 00000 00000 00000 00000  0.0000
00000 0.0000 00000 00000 00000 0.0000
06 00000 ©0O000 00000 00000 00000 00000 0000 0.0000 00000 6.2780E-05
§.2874E02 0.9615 02766 023942 04892 05651 06304 06928 07445 07810
08006 07985 07744 07732 00000 00000 00000 00000 00000 0.0000
0.0000 0OH000 00000 00000 00000  0.0000
07 00000 00000 00000 00000 00000 00000 0.0000 00000 00000 B.9539E-05
BOTIGE-02 02062 03409 05058 06151 06387 07682 08276 08743 09056
09204 00161 08930 08522 08435 00000 00000 00000 00000 0.0
0.0000 0.0000 00000 00000 0.0000 0.0000
08 00000 00000 00000 00000 00000 00000 00000 00000 00000  1.5585E-05
1.5523E-02 1118 1248 06528 0.7485 08300 0.89%8 09563 1.003 1.031
1.042 1.036 1052 05720 08175 08957 0.0000 00000 00000 00000
0.0000 00000 00000 00000 0.0000 0.0000
09 00000 00000 00000 00000 00000 00000 00000 00000 00000 1.8702E-05
1.B729E02 15%.2 200.1 1546 08785 0.8555 1.025 1.086 1.132 1.455
1.162 1.152 1.128 1.089 1035 09680 05430 00000 00000 0.0000
0.0000 00000 00000 00000 00000 0.0000
010 00000 00000 00000 00000 00000 00000 00000 00000 00000 1.3096E-05
1.3907EQ2 1485 219 2974 1446 1.074 1144 1210 1.258 1.278
1.280 1.268 1.243 1.202 1.148 1.082 1009 00000 00000  0.0000
0.0000 00000 00000 00000 00000  0.0000
011 00000 00000 00000 ©O000 0.0000 00000 0.0000 00000 00000 B.S463E-08
8.5586E-03 1024 178.1 9.7 190.4 137.0 1.260 1331 1377 1.296
1.394 1.379 1.383 1.313 1258 1.187 1.094 1058 00000 0.0000
00000 00000 00000 00000 00000  0.0000
D42 00000 00000 00000 00000 00000 00000 00000 00000 00000 1.1546E07
4.07156-04 §.6529E-02 02101 0.2052 148.1 196.8 184.0 1.455 1.485 1.505
1.505 1.487 1.450 1.420 1.366 1.300 1219 1128 1085  0.0000
00000 00000 00000 00000 00000  0.0000
043 00000 00000 00000 00000 00000 00000 0.0000 00000 0.0000 0.0000
7.3922E-05 T4Q30E-02 0.9968 03156 04178 1723 2550 2353 1.587 1.607
1608 1.589 1.561 1.522 1471 1.410 1.336 1.250 1.150 1.102
0.0000 00000  0.0000 0.0000 00000  0.0000
014 00000 00000 00000 00000 00000 00000 00000 00000 00000  0.0000
A22B7E07 24965004 01763 03289 04583 05778 2243 3246 2113 1.718
1.708 1.684 1653 1617 1.573 1515 1.446 1.356 1270 1.163
1,410 00000 00000 00000 00000  0.0000
015 00000 00000 00000 00000 00000 00000 00000 00000 00000 0.0000 °
00000 1.751E04 04716 03405 04503 06224  0.7455 3257 2636 1.793
1.790 1.7 1.742 1.710 1.659 1.69% 1.580 1.474 1.382 12718
1.167 1411 00000 0.0000 (0000 0.0000
016 00000 00000 00000 00000 00000 00000 0.0000 00000  0.0000  0.0000
0.0000 1.7374E-D4 01738 03497 05160 06508 07588 3658 383.3 2066
1.850 1,854 1.834 1.801 1.762 1.710 1.647 1.571 1.481 1,380
1272 1166 00000 00000 0.0000 0.0000
017 00000 00000 0.0000 00000 00000 00000 00000 00003 00000  0.0000
0.0000  2.0458£-04 0.2047 03957 05479 06804 0.7863 345 4401 3099
1738 1.957 1.833 1.84 1852 1.798 1735 1658 1.569 1470
1.356 1222 1151 00000 QO000  0.0000
018 00000 00000 00000 00000 00000 00000 00000 00000 00000 0.0000
D000 21B22ED4 02182 04157 05755 07089 0.8153 4125 4725 3593
2521 2026 2.017 1.983 1.937 1.880 1.818 1.738 1.650 1.553
1.442 1.319 1.191 1121 00000  0.0000



019

020

133}

oz2

o

024

025

0%

027

036

037

038

039

040

0.0000

3399
1.522
€.0000

e 8
1.592
0.0000

392.4
1.654
0.0000

760
1.714
0.0000

01697

3301
1774
0.0000

0.3281

4302
1.840
0.0000

0.4802

5112
1.918
£.0000

0.6059
617.0
2.017

0.0000

07133

00000 00000 00000 00003 00000 00000 GOCOC 00000 00000

245.4 2.108 20Mm 2020 1953 1896 1613 1.725 1.629
1.402 1278 11462 00000  0.0000

54780E-07 2.BA2TE-O4 02507 04513 08095 07384 0.839% 4198 4915 977

00000 00000 00000 00000 00000 00000 00000 00000 C0000

287.7 2181 2182 2104 2.044 1973 1.890 1798 1702
1.470 1.338 1182 111 00000

1.3457E-04 01347 03276 05050 08517 07681 0BS6E 410.9 508.6 4576

00000 00000 00000 00000 00000 00C00 0.000¢ 00000 00000

210G8E04 0.2107 0405% 05724 07030 08070 08864 A4 5 50%.2 488

gl 2266 223 2180 2119 2.050 1965 1871 1.769
1.529 1.393 1.257 1.13% 00000

0

00000 00000 00003 00000 00000 00000 00000 00000 6.78S2ELT

270.7 2337 2297 2.253 2190 2120 2037 1.841 1.634
1.579 1.433 1268 1455 0.0000

40927E04 03008 04580 06430 07669 08595 0.9288 3369 448.4 4376

0.0000 00000 00000 00000 00000 00000 0.0000  5BB4SELT 2.7T10ME-04

04914 06120 07366 08403 09210 05804 2518 3679 4011
290.2 2.381 2354 2311 2257 2195 2.1186 2018 1.905
1.622 1.456 1.2H 1143  0.0000

00000 00000 00000 00000 0.0000 00000 6.29ME-07 3.1862E.04 01623

05469 08979 08214 09223 1.000 1.054 1.4 358.3 416.9
309.6 2107 2,398 2,358 2.329 227% 2.20% 2113 1.989
1.561 1.463 1.261 1.054  0.0000

00000 00000 00000 00000 00000 6.5451E-07 3.1195E-04 01575 0.3184

06471 07888 09101 1011 1091 1.148 259.2 3952 475.3
S056 4349 2671 2428 2442 2383 2327 2.23% 2055
1703 1.454 1187 05488  0.0000

0.0000 0.0000 00000 2.2019E-07 1.1040E-04 I4387E-D4 01555  0.3066
07524  0.BBAS 1.001 1.104 1.190 1.255 kAR ] 459.7 5602
£32.2 5813 4707 A9 2.504 2.500 2.468 23m 2.223
1.759 1.447 1058 06567  0.0000

0.4561

00000 00000 00000 14022E04 01104 01892 0.3089 04390 05739

08501 08706 1.087 1.202 1.263 1.366 3731 550.7 651.0
755.3 T21.4 6467 516 3648 2544 2658 2558 2378
1.855 1491 09660  2.45M4E03 0.0000

00000 00000 2.2236E-07 161STEQ4 02520 032891 04346 05518 06758

0.9405 1.070 1.192 1.303 1.400 1.481 4154 E16.5 760.5
869.1 B55.5 BT 7123 5n.5 3549 2.9 2780 2.560
2.011 1673 1273 08436  0.0000

0.0000 0.0000 1.6143ED4 01619 03151 0.£244  0.5301 06442 Q7650

1.025 1.158 1.285 1.402 1.506 1.565 454.1 &677.9 836.4
9785 991.0 948.2 5438 656.9 740 3.265 3.039 2.767
2,196 1.897 1.58% 132 0.0000

00000  2.5353E-10 21602E-07 0.3318 04116 05033 06018 07126 0839

1101 1.241 1.376 1.500 1612 1.710 506.9 7417 B95.0
1079. 113 11186 9335 a2 4.255 748 2326 291
2378 2106 1.843 1608  0.0000

0.000¢ 3B021E-08 21960E05 04185 04760 05552 06481 07580 0.8835

1.166 1.320 1.464 1.595 1.714 1.824 586.6 8081 953.6
1191, 1273 1287. 1155, 859.2 4528 4114 3533 311
253 2283 2042 1820 00000

00000  161TSEH5 161STEO2 1378 1778 1737 1700 1846 nie

348.1 4765 529.1 549.5 566.2 6083 749.4 8716 1014,
1287, 1392, 1408. 1240. 949.2 5.000 4620 183.5 158.8
2652 2431 2201 1.480  0.0000

00000 2.6085E-05 26122E-02 193.0 2507 250.3 243.7 2597 3043

476.6 476.7 B39.1 839.8 8409 5422 8439 B456 1048,
1356. 1476. 15086, 1404 1095, 5578 3348 2694 192.%
2.79% 2.567 2333 2106 (.0000

0.0000 2.4067E-D5 24061E-02 1920 2503 269.4 2528 2548 3049

476.6 4768 628.5 758.8 750 % 750.2 843y 8470 1058,
1421, 1531, 1601, 1533, 1319 8511 470.7 4039 3722
2.960 2.687 2434 2198  0.0000

B.2314E-08 5.1288E-05 2.0184E02 1461 200.4 2110 1987 182.3
476.5 4768 628.2 7588 755.0 7552 759.4 B48.2 1035,
1523. 1523, 1667, 1641, 1453, 1047. 4.654 4197 3754
3059 2766 2.500 23257 0.0000

311BBE-NS 21280E-02 01249 02515 03926 05440 07040 08730
1.478 6273 6279 7586 758.8 7559.1 7593 8492 8501
1492, 1625. 1743, 1729, 1562, 1172 4722 4244 3815
3.096 2798 2528 2281 0.0000

1.4431E-D7 1.1341E-04 B2575E-02 0.1894 03365 04882 06544 08315
2739 5510 7517 758.2 758.6 755.0 759.4 92717 1026.
1504, 1680. 1805. 1804, 1674, 1390 888.9 4179 3745
3073 2.780 2512 2266  0.0000

0.0000 30544EH7 1.9354E-04 01118 0.2463 03974 05724 07850
189 4331 5458 7578 758.3 758.8 927.3 92748 9284
1514, 1718. 1839, 1853, 1761, 1550 1189, 7058 3566
2.986 2712 2,456 2216  0.0000

00000 OO000 43120607 23843E-04 01275 02633 04325 .47
2730 23686 1.882 6.649 6.831 926.1 927.1 9278 928.4
1515 1723, 1841, 1868, 1807, 1629, 1328, B866 3510
2,858 2609 2366 2438 00000

00000 00000 00000 4.5213E-07 21461E-04 5.7905E-02 B.62ITE-O2 0.1359
1742 1.601 1751 6317 6.667 6838 B54.7 9280 1090.
1514, 1696. 1810, 1845, 1803. 1643, 1374, 1015, 850.5

2131

1.049

0.9941

0.8207

170.0

168.2




2928 2.701 2.465 2241 2032 00000
047 00000 00000 OOCOCO 00000 OO0000  3.I020E-07 11625604 20796E-02 1.9696E02 117.2
1319 1.140 1381 4 845 5625 425 5668 849.6 9816 1139.
1320. 1491 1647. 1751 1781, 1744, 1585 1352, 1053, 680.8
2821 2523 22 2082 1910 00000
042 00000 00000 00000 (0000 (0.0000 00000 1 4459E-07 2.8730E-D5 19GG3E-O5 1.4448E-02
05255  0.8427 3201 4.045 155.9 3614 649 8 8408 9841 1139,
1292 1438, 1585, 1678. 1689, 1633, 1497, 1298, 1065. 7749
A04.9 2.268 2078 1.857 1800 00000
D43 DDOCO G000  DOOOO  DO0OOO  D.0000  GO000 00000 00000  205MELT 1 S028E-04
01766 1.444 2335 4931  0E£888 1054 535 7688 g2 1083,
12722 1349, 1458, 1524, 1523, 1471, 1361 1204, 1012 7780
485 4 2127 1859 1677 00000 (0000
04% OOO00 00000  OO00OO  OOO00 00000 (DOCO 00000 ©0.0000 00000  9.0002E47
7 4153E-04 05372 01318 04470 OB7BY 03055 L3206 546.9 8116 9678
1107. 1218, 1298, 1341, 1331. 1280. 1187 1055, 987 6992
483.2 2341 1.539 1458 00000 0.0000
045 00000 00000 00000 00000 00000 00000 00000 00000 0.0000 0.0000
16574E-04 016566 01241 01832  7.731BE-03 02175 2871 4481 5803 783.1
9426 1043, 1108, 1133, 1108. 1047 S64.0 B5D.1 7088 510.0
350.4 187.1 1.252 1282 00000 0.0000
046 00000 0.0000 00000 0000 00000 00000 00000 00000 00000 0.0000
33023E-07 16515604 1.2414E-04 1.5288E-04 7.7614E-05 6.9310E-02 5.7685E-02 7.8606E-02 0.1580 481.8
706.6 3168 862.9 ar7.2 8258 7166 541.0 550.0 4057 0940
08482 08729 1.012  0.0000 00000  0.0000
047 00000 00000 00000 00000 00000 Q000D 00000 00000 00000 0.0000
00000 00000 00000 00000 1.45SBE-O7 6.9665E-05 5 7665E-05 7.4703E-DS 2.66BSE-04 6.9527E-02
3867 5127 5585 5465 4486 07935 07954 07960 07782 07857
076818 07880 00000 0.0000 00000  0.0000
048 0.0000 00000 00000 00000 ©.0000 00000 (OO0 00000 O000C  0.0000
0.0000  GO000 G000 00000 00000 00000  GD000 Q0000 3GLIIEDT SBZIIE05
28072602 9I8GE02 01072 Q1052 GINM6 05745 06882 07002 07061 0.7105
0.0000 G.0000 00000 0.0000 00000  0.0000
G045 00000 00000  0O000 00000 00000 00000 OOMOO 00000 00000 C.0000
0.0000 00000 00000 00000 00000 00000 (ODOD 00000 00000 127D4EO7
2.90B0F05 9.3852F-05 1.07T0GE-O4 1.0537E.04 I {116E-04 00000  0.0000 00000 00000  0.0000
0.0000 00000 Q0000 00000 00000 0.0000
050 00000 00000 00000 00000 00000 00000 00000 00000 00000 (.0000
0.0000 00000  GO000 Q0000 Q0000 00000  G000D (0000 00000  0.0000
0.0000 00000 00000 00000 0O000G 00000 00000 0000 000D 00000
0.0000 0.0000 00000 00000 00000  0.0000

OHEAD PRINT FORMAT IS FORMAT NUMBER 0 DRAWDOWN PRINT FORMAT {5 FORMAT NUMBER 0
DHEADS WILL BE SAVED O8 UNIT 30  DRAWDOWNS WILL BE SAVED ON UNIT 40
0OUTPUT CONTROL 1S SPECIFIED EVERY TIME STEP

0 COLLIK TO ROW ANISOTROPY = 1.000000
0 DELR = 2000.000

0 DELC = 2080.000

0

HYD. COND. ALONG ROWS FOR LAYER 1 WALL BE READ ON UNIT 11 USING FORMAT: (10E12 4)

1 2 3 4 5 ] 7 8 g 10

11 12 13 14 15 16 17 18 19 0
Fal 22 23 24 25 26 27 28 29 30
<2} 32 a3 34 35 k3

01 1000, 1000, 1000. 1000. 1000. 1000, 1000, 1000. 1000. 1000.
1000, 1000. 1000. 1000, 1000, 1000. 1000. 1000, 1000. 1000.
1000, 1000. 1000. 1000, 1000. 1000, 1000. 1000, 1000. 1000.
1000, 1000, 1000, 1000, 1000, 1000.-

02 1000 1000. 1000. 1000. 1000. 1000, 1000. 1000, 1000. 1000.
1000, 1000, 1000. 1000. 1000. 1000, 1000. 1000, 1000. 1000.
1000, 1000, 1000. 1000, 1000. 1000, 1000. 1000, 1000. 1000.
1000, 1000 1000. 1000. 1000. 1000,

03 1000 1000. 1000. 1000. 1000, 1000. 1000, 1000, 1000. 1000.
1000, 1000. 1000. 1000. 1000. 1000, 1000. 1000. 1000. 1000.
1000, 1000, 1000. 1000. 1000. 1000. 1000. 1000. 1000. 1000,
1000, 1000. 1000. 1000. 1000, 1000.

04 1000, 1000, 1000, 1000. 1000, 1000, 1000, 1000, 1000, 1000.
1000, 1000, 1000. 1000, 1000, 1000, 1000, 1000, 1000 1000,
1000, 1000, 1000. 1000 1000. 1000. 1000 1000, 1000. 1000,
1000, 1000, 1004, 1000 1000. 1000.

05 1000 1000. 1000. 1000. 1000. 1000, 1000. 1000, 1000. 1000.
1000, 1000, 1000. 1000, 1000. 1000. 1000. 1000. 1000, 1000.
1000, 1000. 1000. 1000, 1000. 1000. 1000 1000. 1000. 1000,
1000. 1000, 1000. 1000, 1000. 1000.

06 1000 1000. 1000. 1000. 1000, 1000, 1000. 1000, 1000. 1000.
1000, 1000, 1000, 1000. 1000, 1000. 1000. 1000, 1000. 1000.
1000. 1000, 1000. 1000. 1000, 1000. 1000. 1000. 1000, 1000,
1000, 1000. 1000. 1000. 1000. 1000,

07 1000, 1000. 1000. 1000, 1000. 1000, 1000, 1000, 1000. 1000.
1000, 1000. 1000. 1000 1000. 1000, 1000 1000. 1000. 1000
1000, 1000. 1000, 1000, 1000. 1000. 1000, 1000. 1000, 1000.
1000, 1000, 1000, 1000. 1000. 1000,

0B 1000 1000, 1000. 1000. 1000, 1000 1000. 1000, 1000. 1000



o9

010

o1

012

013

014

015

016

017

018

019

020

21

oz

023

024

025

026

027

o028

o2

1000
1000

1000.
1000.

1000.
1000.

1000.
1000.

D7




¢
i
i
}
£

030

o3

032

033

034

035

035

037

038

03s

0 40

042

043

044

045

046

047

048

049

050

1000.
1000.
1000

1000.
1000,
1000

1000

1000.

100G

1000.

1000.

100.0
1000,

1000,

100.0
1000.

1000.

100.0

1000,

1000.
1000,

BOTTOM = 00,0000

1000. 1000.
1000 1000.
1000. 1000.

1000 1000.
1000. 1000
1000. 1000.

1000. 1000.
1000. 1000.
1000. 1000.

1000, 1000.
100.0 100.0
1000. 1000.

1000. 1000.
100.0 100.0
1000, 1000.

1000. 1000,
100.0 1000
1000. 1000.

1000. 1000.
100.0 100.0
1000, 1000.

1000. 1000.
100.0 1000
1000. 1000,

1000. 1000.
100.0 1008
1000. 1000.

1000. 1000,
100.0 100.0
1000 1000.

1000. 1000,
1000 1000
1000. 1000,

1000. 1000.
1000. 1000.
1000. 1000,

1000. 1000.
1000, 1000.
1000. 1000.

1000. 1000,
1000. 1000,
1000. 1000.

1000, 1000,
1000, 1000,
1000. 1000.

1000, 1000,
1000. 1000,
1000 1000.

1000. 1000.
1000. 1000.
1000. 1000,

1000. 1000.
1000. 1000.
1000, 1000,

1000, 1000,
1000, 1000,
1000. 1000.

1000. 1000.
1000, 1000.
1000. 1000.

1000. 1000.
1000. 1000.
1000, 1000.

FOR LAYER 1

1000,
100.0
1004,

1000,
100.0
1000,

1000.
1000
1000,

1000,
1000,
1000.

1000.
1000,
1000.

1000.
1000,

1000,
1009,

1000.
1000,
1000.

1000,
1000,
1000.

1000.
1000.
1000.

1000.
1000,

1000,
1000.

1000.
1000.

1000.
1000,



SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE

0 MAXIMUM ITERATIONS ALLOWED FOR CLOSURE = 25000
ACCELERATION PARAMETER r  1.0000
HEAD CHANGE CRITERION FOR CLOSURE =  0.10000€-02
$1P HEAD CHANGE PRINTOUT INTERVAL = 1
o CALCULATE ITERATION PARAMETERS FROM MODEL CALCULATED WSEED

HORIZONTAL FLOW BARRIERS — LISTED BY LAYERS. WITHIN EACH LAYER, THE LOCATION OF A BARRER IS IDENTWIED BY
THE 2 CELLS ON BOTH SIDES OF THE BARRIER. THE ROW AND COLUMN HUMBER OF THE TWO CELLS ARE RESPECTIVELY
IROW1, ICOLY, AND IROW2, ICOL2.
0 895 HORIZONTAL FLOW BARRIERS IN LAYER 1

IROWT  ICOLT  IROWR2  ICOL2 HYD. COND.MIDTH BARRIER NC.

33 30 n 31 0.5010E-04 1
a3 29 n 30 0.5010£-04 2
38 23 a3 30 0.501DE-04 3
3 < ko 29 0.5010E-04 4
37 29 38 29 0.5010E-04 5
33 28 34 28 0.5010E-04 -3
28 27 28 28 0.5010E-04 7
7 29 27 0.5010E-04 8

% 29 27 0.5010E-04 9

26 34 27 0.5010€-04 0

26 30 2% 0.5010E-04 11"

il 35 26 0.5010E-04 12

25 30 2% 0.5010€-04 13

25 k3] 8 0.5010E-04 14

25 32 o) 0.5010E-04 15

25 35 26 0.5010E-04 16

25 4 2% 0.5010E-04 7

25 42 26 0.5010E-04 18

25 47 2% 0.5010E-04 18

24 32 25 0.5010E-04 2

a3 25 0.5010E-04 21

- 23 37 24 0.5010E-04 2

A
-~

0.5010E-04 23
23 0.5010E-04 24
3 0.5010E-04 25
] 0.5010E-04 F]
22 0.5010€-04 27
19 0.5010E-04
18 0.5010E-04
17 0.5010E-04
0.5010E-04
17 0.5010E-04
7 0.5010E-04
16 0.5010E-04

25555508958 ERARNERUERIREY
¥

PrLbAaRGLREEARES
&

42 16 0.5010E-04
42 15 0.5010E-04
43 15 0.5010E-04
43 14 0.5010€-04
44 14 0.5010E-04
14 15 13 0.5010E-04

12 12 0.5010E-04
10 11 0.5010E-04
42 10 0.5010E-04
a2 10 0.5010E-04
- 0.5010E-04
9 0.5010E-04
8 0.5010E-04
B 0.5010E-04
13 0.5010E-04
13 0.5010€-04
12 0.5010€£-04
" 0.5010E-04
" 0.5010E-04
10 0.5010E-04

iB
17
16
15
7
16
16
15
15
14
14
13
13
10 12 1 12 0.5010E-04
12
11
10
9
2
8
8
7
13
12
12
it
10
10
25 25 0.5010E-04
26

2223288288 pugnrngugss it bR B RAREERR

prebERBRRBBEEERa22a88888822

42

39

40

40

40

42 % 0.5010E-04

28 2 23 0.5010E-04

35 4 4 0.5010E-04

24 4 4 0.5010€-04

33 4 4 ©.5010E D4

3z 4 4 0.5010E-04

3 4 4 0.5010E-04

3] & 5 0.5010E-04

3] € 5 0.5010E-04

3] 7 7 0.5010€.04

3 -] 8 0.5010E-04

31 9 9 0.5010€-04

3 19 10 0.5010€-04 89
3 ] LB 0.5010E-04 10
31 12 12 0.5010€E-04 71

09
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0.5010E-04
0.5010E-04
0.50106-04
0.50106-04
0.50106-04
0.50106-04
050106 04
G.5010E-04
G 5010E-04
0.5010E-04
0 50106-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.50106-04
0.50106-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
G.5010E-04
05010604
G.5010E 04
0.5010E.04
0.5010€-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-D4
0.5010E-04
0.50106-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010€-04
0.5010E-04
0.5010E-04
G.5010E-04
0.5010E-04
0.5010E€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€ .04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010€-04
0.5010E-04
0.5010E.04
0.5010€-04
0.50106-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
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39
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39
39

39
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0.5010€-04
0.5010& 04
0.5010€-04
0.5010€-04
0.5010E€-04
0.5010€-04
0 5010E-D4
0 5010€-04
0 S010E 04
0.5010& 04
0 5010E 04
0.5010€ 04
0.5010€-04
0.5010€-04
0.5010E-D4
0.5010E 04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
05010604
0.5010E-04
0.5010E-04
0.50106-04
0.5010E 04
0.5030E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5C10E-04
0.5010E-04
0.5010E-04
0,5010E-04
0,5010E 04
0.5010E-04
0.5010€-04
0.5010€-04
0.5010€-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E 04
0.5010E 04
0.5010E-04
0.5010E 04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.50106-04
0.5010€-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.50t0E 04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€ -04
0.5010& 04
0.5010€E-04
0.5010E-04

219

242

B-11
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25
7
21

25
23

21

0.5010€ 04
0.5010E-04
0.5010E-04
0 5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0 S010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010£-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010£-04
0.5010E-04
0.5010£-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E5-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010£-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010€.04
0.5010E-04
0.5010€ .04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.50106-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5610E 04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.501GE-04
0.5010E-04
0.5H0E-D4
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04

245
247
248
24%

251
252
253
254
258
258
257

259
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PEREBIBYBERREER

1]

URN¥sauBl

24

0.50106-04
0.5010E-04
0 5010E-04
0.50106-04
0.5010€-04
0.5010€-04
0.5010E-04
0.50106-04
0 5010E-04
0.5010E-04
0.5010£-04
05010€-04
050106-04
05010604
0.5010€-04
0.50106-04
0.50106-04
0 S010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E.04
0.5010£-04
0.5010£-04
0.5010E-04
0.5010E-04
0.5010E-04
0.50106-04
0.5010£-04
0.5010£-04
0.50106-04
0.5010€.04
0.5010E.04
0.50106-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010€-04
0.5010E 04
0.5010E.04
0.5010E-D4
0.5010E-04
0.50106-04
65010654
DAD10E-GL
0.50105-04
0.5010E-04
0.5010E-04
0.50106-04
0.5010E-04
0.50106-04
D.5010€.04
0.5010E.04
0.5010€.04
0.5010E-04
0.51DE-04
0.510E-04
0.5010€ 04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€.04
0.5010€-04
0.5010E .04
0.5010€-04
0.5010E-04
0.50106-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010€-04
0.50106-04
0.5010€-04
0.5010E-04

4
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451

BREEBLBRALEG000EE
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7
474

472
473
74
475
&6
477
478
479
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481

B8R5555E84
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D.5010E-04
0.5010E-04
0.5010E-04
0 5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E 04
0 5010E-04
0.5010E-04
0.501DE-D4
0.5010E-04
0.5010E-D4
0.5010E-04
0.50108-04
0.5010E-04
0.50106-04
0.5010E-04
0.5010E-04
0.50108-04
0.5010E-04
0.5010E-04
0.5010E-04
0,501 OE-O4
0.501 0E-D4
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-O4
0.5010E-04
0.5H0E-O4
0.5010E-04
0.5010E-O4
0.50HOE-O4
0.5010E-04
0.501H0E-O4
0.5010E-04
0.5010E-04
0.5010E-04
0.5(H0OE-O4
0.5H0E.04
0.5(H0E04
0.5(H0E-O4
0.5010E-04
0.5010E-04
0.50H0E-O4
0.5010E-04
0.5010E 04
0.50H0E-O4
0.5(H0E-O4
0.5010E04
0.510E-O4
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-D4
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E 04
0.5010E-04
0.5010E-04
0.5010€04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.50106-04
0.5010E-04
0.5010&-04
0.5010E-04
0.501CE.04
0.5010E-04
0.5010-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010£-04
0.5010E-04
0.50106-04
0.5010E-04
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28

0.5010E-04
0 S010E-04
0.50106-04
0 5010E-04
0.5010E-04
0.5010€ 04
0 5010E-04
0.5010E-04
05010604
0.5010E .04
0.5010E04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
G.5010E-D4
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E .04
D.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E 04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.50106-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
Q.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0,5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E 04
O.5010E-04
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C.5010E-04
C.5010E-04
0.5010€-04
0 5010604
0 5010€-04
0.501CE-04
¢ 5010E-04
C¢.5010E-04
G 5010E-04
C.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-D4
0 5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E.04
0.5010E-04
0.5010E-04
0.50108-04
0.5010£.04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0 5010€.04
0.5010E 04
5010604
0.5010E-04
Q.5010E-04
C.5010E-04
C.5010E-04
C.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0 5010604
0.50M0E-04
0.5010E£-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E.04
¢.5010E.04
0.5010E-04
0.5010£-04
G.5010E04
0.501CE-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5H0E-04
0.5010€-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E6-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E-04
0.5010E.04
0.5010E-04
0.5010E-04
0.5010E.04
0.5010E-04
0.5010E-04
0.5010E-D4
0.5010E-04
C.5010E-04
0.5010E-04

768
789
70
77
e

774

781

789

797
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< Fn

o}

o]

) 19 3 20 0.5010E-04 855
34 19 k2 20 0.5010E-04 BSS
35 19 35 20 0.5010E-04 &5t
33 18 L+ 18 0.5010€-04 as8
kY 19 37 20 0.5010E-04 852
k14 20 38 20 0.5010E8-04 850
¥ 19 37 19 0.5010E-04 251
37 14 38 14 0.50106-04 862
kL 14 38 15 0.5010E-04 853
a 14 9 14 0. 5010E-04 B54
7 11 8 11 0.5010E-04 86s
1 14 M 14 Q.5010E-04 856
% 14 a7 14 0.5010E-D4 B57
45 14 a5 15 0.5010E-04 68
16 13 17 13 0.5010E-04 563
16 14 17 14 0.5010E-04 870
k) 4 3N 5 0.5010E-04 871
30 4 3 ] 0.5010E-04 a72
28 L] 28 6 0.5010E-04 873
23 11 n 12 0.5010€-04 874
po} 2 24 be) 0.5010&-04 875
24 2 24 24 0.5010E-04 Bi¢
24 23 25 23 G.5010E-04 877
24 24 25 24 0.5010E-04 e78
25 p<l 25 24 0.5010E-04 879
25 24 25 25 0.5010E-04 880
25 3 2% 3 0.50106.04 881
o] 24 % 24 05010604 882
25 25 % % 0.5010E-04 883
26 23 *® 24 0.5010E-04 834
25 24 % 25 Q.50108-04 BBS
26 25 26 26 0.5010E-04 B&G
% e} 27 23 0.5010E-04 847
2% 24 27 24 0.5 0E-04 888
% 25 27 25 0.5010E-04 839
% 26 27 26 0.5010E-04 830
27 23 27 24 0.5010E-04 91
27 24 27 25 0.5010E-04 2892
27 % 27 6 0.5010E-04 B3
27 6 27 27 0.50106-04 B34
33 m 3 P 0.5010E-04 b5
STRESS PERIOD NO. 1, LERGTH
NUMBER OF TIME STEPS = 1
MULTIPLIER FOR DELT = 1.000
INITIAL TIME STEP SIZE = 1.000000
22 WELLS
LAYER ROW COL STRESS RATE WELL NO.
1 44 16 0.00000 1
1 44 15 0.00000 2
1 43 13 0.00000 3
1 38 12 0.00000 4
1 3% 23 Q00000 5
1 39 24 0.00000 6
1 38 34 0.00000 7
1 3 22 0.00000 -
1 36 23 000000 9
1 3 24 000000 10
1 35 22 0.00000 1"
1 36 20 0.00000 12
1 33 18 0.00000 13
1 33 25 0.00000 14
1 32 25 0.00000 15
1 3 26 0.00000 16
1 30 23 Q00000 17
1 29 23 000000 18
1 27 22 0.00000 19
1 27 31 0.00000 20
1 3 22 0.00000 21
1 32 21 000000 22
3 DRAINS
LAYER ROW COL ELEVATION CONDUCTANCE DRAIN NO.
1 2 B 1 2558 1
1 33 25 1500 1370, 2
1 33 24 1500 1370. 3

RECHARGE WILL BE READ ON UNIT 18 USING FORMAT: (10E12.4)

1.000000
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" 12 13 14 15 16 17 18 19 20
A yzl 23 24 25 % 27 28 29 30
N 2 3 34 35 ]

00000 00000 00000 00000 00000 00000 00000 00003  0.000G  0.0000
00000 00000 00000 00000 00000 00000 00000 00000 00000 00000

02 00000 00000 00000 00000 00000 00000 00000 00000 00000  0.0000
00000 00000 00000 00000 22830606 00000 0.0000 00000 00000 00000
00000 00000 00000 00000 00000 00000 00000 00000 00000  0.0000

03 00000 00000 00000 O000C 00000 00000 00000 00000 00000 0.0000
00000 00000 00000  3.3332E-04 1.4155E-03 1.6323E-03 9.9767E-D4 57075E-04 4.5432E-04 4 S660E-06
00000 00003 00000 (0000 00000 GO0000 00000 00000 00000 0.0000
00000 00000 00000 00000 00000  0.0000
04 00000 00000 00000 00000 00000 00000 00000 00000 08000 0.0000
00000  4.1094E-05 50S11E-04 1.7442E-03 1.9976E-00 1.9862E-00 1.9976E-03 1.9725E-03 1.B196E-0Q 1.7259E-03
38583604 0.0000 00000 00000 00000 00000 0000 00000 00000 00000
00003 00000 00000 00000 00000 0.0000
05 00000 00000 00000 0000 00000 00000 00000 00000 00000  0.0000
00000  4.9998E.04 1.8926E-03 1.9406E-03 20158803 2.0935E-03 1.9223E-00 1.7739E-03 16118ELQ 1.6712E-03
1.7396E-03 7.4854E-04 0.0000 QQ0000 00000 00000 00000 00000 0.0000 0.0000
00000 00000 0.0000 00000 00000 00000
06 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000
0.0000  1.1050E-03 1.9132E-03 1.9953E-03 1.9953F-03 1.8926E-03 1.6301E-03 1.7602E-03 1.5524E-03 1.5456E-03
1.7670E-03 1.9931E03 B.4AR43E-04 $1320E-06 00000 00000 00000 00000 0.0000 00000
00000 00000 0.0000 00000 00000 0.0000
07 00000 O000D0 00000 00000 00000 00000 00000 00000 00000  0.0000
00000 13507603 1.9611E-03 20158503 1.81508-03 1.6483E-03 1.6483E-00 1.6871E-03 16575E-03 1.6209€-03
4.7488E-03 1.91326-03 2.0410E-03 1.1845E-03 15981E04 0.0000 00000 0.0000 0.0000 0.0000
00000 00000 00000 00000 00000 00000
08 00000 00000 00000 0000 00000 00000 00000 00000 00000 0.0000
2.7396E-04 1.8561E-03 1.9908E-03 1.B629E-03 17419E-03 4.7511E-(C 1.7488E-03 1.7328E-03 1.6757E-03 1.6483E-03
1.91326-03 1.7259E-03 1.58908E-03 1.76708-03 1.1B03E-03 26539E04 00000 00000 00000  0.0000
00000 00000 00303 0.0000 00000 0.0000
9 00000 00000 0000C 00000 00000 00000 00003 00000 00000  0.0000
TOYTIEDS 1.6552E-03 2.0912E-03 2.1049E.03 1.7670E-00 1.4831E-03 1.4908E-03 1.675TE-(3 2.4702E-03 1.9200E-03
1.8310E-03 1.6483E-03 1.7785E-03 1.7305E-03 1.5136E-03 1.3241E-03 2.3743E-04 0.0000 00000  0.0000
00000 00000 00000 00000 00000 0.0000
010 00000 00000 0000C 00000 00000 00000 00000 00000 0.0003 00000
00000  11712E-03 2.1437E-03 2264TE-03 1.6985E-03 1.4292£-00 9.1777E-04 2.1780E-03 3483%E-03 2.3035E-03
1.7739E-03 1.B081E-03 1.8355E.03 1.7282E-03 1.5456E-03 1.50686-03 7.6937E-04 0.0000 0.0000 00000
00000 00000 00000 00000  0.0000  0.0000
0141 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000
00000  1,0342E-03 22442E-03 2.2653E-03 1.974BE-0Q 1.5593E-03 5.2509E-04 2.3401E-03 3.7875E-03 3.1072E-03
16278E-03 1.36GBE-03 1.7544E-03 1.6826E-03 1.7145E-03 1.5753E-03 1.1187E-03 5.7075E-05 0.0000  0.0000
00000 00000 00000 00000 0.0000 0.0000
012 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000
00000  4.5650E-06 1.7670E-03 2.3195E-03 2.4803E-03 2.2145E-03 3.1B48E-03 3.901BE-03 2.0958E-03 2.4783E-03
24725600 1.5776E-03 1.9154E-03 1.9360E-03 1.5913E-00 1.6552E-03 1.9794E-03 1.0342E-03 2.9679E-05 0.0000
0.0000 00000 0.0000 00000 00000 0.0000
013 00000 00000 00000 00000 00000 00000 00000 00000 0.0000 00000
0.0000 00000 1.1210E-03 2.3606E-03 2.2328E-03 25273E-03 1.1825E-03 4.2350E-03 2.3127E-03 BATIIE-O4
2.7990E-03 1.4725E-03 2.0068E-03 1.9154E-03 14406E-0Q 1.7630E-C3 1.9704E-03 1.8588E-03 B.0550E-04 7.3056E-D5
00000 00000 00000 00000 0.0000 0.0000
014 00000 00000 00000 0OO000C 00000 00000 00003 00000 00000 00000
0.0000 00000 3.0364E-D4 23652603 2.2305E-00 2.44286-03 3.5569E-03 4.9952E-03 2.8720€-03 1.9634E-03
3.187T1E-03 1.5581E-03 6.1184E-04 1.2214E-03 1.8378E-03 1.5342E-03 1.8515E-03 2.1506E-03 20501E-03 9.3831E-04
2,7396E05 0.0000  0.0000 0.0000 0.0000  0.0000
015 00000 0.0000 00000 00000 00000 00000 0000 00000 00000 00000
0.0000 0.0000 6.B490E-06 2.159TE-03 2.3104E-03 24S53E-03 3.53G4E-03 4.8514E-03 1.3241E-03 1.6323E-03
3.6345E-03 1.4223E-03 1.7807E-04 B.EOGHE-04 1.5684E.03 1.4862E-03 1.8789E-03 2.6780E-03 2.5684E-03 1.9086E-03
1.2511EC3 TOTTIELS 0.0000 00000 00000 00000
016 00000 0.0000 00000 00000 00000 00000 00000 00000 00000 0.0000
0.0000 00000 00000 1.8698E-03 2.5227E-00 2.5901E-03 4.0683E-(0 5.1824E-03 43445500 3.9268E-04
9.E790E-O4 5.3651E-D4 4 2007E-O4 55248504 1.7395E-03 1.7944E-03 2 11BGE03 2.5159E-03 2.0ME2E-03 1 S016E03
1.8035E-03 9.4516E-04 00000 00000 00000  0.0000
017 00000 00000 00000 0.0000 00000 00000 00000 00000 00000 0.0000
0.0000 00000 00000 1.B552E-03 23994603 27693E-03 4.5500£-03 5.1550E-03 39222F-03 26483504
8,1275E-D4 J.6368E-03 3. 1163E-03 4.7258E-04 1.7455E-03 1.3744E-03 1.8903E-03 21757E03 1.660GE-03 1.9976E-03
1.8835E-03 1.7465E-03 32413E-04 0.0000 00000  0.0000
018 00000 00000 0.0000 00000 00000 00000 00000 00000 00000 0.0000
0.0000 00000 LMTOE-04 22099E-03 2.0090E-03 2.5821E-03 4.8B33E-03 520758-03 36642603 1.0274E-04
8.8352E-04 1.32B7E-03 1.8721E-03 1.3241E-03 1.3049E-03 4.3834E-04 2.3172E-03 1.2054E-03 1.5410E-03 1.9976E-03
1.9745E-03 1.8127EL0 1 5482E-03 1 3013E-D4 00000  0.0000
018 00000 00000 0.0000 00000 00000 00000 00000 00000 00000 0.0000
00000 00000 52955504 23264E-03 2.1004E-03 2.7T16E-03 4 4610E-03 5.1870E-03 3.1505E-03 6.5207E-O5
S ADGDE-D4 4.1048E-03 1.4474E-03 1.9634E-03 4.0637E-D4 1.3812E-03 1.52506-03 3.9953E-04 7.3056E-04 1.6552E-03
2.0661E-03 1.9520E-03 1.8127E-03 1.0662E-03 0.0000  0.0000
020 00000 00000 00000 00000 00000 00000 00000 00000 00000 0.0000
00000 00000 1.1940E-03 2.0558E-03 2.0227E-03 1.8492E-03 1.3744E-03 4 2624E-03 36034E-03 6.9632E-04
3.5843E-04 3.2282E-03 7.7165E-04 1.4132E-03 1.8538E-03 1.6186E-03 1.3264E-03 9.1777E-04 BI101E-04 1.6036E-03
2.0981E-03 15314E-03 1.BOS9E-03 1.7533E-03 2.6483E-04 0.0000
021 00000 00000 00000 00000 00000 00000 00000 00000 00000 00000
00000 00000  1.8995E-03 2.4474E-03 1.4040E-03 1.0B44E-03 8.081BE-04 4.2327E-03 4.2761E-03 3.2898E-03

k=3
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BMOIEDL 1 15S8E-03 2 7B9SE-O4 2 2B53E-03 1.6685E-03 11210603 1 9963500 16620E-03 S 6ST1E-O4 12899E-03
141328 03 1 846500 1.6986E-00 1. 7145E00 57532604 00000

022 00000 00000 ©0O00OC 00000 00000 00000 00000 00G0C 00000 000CO
00000 26255804 2.3081E-03 22077E-03 1.58906-03 1.4337E-03 12305E-03 2.942BE-03 2.7305E-03 67805E-04
26453604 1.3470E-03 2.1049€-03 1.6164E-03 3.2350E-03 1.2374E03 9IEIE-D4 552495604 13 S495E-04 7.5325E-04
14063803 1.732BE-03 1.527IE-03 1.6346E-03 1.0635E-03 0.0000

03 00000 00000 00000 00000 0000 00000 00000 00000 00000 00000
22830605 14520E-03 2.4086E-03 2.3743E-03 1.4451E03 3.3560E-04 4 SA38E-04 98165E05 00000 00000
30B21E-04 7 TIG4E-O4 1.6666E-03 1.7305E03 1.1004E03 34D17E-04 7 32B4E-04 25570E04 1.1543E-04 31505604
1.6450E-03 1.6826E-03 1.7054E-03 1.7031E-03 1.3264E-03 2.2830E-05

024 00000 00000 (00000 00000 00000 00000 00000 00000 00000 2.0319€-04
1333303 2.2944E-03 22351603 1.8675E-03 1.6323E03 1.3356E03 2.1689E-04 2.7396EL5 00000  0.0000
34017E-D4 7.2B2B6E.D4 1 9565E-03 33332E-04 5.2052E-04 1.1643E-04 27396E.05 6.1641E05 50Z26E-05 3.0364E-04
15913603 1 8698E-03 1.7555E-03 1.7830E-03 6.5294E-04 2.7305E-05

025 00000 00000 00000 00000 00000 00000 00000 Q0000  43377ED4 17282603
24072600 1.9976E-03 1.5616E-03 1.8652E-03 1.5319E-03 1.6323E03 11210603 22647ED4 £.5660€-06 1.6209E-04
14383604 BATIEDS 1.3127E-03 2.96THE-05 1.5981E-04 2.7396E-04 1.5319E-00 11540603 2.6460E-03 1.6956E-03
1.6552E-00 1.8196E-03 1.6520E-03 1.6205E-03 1.3528E-03 1.1415E-04

026 00000 0.0000 00000 00000 00000 00000 20547E-05 6.1B6SE-D4 1.B104E-03 1.9428E-03
21552603 22122603 1.7374E-03 B3101E-04 11073603 1.7100E03 1.4223E-00 1.6346E-00 5.9358€-04 6.6207E-L5
3.0364E-04 1.38B1E-03 9.3503E-04 4.01B1E-04 4.6802E-04 3.1962E-05 2.8994E-04 B.5G13E-04 2.53G4E3 2.2693E-03
2.5775E-03 1.5205E-03 1.6164E-03 1.5858E-03 1.5205E-03 6.3524E-05

027 00000 00000 0.0000 00000 00000 00000 BOSISE-04 17163800 1.4062EL0 1.1529E03
16506600 1.5365E-03 1.3401E-03 1.2945E-03 1.3356E-03 1.4954E-03 1.5639E-03 1.7648E(D 1.2785C-03 4.4062E-04
1.7328600 1.3744E-03 7.6481E-04 6871BE-04 7.1458E-04 2.5524E-03 2.5478E-00 3.2821E(D 3.7670E-03 2.B857E3
21940603 14817E-03 2.3172E-03 2684BE-03 3.3058E03 2.4200E-04

028 00000 00000 00000 00000 00000 13241E-04 1.6TQE0Y 1.633ZE-03 1.3812E-03 4.3605E-04
5.5020E.04 1.0296E-03 9.8854E-04 1.3219E-03 1.4520E-03 1.6392E-00 1.7533E-03 1.7259€-03 7.0316E-04 1.9086E-03
1.9885E-00 1.0547TE-03 7.2371E-04 6.1865E-04 1.8310E-03 3.332E-00 S.1641E00 3.9016E-03 3.394E-03 1.0365E-03
101590 1 6MTEDI 1 TBOTE-US 2146003 2 5204E-03 BA4TIEOS

029 00000 O0.0000 0.0000 0.0000 00000 1.0707E-03 18771ELD 1.5616E03 1.7077E-03 1.2949€-03
9.2733E 04 B53IBAEO4 10388E-03 1.1803E-03 1.3267E-03 1.7O1E03 1.7716E-03 1.3447E-03 G.5750C-04 1.9085E-03
21D04E-03 1.1278E-00 1.2693E-03 56847E-O4 93146504 1365803 4.8011E03 2.3606E-03 1.71CE-03 1.4200E-03
1.4352E-03 1.4908BE-03 2 3172E-03 3.1209E-03 2.6780E-03 7.0773E-05

030 00000 00000 0.0000 00000 2BS94E-04 1.9931E-03 2.01B2E-L3 1299003 1.2488E-03 1.0068£-03
96114E04 7.830TE-04 1.0091E-03 1.3721E-03 1.4954E-03 1.6255E8-00 1.7739E-03 1.52736(0 1.1620E€-03 1.00HEDI
32190604 1,BOIGE-O4 1.9246E-03 3 1094E-03 2.6095E03 4.6847E03 4.01356-03 28766500 1.2945E-03 2.1643E-03
14292803 2.1437E-00 24839603 25022E-03 1.0022E03 9.1320€ 05

031 00000 00000 00000 00000 1493103 1,9953E-00 1.7168E-03 B7438E-04 7.2143E-04 1.4255E-03
1.0159€03 Q.1T77E-O4 1 1324E-U03 1.4200E-03 1.4794E-03 1.B415E-00 1.46B0E-03 1.6141E-03 1.4053E-03 B.90ITE-DS
0.0000  1.3401E-03 3.3514E00 7.5134E-03 7.6389E-03 B.O773E-03 3.B811E-0Q 2.7BS3E-03 24862E-03 2.4839E-03
22991E-03 24976E-03 2.0889E-03 2.0256E-03 9.7712E-(4 B.6754E-05

032 00000 00000 00000 00000 1.8903E-L3 1.6734EL03 93146E-04 6.7577E-D4 8.1047E-04 1.4027E-03
B.S613E-04 1.1255E-03 1.0707E-03 1.0B44E-03 1.3949E-03 1.4383E-00 1.3515E03 1.6346E-D3 1.7054E-03 4.2692E-04
5.7075E-04 1.7670E-03 52532603 $3900E-03 8.7074E03 7.6275E-03 6.903BE-03 57372603 34450E-03 2.9108E-03
248B5E-03 2.7258E-00 21185E-03 1.7990E-03 1.1141E-03 9.35DELS

033 00000 00000 00000 21004E-04 2.2957EL3 1.8675E-03 2.6114E-04 6.0500E-04 7 4882E-04 1.0091E-03
6.8033E-04 1.0388E-03 62783E-04 1.022BE-03 23375E-04 6.1541E04 BOB1BE-D4 1.7077E-03 1.9611E-03 1.6072E-03
2.6539€-04 7.7850E-04 5.3148E-03 B3I53SE03 B.7439E-03 9.3308E-00 2.1257E-03 7.H264E03 4.9724E-03 4.0135E-(3
3.2633E03 2.3835E-00 2,1437E-03 2216BE-03 1.6854E-03 1.3470E-04

034 00000 00000 00000  1B264E-05 1.9542E03 20250603 1.6757E-03 7.1915E-04 22145E-04 S.7028E-04
7.37T41E04 1.1164E-03 B3330E-04 77622E04 6.3696E-D4 B6297E-04 SDM07E-O4 16689E€-03 1.9565E-00 B.5JB4E-(4
6.9175€-04 2.3971E-04 4.8080E-03 7.71B8E-03 8.371BE-03 BOG31E-0 B.7509E-03 6.2440E-03 4.9176E-03 3.7454E-03
3927TED3 2.320TE0D 2. 0647E03 1.9520E-03 1.4817E-03 B.ETS4ELS

035 00000 00000 00000 2.8081E-04 2.0273E-03 2.1780E-03 21072E03 1.5684E-03 3.4245E-04 5.3154E-04
TESIED4 1.1232E-00 BS3IBAED4 9.5886E-04 QASISE-O4 10858500 16734E03 1.T602E-03 1.9060E-03 21186803
5.2416E04 2.6072E03 2.0581E-03 7.8147E-03 B.3444E-03 B47YIEL3 7.S471E-L3 76914E-00 5.7623E-03 4.3514E03
32373803 1.4857E-00 1.9383E03 1.5502E03 1.6186E-03 4.7943E-D5

036 00000 00000 00000 9.3375E-04 2.0319E-03 2.06156-03 2.0S01E-03 1.6095E-00 12123E03 B.1275E-04
5.TCT5E-04 1.0158E-03 1.11B7E-03 BO133E-04 7.4426E-04 1.2990E-03 16587603 1.7693E-03 1.8081E-03 2.0835E-03
2.06386-03 1.B104E-03 2.6232E-03 7.6500E-03 B.2576E-03 B.26Z2E-03 7.1823E(3 7.6092E-03 6.4129E-03 4.2943E-03
3.0341E-03 22122600 2 2GATE-03 2.0205E-03 1 821BE-0D §.3%4E-05

037 00000 00000 00000 S56162E-04 1.5250E-03 1.9588E-03 2.0337E-03 21392600 1.9520E-3 1.7899E-03
1.6849E 03 9.2005E-04 9.2462E-04 B6664E-04 9.1777E-04 1.2263E-03 1.5273E-03 1.7168E-03 1.732BE-L3 1.7944E-03
1.9542E-03 1.3104E-03 2 B459E-03 B1583E-03 B.2736E-03 7.7622E-03 7.2805E-03 6.8814E-03 5.1938E-03 2.8378E-03
AB080ED3 35912800 2 5821E-03 1.837BELD 1.3378E-03 1.3698E-04

038 00000 GODOO0  0.0000 00000  1.0502E-04 1.4712E-03 1 5383603 2.0227E-03 2.0090E-03 1.B447E-1D
1.72B2E-03 1.4885E£-03 7.1001E-04 5.2509E-04 6.6207TE-04 55618E-04 B ES26E.D4 1.0456E-03 9.9995E-04 1.7716E-03
1.5881E-03 0.1548E-04 54335E-03 7.5659E-03 7.8581E-03 7.7668E-03 8 2307E.03 6.9791E-03 4.4153E-03 3.2921E-03
24360603 11575603 1.5753E-03 1.7100E-03 1.1590E-03 6.B4%0E-05

039 00000 00000 00000 00000 00000 00000 7EOTE-D4 1.9132E-03 Z0068E-03 2.0155E03

1.5743E-03 1.BS38E-00 1.B332E-03 9.4745E-04 6.0956E-04
B.5613E-04 4.7030E-04 5.6070E-0] 6.9061E-03 6.9426E-03
1.8538E03 2.5296E-00 2.5844E-03 2.3218E-03 6.5979E-04
040 00000 00000 00000 Q0000 0.0000  0.0000
2.0584E-03 2 06G1E03 1 9265ELD 1.7IT4E0Y 1.0182E.03
TA1985 04 10433608 4.2007E) 56118603 6 5956E-03
18173603 2.1525E-03 1.6506E-03 1.7465E-03 1.2054E-03
041 00000 00000 00000 00000 0.0000 0.0000
2.0593E-03 2038TE-03 1.9976E-03 1.9999E-03 2.0456E-03
1.2739E-03 1.3104E00 2 B8538E-03 4.5600E.03 5.0705E-03
5.2052E04 1.0479E03 1. T4ZSE() 1B675E-03 6.3924E-04
042 00000 00000 00000 00000  0.0000  0.0000
1.6232E-03 1.9109E-03 15816603 20615803 2.1026€-03
14552E-03 94973E-04 53902E(00 7 HS81E.03 6.B695E.03
1.2716E-03 1. 7853E-03 1B538E(3 1.7511E-03 2.9907E.O4
043 00000 00000 00000 00000 00000 0.0000

5.1139E-04 6.5065E-04 BABOSEQ4 1.0936E-03 1.2714E-03
B.OISTE-LD 7.0695E-03 57920E-03 3.1277EL3 2. 4337E-03
6.3924E-05

00000  76%37E-04 1.9154E(3 2.0090E-03
1.3515E-00 7.7622E-04 46117E-D4 3.9406E 04 7386304
§.1252E-03 7.4289E-03 4.5820E-03 1.9908E-03 1.4908E-03
1.1415E-05

00000  0.0000 6.2098E-04 1.8035E-03
1.9702E-00 20433603 107FO7E-U3 2 1505E-04 2.2145E-04
B.2416E-03 6.0477E-03 1.5182E-03 22647E-03 1.0707E-03
0.0000

00000 00000 0000 7.5339€-05
2.4542E-03 34336E-03 26414E-03 B.9CITE-O4 1.6118E-03
5.B787E-03 3.7965E-03 1.B1TIELI 22013E-03 2130060
0.0000

00000 00060 00000  D.0000
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29222E04 1.4223E-03 1.8264E-03 2 0205E-03 21803E-03 2 3264E-00 2.3720E-03 2.2214E-03 1.87668E-03 1.8935E-03
161B5E-03 2.0273E-00 2. M172E-00 3 B628F-03 2 93I7ELD J0G6TE-LQ 26528500 25045603 2.207TE-D3 2 4154E-03
2.0410E-03 1.9177E-03 1.8081E-03 1 3652E-03 2 9675E.04 0.0000

044 00000 0.0000 00000 00000 00000 00000 00000 00000 00000  0.0000
Q0000 0.0000 7.3513E-04 172B2ELQ 2.0798E-03 2.1643E-03 1.923TE-0 17579E03 1.37B9E-03 1.8150E.03
21163E-03 1 9223E03 20250603 2 4793E-03 2(0R05E-03 2.2762E03 2.0581E-03 1.6589E-03 24T43E.0) 1BS51E.()
2.0155E-03 1.8652E-03 1.7693E-03 1.0616E-03 66207E-05 0.0000

045 00000 00000 0OCOD 00000 OO0 00000 00000 00000 00000  0.0000
0.0000 00000 S8130E-04 B1503E-04 7.5567E-04 2.0593E-03 1.9831E-03 24072E-00 21985603 2.0935E-03
2 9268E-03 1.9428F-03 2 1183E-03 2 3081E-03 1 990BE-U03 2. 06B4E-03 2 2309E-03 1.7579E-03 2.3900E-03 1 BOCQE-O3
1.5835E-03 1.7419E-03 1.3219E-03 2.8765E-04 00000  0.0000

045 0DOCOD 00000 00000 00000 00000  DO00O0 00000 00000 00000 0.0000
00000 00000 00000  DO0DO)  1.8264E05 IGOIYELA GA3DIE-Q4 94926E-D4 1 TTIGEHI 2 0T52ED
2.TA4ZED3 2 1346E-03 19088503 2 0SS4E-03 46940803 1.8584E-03 2 0570E-03 1 9245E-03 1.7944E00 1 BE26E-00
1.6095E-03 B 1S03E-D4 34245E-05 00000 00000  0.0000

047 00000 000D0 00000 00000 00000 00000 00000 00000 00000  0.0000
00000 00000 00000 00000 00000 00000 00000 0.0000 2.5113E-05 3.9039E-04
1.223TE-03 1.9999E-03 1.8766E-03 1.9908E-03 ZOPS0E-03 1.9132E03 1.2876E-03 3.1505E-04 3.5843E-04 1.7123E-04
1.5068E-04 0.0000 0.0000 00000 00000 0.0000

048 00000 00000 00000 00000 00000 00000 00000 00000 00000 0.0000
00000 00000 00000 00000 00000 00000 00000 00000 00000 0.0009
SATIE-OS BE343E-04 14TTIELD 1OSB1E0DD $0635E04 1894504 00000 00000  0.0000  0.0000
00000 00000 00000 00000 00000 00000

049 000OOO 00000 00000 00000 00000 00000 00000  0.0000 Q0000 00000
00000 00000 00000 00000 00000 00000 00000 0.0000 00000  0.0000
00000 00000 00000 00000 00000 00000 Q0000  0.0000 0.0000  0.0000

05) OOOCO 00000 00000 00000 00000 00000 00000 00000 00000 00000
0.0000 00000 00000 00000 00000 00000 00000 00000 0.0000 0.0000
0.0000 00000 00000 00000 00000 O0OO0 00000 00000 00000 0.0000

0
154 RIVER REACHES
0 LAYER ROW COL STAGE CONDUCTANCE BOTTOM ELEVATION RIVER REACH

1 2 13 0.0000 0.4000E +0% -10.00 1

1 2 14 0.0000 0.4000E+09 -10.00 2

1 2 15 0.0000 0.4000E+03 -10.00 3

1 2 16 0.0000 0.4000€+09 -10.00 4

1 2 17 0.0000 0.4000E+09 -10.00 5

1 3 17 0.0000 0.4000E+08 -10.00 ]

1 3 18 0.0000 0.4000E+05 -10.00 7

1 3 18 0.0000 0.4000E+05 -10.00 B

1 3 20 0.0000 0.4000E+05 -10.00 9

1 4 20 00000 0.4000E+05 -10.00 10
1 4 21 00000 0.4000E+05 -10.00 11

1 4 22 00000 0.4000E+08 -10.00 12
1 5 2 0.0000 0.4000E+05 -10.00 13
1 5 23 0.0000 0.4000E+05 -10.00 14
1 6 23 00000 0.4000E+05 -10.00 15
1 6 24 0.0000 0.4000E+05 -10.00 16
1 T 24 0.0000 Q. 40008 +05 -10.00 17
1 T 25 0.0000 0.4000E+05 -10.00 18
1 8 25 0.0000 0.4000E+05 -10.00 18
1 B 26 0.0000 0.4000E+05 -10.00 20
1 g8 26 0.0000 0.40C0E+05 ~10.00 21

1 8 27 0.0000 0. 4000E+05 -10.00 22
1 10 27 0.0000 0.4000E4+05 -10.00 23
1 11 27 0.0000 0.4000E+05 -10.00 24
1 11 28 0.0000 0.4000E+05 -10.00 25
1 12 28 0.0000 0.4000E+05 ~10.00 26
1 12 29 0.0000 0.4000E+05 -10.00 27
1 13 29 0.0000 0. 40008 +05 -10.00 28
1 13 30 0.0000 0.4000E+05 -10.00 29
1 14 30 0.0000 0.4000E+05 ~10.00 30
1 4 M 0.0000 0.4D00E +05 -10.00 3
1 5 M 0.0000 0.4000E+05 -10.00 a2
1 15 32 0.0000 0.4000E+05 ~10.00 <)
1 16 32 0.0000 0.4000E+05 -10.00 34
1 17 32 0.0000 0. 4000E+05 ~10.00 35
1 17 33 0.0000 0. 4000E+0S -10.00 36
1 18 33 0.0000 0.4000E +O5 +10.00 37
1 18 34 00000 0. 4000E+05 -10.00 38
1 19 34 0.0000 0.4000E+05 ~10.00 39
1 20 34 0.0000 0.4000E+05 -10.00 40
1 20 35 0.0000 0.4000E+05 -10.00 41
1 21 35 0.0000 0.4000E+05 -10.00 42
1 22 35 0.0000 0.4000E4+05 -10.00 43
1 23 35 0.0000 0 4000E+05 -10.00 44
1 24 35 DOO0O 0.4000E+05 -10.00 45
i 25 35 0.0000 0.4000E+05 -10.00 45
1 26 35 00000 0 A000E+HOS 10.00 47
1 7 35 00000 0.4000E +09 +10.00 48
1 28 35 0.0000 0 4000E+05 10,00 49
1 29 35 00000 0. 4000E+05 -10.00 50
1 M 35 00000 QAOODE+E -10.00 51
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-1000
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
~10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
~10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
“14.00
-14.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
~10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
~10.00
-10.00
~10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
~10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00
-10.00

NS850 2BLLEGRBRLY



22 11 0.0000 0 4000€+09 -10.00 139

1

1 19 11 0.0000 0.4000E +09 ~10.00 140
1 2 11 0.0000 0.4000£+09 «10.00 141
1 21 11 0.0000 0.4000E+09 -1000 142
1 14 12 0.0000 0.4000E+08 1000 143
1 15 12 0.0000 0.4000€+09 -10.00 144
1 16 12 0.0000 0.4000€+09 -10.00 145
1 17 12 0.0000 0.40C0E +08 -10.00 145
1 18 12 0,0000 0.4000£+08 -10.00 147
1 1% 12 0.0000 0 4000E+09 -10.00 148
1 12 11 00000 0.4000£+09 -10.00 149
1 13 11 0.0000 0.4000E+09 -10.00 150
1 14 11 00000 0.4D000E£+09 -10.00 151
1 5 10 0.0000 0.4000E+09 -10.00 152
1 & 10 0.0000 0.4000E+09 -10.00 153
1 T 10 0.0000 0.4000£+09 -10.00 154
1 8 10 0.0000 0.4000E+09 +10.00 155
1 9 10 0.0000 0.40C0E+09 -10.00 156
1 10 10 0.0000 0.4000€+09 -10.00 157
1 1" 10 0.0000 0.4000E+09 -10.00 158
1 12 10 0.0000 0.4000E+0% -10.00 159
1 4 11 0.0000 0A4000E+09 -10.00 160
1 5 11 0.0000 0.4000E+09 -10.00 161

1 3 12 0.0000 0.4000E+03 -10.00 162

1 4 12 0.0000 0. 4000E+09 -10.00 163

1 3 13 0.0000 0.4000E+08 -10.00 184

OAVERAGE SEED = 0.0007887!
MINIEUI SEED = 0.00000019
0
5 ITERATION PARAMETERS CALCULATED FROM AVERAGE SEED:

0.0000000E+00 0.8324129E+00 0.97T19146E+00 0.9852933E+00 0.9992112E+00
0
1 ITERATIONS FOR TIME STEP 1IN STRESS PERIOD 1
OMAXIMUM HEAD CHANGE FOR EACH TTERATION:
0 HEAD CHANGE LAYERROW,COL HEAD CHANGE LAYERROW.COL HEAD CHANGE LAYER,ROW.COL HEAD CHANGE LAYERROW,COL HEAD CHANGE
LAYER,ROW.COL

0.8505E.03 { 1, 38, 20)
0
OHEADDRAWDOWN PRINTOUT FLAG =1 TOTAL BUOGET PRINTOUT FLAG =0 CELL-BY-CELL FLOW TERM FLAG = 1
QOUTPUT FLAGS FOR ALL LAYERS ARE THE SAME:
HEAD DRAWDOWH HEAD DRAWDOWN
PRINTOUT PRINTGUT SAVE SAVE

1 0 1 1

0 DRARIS PERICD 1 STEP 1 DRAIN 1 LAYER 1 ROW 32 COL 25 RATE -34925.88

0 DRAINS PERIOD 1 STEP 1 DRAIN 3 LAYER 1 ROW 33 COL 24 RATE -8611.835

0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 1 LAYER 1 ROW 2 COL 13 RATE -92.72423
0 RIVERLEAKAGE PERIOO 1 STEP 1 REACH 2 LAYER 1 ROW 2 COL 14 RATE -28043.22
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 3 LAYER 1 ROW 2 COL 15 RATE 4118027
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 4 LAYER 1 ROW 2 COL 16§ RATE -38509.682
0 RIVERLEAXAGE PERIOD 1 STEP 1 REACH 5 LAYER 1 ROW 2 COL 17 RATE -207.8317
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 6 LAYER 1 ROW 3 COL 17 RATE 2600176
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 7 LAYER 1 ROW 3 COL 18 RATE -10177.65
0 RIVER LEAKAGE PERIOO 1 STEP 1 REACH 8 LAYER 1 ROW 3 COL 19 RATE -15249.96
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 9 LAYER 1 ROW 3 COL 20 RATE -17428.94
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 10 LAYER 1 ROW 4 COL 20 RATE 214647
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 11 LAYER 1 ROW 4 COL 21 RATE -23593.85
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 12 LAYER 1 ROW 4 COL 22 RATE -24182.16
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 13 LAYER 1 ROW 5 COL 22 RATE 2718464
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 14 LAYER 1 ROW 5§ COL 23 RATE -27640.89
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 15 LAYER 1 ROW 6 COL 23 RATE -2005513
0 RIVEREEAKAGE PERIOD 1 STEP 1 REACH 16 LAYER 1 ROW & COL 24 RATE 3092957
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 17 LAYER 1 ROW 7 COL 24 RATE 3408605
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 18 LAYER 1 ROW 7 COL 256 RATE 2374184
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 19 LAYER 1 ROW 8 COL 25 RATE -36700.64
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 20 LAYER 1 ROW B8 COL 26 RATE -3598803
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 21 LAYER 1 ROW 9 COL 26 RATE -38758.43
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 22 LAYER 1 ROW 9 COL 27 RATE 3771882
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 23 LAYER 1 ROW 10 COL 27 RATE 4034724
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 24 LAYER 1 ROW 11 CDL 27 RATE 43758414
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 25 LAYER 1 ROW 11 COL 28 RATE 4r33i44
0 RIWWERLEAKAGE PERIOD 1 STEP 1 REACH 26 LAYER 1 ROW 12 COL 28 RATE 4510334
0 RIVERELEAKAGE PERIOD 1 STEP 1 REACH 27 LAYER 1 ROW 12 COL 23 RATE 4339745
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 28 LAYER 1 ROW 13 COL 29 RATE 4500822
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 22 LAYER 1 ROW 13 COL 30 RATE -44069.35
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 30 LAYER 1 ROW 14 COL 30 RATE +5537.84
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 31 LAYER 1 ROW 14 COL 31 RATE 44339505
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 32 LAYER 1 ROW 15 COL 31 RATE 48655824
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 33 LAYER 1 ROW 15 COL 32 RATE -44451.42
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 34 LAYER 1 ROW 18 COL 32 RATE 45638.89
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 35 LAYER 1 ROW 17 COL 32 RATE 4887162
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 28 LAYER 1 ROW 17 COL 33 RATE 4602978
0 RIVERLEAKAGE PERIOD 1 STEP 1 REACH 37 LAYER 1 ROW 18 COL 33 RATE 4764809
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 38 LAYER 1 ROW 18 COL 34 RATE 4484908
0 RIVER LEAKAGE PERIOD 1 STEP 1 REACH 38 LAYER 1 ROW 1% COL 34 RATE -45470.16
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RATE -47663.44
RATE -44438.71
RATE -45541.65
RATE 4620684
RATE 4572028
RATE -43350.37
RATE -37955.51
RATE -26269.85
RATE -@397777.6
RATE -J3742.77
RATE 5243918
RATE -54330.21
RATE .72783.05
RATE -T9207.48
RATE 8424019
RATE -87911.41
RATE -20268.85
RATE -91220.87
RATE -90626.80
RATE -B8657.13
RATE .B5458.98
RATE -B1297.85
RATE -76412.17
RATE -72014.78
RATE -74655.69
RATE -£7074.10
RATE -58312.1%
RATE -51680.56
RATE -50084.20
RATE -40469.55
RATE -34916.14
RATE -31521.41
RATE -31428.78
RATE -31272.26
RATE -12462.38
RATE -22985.18
RATE -26727.04
RATE -28006.04
RATE -2624512
RATE 2841668
RATE 5081554
RATE -11631.84
RATE -37540.80
RATE -42825.92
RATE -42128.72
RATE -124465.5
RATE -145.7339
RATE -39285.30
RATE -58.79745
RATE -27352.59
RATE -23073.21
RATE -31481.04
RATE -106740.0
RATE -122.0827
RATE 6606130
RATE 4965657
RATE -77153.77
RATE -31051.32
RATE -2846128

RATE -76115.72

RATE -7867.219
RATE -57.87478
RATE -11492.12
RATE -45488.40
RATE -1320776
RATE -1B0.8516
RATE -B5843.08
RATE -172.4791
RATE -95369.48
RATE -122.5735
RATE -T7453.72
RATE -57,72408
RATE -45364.21
RATE -32.92234
RATE -12474.78
RATE -20513.37
RATE 0.101411%
RATE -15.20828
RATE 5468.845
RATE -10433.90
RATE -9626.815
RATE -B5.40639
RATE -128.9424
RATE -G4573.14
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1 REACH 127 (AYER
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RIVER LEAKAGE PERIOD STEP 1 REACH 145 LAYER
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REACH 128 LAYER
REACH 129 LAYER
REACH 130 LAYER
REACH 131 LAYER
REACH 132 LAYER
REACH 133 LAYER
REACH 134 LAYER
REACH 135 LAYER
REACH 1356 LAYER
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RIVER LEAKAGE PERIOD 1 STEP 1 REACH 145 LAYER
RIVER LEAKAGE PERIOD 1 STEP 1 REACH 147 LAYER
RIVER LEAKAGE PERIOD 1 STEP 1 REACH 148 LAYER
RIVER LEAKAGE PERICD 1 STEP
RIVER LEAKAGE PERIOD 1 STEP
RIVER LEAKAGE PERIOD 1 STEP
RIVER LEAKAGE PERIOD 1 STEP
RIVER LEAKAGE PERIOD 1 STEP
RIVER LEAKAGE PERIOD 1 STEP
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RIVER LEAKAGE PERIOD 1 STEP
RIVER LEAKAGE PERIOD 1 STEP
RIVER LEAKAGE PERIOD 1 STEP 1 REACH 162 LAYER
RIVER LEAKAGE PERIOD 1 STEP 1 REACH 163 LAYER
RIVER LEAKAGE PERIOD 1 STEP 1 REACH 164 LAYER
HEAD IN LAYER 1 AT END OF TIME STEP 1IN STRESS PERIOD 1

REACH 149 LAYER
REACH 150 LAYER
REACH 151 LAYER
REACH 152 LAYER
REACH 153 LAYER
REACH 154 LAYER
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10 RATE -5238.204

13 RATE 5485545

1 2 3 4 5 6 7 8 9 10

" 12 13 14 15 16 17 18 19 20
21 22 23 24 25 25 27 28 29 30
N a2 33 34 as k3

00000 00000 00000 00000 00000 00000 00000 0OOCO
00000 0.0000 ©.0000 00000 0.0000 0.0000 00000 0.00C0

o2 OOOUJ Q0000  0.0000 00000 0.0000 00000 0.0000 0.0000

0.0000  0.0000
0.0000  0.0000
0.0000  0.0000

00000  0.0000

0.0000 0.0000  2.3181E-07 7.0108E-05 1.0295E-O4 9.6275E-05 7.4483E-Q07 00000 0.0000  0.0000

00000 Q0000 00000 00000 0.0000 0.0000 00000 0.0000
00000 00000 00000 00000 0.0000  0.0000

03 00000 00000 0O0000 00000 QOO0 00000 00000  0.0000

0.0000  0.0000

0.0000  0.0000

0.0000  3.4317E-07 1.6217E-04 7.0209€-02 0.1031 9.6448€-07 6,5004E-04 0.2544 03812  0.4357

0.0000  0.0000 0.0000 00000 0.0000 0.0000 0.0000 0.00C0
00000 0.0000 0.0000 00000 0.0000  0.0000

(=]
-~
o

©,0000 0.0000 00000 00000 0.0000 00000  0.0000

0.0000  0.0000

00000  0.0000

3.3274E-07 1.8169E-04 D.2588E-02 01742 0.2313 0265 02916 04010 04871 05337

05898 06045 00000 00000 0.0000 0.0000 00000 0.0000
00000 0000 0.0000 00000 0.0000  0.0000

¢ 5 Q0000 00000 00000 00000 0.0000 0.0000 00000 0.0000

0.0000  0.0000

0.0000  2.1403E-07

1.5168E04 B.9400E-02 0.1907 02852 03623 04232 04789 05512 05142 06580

06864 05795 06910 00000 0.0000 0.0000 00000 0.00CO
0.0000 00000 0.0000 0.0000 0.0000  0.0000

06 00000 00000 00000 0QODOO0 Q0000 00000 0.0G00  0.0000

0.0000  0.0000

0.0000  6.2780E-05

B.2674E-02 0.1615 02766 03542 04892 05651 06304 06328 07445 07BID

0B0CE 07968 07714 O7TR 00000 00000  QOO00D  0.0000
00000 00003 00000 00000 00000 0.0000

07 00000 00000 00000 0.0000 00000 0.0000 0.0000 0.0000

0.0000  0.0000

00000  89535E.05

B9719€-02 0.2062 034089 05058 06151 06987 Q7682 08276 08743 0.9056

09204  0.8161 0.8830 08522 08435 0.0000 0.0000 0.0000
0.0000 0.0000 ©0.0000 00000 0.0000 ©.0000

[=]

1.042 1.035 1012 0920 0975 08997 00000  0.0000
00000 00000 0.0000 00000 00000  0.0000

09 00000 QO000 (0O0000 00000 OO000 00000 00000  0.0000

1.8729E.02 1512 2001 1546 0.8785  0.8555 1.025 1.086
1.182 1.152 1.128 1.089 1.035 0.9690 05430 0.0000
000C0 00000 0.0000 0.0000 00000  0.0000

010 00000 00000 0.0000 00000 00000 00000 QO0D00. 0.0000

1.I107EQ2 1485 221.9 217.% 144.6 1.074 1144 1.210
1.280 1.268 1.243 1202 1.148 1.082 1008 00000
00000 00000 00000 00000 00000 Q0000

8 00000 00000 00000 OOGOO 00000 0.0000 0.0000 00000
1.5523E-02 1118 1248 056528 07485 0B300 08998 09583

00000  0.0000

0.0000  1.5585E-05
1.003 1.031
0.0000  ©0.0000

0.0000  1.87028-05
1.132 1.155
0.0000  0.0000

00000  13096E-05
1.258 1278

0.0000  0.0000

011 00000 00000 00000 OO0 0.0000 0.0000 0.0000 00000 00000 B.5463E-D6

026



BSS86E03 1094 1781 1927 190.4 1370 1.260 1.331 1377 1.396
1.394 1.379 1.353 1.312 1.258 1.187 1.094 1058 00000  0.0000
0.0000 00000 00000 Q0000 OO000 00000
012 00000 00000 ©ODO0 00000 00000 00000 00000 0000 00000 1.1548E-07
1.0745E-04 98929EQ2 02101 02952 148.1 198.% 1840 1.455 1486 1.50%
1505 1.487 1.480 1.420 1.266 1.300 1219 1128 1085  0.0000
00000 00000 00000 00000 00000 0.0000
013 00000 ©O0000 00000 00000 Q0000 00000 00000 00000 Q0000 DD00D
7.3522E-05 7.4030E-02 01958 O0M56 04178 1723 2550 2353 1.587 1.607
1.609 1.589 1.561 1522 1471 1.410 1.3% 1250 1.150 1.102
00000 00000 0O0000 0.0000 Q0000 0.0000
014 00000 ©O0000 0O000 00000 00000 00000 ©O0OD0 00003 OO0003 Q00300
32287E-07 24950E-D4 01763 03289 04593 0.5778 2243 324 6 217.3 1718
1.708 1.684 1.653 1617 1.573 1.515 1.446 1366 1270 1163
1110 00000 00000 00000 00000  0.0000
D15 00000 Q0000 00000 00000 Q0000 00000 Q0003 04000 Q000G D.0000
0.0000 1.7151E04 Q16 03405 04503 046224 07455 257 2686 1.793
1.790 1.7 1.742 1.710 1.669 1615 1.850 1.474 1.382 1.278
1.167 1111 00000 00000 00000  0.0000
016 00000 00000 00000 0.0000 00003 00000 Q0003 000OG 00000  0.0000
00000 1.7374E-04 0.1738 03497 05160 06508 0.7588 =LY ) 383.3 206.6
1.850 1.854 1.834 1.801 1.762 1.710 1.647 1.571 1.481 1.380
1.272 1166 00000 00000 OGO0000  0.0000
017 00000 00000 00000 0.0000 00000 Q.0000 Q0000 00000 00000  0.0000
0.0000 2.0458E-04 02047 03957 05479 06804 07863 3545 4401 308.9
1738 1.957 1,903 1.854 1.862 1.7%8 1.735 1.65% 1.568 1.470
1.356 1222 1451 00000 00000  0.0000
018 00000 00000 00000 00000 00000 00000 00000 00000 0.0000  0.0000
0.0000 2.1822E-04 0.2182 04157 05755 07088 08153 4125 472.5 3693
2521 2026 2017 1.963 1.937 1.880 1.818 1.738 1.650 1.553
1.442 1.318 1.191 1121 00000  0.0000
019 00000 00000 00000 00000 00000 00000 00000 00000 00000 0.0000
51780E-07 3.B427E-04 0.2507 04513 06095 07384 053 418.6 491.5 4177
3399 246.4 2,108 2071 2.020 1.963 1.896 1813 1725 1.629
1522 1.402 1.278 1162 00000  0.0000 .
020 00000 00000 00000 00000 0.0000 00000 Q0000 00000 0.0000  0.0000
1.3457EO4 Q1347 03276 05060 06517 07681 Q8568 41039 500.6 4576
376.6 287.7 2,191 2182 2104 2,044 1,972 1.880 1.78% 1.702
1.582 1470 1.338 1.162 1111 0.0000
021 00000 00000 00000 Q0000 00000 Q0000 Q0000 00000 00000 0.0000
2.1068E-04 D.2107 04069 05724 07030 08070 0.B364 3546 5092 488.0
3924 27118 2.266 2.230 2180 2119 2.050 1.966 1871 1.769
1.654 1.529 1383 1.267 1.13%  0.0000
02 00000 00000 00000 Q0000 00000 00000 00000 Q0000 00000  6.7832EL7
4.092TE-04 0.3008 045980 05490 07669 08535 0.5288 3359 448.4 4376
376.0 270.7 2337 2297 2253 2190 2120 2007 1.941 1.834
1.714 1579 1.433 1.288 14585 00000
023 00000 00000 OO00D0 00000 00000 00000 00000 00000 5.8845E-07 271MED4
01097 04514 06120 07366 08403 05210 09804 251.9 3679 4011
380.1 290.2 2391 2354 2311 2257 2,195 2118 2019 1.905
1.774 1.622 1.455 1.291 1143 00000
024 00000 GO000 Q0000 Q0000 00000 Q0000 Q0000  S2UI1ELT I1662E-04 0.1673
0.3281 0.5468 06979 08214 09223 1.000 1,054 234 356.3 4169
430.2 3896 2107 2398 2368 2329 2219 2209 2113 1.988
1,840 1.661 1.463 1.261 1.084  0.0000
025 00000 00000 00000 Q0000 00003 00000 S5451E0T 31185E-04 01575 03184
04802 06471 07888 09901 1.011 1.091 1.148 2582 952 4753
511.2 5056 434.1 267.1 2429 2412 2383 Fkrig 2235 2095
1.918 1.703 1,454 1187  0.9488  0.0000
026 00000 00000 00000 00000 22019507 11040804 2438TEL4 01556  0.23068  0.4561
06058 07524 Q8845 1.001 1.104 1.190 1256 A 469.7 5602
617.0 6323 5813 4707 M9 2.504 2.500 2468 23717 2223
2.017 1.759 1.447 1.068 06567 0.0000
027 00000 00000 Q0000 00000 11022E-04 01104 04862 03088 04380 0579
07133 0BT 09786 1.087 1.202 1293 1.366 373.1 550.7 661.0
738.0 755.3 7214 546.7 316 3648 2644 2658 2.568 2378
2,144 1.855 1491 09660  24544E-03 0.0000
028 0.0000 00000 00000 J22IGELT 161STELM 02520 03281 04346 05518 06755
0.B0S9  0.9405 1.070 1.192 1.303 1.400 1.481 415.4 616.5 760.5
B438 859.1 855.5 801.7 712.3 5715 354.9 2931 2.780 2.560
2.302 2.011 1.673 1273 08436 00000
029 0.0000 00000 00000 1.6143E04 0.1612 03151 04244 05301 06442 07650
0.8527 1.025 1.158 12685 1.402 1.506 1.595 454 1 677.9 836.4
9329 978.5 9391.0 948.2 8438 6569 ar4o 3265 3.039 2767
2434 2196 1.897 1,589 132 00000
030 0.0000 00000 2535310 21602EL7 03319 04116 05033 06018 07126 08339
0.9643 1104 1.241 1.376 1.500 1.612 1.710 506.9 7417 8960
1001, 1079, 1134, 1116. 9935 738.2 4255 3748 3.226 2971
2658 2378 2106 1.843 1608  0.0000 .
031 0.0000 0.0000 3I.B01E-08 2.1960E-05 04195 04760 0.5552 06481 07580 08835
1.020 1.166 1.320 1.464 1.585 1.714 1.824 5866 808.1 9536
1078. 1191, 1273 1287, 1155, 859.2 4.528 4114 3533 311
2786 2.531 2283 2,042 1820 0.0000
032 00000 00000 16175E-05 16197EL2 1378 1719 1737 170.0 184.8 2176
2628 3481 476.5 5291 549.5 565.2 6083 T494 BT1.6 1014,
1154, 1287. 1392 1406. 1240, 9492 5.000 4620 183.5 158.8
2821 2652 2431 2201 1580 00000

027



033 00000 Q0000 26085E056 26122ED7 1330 250.7 250.3 2437 259.7 3043
3681 4768 476.7 9.1 8398 409 Bd2.2 8439 8458 1048
1208, 1356, 1476 1508 1404, 1095 5578 3348 2694 1929
2.982 2.796 2.567 2333 2108  0.0000
03 00000 00000  2.4067E-05 2.4064E-02 1920 2603 2694 2528 2548 304 9
759 4766 4768 6285 7589 7581 759.2 B43 7 B47.0 1058.
1251 1421, 1531, 1601, 1534, 19 8911 4707 4.039 TR
3273 2,960 2.687 2434 2198 0.0000
035 00000  B.2XGE-D8 §12083E-05 2.01B4E-02 1461 2004 2110 196.7 182.3 2191
27 476.5 4768 628.2 758.8 7590 759.2 7594 848.2 1035.
12B0. 1523 1523, 16657 1641, 1453 1047, 4854 4187 A.794
33s8 3059 2.765 2.50¢ 2257 0.0000
036 0.0000 J11B87E-D5 I 1279E-02 01243 02515 03926 05439 07039 0.8730 1.049
1.244 1478 6213 827.9 7586 758.8 7591 7583 8492 850.1
1256 1492, 1628, 1743, 1729, 1552, 1172, 4722 €244 3815
2433 3.096 2798 2528 2281  0.0000
037 00000  14431E07 11341E-04 B2574ED2 0.1994 03365 04882 06544 08315  0.9944
1157 2739 5510 %77 758.2 7586 758.0 755 4 217 1020.
1284, 1504, 1680, 1805, 1804. 1674, 1390, B88.9 4179 3745
3.392 A.072 2.780 2512 2266  0.0000
038 00000 00000 J0S43E-07 1.9352£-04 0.1118 02483 03974 05724 07849 09207
189.5 2188 433.1 545.8 7579 7583 7588 927.3 9278 9264
1272 1514, 1718, 1838. 1353 1761, 1550. 1199 7058 3.566
3.280 2.506 2712 2456 226 0.0000
0239 00000 0.0000 00000  4.3120E-07 2.3842E-04 01275 02633 04325 .47 170.0
242.9 273.0 2358 1.8682 6.649 6,831 926.1 v 278 q26.4
1276, 1515, 1723, 1841. 1868, 1807, 1629, 1328. 8856 3510
3151 2.868 2609 2368 2136  0.0000
040 00000 00000 00000 0.0000  4.5213ELH7 21461E-04 B.7904E-0Q B62I7E-02 0.1359 1682
Hs2 174.2 1.601 1.751 EMT 6667 6838 8547 928.0 1050
1311, 1514, 1696, 1810 1845. 1803, 1643, 1374, 1015, 550.5
2.928 27 2465 2241 2032 0.0000
041 Q0000 00000 00000 GO0000 Q0000  AISELDT 1.1625E-(4 26796E0Z 1.9656E-02 1172
131.8 1.140 1.381 4846 5625 3425 666.0 B436 561.6 1139,
1320, 1481 1647, 1751, 1781, 1744, 1595. 1352 1063, 680.8
2.821 2523 2291 2.082 1910 0.0000
042 00000 00000 00000 00000 00000  0.0000  1.4469E-07 2B730E-05 1.9558E-05 1.444BE-02
0.5255 Q8427 2.201 4.046 155.9 36514 649.8 8406 984.1 1139,
1292 1438, 1586, 1678. 1689, 1633, 1497, 1288, 1065. 7749
404.9 2.268 2.076 1.867 1.800  0.0000
043 00000 0O000C 000G Q0000 00000 00000 00000 00000  2.0954E-07 1.9029E.04
0.1766 1.444 2335 4931  0.8888 1.054 536.5 7588 932.2 1063,
1222, 1349, 14538, 1524, 1523, 1471, 1361, 1204, 1012, 7730
4586.4 2427 1.859 16877 0.0000 0000
044 00000 00000 00000 00000 00000 00000 00000 O0O0OC 0O0OGC  9.0002EO7
TAA53E-04 05372 0AMEB 04470 06783 03085 430.6 646.9 B11.6 957.8
1107. 1216. 1290, 1341, 1331, 1280. 1187. 1055, 898.7 699.2
4832 2341 1529 1458 00000  0.0000
045 00000 0O000G Q0000 00000 00000 00000 00000 00000 00000 0.0000
1.6574E-04 0.1655 01241 01932 7.73MBE-03 0.2175 2871 448.1 580.3 7831
9426 1043, 1108. 1133, 1108, 1047, 9640 850.1 708.8 510.0
3504 19714 1.252 1292 0.0000  (.0000
G456 00000 00000 COOCO 00000 00000 GOOCO 00000 DOGOG Q0000 D.0000
33023607 16515E-04 12414E-04 1 928BE-04 7 762BE-05 6.5025E-02 ST704E-02 7.8606E-02 0.1580 4818
706.6 B16.8 869.9 8772 825.6 7166 641.0 550.0 4057  0.9490
08482 08729 1012 00000 00000 Q0000
047 00000 (0000 00000 00000 00000 GOOOO 00000 00000 00000  0.0000
0.0000 0.0000 00000 00000 1.4699.07 6.9674E-05 57683E-05 7A7(3E-05 26GA5E-04 B.952TE-02
3867 5127 5555 545.5 4486 0795 07954 QT9S0 O7vER Q78SY
07818 07880 00000 Q0000 00000  0.0000
048 00000 Q0000 00000 CQO000 00000  CGOOCO Q0000 00000 DO000 0.0000
0.0000 0.0000 00000 00000 00000 00000 (0000 (0000 JB43IELD7 GBAMIEDS
2.89072E-02 9.3986E-02 0AF2 01082 (03116 (5746 06682 07002 07061 Q7105
0.0000 00000 00000 Q.0000 0.0000  0.0000
043 00000 0000 00000 00000 Q0000 00000 00000 00000 00000  0.0000
0.0000  0.0000 00000 DO0OG 00000 00000 GOOCO DO0GOG  QOOO0 1.2T04E-0F
2.9080E-05 93IAEREDNS 1.070GED4 1O532E-04 31116E-D4 00000 00000 00000  0.0000  0.0000
G0000 00000 00000 00000 00000  0.0000
050 00000 00000 00000 00000 00000 00000 00000 00000 00000  0.0000
00000 00000 0.0000 00000 Q0000 00000 0.0000 00000 00000  0.0000
00000  0.0000 00000 00000 00000 00000 0.0000 00000  OO0OO0  0.0000
00000  0.0000 0.0000 00000 Q0000  0.0000
CHEAD WILL BE SAVED ON UNIT 30 AT END OF TIME STEP 1, STRESS PERIOD 1
DORAWDOWN WILL BE SAVED ON UNIT 40 AT END OF TIME STEP 1, STRESS PERIOD 1
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D00

VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEP 1IN STRESS PERIOD 1
[Rac a3

CUMULATIVE VOLUMES

IN:

L3

STORAGE = (.00000

CONSTANT HEAD = 0.00000
WELLS = 0.00000
DRAINS = 0.00000

RECHARGE = 0.82316E+07

RIVER LEAKAGE = 0.00000

TOTAL iNc OB2346E+Q7
QUT:

STORAGE = 0.00000
CONSTANT HEAD =  0.00000
WELLS = Q.00000
DRAINSG # 43538,

RECHARGE = 0.00000

RIVER LEAKAGE = 0.81BB4E+07

TOTAL QUT =  0.82320E+07

IN-QUT = -338.50
PERCENT DISCREPANCY =

TIME SUMMARY AT END OF TIME STEP t iN STRESS PERIOD 1
DAYS YEARS

0.00

TIME STEP LENGTH

RATES FOR THIS TIME STEP

STORAGE = 0.00000

CONSTANT HEAD = 0.00000

WELLS ¢ 0.00000

DRAINS = 000000
RECHARGE = 082316E+07

RIVER LEAKAGE = 0.00000
TOTAL N = 0.B2316E+07

STORAGE = 0.00000
CONSTANT HEAD = 0.00000

RECHARGE = 0.00000
RIVER LEAKAGE = 0.81884E+07
TOTAL OUT = 0.823206+07

iIN-QUT = 338.50
PERCENT DISCREPANCY =

SECONDS MINUTES HOURS
B6400.0 1440.00 24.0000 1.00000 0.273785E-02
B5400.,0 1440.00 24,0000 1.00000 0.273785E-02
86400.0 1440.00 24.0000 1.00000 0.273785E-02

STRESS PERIOD TIME
TOTAL SIMULATION TIME

LI
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APPENDIX E



Appendix E-1. GIS Calculated Stress Period Recharge in cfd

by Rachargs, A i mifon ikl
Period 1 Period 2 Period 3 Pericd 4 Period 5 Period § Period 7 Period 8
‘42-'51 '52-'56 ‘57-'8/61 8fe2-164 '65-'69 ‘70-'83 '84-'90 B1-'84
Jan. 30.50 2079 26.40 53.91 36.04 3510 12.48 10.58
Feb. 11.18 9.86 5.19 3.15 16.64 14.10 15.52 10.19
Mar. 19.14 7.43 9.75 35.03 16.36 6.74 6.95 386
Apr. 17.51 202 2.00 16.96 20.49 8.00 12.19 072
May 226 124 6.38 11.83 9.07 1.82 272 2.38
Jun, 1.07 042 0.96 0.50 0.60 0.80 0.69 0.99
Jul. 1.64 1.44 0.80 2.9 2.84 1.00 145 1.31
Aug. 0.83 0.47 0.67 0.75 0.92 0.80 043 0.52
Sep. 1.50 1.80 1.77 0.78 g.22 1.14 1.97 4.73
4 Oct 1.85 257 239 10.54 6.12 283 6.37 7.09
’ Nov. 8.45 16.09 9.48 13.25 29.25 7.19 14.73 686
BDec. 13.72 25.03 12.88 11.67 2492 1667 22.53 8.95
Year 9.17 7.44 6.56 13.44 1429 8.02 a.17 4.86

Appendix E-2. GIS Calculated Stress Period Recharge in mgd

Jan. 228.02 155.41 197.42 403.04 269.44 262.46 93.31 %1
Feb. 83.60 7373 38.79 2354 124.43 105.43 16,03 78.31
Mar. 143.1 56.52 72.90 261.54 122.31 50.36 51.98 28.87
Apr. 130.92 16.14 14.56 126.85 153.20 59.83 81.18 5.39
May 16.93 9.27 47.73 88.47 67.78 1359 2036 17.63
Jun. a.01 3.16 4.16 3.76 450 6.00 5.19 7.41
Jul. 12.23 10.80 5.99 21.77 21.21 7.45 10.82 982
Aug. 6.21 4.29 502 5.62 6.92 5.96 320 4.67
Sep. 11.20 13.48 13.27 5.84 6148 8.49 14.71 35.39
Oct. 13.88 19.18 17.86 78.83 4574 21.18 47.60 53.01
Naov. 63.20 120.31 70.91 $9.08 21869 53.78 110.11 51.32
Dec. 102.59 187.15 96.33 87.29 186.29 12467 168 42 66.90
Year 68.33 55.62 49.03 100.50 106.83 £9.93 61.08 36.31
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Calculated values in feet for input into Lanai Grid in MODFLOW.

1
1

o
0

18 0.0002267(10E12.4)

0.0000E+00

0.0000E+00

0.0000E+00

0 '42.51

0.0000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+0D0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0D
0.0000E+00
0.0000E+00
0. 1690E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7620E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7740E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7650E+01
0.0000E+00
0.0000E+00
0.1200E+01
0.83B0E+01
0.0000E+00
0.0000E+00
0.3100E+00
0.8020E+01
0.0000E+00D
0.0000E+00
0.0000E+00
0.7770E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7130E+01
0.CO00E+D0
0.0000E+00
0.GO00E+D0
0.1083E+02
0.0000E+00D
0.G0C0E+00
0.0000E+0D
0.1226E+02
0.0000E+00
0.0000E+00
0.0000E+00
0.1396E+02
0.1200E+00
0.0000E+00
0.0000E+00
0.1592E+02
0.5480E+01
0.0000E+00
0.G000E+00
0.4240E+01
0.7900E+01
0.0000E+00
0.0000E+00
0.3560E+01
0.8250E+01
0.0000E+00
0.0000E+00D
0,3870E+01
0.8650E+01
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.C000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1800E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.2190E+01
0.3270E+01
0.0000E+00
0.0000E+D0
0.4840E+01
0.8730E+01
0.0000E+00
0.0000E+00
0.5960E+01
0.8380E+01
0.00G0E+0D
0.0000E+00
0.8130E+01
0.7560E+01
0.0000E+00
0.0000E+00
0.7250E+01
0.7220E+01
0.0000E+00
0.0000E+00
0.5130E+01
0.7920E+01
0.0000E+00
0.0000E+00
0.4530E+01
0.6000E+01
0.0000E+00
0.0000E+00
0.2000E-01

0.6910E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8450E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7000E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.6230E+01
0.3100E+00
0.0000E+00
0.0000E+00
0.2350E+01
0.4140E+01
0.0C00E+00
0.0000E+00
0.1593E+02
0.7656E+01
0.0000E+00
0.0000E+00
0.5820E+01
0,794 0E+01
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0D0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+QD
0.0000E+00
0.0000E+00
0.2230E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8290E+01
0.0000E+00
0.0C00E+00
0.0000E+00
0.8380E+01
0.3690E+01
0.0000E+00
0.0000E+00
0.8580E+01
0.8940E+01
0.0000E+00
0.0000E+00
0.8720E+01
0.8720E+01
0.0000E+00
0.0000E+00
0.9160E+01
0.7790E+01
0.0000E+00
0.0000E+00
0.9390E+01
0.8040E+01
0.0000E+00
0.0000E+00
0.8830E+01
0.7860E+01
0.0000E+00
0.0000E+00
0.7740E+01
0.8300E+01
0.0000E+00
0.C000E+00
0.4810E+01
0.8790E+01
0.0000E+00
0.0000E+00
0.1330E+01
0.26B0E+01
0.0000E+00
0.0000E+0D
0.3000E-01
0.7800E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1840E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.1365E+02
0.1420E+01
0.000CE+00
0.5800E+00
0.8200E+01
0.6650E+01
0.CA00E+00
0.2320E+01

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.146CE+01
0.000GE+00
0.0000E+00
0.0000E+00
0.7640E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8500E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8740E+0D1
0.4D00E-01
0.0000E+00
0.0000E+00
0.8830E+01
0.5190E+01
0.0000E+D0
0.0000E+00
0.8160E+01
0.7740E+01
0.0000E+00
0.0000E+00
0.9220E+01
0.7580E+01
0.0000E+00
0.0000E+00
0.9920E+01
0.75T0E+D1
0.0000E+00
0.0000E+00
0.9840E+01
0.737T0E+01
0.0000E+00
0.0000E+00
0.1016E+02
0.84B0E+01
0.0000E+00
0.0000E+00
0.1034E+02
0.8380E+01
0.0000E+00
0.C0DDE+00
0.1036E+02
0.5350E+01
0.000DE+00
0.0000E+00
0.6460E+01
0.3770E+01
0.0000E+00
0.0600E+00
D.8180E+01
0.2420E+01
0.0000E+00
0.0000E+00
0.8170E+01
0.207CE+01
0.0000E+00
0.0000E+00
0. 9680E+01
0.5800E+01
0.5700E+00
0.0000E+00
0.1018E+02

0.000GE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
G.1000E-01
0.0000E+00
0.0000E+00
0.0000E+00
0.8200E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8750E+01
0.0000E+00
0.0000E+00
0.DO00E+0D
0.8830E+01
0.0000E+00
0.0000E+00
0.0600E+G0
0.8740E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7950E+01
0.7000E+00
0.0000E+00
0.0000E+00
0.7630E+01
0.5170E£+01
0.0000E+00
0.0000E+00
0.7740E+01
0.6630E+01
0.0000E+00
0.0000E+00
0.7440E+01
0.6770E+01
0.0C00E+00
0.0000E+00Q
0.8650E+01
0.7510E+01
0.0000E+00
0.0000E+00
0.9550E+01
0.8670E+01
0.0000E+00
0.0000E+00
0.9780E+01
0.6310E+01
0.0CO0E+00
0.0000E+00
0.9770E+01
0.8050E+01
0.0000E+00
0.0000E+00
0.1012E+02
0.6870E+01
0.0000E+00
0.0000E+00
0.1105E+02
0.7820E+01
0.0000E+00
0.0000E+00
0.1051E+02
0.7650E+01
0.0000E+00
0.0000E+00
0.8800E+01
0.6110E+01
0.0000E+00
0.0000E+00
0.9200E+01

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+0D
0.0000E+00
0.7150E+01
0.0000E+00
0.0000E+00
0.00G0E+0D
0.8700E+01
0.00GOE+00
0.0000E+00
0.0000E+00
0.9170E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8290E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7220E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.76T0E+01
0.1180E+01
0.0000E+00
0.0000E+00
0.6540E+01
0.5800E+01
0.0000E+00
0.0000E+00
0.6260E+)1
0.6600E+01
0.0000E+00
0.0000E+00
0.G820E+01
0.8900E+01
0.0000E+00
0.0000E£+00
0.9700E+01
0.7250E+01
0.0000E£+00
0.0000E+00
0.1107E+02
0.7810E+01
0.0000E+00
0.0000£+00
0.1070E+02
0.6720E+01
0.0000E+00
0.0000£+00
0.1093E+02
0.6510E+01
0.0000E+00
0.0000E+00
0.1138E+02
0.7880E+01
0.0000E+00
0.0000E+00
0.1213E+02
0.6020E+01
0.0000E+00
0.0000E+00
0.1131E+02
0.1920E+01
0.0000E+00
0.0000E+00
0.1214E+02

0.0000E+00  0.00C0E+00
0.0000E+00 0 0000E+00
0.0000E+00  0.0000E+00

0.0000E+00 0.0000E+00
0.0000E+00  0.000GE+00
0.0000E+00 0 0000E+00

0.0000E+00 0.0000£4+00
0.4370E+01 02500E+01
0.0000E+00 0.0000E+00

0.0000E+00 0.G000E+00
0.8750E+01 0.8640E+01
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.8420E+01 0.7770E+01
0.0000E+00 0.0000E+00

0.0000E+00  0.0000E+00
0.7140E+01 0.7710E+01
0.0000E+D0  0.0000E+00

0.0000E+00 0.0003E+00
0.7220E+01 0.7390E+01
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.7660E+01 0.7580E+01
0.0000E+00 0.0000E+00

0.0000E+00  0.0000E+(X
0.6530E+01 0.73408+01
0.1040E+01 0.0000E+D)

0.0000E+00  0.0000E+00
0.4020E+01 0.9540E+01
0.3370E+01 0.0000E+00

0.GO00E+0D 0.0000E+00
0.2300E+01 0.1025E+02
0A9C0E+01 02500E+00

0.0000E+00 0.0000E+00
0.1395E+02 0.17T09E+02
0.8670E+01 0.4530E+01

0.0000E+G0 0.0000E+00
0.1384E+02 0.1855E+02
0.83670E+01 0.8580E+01

0.0000E+00 0.0000E+00
0.1558E+02 0.2188E+02
0.8110E+01 0.9420E+01

0.0000E+00 0.0000E4+0C
0.1549E+02 0.2125E+02
0.8230E+01 0.1173E+02

0.0000E+00 0.0000E+00
0.1782E+02 02270£+02
0.9280E+01 0.1102E+02

0.0000E+00 0.0000E+00
0.1993E+02 0.2258E+02
0.8280E+01 0.9530E+01

0.00C0E+00 0.0000E+00
0.2139E+02 0.2281E+02
0.1015E+02 0.5280E+01

0.0000E+00 0.0000E+00
0.1954E+02 0.2272E+02

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.00C0E+00
0.1990E+01
0.C000E+C0

0.0000E+00
0.7970E+01
0.CO00E+00

0.0000E+00
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0.4550E+01
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0.4420E+01
0.8430E+01
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0.9150E+01
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0.3840E+01
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0.6990E+01
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0.0000E+00
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0.3281E+02
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0.9710E+01
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0.3400E+01
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0,1448E+02
0.0000E+00
0.6360E+01
0.8020E+01
0.1104E+02
0.0000E+00
0.5820E+01
0.4080E+D1
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0.1143E+02
0.4380E+01
0.6540E+01
0.6480E+01
0.3346E+02
0.4280E+01
0.8280E+01
0.6110E+01
0.3814E+02
0.4680E+01
0.1006E+02
0.4020E+01
0.3830E+02
0.7400E+01
0.8560E+01

0.2760E+01
0.3687E+02
0.6400E+01
0.8880E+01
0.4140E+01
0.3655E+02
0.7050E+01
0.8500E+01
0.3260E+01
0.3617E+02
0.7880E+01
0.6680E+01
0.4020E+01
0,3624E+02
0.5860E+01
0.4600E+00
0.2800E+01
0.3442E+02
0.5080E+01

0.6050E+01
0.0000E+00
0.0000E+00
0.8100E+01
0.7090E+01
0.0000E+00
0.0000E+00
0.4750E+01
0.4310E+01
0.000GOE+00
0.0000E+00
0.6280E+01
0.5420E+01
0.0000E+00
0.0000E+00
D.1470E+01
0.1480E+01
0.1000E+00
0.0000E+00
0.5850E+01
0.5100E+00
0.1200E+00
0.0000E+00
0.7150E+01
0.1200E+01
0.5000E+00
0.0000E+00
0.7490E+01
0.1400E+00
0.2800E+00
0.0000E+00
0.6550E+01
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0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.2230E+1
0.0000E+00
0.0000E+00
0.000C0E+00
0.8230E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.B380E+01
0.36%0E+01
0.0000E+00
0.0000E+00
0.8590E+01
0.8940E+01
0.0000E+00

0.0000E+00
0.4150E+01
0.3025E+02
0. 1017E+O2
0.0000E+00
0.7810E+01
0.2458E+02
0.7650E+01
0.0000E+00
0.8760E+01
0.1993E+02
0.8180E+01
0.0000E+00
0.9030E+01
0.3442E+02
0.7670E+01
0.0000E+00
0.8850E+01
0.1692E+02
0.5280E+01
0.D0DOE+D0
0.7570E+01
01056 E+02
0.4650E+01
0.0000E+00
0.3570E+01
0.1011E+02
0.1260E+01
0.0000E+00
0.0000E+00
0.9060E+01
0.CO00E+00
0.G000E+00
.CO00E+DO
0.8720E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.4810E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.Q000E+00Q
0.0000E+00
0.00C0E+00
0.0000E+00

0.0000E+00
0.2670E+01
0.3041E+02
0.2800E+01
0.0000E+00
0.4460E+01
0.2880E+02
0.5280E+01
0.0000E+00
0.8960E+01
0.2221E+02
0.2800E+01
0.0000E+G0
0.9210E+01
0.3009E+02
0.1310E+01
0.0000E+00
0.9550E+01
0.1285E+02
0.1300E+01
0.0000E+00
0.9110E+01
0.8850E+01
0.2800E+00
0.0000E+00
0.3310E+01
0.8720E+01
0.0000E+00
0.0000E+00
0.8000E-01

0.7420E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8870E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.3870E+01
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0D00E+00

0 '52-58

0.0000E+00
0.0000E+00
D.0000E+00
0.0000E+00
D.0000E+D0
0.0000E+00
0.0000E+00
0.CO00E+00
0.0DD0E+00
. 1460E+01
0.CDOOE+00
0.0000E+00
0.0000E+00
0.7640E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8500E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8740E+01
0.4000E-01

0.0000E+00
0.0000E+00
0.B830E+01
0.5190E+01
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+0D
0.0000E+00
0.0000E+00
0.1000E-01

0.0000E+00
0.0000E+00
0.0000E+00
0.6200E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8750E+01
0.0000E+00
0,0000E+00
0.0000E+00
0.8830E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8740E+014
0.0000E+00
. 0000E+0D
0.0000E+00
0.7950E+01
0.7000E+00
0.0000E+00

0.0000E+00
0.2240E+01
0.3914E+02
0.2800E+00
0.0000E+00
0.5920E+01
0.3997E+02
0.5000E-01
0.0000E+00
0.8530E+01
0.3610E+02
0.0000E+00
0.0000E+G0
0.1075E+02
0.2575E+02
0.0000E+00
0.0000E+00
0.1019E+02
0.1343E+02
0.0000E+00
0.0000E+00
0.9480E+01
0.9970E+01
0.0000E+00
0.0G00E+00
0.9020E+01
0.9060E+01
0.0000E+00
0.000CE+00
0.AT10E+01
0.8140E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8380E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8300E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0DD0E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.7150E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8700E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.9170E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8200E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7220E+01
0.0000E+00
0.0000E+00

0.3430E+01
0.2850E+01
0.3447E+02

0.0000E+00
0.3400E+01
0.3254E+02

0.C000E+00
0.8950E+01
0.2649E+02

0.0000E+00
D.1504E+02
0.1683E+02

0.0000E+00
0.1038E+02
0.11525+02

0.0000E+00
0.8470E+01
0.9190E+01

0.0000E+00
0.8730E+D1
0.1021E+02

0.0000E+00
0.2820E+01
0.9010E+01

0.0000E+00
0.0000E+00
0.5640E+01

0.0000&+00
0.0000E+00
0.0000E+D0

0.0000E+D0
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000£+00
0.00006+00
0.0000E+00

0.0000E+00
0.0000£+00
0.0000E+00

0.0000E+00
0.4370E+01
0.0000E+00

0.0000E+00
0.8750E+01
0.0000E+00

0.0000E+00
0.8420E+01
0.0000E+00

0.0000E+00
0.7140E+01
0.0000E+00

0.0000£+00
0.7220E+01
0.0000E+00

0.8380E+01
0.3890E+01
0.2537E+02

0.3370E+01
0.2020E+01
0.2007E+02

0.0000E+00
0,4690E+01
0.6850E+01

0.0000E+00
0.1157E+02
0.7860E+01

0.G000E+00
0.9730E+01
0.1097E+02

0.0000E+00
0.7700E+01
0.7310E+01

0.0000E+00
0.9230E+01
0.7700E+01

0.0000E+00
0.3720E+01
0.8430E+01

0.0000E+00
0.0000E+00
0.1380E+01

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.C000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.2500E+01
0.0000E+00

0.0000E+00
0.8640E+01
0.0000E+00

0.0000E+00
0.7770E+01
0.0000E+G0

0.0000E+00
0.7710E+01
0.0000E+00

0.0000E+G0
0.7390E+01
0.0000E+00

0.8790E+01 0.8830€+01
0.4790E+01 0.5350E+01
0.1370E+02 0.10668E+02

0.8390E+01 0.8800E+01
0.1730E+01 0.3240E+(1
0.8720E+01 0.6530E+01

0.2720E+01 0.7900E+01
0.1380E+01 0.9700E+00
0.5920E+01 0.4690E+01

0.0000E+00 0.3300E+00
0.3900E+01  0.7060E+01
0.1008E+02 0.9330E+M1

0.0000E+00 0.0000E+00
0.8220E+01 0.8320E+01
0.8570E+01 0.1058E+02

0.0000E+00 0.0000E+00
0.8230E+01 0.7950E+(1
0.1084E+02 0.8130E+01

0.0000E+00 0.CODOE+00
0.9620E+01 0.9170E+(
0.1047E+02 0.8280E+01

0.0000E+00 0.0000E+00
0.7760E+01 0.9090E+01
0.7860E+01 0.8290E+01

0.0000E+00 0.0000E+00
0.1100E+00 0.1710E+01
0.1570E+01 0.7500E+00

0.0000E+00  0,0000E+00
0.0000E+00  0.D000E+00
0.000CE+00 0.0000E+00

0.0000E+00 0.0000E+00
Q.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.0000E+00  0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00  0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.1990E+01 0.2000E-01
0.0000E+00 0.00G0E+00

0.0000E+00 0.0000E+00
0.7970E+01  0.7560E+01
0.0000E+00  0.0C00E+00

0.0000E+00 0.0000E+00
0.7060E+01 0.7320E+01
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.8800E+01 0.6770E+01
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.7280E+01 0.7100E+01
0.0000E+00 0.0000DE+00

E-4



0.0000E+00
0.1200E+01
0.B3BOE+D1
0.0000E+00
0.0000E+00
0.3100E+00
0.8020E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7770E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7130E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.1083E+02
0.0000E+00
0.0060E+00
{.0000E+00
0.1226E+02
0.0000E+00
0.0000E+00
0.0000E+00
0.1396E+02
0.1200E+00
0.0000E+D0
0.000DE+Q0
0.1582E+02
0.5480E+01
0.0000E+00
0.00C0E+0D
0.4240E+01
0.7900E+01
0.0000E+00
0.0000E+00
0.3560E+01
0.8250E+01
0,0000E+00
0.0600E+00
0.3870E+01
0.B650E+01
0.0000E+0D
0.0000E+00
0.4120E+01
0.89050E+01
0.0000E+00
0.0000E+00
0.1570E+01
0.9180E+01
0.0000E+30
0.0000E+00
0.3640E+01
0.6180E+01
0.0000E+00
0.0000E+00
0.1180E+01
0.6160E+01
0.0000E+00
0.1000E+00
0.1350E+01
0.7290E+01
0.0006E+00
0.5840E+01
0.1480E+01
0.8970E+01
0.CO00E+00
0.9230E+01
0.6300E+00
0.7250E+01
0.0000E+0Q
0.9440E+01
0.1330E+01
0.1120E+02
0.0000E+00
0.7230E+01

0.0000E+00
0.8130E+01
0.7560E+01
0.0000E+00
0.0000E+00
0.7250E+01
0.7220E+01
0.0000E+00
0.0000E+00
0.5130E+01
0.7920E+01
0.C0C0E+00
0.0000E+00
0.4530E+01
0.6000E+01
0.0000E+00
0.0000E+00
0.2000E-01

0.6910E+01
0.0000E+00
0.C000E+00
0.0000E+00
0.6450E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7000E+01
0.0000E+00
0, 0000E+00
0.0000E+00
0.6230E+01
0.3100E+00
0,0000E+00
0.0000E+00
0, 2350E+04
0.4140E+01
0,0000E+00
0.0000E+00
0. 1593E+02
0.7650E+01
0.0000E+00
0.0000E+00
0.5820E+01
0.7940E+01
0.0000E+00
0.0000E+00
0.1798E+02
0.8550E+01
0.0000E+00
0.0000E+00
0.1414E+02
0.B460E+01
0.0000E+00
0.0000E+00
0.5080E+01
0.8090E+01
0.0000E+00
0, 1150E+0
0.5300E+01
0, 7590E+01
0.0000E+00
0.6360E+01
0,3390E+01
0.7370E+01
0,0000E+00
0.1005E+02
0.3190E+01
0.8190E+D1
0.0000E+00
0.8750E+01
0.3580E+01
0.7870E+01
0.0000E+00
0.5690E+01
0.6080E+01
0.8680E+01
0.0000E+00
0.6730E+01

0.0000E+00
0.8720E+01
0.8720E+01
0.0000E+00
0.0000E+00
0.9160E+01
0.7790E+01
0.0000E+00
0.0000E+00
0.9390E+01
0.8040E+01
0.0000E+00
0.0000E+00
0.9830E+01
0.7860E+01
0.0000E+00
0.0000E+00
0.7740E+01
0.8380E+01
0.0000E+00
0.0000E+00
0.4510E+01
0.8790E+01
0.0000E+00
0.0000E+00
0.1330E+01
0.2680E+01
0.0000E+00
0.0000E+00
0,3000€-01
0.7800E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1840E+01
0.0000£+00
0.0000E+00
0.0000E+D0
0.1365E+02
0.1420E+01
0.0000E+00
0.5900E+00
0.8200E+01
0.6650E+01
0.0000E+00
0.2320E+01
0.6340E+01
0.7940E+01
0.0000E+00
0.5230E+01
0.3380E+01
0.7910E+01
0.0000E+00
0.8320E+01
0.1880E+01
0.7440E+01
0.0000E+00
0. 101 1E+02
0.9220E+01
0.6680E+01
0.0000E+00
0.1055E+02
0.7300E+01
0.7470E+01
0.0000E+00
0.9790E+01
0.8570E+01
0.7690E+01
0.0000E+00
0.6840E+01
0.5750E+01
0.7280E+01
0.0000E+00
0.7610E+01
0.4100E+01
0.7080E+01
0.0000E+00
0.5870E+01

{.0000E+00
0.8160E+01
0. TT40E+01
0.0000E+00
0.0000E+00
0.9220E+01
0.7580E+01
0.0000E+00
0.0000E+0D
0.9920E+01
0.7570E+01
0.0000E+00
0,0000E+00
0.9940E+01
0.7370E+01
0.0000E+00
0.0000E+00
0.10186E+02
0.84B0E+01
0.0000E+00
0.0000E+00
0.1034E+02
0.8390E+01
0.0000E+00
0.0000E+Q0
0.1036E+02
0.5350E+01
0,0000E+00
0.0000E+00
0.9460E+01
0.3770E+01
0,0000E+00
0.0000E+00
0.8190E+01
0.2420E+01
0.0000E+00
0.0000E+50
0.8170E+01
0.2070E+01
0.0000E+00
0.000CE+00
0.9680E+01
0.5800E+01
0.5700E+00
0.0000E+00
0.1019E+02
0.8600E+01
0.4670E+01
0.0000E+00
0.9180E+01
0.6190E+01
0.7680E+01
0.0000E+00
0.1072E+02
0.1001E+02
0.7510E+01
0.0000E+00
0.9670E+01
0.7080E+01
0.7160E+01
0.0000E+00
0.1040E+02
0.7580E+01
0,7460E+01
0.0000E+00
0.5180E+01
0.1460E+01
0.7810E+01
0.0000E+00
0.8170E+01
0.1300E+00
0.7100E+01
0.0000E+00
0.3640E+01
0.1760E+01
0.6990E+01
0.C0D0E+00
0.5670E+01

0.0000E+00
0.7620E+01
0.517T0E+01
0.0000E +00
0.0000E+00
0.7740E+01
0.6630E+01
0.0000E+00
0.0000E+00
O.7440E+01
0.8770E+01
0.0000E+00
0.0000E+00
0.8650E+01
0.7510E+01
0.0000E+G0
0.0000E+00
0.9550E+01
0.8970E+01
0.0000E+00
0.0000E+00
0.9780E+01
0.8310E+01
0.0000E+C0
0.0000E+00
0.877T0E+01
0.8050E+01
0.0000E+00
0.0000E+00
0.1012E+02
0.68TOE+01
0.0000E+G0
0.0000E+00
0.1105E+02
0.7620E+01
0.0000E+00
0.0000E+00
0.1051E+02
0.7650E+01
0.0000E+00
0.0000E+00
0,8800E+01
Q.8110E+01
0.0000E+00
0.0000E+00
0.9200E+01
0.1780E+01
0.0000E+00
0.0000E+00
0.8860E+01
0.8120E+01
0.1160E+01
0.0000E+00
0.6150E+01
0.7310E+01
0.2520E+01
0.0000E+00
0.6950E+01
0.1417E+02
0.4660E+01
0.0000E +C0
0.6330E+01
0.4820E+01
0.5810E+01
0.0000E+00
0.7 150E+01
0.2280E+01
0.2850E+01
0.0000E+00
D.6710E+01
0.7000E+00
0.5930E+01
0.0000E+00
0.4850E+01
0.2050E+01
0.6660E+01
0.000CE+00
0.5850E+01

0.0000E+00
0.7670E+D1
0.1180E+01
0.0000E+00
0.0000E+00
0.8540E+01
0.5800E+01
0.0000E+00
0.0000E+00
0.6260E+01
0.6600E+01
0.0000E+00
0.0000E+00
0.6830E+01
0.6900E+01
0.0000E+00
0.0000E+00
0.9700E+01
0.7250E+01
0.0000E+00
0.0000E+00
0. 1107E+02
0.7810E+01
0.0000E+00
0.0000E+00
0.1070E+02
0.8720E+01
0.0000E+00
0.0000E+00
0. 1003E+02
0.6510E+01
0.0000E+00
0.0000E+00
0.1138E+02
0.7860E+01
0.0000E+00
0.6000E+00
0.1213E+02
0.6020E+01
0.0000E+00
0.0000E+00
0.1131E+02
0.1920E+01
0.0000E+00
0.0000E+00
0.1214E+02
0.6050E+01
0.0000E+00
0.0000E+D0
0.8100E+01
0.7080E+01
0.0000E+D0
0.0000E+00
0.4750E+01
0.4810E+01
0.0000E+00
0.0000E+00
0.8280E+01
0.5420E+01
0.0000E+00
0.0000E+00
0. 1470E+01
0.1430E+01
0.1000E+00
0.0000E+00
0.5850E+01
0.5100E+00
0.1200E+00
0.0000E+00
0.7150E+01
0.1200E+01
0.5000E+00
{.0G00E+00
0.7430E+01
0.1400E+00
0.2800E+00
{.0000E+00
0.6550E+01

0.0000E+00
0.766DE+01
0.0000E+00

0.0000E+00
0.6530E+01
0.1C40E+01

0.0000E+00
0.4020E+01
0.3370E+01

0.0000E+00D
0.2300E+01
0.4900E+01

0.0000E+00
0.13g5E+02
0.8670E+01

0.0000E+C0
0.1304E+02
0.B670E+01

0.0C00E+00
0.1558E+02
0.8110E+01

0.0000E+00
0.1548E+02
0.3230E+01

0.0000E+00
0.1782E+02
0.9280E+01

0.C00DE+00
0.1983E+02
0.8280E+01

0.000DE+00Q
0.2139E+02
0.1015E+02

0.0000E+00
0.1854E+02
0.6680E+01

0.0000E+00
0.6020E+01
0.5810E+01

0.0000E+00
0.3540E+01
0.8740E+01

0.0000E+00
0.5300€+01
0.4110E+01

0.0000E+00
0.2010E+01
0.3210E+01

0.CODOE+DD
0.9500E+00
0.1200E+00

0.0000E+00
0.4810E+01
0.67T10E+01

0.5000E-01
0.6230E+01
0.1270E+01

0.3540E+01
0.6850E+01

0.0000E+00
0.7580E+01
0.0000E+00

0.0000E+00
0.7340E+01
0.0000E+00

0.0000E+00
0.9540E+01
0.000CE+00

0.0000E+00
0.1025E+02
0.2500E+00

0.0000E+00
0.1708E+02
0.4530E+01

0.0000E+00
Q.1855E+02
0.8580E+01

0.0300E+00
0.2188E+02
0.9420E+01

0.0000E+Q0
0.2125E+02
0.1173E+02

0.0000E+00
0.2270E+02
0.1102E+02

0.0000E+00
0,2258E+02
0.9530E+01

0.0000E+00
0.2281E+02
0.5280E+01

0.0000E+00
0.2272E+02
0.1750E+01

0.00G0E+00
0.1857E+02
0.4020E+01

0.0000E+00
0.1854E+02
0.7280E+01

0.0000E+0Q0
0.1289E+02
0.2420E+01

0.C000E+Q0
0.4300E+00
0.1120E+01

0.0000E+D0
0.1200E+00
0.2700E+00

0.0000E+00
0.1430E+01
0.5230E+01

0.27110E+01
0.7160E+01
0.3750E+01

0.7520E+01
0.7730E+D1

0.0000E+00 0.0000E+00
0.7340E+01 0.7220E+01
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.1082E+02 0.8410E+01
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.1626E+02 0.1000E+02
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.1859E+02 0.1381E+02
0.0000E+00 0.D000E+00

0.0000E+00 0.0000E+00
0.9180E+01 0.1086E+02
0.1300E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.1013E+02 0.3580E+01
0.3530E+01 0.3200E+00

0.0000E+00 0.0000E+00
0.1258E+02 0.8500E+01
0.8980E+01 0.4110E+01

0.0000E+00 0.G000E+00
0.5800E+01 0.7150E+01
0.1125E+02 0.8360E+01

0.0000E+00 0.0000E+00
0.1803E+02 0.1720E+01
0.8840E+01 0.8680E+01

0.0000E+00  0.0000E+00
0.1718E+402 0.1160E+01
0.8150E+01 0.8750E+01

0.0000E+00  0.0000E+00
0.1605E+02 0.4500E+00
0.6750E+01 0.8750E+01

0.0000E+00  0.0000E+00
0.1380E+02 0.2900E+00
0.3200E+01 0.7250E+01

0.0000E+00 0.GO00E+00
0.1581E+02 0.3050E+01
0.3640E+01 0.7900E+01

0.0000E+00 0.D000E+00
0.1873E+02 0.1441E+02
0.4230E+01 0.5650E+01

0.0000E+00  0.0000E+00
0.1196E+02 0.2670E+01
0.1730E+01 0.3300E+01

0.0000E+00 0.0000E+00
0.0000E+0C 0.0000E+00
0.5100E+00 0.1380E+01

0.0000E+00 0.8500E+00
0.0000E+00  0.0000E+00
0.2200E+00 0.1330E+01

0.1900E+01 0.7570E+01
0.2000E-01 0.7100E+00
0.1158E+02 0.7440E+01

0.7930E+01 0.8510E+01
0.2600E+01 0.2000E+00
0.1111E+02 0.9940E+01

0.6510E+01 0.5050E+01
0.5800E+01 0.1830E+01

E-5



i
H
i
i

0.7580E+01
0.9610E+01
0.0000E+00
0.2410E+01
0.8710E+01
0.4450E+01
0.000CE+00
0.4040E+01
0.9200E+01
0.4990E+01
0.0000E+00
0.4210E+014
0.1410E+01
0.6260E+01
0.0C00E+00
0.4450E+01
0.0000E+00
0.9720E+01
0.0060E+00
0.3750E+01
0.2500E+01
0.1090E+02
0.0000E+00
0.2980E+01
0.1180E+01
0.1425E+02
0.0000E+00
0.3230E+01
0.3030E+01
0.1370E+02
0.0CO0E+00D
0.3340E+01
0.3610E+014
0.1418E+02
0.0000E+00
0.2500E+01
0.8040E+01
0.1329E+02
0.0000E+00
0.7360E+01
0.8560E+01
0.1668E+02
0.CO0CE+00
0.7570E+01
0.7000E+01
Q. 1067E+D2
0.0000E+00
0.8210E+01
0.3750E+01
0.8120E+01
Q.0600E+00
0.9060E+01
0.3250E+01
Q.7960E+01
0.0000E+00
Q.9020E+01
0.5580E+01
0.2280E+01
0.0000E+00
0.7110E+01
0.6510E+014
0.5570E+01
0.0000E+00
0.1280E+01
0.7090E+04
0.8940E+01
0.0000E+00
0.0000E+00
0.8270E+01
0.8830E+01
0.0000E+00
0.0000E+00
0.1282E+02
0.6980E+01
0.0000E+00
0.0000E+00
0.1202E+02
0.7050E+01

0.6020E+01
0.8450E+01
0.0000E+00
0.4510E+01
0.4620E+01
0.7410E+01
0.0000E+00
0.3740E+01
0.4940E+01
0.8530E+01
0.0000E+00
0.3430E+01
0.7900E+00
0.89380E+01
0.CO00E+00
0.4020E+01
0.5870E+014
0.1094E+02
0.0000E+00
0.4830E+01
0.7740E+01
0.1184E+02
0.0000E+00
0.4550E+01
0.3410E+01
0.1044E+02
0.0000E+00
0.4830E+01
0.1050E+01
0.1020E+02
0.0000E+CO
0.4920E+01
0.1142E+02
0.6420£+01
0.0000E+00
0.4450E+01
0.7830E+01
0.9690E+01
0.00D0E+00
0.4030E+01
0.5740E+01
0.1573E+02
0.0000E+00
0.6520E+01
0.4010E+01
0.5070E+01
0.0000E+00
0.8120E+01
0.2060E+01
0.110BE+02
0.0000E+00
0.9050E+01
0.4570E+01
0.9430E+01
0.0000E+00
0.8930E+01
0.5740E+01
0.4590E+01
0.0000E+00
0.8370E+01
0.4150E+01
0.7820E+01
0.0000E+00
0.6230E+01
0.8880E+01
0.8400E+01
0.0000E+00
0.0600E+00
0.8420E+01
0.8170E+014
0.0C00E+00
0.0000E+00
0.8510E+01
0.7630E+01
0.0000E+00
0.0000E+00
0.9350E+01
0.3570E+01

0.3350E+01
0.1015E+02
0.0000E+00
0.4330E+01
0.3170E+01
0.7800E+01
0.0000E+00
0.4550E+01
0.5560E+01
0.1015E+02
0.0000E+00
0.4420E+01
0.8430E+01
0.1088E+02
0.0000E+00
0.4960E+01
0.1468E+02
0.9150E+01
0.0000E+00
0.4690E+01
0.2301E+02
0.8280E+01
0.0000E+00
0.2750E+01
0.232BE+02
0.9390E+01
0.0000E+00
0.3650E+01
0.210SE+02
0.8920E+01
0.0000E+00
0.3740E+01
0.8190E+01
0.8480E+01
0.0000E+00
0.4800E+01
0.1148E+02
O.BYZ0E+01
0.DOCOE+CD
040508401
D.1247E+02
0.1131E+02
0.0000E+00
0.3110E+01
0.2380E+02
0.6900E+01
0.0000E+00
0.8030E+01
0.2456E+02
0.1132E+02
0.0000E+00
0,8440E+01
0.1840E+02
0.7230E+01
0.0000E+00
0.8750E+01
0.1250E+02
0.7680E+01
0.0000E+00
0.8580E+01
0.2361E+02
0.8120E+01
0.CO00E+00
0.8000E+01
0.1234E+02
0.7920E+01
0.CO00E+00
0.3220E+01
0.8870E+01
0.7840E+01
0. 0O00E+HO0
0.2580E+01
0.9270E+01
0.5790E+(1
0.0000E+00
0.0000E+00
0.8360E+01
0.1S00E+00

0.3010E+01
0.1176E+02
0.0000E+00
0.5790E+01
0.2710E+01
0.9400E+01
0.0000E+00
0.5170E+01
0.2490E+01
0.1357E+02
0.0000E+00
0.6010E+01
0.1362E+02
0.1095E+02
0.0000E+00
0.6220E+01
0.3291E+02
0.6850E+01
0.0000E+00
0.4750E+01
0.3675E+02
0.7880E+01
0.8200E+00
. 44B0E+01
0.36589E+02
0.8710E+D1
0.8000E-01

0.3400E+01
0.3381E+02
0.8550E+01
0.1230E+01
0.4200E+01
0.3423E+02
0.6790E+01
0.4080E+01
0.3510E+01
0.3351E+02
0.8850E+01
0.2460E+01
0.2920E+01
0.3501E+02
0.8050E+01
0.0000E+00
0.2300E+01
0.3314E+02
0.7450E+01
0. GO00E+00
0.4150E+D1
0.3025E+02
0.1017E+02
0.CO00E+00
0.7510E+0(1
0.2458E+02
0.7650E+01
0.0000E+00
0.6760E+D1
0.1993E+02
0.8180E+01
0.0000E+00
0.9030E+01
0.3442E+02
0.7670E+01
0.0000E+D0
0.8850E+01
0.1692E+02
0.5980E+01
0.0000E+00
0.7570E+01
0.1086E+02
0.4650E+01
0.0000E+00
0.3570E+01
0.1011E+02
0.1260E+01
0.0000E+00
0.0000E+00
0.9060E+01
0.0000E+D0

0.3130E+01
0.144BE+02
0.0000E+00
0.6360E+01
0.8020E+01
0.1104E+02
0.00COE+00
0.5820E+01
0.4080E+01
0.1173E+02
0.1270E+01
0.5550E+01
0,1143E+02
0.4330E+01
0.6540E+01
0.6480E+01
0.3346E+02
0.4280E+01
0.8280E+01
0.6110E+01
0.3814E+02
0.4880E+01
0.1008E+02
0.4080E+01
0.2830E+02
0.7400E+01
0.8560E+01

0.2790E+01
0.3667E+D2
0.6430E+G1
0.8880E+01
0.4140E+01
0.3655E+02
0.7090E+01
0.8S00E+01
0.3260E+01
0.3617E+02
0.7980E+01
0.6680E+01
0.4020E+01
0.3624E+07
0.5860E+01
0.4600E+00
0.2900E+01
0.3442E+02
0.5080E+01
0.0000E+00
0.2670E+01
0.3041E+02
0.2890E+01
0.0000E+00
0.4460E+01
0.2889E+07
0.5280E+01
0.0000E+00
0.8960E+01
0.2221E+0)2
0.2800E+01
0.0000E+00
0.8210E+01
0.3009E+02
0.1310E+01
0.0000E+00
0.9550E+01
0.1285E+02
0.1300E+01
0.0000E+00
0.2110E+01
0.8850E+1
0.2900E+00
0.0000E+00
0.2310E+01
0.8720E+01
0.0000E+00
0.0000E+00
0.8000E-01

0.74 20E+01
0.0000E+00

0.1118E+02 0.1116E+02
0.1060E+01

0.5800E+00 0.7110E+01
0.7180E+01 0.7580E+01
0.1460E+02 0.2262E+02
0.3700E+00

0.4850E+01 0.B660E+01
0.7460E+01 0.7760E+01
0.4540E+01 0.2103E+D2
0.3100E+00

0.8730E+01 0.8840E+01
0.7120E+01 0.7770E+01
0.2052E+02 0.1758E+02
0. 4000E+00

0.8740E+01 0.7520E+01
0.7190E+01 0.8430E+01
0.3538E+02 0.1700E+02
0.3800E+00

0.7330E+01 0.4080E+01
0.6300E+01 0.5920E+01
0.3341E+02 0.3024E+02
0.4100E+00

0.8180E+01 0.4210E+01
0.2700E+01 0.3540E+01
0.4081E+02 0.3993E+02
0.5800E+00

0.8870E+01 0.7340E+04
0.3780E+01 0D.3960E+01
0.3526E+02 0.3637E+02
0.3800E+00

0.9540E+01 [.9230E+01
0.4800E+01 0.7330E+01
0,3714E+02 0.3481E+02
0.2100E+00

0.8030E+01 0.8980E+01
D.5GA0E+D1 0.7270E+01
0.3619E+02 0.3146E+02
0.2800E+00

0.B580E+01 0.8930E+01
0.5380E+01 0.6690E+01
0.3400E+02 0.3189E+02
0.65000E+00

0.5130E+01 0.8490E+01
0.2480E+01 0.3790E+01
0.3402E+02 0.3649E+02
0.3000E+00

0.0000E+00 0.3430E+01
0.2240E+071 0.2B50E+01
0.3814E+02 0.3447E+02
0.2800E+00

0.0000E+00 0.0000E+00
0.5920E+01 0.3400E+01
0.3897E+02 0.3254E+02
0.5000E-01

0.0000E+00 0.0000E+00
0.8630E+01 0.8850E+01
0.3610E+02 0.2649E+02
0.0000E+00

0.0000E+00 0.0000E+00
0.1075E+07 0. 1504E+02
0.2575E+02 0.1863E+02
0.0000E«0

0.0000E+00 0.0000E+00
0.1018E+02 0.1039E+02
0.1343E+02 0.1162E+02
0.C00DE+00

0.0000E+00 0.0D00E+00
0.9480E+01 0.8470E+01
0.9970E+01 0.8190E+01
0.C000E+00

0.0000E+00 O.0000E+00
0.5020E+01 0.8730E+01
0.9060E+01 D 1021E+02
0.0000E+00

0.0000E+00 0.0000E+00
0.1710E+01 0.2820E+01
0.8140E+01 0.9010E+D1
0.0000E+00

0.1442E+02 0.1650E+02

0.BO30E+01 0.6050E+01
0.7560E+01 0.3080E+01
0.1709E+02 0.1489E+02

0.6840E+01 0.7480E+01
0.5880E+01 0.2880E+01
0.1034E+02 0.7480E+1

0.569CGE+01 0.5470E+01
0.6690E+01 0.5080E+01
0.1260E+02 0.5670E+01

0.3830E+01 0.39160E+01
0.7070E+0% 0.6160E+01
0.1220E+02 0.1089E+02

0.2960E+01 0.3550E+01
0.7180E+01 0.7470E+01
0.2513E+02 0.1509E+02

0.2650E+01 0.3280E+01
0.7480E+01 0.8580E+01
0.3429E+02 0.2178E+02

0.3150E+01 0.97C0E+00
0.7310E+01 0.8570E+01
0.2735E402 0.2154E+02

0.6870E+01 0.15C0E+01
0.7710E+01 0.8340E+01
0.3369E+02 0,2524E+02

0.7050E+01 0.5310E+01
0.7750E+01 0.7920E+01
0.3333E+02 0.2808E+02

0.9370E+01 0.8550E+01
0.7520E+01 0.7590E+01
0.3058E+02 0.2275E+02

0.8850E+01 0.8800E+(N
0.4580E+01 0.4380E+01
0.3057E+02 0.1934E+02

0.8380E+01 0.8790E+01
0.3850E+01 0.4790E+01
0.2537E+02 0.1370E+02

0.3370E+01 0.8380E+01
0.2020E+01 0.4730E+01
0.2007E+02 0.8720E+01

0.0000E+00 0.2720E+01
0.4690E+01 0.1380E+01
0.8650E+01 0.9820E+(1

0.0000E+00 0.0000E+00
0.9157E+02 0.3900E+01
0.7960E+01 0.100BE+02

0.0000E+C0 0.0000E+00
0.9730E+01 0.8220E+01
0.1097E+02 0.9670E+01

0.0000E+00 0.0000E+00
0.7700E+01 0.8230E+01
0.7310E+01 0.10B4E+02

0.0000E+0C 0.0000E+00
0.9230E+01 0.9630E+D1
0.7700E+01 0.1047E+02

0.0000E+00 0.0000E+00
0.3720E+01 0.7760E+01
0.8430E+01 0.7860E+01

0.1264E+02

0.1810E+01
0.836CE+01
0.4540E+01

0.8110E+01
0.8380E+01
0.8220E+01

0.4450E+01
0.4420E+01
0.8480E+014

0.4830E+01
0.3300E+00
0.108BE+02

0.4830E+01
0.1870E+01
0.1275E+02

0.4420E+01
0.7040E+01
0.1758E+02

0.4250E+01
0.3740E+01
0.1641E+02

0.2330E+01
0.9280E+04
0.1806E+02

0.3560E+01
0.9170E+01
D.1881E+02

0.7840E+014
0.7860E+01
0.1243E+02

0.8080E+01
0.7760E+01
D.1442E+02

D.B830E+01
0.5350E+01
D.1066E+02

0.8800E+01
0.3240E+01
0.8530E+01

0.7¢00E+01
0.9700E+00
0.4690E+01

0.3200E+00
0.706DE+01
0.8330E+01

0.0000E+00
0.8320E+01
0.1058E+02

0.0000E+00
0.7950E+01
0.8130E+01

0.0000E+00
0.8170E+01
0.8280E+01

0.0000E+00
0.9080E+01
0.8290E+01

E6



0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.C00CE+00
0.CO00E+00 0.000CE+00 0.0000E+00 0.0000E+00 0.0000E+00
0.5360E+01 0.8760E+01 0.8220E+01 0.8720E+01 0.8870E+D1
0.6600E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.CO00E+00 0.0000E+00
0.0000E+00 0.COC0E+030 0.0000E+00 0.0000E+00 0.0000E+00
0.2400E+00 0.4220E+D1 0.8470E+01 0.4B10E+01 0.3870E+01
0.0000E+00 0.0000E+00 0.0000E+00 0.C00CE+D0 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+0D 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.000DE+D0
0.0000E+00 0.0C00DE+00 0.0000E+00 (.0000E+CD O.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 Q.0000E+00 O.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 O.0000E+00
0.CODDE+D0 0.00C0E+00 0.CHD0E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
1 0
18 0.0001941{10E12.4) 0 '57-78/61
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+D0 Q.0000E+00
0.0000E+00 0.G000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E«00 0.0000E+00 0.0000E+D0 Q.0D00E+D0 §.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 Q.00DDE+QY 0.0000E+00 0Q.0000E+00 0.1000E-01
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+D0 0.0000E+00 0.0000E+0D
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.00GDE+GO 0.1450E+01 0.6200E+1
0.0000E+00 0.0000E+00 0.00C0E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0DGOE+G0 0.0000E+00 0.0000E+00Q
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.1800E+00 0.2230E+01 0.7640E+01 0.8750E+01
0.1690E+01 Q.0000E+00 0.0000E+00 0.0000E+00 0.C000E+00
0.0000E+H00 0.GO0GE+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.2190E+01 0,8280E+(1 (.8500E+01 0.8820E+01
0.7620E+01 0.3270E+01 0.0000E+00 0.0000E+00 0.000GE+00
0.0000E+00 0.0000E+00 0.CO0CE+00 0.00C0E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.00C0E+00 0.0000E+00
0.0000E+00 0.4840E+(1 0.8380E+01 0.8740E+01 (.B740E+{1
0.7740E+01 0.8720E+01 0.3690E+01 0.4000E-01 0.0000E+00
0.0000E+00 0.0000E+00 0.000CE+00 0.0000E+30 0.0000E+00
0.0000E+00 Q.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+D0 0.5S60E+01 0.8590E+01 0.B8830E+(01 (.7950E+(1
0.7660E+01 0.8380E+01 0.8540E+01 0.5190E+01 0.7000E+00
0.0000E+00 0.0C00E+CO 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.1200E+01 0.8130E+01 (.B720E+01 0.8160E+01 0.7630E+01
0.8380E+01 0.7560E+01 0.8720E+01 0.7740E+01 0.5170E+01
0.000GE+00 0.0000E+00 0.0C00E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.3100E+00 0.7250E+01 0.9180E+01 0.9220E+01 0.7740E+01
{.8020E+01 07220E+01 0.7790E+D1 O.7580E+01 0,6630E+(1
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.5130E+01 0.9390E+01 0.9920E+01 0.7440E+(1
O.7770E+01 0.7920E+01 0.8040E+01 Q.7570E+01 0.6770E+(H
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.C000E+00 0.0000E+00 0.0000E+00 0.00C0E+00
0.0000E+00 0.4530E+01 0.0830E+01 0.9940E+01 0.8650E+01
0.7130E+01 Q.6000E+01 0.7BG0E+01 Q.7370E+01 0.7510E+01
0.0000E+00 0.0000E+00 0.0000E+00 0.0GDOE+00 0.0000E+00
0.0000E+00 0.00COE+00G 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.2000E-01 0.7740E+01 0.1016E+02 0.9550E+01
0.1083E+02 0.6910E+01 0.83%0E+01 0.84B0E+01 0.6970E+01
0.0000E+00 0.COCOE+D0 0.00C0E+D0 0.0000E+00 0.0000E+00
0.0000E+00 0.CO00E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.CO0CE+00 0.4910E+01 0.1034E+02 0.9780E+01
0.1226E+02 0.6450E+01 0.B790E+01 0.83%0E+(1 0.6310E+01
0.0000E+00 0.COUCE+00 0.0000E+0D 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.C00GE+D0 0.1330E+01 0.1036E+02 0.8770E+(01
0.1396E+02 0.7000E+01 0.2680E+01 0.5350E+01 0.8050E+01
0.1200E+00 0.000CE+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+D0 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.3000E-01 0.9460E+01 0.1012E+02
0.1592E+02 0.6230E+D01 0.7800E+00 03770E+01 0.6B70E+04
0,5480E+01 0.3100E+00 0.0000E+00 0.0000E+00 0.0D00E+00

0.0000E+00
0.0000E+00
0.8380E+01
0.0000E+D0
0.0000E+00
0.0000E+00
0.8300E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+(0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
O.0000E+00
0.0D00E+00
0.0000E+00
0.0000E+00
0.7150E+01
0.0000E+00
0.6000E+00
0.0000E+00
0.8700E+01
0.C000E+0D0
0.0000E+00
0.0000E+HD0
0.9170E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8280E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7220E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7670E+01
0.1180E+01
0.0000E+00
0.0000E+00
0.6540E+01
0.5800E+01
0.0000E+00
0.0000E+00
0.6260E+01
0.6500E+01
0.0000E+H)
0.0000E+00
0.6830E+01
0.6900E+01
0.0000E+00
0.0000E+00
0.9700E+01
0.7250E+01
0,0000E+00
0.0000E+00
0,1107E+02
0.7810E+01
0.0000E+00
0.5000E+00
0.1070E+02
0.6720E+01
0.0000E+00

0.0000E+00
0.0000€+00
0.5640E+01

0.0000€+00
0.0000E£+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000£+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.4370E+01
0.0000£+00

0.0000E+00
0.8750E+01
0.0000E+00

0.0000E+00
0.8420£+01
0.0000£+00

0.0000E+00
0.7 140E+01
0.0000E+00

0.0000E+00
0,7220E+01
0.0000£+00

0.0000E+00
0.7650E+01
0.0000E£+00

0_.0000E+00
0.6530E£+01
0.1040E+01

0.0000E+00
0.4020£+01
0.3370E+01

0.0000E+00
0.2300E+01
0.4900E+01

0.0000E+00
0.1385E+02
0.8670E4+01

0.0000E+00
0.1384E+02
0.8670£+01

0.0000E+00
0.1558E+02
0.8110E+01

0.0000E+00  0.0000E+00
0.0000E+00 0.1100E+00
0.1380E+01 0.1570E+01

0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.0000E+00  0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.06000E+00  0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00  0.0000E+D0
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.2500E+01 (.1990E+01
0.0000E+00 0.0000E+0D

0.0000E+30  0.0000E+00
0.8640E+01 0.7970E+01
0.0000E+00 0.0000E+00

0.00C0E+00 0.0000E+00
Q.7770E+01 0.7060E+01
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.7T10E+01 0.6800E+01
0.0000E+00 0.0CD0E+00

0.0000E+00 0.0000E+00
0.7390E+01 0.7260E+(01
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.7590E+01 0.7340E+01
0.0000E+00 0.0000E+00

0.0000E+00  0.0000E+00
0.7340E401 0.1082E+02
0.CO00E+00 0.0O00E+00

0.0000E+00 0.0000E+00
0.9540E+01 0.1526E+02
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.1025E+02 0.1659E+02
0.2500E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.1709E+02 0.8180E+01
0.4530E+01 Q.1300E+00

0.0000E+00 0.0000E+00
0.1855E+02 0.1013E+02
0.8580E+01 0.3530E+01

0.0000E+00 0.0000E+00
0.2188E+02 0.1258E+02
0.9420E+01 0.8980E+01

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00

0.1093E+02
0.6510E+01
0.0000E+00

0.1549E+02
0.86230E+01

0.2125E+02 0.5800E+01
0.1173E+02 0.1125E+02

0.0000£+00
0.1710E+01
0.7500E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000€+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000£+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E£+00
0.0000£+00

0.0000E+00
0.2000€-01
0.0000E+00

0.0000E+00
0.7580£+01
0.0000E+00

0.6000E+00
0.7320E+01
0.0000E+00

0.000GE+00
0.8770E+01
0.0000E+00

0.0000E+00
0.7100E+01
0.0000E+00

0.0000E+00
0.72206+01
0.0000E+00

0.0000E+00
0.8410E+1
0.0000E+00

0.00006+00
0.1009E+02
0.0000E£+00

0.0000£+00
0.1361E+02
0.0000£+00

0.0000E+00
0.1086E+02
0.0000£+00

0.0000£+00
0.3580€+01
0.3200E+00

0.0000E+00
0.8600E+01
0.4110E+01

0.0000E+00
0.7150E+01
0.8350E+01



i
£
i
H
H

0.60C0E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.4240E+01 0.2350E+01
0.7900E+01 0.4140E+01
C.0000E+00  0.000CE+00
0.C000E+00 0.000CE+00

0.0000E+00
0.0000E+00
0.1840E+01
0.0000E+00
0.0000E+00
0.0000E+00

0.3560E+01
0.8250E+01
0.000CE+D0
0.0000E+00
0.3870E+01
0.8650E+01
0.0000E+00
0.0000E+00
0.4120E+01
0.9050E+01
0.0000E+00
0.0000E+00
0.1570E+01
0.9190E+01
0.0000E+00
0.00C0E+00
0.3640E+01
0.6190E+01
0.00GOE+0D
0.0000E+00
0.1160E+01
0.8160E+01
0.0000E+00
0.1000E+00
0.1350E+01
0.7210E+01
0.0000E+00
0.5840E+01
0.1480E+01
0.6970E+01
0.0000E+00
0.9230E+01
0.8300E+00
0.7250E+01
0.0000E+00
0.9440E+01
0.1330E+01
0.1129E+02
0.0000E+00
0.7230E+01
0.7590E+01
0.9610E+01
0.0000E+00
0.2410E+01
0.8710E+04
0.4450E+01
0.0000E+00
0.4040E+01
0.9200E+01
0.4990E+01
0.0000E+00
0.4210E+01
0.1410E+01
0.6260E+01
0.0000E+00
0.4450E+01
0,0000E+00
0.9720E+01
G.0000E+00
0.3750E+01
0.2500E+01
0.1080E+02
0.0000E+00
0.2980E+01
0.1180E+01
0.1425E+02
0.0000E+00
0.3230E+01
0.3030E+01
0.1370E+02
0.0000E+00
0.3340E+01

0.1593E+02 0.1365E+02
0.7850E+01 0.1420E+(1
0.0000E+00 0.0000E+00
0.0CO0E+00 0.58C0E+0D
0.5820E+01 0.8200E+01
0.7940E+01 0.6650E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.2320E+01
0.1798E+02 0.6340E+01
0.8550E+01 0.7940E+01
0.00COE+00 0.0000E+00
0.COC0E+00 0.5230E+01
0.1414E+02 0,3380E+01
0.8460E+01 0.7910E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.8320E+01
0.5080E+01 0.1650E+01
0.8090E+01 0.7440E+01
0.0000E+00 0.000CE+00
0.1150E+01 0.1011E+02
0.5900E+01 0.9220E+01
0.7580E+01 0.6580E+01
0.0000E+00 0.0000E+00
0.6360E+01 0.1055E+02
0.3390E+01 0.7300E+01
0.7370E+01 0.7470E+01
0.0000E+00 0.0000E+00
0.1005E+02 0.9790E+01
0.3190E+01 0.8570E+01
0.8180E+01 0.7690E+01
0.0000E+00 0.D000E+00
0.8750E+01 0.6840E+01
0.3580E+01 0.575DE+01
0.7970E+01 0.7280E+01
0.0000E+0D  0.0000E+00
0.5690E+01 0.7610E+01
0.6080E+01 0.4100E+01
0.6660E+01 0.7080E+01
0.0000E+00 0.0000E+00
0.6730E+01 0.5870E+01
0.6020E+01 0.3350E+01
0.6490E+01 0.1015E+02
0.0000E+00 0.0000E+00
0.4510E+01 0.4330E+01
0.4620E+01 0.3170E+01
0.7410E+01 0.7B00E+1
0.0000E+00 0.0000E+00
0.3740E+01 0.4550E+01
0.4840E+01 0.5560E+01
0.6530E+01 0.1015E+02
0.0000E+00 0.0000E+00
0.3430E+01 0.4420E+01
0.7900E+00 0.8430E+01
0.9300E+01 0.10BRE+02
0.0000E+00 0.0000E+00
0.4020E+01 0.4960E+01
0.5870E+01 0.1468E+02
0.1084E+02 0.9150E+01
0.0000E+00 0.0000E+00
0.4930E+01 0.4690E+01
0.7740E+01 0.2301E+02
0.1194E+02 0.82B0E+01
0.0000E+00 0.000CE+00
0.4550E+01 0.2750E+01
0.3410E+01 0.2328E+02
0.1044E+02 0.9390E+01
0.0000E+00 0.0000E+00
0.4890E+01 0.3650E+01
0.1050E+01 0.2106E+02
0.1020E+02 0.9920E+01
0.0000E+00 0.C00CE+00
0.4920E+01 0.3740E+01

0.0000E+00 0.0000E+00
0.8190E+01 0.1105E+02
0.2420E+01 0.7620E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.8170E+01 0.1054E+02
0.2070E+01 0.7650E+01
0.C0C0E+00 0.0000E+00
0.0000E+00 0.0000E+Q0
0.9680E+01 0.880CE+01
0.5800E+01 0.8110E+01
0.5700E+00 0.0000E+0Q0
0.0000E+00 0.0000E+00
0.1019E+02 0.9200E+01
0.8600E+01 0.1780E+01
0.4670E+01 0.0000E+DO
0.0000E+00 0.0000E+00
0.9180E+01 0.8850E+01
0.6190E+01 0.8120E+01
0.7680E+01 0.1180E+01
0.C000E+00 0.0000E+00
0.1072E+02 0.6150E+04
0.1001E+02 0.7310E+01
0.7510E+01 0.2520E+01
0.0000E+00 0.0000E+00
0.9670E+01 0.6060E+01
0.70B0E+01 0.1417E+02

0.7160E+01 0.4660E+01"

0.0000E+00 0.0000E+00

0.1040E+02 0.6330E+01

0.7580E+01 0.4820E+01
0.7480E+01 0.5810E+01
0.0000E+00 0.0000E+00
0.8180E+01 0.7150E+01
0.1460E+01 0.2280E+01
0.7810E+01 0.2860E+01
0.0000E+00 0.0000E+00
0.8170E+01 0.6710E+01
0.1300E+00 0.7000E+00
0.7100E+01 0.5330E+01
0.0000E+0G  0.000D0E+DO
0.3640E+01 0.4850E+01
0.1760E+01 0.2050E+01
0.6990E+01 0.6660E+01
0.00GOE+00 0,0000E+G0
0.5670E+01 0.5850E+01
0.3010E+01 0.3130E+01
0.1178E+02 0.1448E+02
0.0000E+00  0.0000E+D0
0.5790E+01 0.6360E+01
0.2710E+01 0.3020E+01
0.9400E+01 0.1104E+02
0.0000E+00 0.0000E+00
0.5170E+01 0.5820E+01
0.2490E+01 0.40B0E+01
0.1367E+02 0.1173E+02
0.0000E+0C 0.1270E+01
0.6010E+01 0.6550E+01
0.1362E+02 0.1143E+02
0. 1096E+02 0.4380E+01
0.GO00E+00 0.6540E+01
0.6220E+01 0.64B0E+01
0.3291E+02 0.3345E+02
0.8890E+01 0.42B80E+01
0.CO0DE+00 0.8280E+01
0.4750E+01 0.6110E+01
0.3675E+02 0.3314E+02
0.7880E+01 0.48B80E+01
0.9200E+00 0.1006E+02
0.4480E+01 0.40S0E+01
0.3658E+02 0.3830E+02
0.9710E+01 0.7400E+01
0.8000E-01 0.8560E+(1
0.3400E+01 0.2790E+01
0.3381E+02 0.3667E+02
0.8550E+01 0.8490E+01
0.1230E+01 0.8880E+01
0.4200E+01 0.4140E+01

0.0000E+00
0.1138E+02
0.7860E+01
0.0000E+00
0.0000E+00
0.1213E+02
0.6020E+01
0.0000E+00
0.0000E+00
G.1131E+02
0.1920E+01
0.0000E+00
0.0C00E+O0
0. 1214E+02
0.5050E+01
0.0000E+00
0.0000E +00
0.8100E+01
0.7080E+04
0.0000E+00
0.0000E+00
0.47S0E+01
0.4910E+01
0.0000E+00
0.0000E+00
0.6280E+01
0.5420E+01
0.0000E+00
0.0000E+00
0. 1470E+01
0.1490E+01

0. 1000E+00
0.0000E+00
0.5850E+01
0.5100E+00
0.1200E+00
0.0000E+00
0.7 150E+01

0.1200E+01

0.5000E+00
0.000GE+D0
0.7490E+01
0.1400E+00
0.2800E+00
0.0C00E+00
0.6550E+01
0.1118E+02
0.1CG0E+01
0.5800E+(0
0.7180E+01
0.1450E+02
0. 3TOOE+OD
0.4680E+01
0.7450E+01
0.4540E+01
0.3100E+00
0.8730E+01
0.7120E+01
0.2052E+02
0.4000E+00
0.8740E+01
0.7190E+01
0.3538E+02
0.3800E+00
0.7330E+01
0.5300E+01
0.3341E+02
0.4100E+00
0.8180E+01
0.2700E+01
0.4031E+02
0.5800E+00
0.8870E+01

0.3780E+01
0.3926E+02
0.3800E+00
0.9540E+01
0.4800E+01

0.0000E+00
0.1782E+02
0.9280E+01

0.0000E+00
0.1993E+02

0.0000E+00 0.0G00E+00
0.2270E+02 0.1903E+02
0.1102E+C2 0 B340E+01

0.0000E+00 0.000CE+0C
0.2258E+02 0.1718E+02

0.0000E+00
0.1720E+01
0.8680E+01

0.0000E+00
0.1160E+01

0.8280E+01 0.9530E+01

0.0000E+00 0.0000E+00
0.2139E+02 0.2281E+(2
0.1015E+02 0.5280E+01

0.0000E+00 0.000CE+00
0.1954E+02 0.2272E+02
0.6680E+01 0.17S0E+01

0.0000E+00  0.0000E+00
0.6020E+01 0.1867E+(2
0.5810E+01 0.4020E+01

0.0000E+00 0.0000E+00
0.3540E+01 0.1854E+02
0.8740E+01 0.7280E+01

0.0000E+00 0.0000E+00
0.5390E+01 0,1289E+02
0.4110E+01 0.2420E+01

0.0000E+00 0.0000E+00
0.2010E+01 0.4300E+0Q
0.3210E+01 0.1120E+01

0.0000E+00 0.0000E+D0
0.9500E+00 0.1200E+00
0.1200E+00 0.2700E+0Q

0.0000E+00  0.D000E+D0
0.4910E+01 0.1430E+01
0.6710E+01 0.5230E+H01

0.8000E-01 0.2710E+01
0.6230E+01 0.716CE+01
0.1270E+01  0.3750E+01

0.3540E+01  0.7520E+01
0.6850E+01 0.7730E+01
0. 1116E+02 0.1442E+02

0.7110E+01 0.8030E+01
0.7680E+01 0.7560E+01
0.2262E+02 0.1708E+02

0.8660E+01 0.8840E+01
0.7760E+01 0.5890£+01
0.2103E+02 0.1034E+02

0.8840E+01 0.5690E+01
0.7770E+01 0.6690E+01
0.1758E+02 0.1260E+02

0.7520E+01 0.3830E+01
0.6430E+01 0.7070E+1
0.1700E+02 0.1220E+02

0.4080E+01 0.2960E+01
0.5920E+0H 0.7160E+01
0.3024E+02 0.2513E+02

0.4210E+01 0.2650E+01
0.3540E+01 0.7480E+01
0.3995E+02 0.3429E+02

0.7340E+01 0.3150E+01
0.3960E+01 0.7310E+D1
0.3837E+02 0.2735E+02

0.9230E+01 D.6870E+01
0.7330E+01 0.7710E+01

0.8150E+01 0.8750E+01

0.0000E+00 0.00GOE+00
0.18605E+02 0.4500E+00
0.6750E+01 0.8750E+01

0.0000E+0Q 0.CO00E+00
0.1380E+02 0.2500E+00
0.3200E+01 0.7250E+01

0.0000E+00 0.CO00E+00
0.1581E+02 0.3050E+01
0.3640€+01 0.7900E+N

0.0000E+00  0.0000E+00
0.1873E+02 0.1441E+02
0.4230E+01 (.5650E+01

0.000CE+00  0.0000E+00
0.1196E+02 0.2970E+01
0.1730E+01  0.3300E+01

0.0000E+00 {.000CE+00
0.0000E+30 0.0000E+00
0.5100E+00 {.1380E+01

0.0000E+00 0.8900E+00
0.0000E+00 0.0000E+00
0.2200E+00 0.1330E+01

0.1900E+01 0.7570E+01
0.2000E-01 0.7100E+00
0.1159E+02 0.7440E+04

0.7230E+01 0.8510E+01
02600E+H  0.2900E+00
0.F111E+02 0.9940E+01

0.5510E+(1 0.S050E+(1
0.5600E+01 0.1930E+01
0.1650E+02 0.1264E+02

0.6050E+01 0.1910E+01
0.3080E+01 0.8360E+01
0.1489E+02 0.4540E+01

D.7480E+01 0.6110E+01
0.2880E+01 0.8360E+01
0.7490E+01  0.6220E+01

0.S4T0E+01 0.4410E+01
0.5090E+01 0.4420E+01
0.5670E+01 0.9480E+01

0.3160E+01 0.4930E+01
06160E+01 0.3900E+00
0.108%E+02 0.108BE+02

0.3550E+01 0.4830E+01
0.7470E+01 0.1870E+01
0.1509E+02 0.1275E+02

0.3280E+01 0.4420E+01
0 8590E+01 0.7040E+01
0.2178E+02 0.1758E+02

0.9700E+00 0.4250E+01
0.8570E+01 0.3740E+01
0.2154E+02 0.1641E+02

0. 1500E+01 0.2330E+01
0.8340E+01 0.9280E+01

E-8



0.3610E+01
0.1418E+02
0.0000E+00
0.2500E+01
0.6040E+01
0.1329E+02
0.0000E+00
0.7380E+01
0.8560E+01
0.1668E+02
0.0000E+00
0.7570E+01
0.7000E+01
0.1067E+02
0.0000E+00
0.8210E+01
0.3750E+01
0.8120E+01
0.0000E+00
0.9060E+01
0.3250E+01
0.7960E+01
0.0000E+00
0,9020E+01
0.5580E+01
0.2280E+01
0.0000E+00
0.7110E+01
0.6510E+01
0.5570E+01
0.0000E+00
0.1280E+01
0.7030E+01
D.8040E+01
0.C000E+00
0.0000E+00
0.9270E+01
0.8830E+01
0.0000E+00
0.0000E+00
0.1282E+02
0.6980E+01
0.0000E+00
0.0000E+00
0.1202E+02
0.7050E+01
0.0000E+00
0.0000E+00
0.5360E+01
0.6600E+00
0.0000E+00
0.0000E+00
0.2400E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+D0
0.0000E+00
0.0000E+00
0.0000E+00
0.000CE+D0
0.0000E+00
1

0.1142E+02
0.6420E+01
0.0000E+00
D.4450E+0D1
0.7930E+01
0.9690F«01
0.0000E+00
0.A4030E+D1
0.5740E+01
0.1573E+02
0.000CE+00
D 6520E+01
0.4010E+01
0.5070E+D1
0.0000E+00
0.8120E+01
0.2050E+01
0.1108E+D2
0.0000E +00
0.89050E+01
0.4570E+01
0.9430E+01
0.0000E+00
0.89530E+01
0.5740E+01
0.4500E+01
0.0000E+00
0.8370E+01
0.4160E+01
0.7820E+01
0.0000E+00
0.6230E+01
0.8880E+01
0.8400E+01
0.0000E+00
0.0000E+00
0.8420E+01
0.8170E+D1
0.0000E+00
0.0000E+D0
D.8510E+D1
0.7630E+01
0.0000E+00
0.0000E+00
0.9350E+01
0.3570E+01
0.000GE+00
0.0000E+00
0.86760E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.4220E+01
0.0000E+00
0.0000E+D0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E +00
0.0000E+00
1}

D.9190E+01 0.3423E+02
0.B400E+01 0.6730E+D1
0.0000E+00 D L0G0E+D1
0.4500E+01 0.3510E+01
0.1140E+02 0.3351E+0D2
0.89920E+01 0.8850E+01
D.0000E£+400 0.2450E+01
0.4050E+01 0.2920E+01
0.1247E+02 0.3581E+02
0.1131E+02 0.8050E+D1
0.0000E+00 0.0000E+00
0.3110E+01 0.2300E+01
0.2380E+02 0.23314E+D2
0.6900E+01 0.7430E+01
0.0C00E+00 0.0000E+DO0
0.8030E+01 0.4150E+01
0.2456E+02 0.3025E+02
0.1132E+02 0.1017E+02
0.0000E+00 0.0000E+00
0.8440E+01 0.7610E+01
0.1840E+02 0.2458E+02
0.7230E+01 0. 7650E+01
0.0000E+00 0.0000E+00
D.8750E+01 0.BTGOE+01
D.1250E+02 0.1993E+02
0.7660E+01 0.8180E+01
0.0000E+00 0.0000E+00
D.8680E+01 0.S030E+01
0.2361E+02 0.3442E+02
0.8120E+01 0.7670E+01
0.0000E+00 0.00C0E+D0
0.8000E+01 0.8850E+01
0.1234E+02 0.1692E+02
0.7920E+01 0.5980E+D1
0,0000E£+00 0,0000E+00
0.3220E+01 0.7570E+01
0.8870E+01 0_1086E+02
0.7840E+01 0.4650E+01
0.0000E+00 0.0000E+00
0.2590E+01 0.3570E+01
0.9270E+01 0.1011E+02
0.5790E+01 0.1260E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.000DE+00
0.8360E+01 0.9060E+01
0.1500E+00 0.0000E+00
0.0000E+00 0.0000E+0D
0.0000E+00 0.0000E+D0
0.8220E+01 0.8720E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.GOO0E+OD
0.0000E+00 0.0000E+00
0.6470E+01 0.4810E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+D0
0.0000E+00 0.000DE+00
0,0000E+00 0.0000E+00
0.0000E+00 0.000CE+00
0.0000E+00 0.000CE+D0
0.0000E+00 0.0000E+00
0.0000E+0G 0.000CE+00
0.0000E+00 0.0000E+00

0.3855E+02
0.7080E+01
0.8800E+01
0.3260E+01
0.3617E+D2
0.7980E+01
0.6680E+01
0.4020E+01
0.365624E+02
0.5860E+01
0.4800E+00
0.2500E+01
0.3442E+02
0.5080E+01
0.0000E+00
0.26T0E+D1
0.3041E+02
0.2800£+01
0.0000E+00
0,4460E+01
0.2889E+02
0.5280E+01
0.0000E+00
0.8960E+01
0.2221E+02
0,2800+01
0.0000E+00
0.9210E+01
0.3009E+02
0.1310E+01
0.0000E+00
0.9550E+01
0.1285E+02
0.1300E+01
0.0000E+00
0.9110E+01
0.8850E+01
0.2000E+00
0.0000E+00
0.3310E+01
0.8720E+01
0.0000E+00
0.0000E+00
0.8000E-01

0.7420E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8870E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.3570E+01
0.0000E+00
0.0D00E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
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0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
D.0DOOE+00
0.0000E+00
0.0000E+0D0
0.0000E+00
D.0O0OE+D0

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1800E+00

0.0000E+00 0.0D00E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
D.0000E+00 0.0000E+00
0.0000E+00 0.0000E+D0
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.1460E+01
0.0000E+00 0.0000E+D0
D.0000E+DO 0.00D0E+DO
0.0000E+00 0.0000E+00
0.2230E+01 0.7G40E+D1

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1000E-01

0.0000E+00
0.0000E+00
0.0000£+00
0.6200FE+01
0.0000E+00
0.0G00E+00
0.0000E+00
0.8750E+01

0.3714E+02
0.2100E+00
0.8030E+01
0.5890E+01
0.3819E+02
0.2800E+00
0.8580E+01
0.5380E+01
0.3400E+02
0.6000E+00
0.5130E+01
0.24BOE+D1
0,3402E+02
0.300C0E+00
0.0000E+00
0.2240E+01
0.3914E+02
0.2800E+00
0.0000E+00
0.5020E+01
0.3597E+02
0.5000E-01
0.0000E+00
0.8630E+01
0.3610E+02
0.0000E+00
0.0000E+00
0.1075E+02
0.2575E+02
0,0000E+00
0.0000E+00
0,1019E+02
0.1343E+02
0.0000E+00
0.0000E+00
0.5480E+01
0.9970E+01
0,0000E+00
0.0000E+00
0.8020E+01
0.8080E+01
0,0000E+00
0.0000E+00
0,1710£404
0.8140E+01
0,0000E+00
0.0000E+00
0.0000E+00
0.8380E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8300E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.00D0E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.7150E+01
0.0000E+00
0.0000E+00
0.0000E+D0
0.8700E+01

0.3481E+02

0.8980E+01
0.7270E+01
0.3146E+02

0.8930E+01
0.6590E+01
0.3189E+02

0.8490E+01
0.3730E+01
0.3649E+02

0.3430E+01
0.2850E+01
0.3447E+02

0.0000E+00
0.2400E+01
0.3254E+02

0.0000E+00
0.8950E+01
0.2648E+02

0.0000E+00
0.1504E+02
0.1563E+02

0.0000E+00
0.1039E+02
0.1162E+02

0.0000E+00
0.8470E+01
0.8190E+01

0.0000E+00
0.8730E+01
0.1021E+02

0.0000E+00
0.2820E+01
0.8010E+01

0.0000E+00
0.0000E+00
0.5640E+01

0.0000E+0Q
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+0Q
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+D0
0.0000E+00

0.0000E+00
0.0000E+D0
0.0000E+00

0.0000E+00
0.4370E+01
0.CODDE+QC

0.0000E+00
0.8750E+01

0.3369E+02

0.7050E+01
0.7750E+01
0.3333E+02

0.9370E+D1
0.7520E+01
0.3058E+02

0.88G0E+D1
0.4580E+D1
0.3057E+02

0.8380E+01
0.3850E+01
0.2537E+02

0.3370E+01
0.2020E+01
0.2007E+02

0.0000E+00
0.4680E+01
0.6650E+01

0.0000E+00
0.1157E+02
0.7960E+01

0.0000E+00
0.9730E+01
0.1067E+02

0.0000E+00
0.7700E+01
0.7310E+01

0.0000E+00
0.9220E+01
0.7700E+01

0.0000E+00
0.3720E+01
0.8430E+01

0.0000E+00
0.0000E+00
0.1380E+01

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+0D0
0.0000E+0C

0.0000E+00
0.0000E+00
0.0000E+00

0.0600E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.CO00E+D0
0.2500E+01
D.0000E+00

0.0000E+00
0.8640E+01

0.2524E+02

0.5310E+01
0.7920E+01
0.2808E+02

0.8550E+01
0.758CE+01
0.2275E+02

0.8800E+01
0.4330E+01
0.18ME+02

0.8790E+01
0.4740E+01
0.1370E+02

0.8380E+01
0.173CE+01
0.8720E+01

0.2720E+01
0.1380E+01
0.9920E+01

'0.0000E+00D

0.3900E+01
0.1008E+02

0.0000E+00
0.8220E+01
0.9670E+01

0.0000E+00
0.8230E+01
0.1084E+02

0.0000E+00
0.5830E+01
D.1G47E+02

0.0000E+00
0.7760E+01
D.7B50E+D1

0.0000E+00
0.1100E+D0
D.1570E+01

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.000QE+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.1990E+01
0.0000E+00

D.000QE+00
0.7970E+01

0.1806E+02

0.3580E+01
0.8170E+01
0.1881E+02

0.7840E+01
0.7680E+01
0.1243E+02

0.3080E+01
0.7760E+01
0.1442E+02

0.B830E+01
0.5350E+01
0.1066E+02

0.88D0E+01
0.3240E+01
0.6530E+01

0.7200E+01
0.9700E+00
0.459%0E+01

0.3300E+00
0.7060E+01
0.8330E+01

0.0000E+00
0.8320E+01
0.1058E+02

0.0000E+00
0.7950£+01
0.8130E+01

0.0000E+00
0.9170E+01
0.8280E+01

0.0000E+00
0.5090E+01
0.8290E+01

0.0000E+00
0.1710E+01
0.7500E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+DO
0.0000E+00
0.0000E+00

0.0000E+00
0.0000£+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.2000E-01
D.0000E+00

0.0000E+00
0.7560E+D1
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0.1690E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7620E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7740E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7660E+01
0.CO00E+0D
0.0000E+00
0.1200E+01
0.BI80E+01
0.0000E+00
0.0000E+0D
0.3100E+00
0.8020E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.777T0E+01
0.CODOE+00
0.0000E+00
0.0000E+00
0.7130E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.1083E+02
0.0000E+00
0.0000E+00
0.0GD0E+00
0.1226E+02
0.0000E+00
0.0000£+00
0.000GE+0C
0.1386E+02
0.1200E+00
0.0000E+00
0.C00D0E+00
0.1592E+02
0.54B0E+01
0.0000E+00
0.0000E+00
0.4240E+01
0.7900E+01
0.0000E+00
0.0000E+00
0.3560E+01
0.8250E+01
0. 0000E+00
0.0000E+00
0.3870E+01
0.8650E+01
0.0000E+00
0.0000E+00
0.4120E+01
0.9050E+01
0.0000E+00
0.0000E+00
0.1570E+01
0.9190E+01
0.0000E+00
0.0000E+00
0.3640E+01
0.6190E+01
0.0000E+00
0.0000E+00
0.1160E+01
0.5160E+01
0.0000E+00
0.1000E+00
0.1350E+01
0.7210E+01

0.0000E+00
0.0000E+00
0.0000E+0D
0.2160E+01
0.3270E+04
0.0000E+00
0.0000E+00
0.4B40E+01
0.8730E+01
0.0000E+00
0.0000E+D0
0.5960E+01
0.8380E+01
0.0000E+00
0.0000E+00
0.B130E+01
0.7560E+01
0.0000E+00
0.0000E+00
0.7250E+01
0.7220E+01
0.CODDE+00
0.COBOE+00
0.5130E+01
0.7920E+01
0.0000E+00
0.0000E+00
0.4530E+01
0.6000E+01
0.0000E+00
0.C0D0E+00
0.2000E-01

0.6910E+01
0.0000E+00
0.CO00E+00
0.0000E+00
0.8450E+01
0.0000E+00
0.0000E+00
{.G0C0E+00
0.7000E+01
0.0000E+30
0.GO00E+00
0.C000E+00
0.6230E+01
0.3100E+00
0.COC0E+00
0.00C0E+00
0.2350E+01
0.4140E+01
0.0000E+00
0.0000E+00
0.1593E+02
0.7650E+01
0.0000E+00
0,0000E+00
0.5820E+01
0.7040E+04
0.0000E+00
0.0000E+00
0.179BE+02
0.8550E+01
0.0000E+00
0.0000E+00
0.1414E+402
0.8460E+01
0.0000E+00
0.0000E+00
0.5080E+01
0.8090E+01
0.0000E+00
0.1150E+01
0.5900E+01
0.7550E+01
0.0000E+00
0.6360E+01
0.3390E+01
0.7370E+01

0.000CE+00
0.000CE+00
0.000CE+00
0.8280E+01
0.0000E+00
0.0000E+00
0.000CE+00
0.8380E+01
0.23690E+01
0.0000E+00
0.0000E+00
0.8550E+01
0.8840E+01
0.0000E+00
0.DG00E+D0
0.8720E+01
0.8720E+01
0.0000E+00
0.0000E+00
0.9160E+01
0.7780E+01
0.0000E+00
0.0000E+00
0.9390E+01
0.5040E+01
0.0000E+00
0.0000E+00
0.983C0E+01
0.78608+01
0.0000E+0D
0.0000E+00
0.7740E+01
0.8390E+01
0.0000E+00
0.0000E+00
0.4310E+01
0.8790E+01
0.0000E+00
0.000GE+00
0.1330E+01
0.2680E+01
C.0000E+00
0.0000E+00
0.3000E-01
0.7800E+00
0.0000E+00
0.0000E+00
0.00D0OE+00
0.1840E+01
0.06000E+00
0.0000E+00
0.0000E+00
0.1365E+02
0.1420E+01
0.0000E+00
0.5900E+00
0.8200E+01
0.6650E+01
0.0000E+00
0.2320E+01
0.6340E+01
0.7940E+01
0.0000E+00
0.5230E+01
0.3380E+01
0.7910E+01
0.0000E+0D
0.8320E+014
0.1660E+01
0.7440E+014
0.0000E+00
0.1011E+02
0.9220E+01
0.6590E+01
0.0000E+D0
0.1055E+02
0.7300E+01
0.7470E+01

0.0000E+00
0.0000E+0D0
0.0000E+00
0.B500E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8740E+01
0.4000E-01

0.0000E+00
0.0000E+00
0.BBI0E+D1
0.5150E+01
0.0000E+00
0.0000E+00
0.8160E+01
0.7740E+01
0.0000E+00
0.0000E+00
0.9220E+01
0.7580E+01
0.GO00E+D0
0_0000E+00
0.5920E+01
0.7570E+01
0.0000E+00
0.0000E+00
0.9840E+01
0.7370E+01
0_0COOE+00
0.0000E+00
0.1016E+02

0.8480E+01
0.C000E+00
0.0000E+00
0.1034E+02
0.8350E+01
0.C000E+00
0.0000E+00
0.1036E+02
0.5350E+01
0.0000E+00
0.00D0E+00
0.9460E+01

0.3770E+01
0.0000E+00
0.0000E+00
0.8190E+01
0.2420E+01
0.0000E+00
0.0000E+00
0.8170E+01
0.2070E+01
0.0000£+00
0.0000E+00
0,9680£+04
0.5800£+01
0.5700E+00
0.0000£+00
0.1019E+02
0.8500E+01
0.4670E+01
0.0000E+00
0.9180E+01
0.5130E+01
0.7680E+01
0.0000E+00
0.1072E+02
0.1001E+02
0.7510E+01
0.0000E+00
0.9670E+01
0.7080E+01
0. 7T150E+01
0.0000E+00
0.1040E+02
0.7580E+01
0.7460E+01

0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+0D
0.0000E+00 0.0000E+00
0.8830E+01 0.9170E+01
0.0000E+00 0.0000E+00
0.0000E£+00 0.6000E+00
0.0000E+00 0.0000E+00
0.8740E+01 0.8290E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.7950E+01 0.7220E+01
0.7000E+00 0.0000E+0D
0.0000£+00 0.G000E+00
0.0000E+00 0.000CE+00
0.7630E£+01 0.7670E+01
0.5170E+01 0.1180E+01
0.0000£+00 0.0000E+00
0.0000E+00 0.G000E+00
0.7740E+01 0.6540E+01
0.6630E+01 0.5B00E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.7440E+01 0.5260E+01
0.6770E+01 0.6600E+04
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.8850E+01 0.6830E+01
0.7510E+01 0.6500E+01
0.0000E+00  0.0000E+00
0.0060E+00 0.0000E+00
0.9550E+01 0.9700E+01
0.6970E+01 0.7250E+01
0.0000E+00 0.GO00E+0O0
0.0000E+00 0.000CE+00
0.9780E+01 0.9107E+02
0.6310E+01 0.7B10E+01
0.0000E+00 0.0000E+0D
0.0000E+00 0.C000E+0D
0.8770E+01 0.1070E+02
0.8050E+01 0.6720E+01
0.0000E+00 0.C000E+00
0.0000E+00 0.0000E+00
0,4012E+02 0.1093E+02
0.6870E+01 0.6510E+01
0.0000E+00  0.0000E+00
0.0G00E+00 0.6D0CE+00
0.1405E+02 0.1138E+02
0.7620E+01 0.7B60E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.1051E+02 0.1213E+02
0.7650E+01 0.8020E+01
0.0000E+00 0.0000E+00
0.00G0E+00  0.0000E+00
0.8800E+01 0.1131E+02
0.6910E+01 0.1820E+01
0.0000E+00  0.0000E+00
0.00COE+00 0.0000E+00
0.9200E+01 0.1214E+02
0.1780E+01 0.6050E+01
0.0000E+00  0.0000E+00
0.0000E+00 0.00C0E+00
0.8850E+01 0.8100E+01
0.8120E+01 0.7030E+01
0.1160E+01  0.0000E+00
0.0000E+00 0.0000E+00
0.6150E+01 0.4750E+01
0.7310E+01 0.AQ10E+01
0.2520E+01 0.0000E+00
0.0000E+00 0.0000E+00
0.6960E+01 0.6280E+01
0.1497E+02 0.5420E+01
0.4660E+01 0.0000E+0D
0.0000E+00 0.0G00E+00
0.8330E+01 0.1470E+01
0.4820E+01 0.1490E+0%
0.5810E+01 0.1000E+D0

0.0000E+0D 0.0000E+00

0.0000E+0D 0.0000E+00
0.8420E+01 0.7770E+01
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.7140E+01 0.7710E+01
0.C000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.7220E+01 0.7390E+01
0.0000E+00 0.0C00E+00

0.0000E+00 0.0000E+00
0.7660E+01 0.7580E+01
0.0000E+00  0.0000E+00

0.0000E+00 0.0000E+00
06530E+01 0.73405+01
0.4040E+01 0.0000E+00

0.0000E+00 0.0000E+0D
0.4020E+01 0.9540E+01
0.3370E+01 0.0000E+00

0.0000E+00 0.0000E+00
0.2300E+01 0.1025E+02
0.4900E+01 0.2500E+00

0.0000E+00 0.0000E+D0
0.1395E+02 0.1709E+02
0.8870E+01 0.4530E+01

0.0000E+00 0.0000E+00
0.1394E+02 0.1BS5E+02
0.8670E+01 0.8580E+01

0.0000E+00 0.0000E+00
0.1558E+02 0.2188E+02
0.8110E+01 0.8420E+01

0.0000E+00 0.0D00E+00
0.1548E+02 0.2125E+02
0.8230E+01 0.1173E+02

0.0000E+00 0.0O00E+00
0.1782E+02 0.2270E+02
0.9280E+01 0.1102E+02

0.0000E+00  0.0000E+00
0.1893E+02 0.2258E+02
0.8280E+01 0.8530E+01

0.0000E+00 0.0000E+00
0.2139E+02 0.2281£+02
0.1015E+02 0.5280£+01

0.0000E+00 0.0000E+00
0.1954E+02 0.2272E+02
0.6680E+01 0.1750E+01

0.0000E+00 0.0000E+00
0.6020E+01 0,1B67E+02
0.5810E+01 0.4020E+01

0.0000E+00  0.0000E+00
0.3540E+01 0.1854E+02
0.8740E+01 0.7280E+01

0.0000E+00 0.000GE+00
0.5380E+01 (.1288E+02
0.4410E+01 0.2420E+01

0.0000E+00  0.0000E+00
0.2010E+01 0.4300E+00
0.3210E+01 0.1120E+01

0.0000E+00

0.0000E+00
0.7060E+01
0.0000E+00

0.0000E+00
0.6800E+01
0.0000E+00

0.0000E+00
0.7260E+01
0.0000E+00

0.0000E+00
0.7340£+01
0.0000E+00

0.0000E+00
0.10B2E+02
0.0000£+00

0.0000E+00
0.1526E+02
0.0000£4+00

0.0000E+00
0.1659E+02
0.0000E+00

0.0000E+00
0.9180E+1
0.1300£+00

0.0000E+00
0.1013E+02
0.3530E+01

0.0000E+D0
0.1258E+02
0.8980E+01

0.0000E+00
0.5800£+01
0.4125E+02

0.0000E+00
0.1903E+02
0.8840E+01

0.00006+00
0.1718E+02
0.8150E+01

0.0000E+00
0.1605E+02
0.6750£+01

0.0000E+00
0.1380E+02
0.3200E+01

0.0000E+00
0.15816+02
0.3640FE+01

0.0000E+00
0.1873E+02
0.4230E+01
0.0000E+00
0.4196E+02
0.1730E+01
0.0000E+00

0.500E+00

0.0000E+00

0.0000E+00
0.7320E+01
0.0000E+00

0.0000E+00
0.8770E+(1
0.0000E+00

0.0000E+00
0.71C0E+01
0.0000E+00

0.0000E+00
0.7220E+01
0.0000E+00

0.0000E+00
0.8410E+01
0.0000E+00

0.0000E+00
0.4009E+02
0.0000E+00

0.0000E+00
0.4361E+02
0.0000E+00

0.0000E+00
0.1086E+02
0.0000E+00

0.0000E+00
0.3580E+01
0.3200E+00

0.0000E+00
0.8600E+01
0.4110E+01

0.0000E+00
0.7150E+01
0.8350E+01

0.0000E+00
0.1720E+01
0.B680E+01

0.0000E+00
0.1160E+01
0.8750E+01

0.0000E+00
0.4500E400
0.8750E+01

0.G000E+00
0.2600E+00
0.7250E+01

0.0000E+00
0.3050E+01
0.7900E+01

0.0000E+00
0.1441E+02
0.5650E+01

0.0000E+00
0.2970E+01
0.3300E+01

0.0000E+00
0.0C00E+00
0.1380E+01



0.0000E+00 0.0000E+00
0.5840E+01 0.1005E+02
0.1490E+01 0.31B0E+01
0.6970E+01 0.8150E+01
0.0000E+00 0.0000E+00
0.9230E+01 0.8750E+01
0.8300E+00 0.3580E+01
0.7250E+01 0.7970E+01
0.0000E+00 0.0000E+00
0.3440E+01 0.9620E+01
0.1330E+01 ©.6080E+01
0.1120E+02 0.6660E+01
0.CODDE+00 D.CO00E+00
0.7230E+01  0.6730E+04
0.7560E+01 0.6020E+01
0.9610E+01 0.6480E+014
0.0000E+0D  0.0000E+00
0.2410E+01 0.4510E+01
{0.8740E+01 0.4520E+01
0.4450E+01 O0.7410E+01
0.0000E+00 0.0000E+00Q
0 4040E+01 0.3740E+01
0.9200E+01 0.4340€+01
0.4950E+01 0.6530E+01
0.0000E+00 0.0000E+00
0.4210E+04 0.3430E+01
0.1410E+01 0.7900E+00
0.6260E+01 0.9300E+01
0.0000E+00 0.0000E+QD
0.4450E+01 0.4020E+04
0.0000E+0D0 0.5870E+014
0.9720E+01  0.1034E+02
0.0000E+00 0.0000E+00
0.3750E+01  0.4030E+04
0.2500E+01 0.7740E+01
0.1080E+02 0.1104E+02
0.0000E+00  0.0000E+00
0.2980E+D1 0.4550E+01
0.1180E+01 0.3410E+01
0.14256+02 0.1044E+02
0.0000E+00 0.0000E+00
D.3230E+01 0.4880E+01
0.3030E+01 0.1050E+01
0.1370E+02 0.1020E+02
0.0000E+00 0.0000E+00
0.3340E+01 0.4820E+04
0.3610E+01 0.1142E+02
0.1418E+D2 0.6420E+01
0.D000E+00 0.00D0E+00
0.2500E+01 0.4450E+01
0.9040E+01 0.7930E+01
0.1320E+02 0.9690E+01
0.0000E+00 0.0000E+00
0.7380E+01 0.4030E+01
0.8560E+01 0.5740E+01
0.1668E+02 0.1573E+02
0.000CE+00 0.0000E +00
0.7570E+01 0,8520E+01
0.7000E+01 0.4010E+01
0.1067E+(2 0,5070E+01
0.0000E+00 0.0000E+00
0.B210E+01 0.8120E+01
0.3750E+D1 0.2080E+01
0.8120E+01 0.1108E+02
0.0000E+00 0.0000E+00
0.9060E+D01 0.9050E+01
0.3250E+01 0.4570E+01
0.7960E+D1 0.8430E+01
0.000GE+0C  0.0000E+00
0.5020E+01 0.8920E+01
0.5580E+01 0.5740E+01
0.2280E+01 0.4550E+01
0.0000E+00  0,0000E+00
0.7110E+01 0.8370E+01
0.6510E+01 0.4160E+01
0.5570E+01 0.7820E+01
0.0000E+00 0.00ODE+00
0.1280E+01 0.6230E+01

0.0000E+00
0.8790E+01
0.8570E+01
0.7690E+01
0.0000E+00
0.6840E+01
0.5750E+01
0.72BOE+01
0.0G0CE+00
0.7610E+01
0.4 100E+01
D.70B0E+01
0.0000E+00Q
0.5870E+014
0.3350E+01
0.1015E+02
0.0000E+00
0.4330E+01
0.3170E+01
0.78C0E+01
0.0000E+00
D.4550E+D1
0.5560E+01
0.1015E+02
0.0000E+00
0.4420E+01
0.8430E+01
0.1088E+02
0.C000E+00
0.4960E+01
0.1468E+02
0.9150E+01
0.0000E+0D
0.4690E+01
0.2301E+02
0.8280E+01
0.0000E+00
0.2750E+01
0.2328E+02
0.8390E+01
0.0000E+00
0.3650E+01
0.2106E+02
0.9920E+01
0.0000E+00
0.3740E+01
0.9190E+01
0.8490E+01
0.0000E+00
0.4900E+01
0.1149E+02
0.9920E+01
0.0000E+00
0.4050E+01
0.1247E+02
0.4131E+02
0.0000E+00
0.3110E+04
0.2380E+02
0.6G00E+04
0.0000E+00
0.8030E+01
0.2455E+02
0.1132E+02
0.0000E+00
0.8440E+01
0.1840E+02
0.7230E+04
0.0000E+00
0.8750E+(1
0.1250E+02
0.7660E+01
0.0000E+00
0.8680E+01
0.2361E+02
0.8120E+01
0.0000E+00
0.8000E+01

0.0000E+00 0.0000€+00 0.0000E+00 0.0000E+00

0.5180E +01
D.1480E+01
0.7810E+(1
0.0000E+00
0.8170E+01
0.1300E+00
0.7100E+01
0.0000E+D0
0.3640E401
0.1760E+01
0.6990E+01
0.0000E+00
0.5670E+01
0.3010E+01
0. 1178E+D2
0.0000E+00
0.5790E+01
0.2710E+D1
0 G400E+D1
0.0000E+00
0.5170E+01
0.2480E+01
0.{367E+02
0.0000E+00
0.6010E+01
0.1362E+02
0.1096E+02
0.0000E+00
0.6220E+01
0.3291E+02
0.8690E+01
0.0000E+00
0.4750E+01
0.3675E+02
0.78B0E+D1
0.9200E+00
0.4480E+01
0.3659E+02
0.9710E+D1
0.8000E-01

0,3400E+01
0.3381E+02
0.8550E+01
0.1230E+01
0.4200E+01
0.3423E+02
0.6790E+01
0.4050E+01
0.3510E+04
0.3351E+02
0.8850E+01
0.2460E+01
0.2920E+01
0.3591E+02
0.8050E+01
0.0000E+00
0.2300E+D4
0.3314E+0D2
0. 7450E+D1
0.0000E+00
0.4150E+D1
0.3025E+02
0. 1047E+D2
0.0000E+00
0.7640E+D4
0.2456E+02
0.7650E+014
0.6000E+00
0.8760E+01
0. 19H3E+02
0.8180E+01
0.0000E+00
0.9030E+01
0.3442E+02
0.7670E+D1
0.0C00E+00
0.8850E+01

0.7150E+01 0.5850E+01
0.2280E+01 0.5100E+00
0.2B60E+0% 0.1200E+00
0.0000E+00 0.0D00E+00
0.8710E+01 0.7150E+01
0.7000E+00 0.1200E+014
0.5930E+01 0.5000E+00
0.0000E+00 0.0000E+00
0.4850E+01 D.7400E+04
0.2050E+01 0.1400E+00
0.6660E+01 0.2800E+00
0.0000E+00 0.0000E+00
0.5850E+01 0.6550E+01
0.3130E+01 0.111BE+D2
0.144BE+02 0.1060E+01
0.0000E+00 0.5800E+00
0.6360E+01 0.7180E+01
0.8020E+01 0.1460E+02
0.1104E+02 0.3700E+00
0.0000E+00  0.4690E+01
0.5820E+01 0.7460E+01
0.4080E+0% 0.4540E+01
0.1173E+02 0.3100E+00
0.1270E+D1 0.8730E+01
0.6550E+01 0.7120E+01
0.1143E+02 0.2052E+02
0.4390E+01 0.4000E+00
0.6540E+01 0.8740E+01
0.6480E+01 0.7190E+01
0.3346E+02 0.3538E+02
0.4280E+01 0.3800E+00
0.8280E+01 0.7330E+01
0.6110E+01 0.6300E+01
0.3814E+02 0.3341E+02
0.4B80E+01 0.4100E+00
0.1006E+02 0.8180E+01
0.4090E+01 0.2700E+01
0.3830E+02 0.4091E+02
0.7400E+01 0.5900E+00
0.8560E+01 0.8870E+01
0.2790E+01 0.3780E+01
0.36867E+02 0.3926E+02
0.6490E+01 0.3800E+00
0.8880E+01 0.9540E+01
0.4140E+01 0.4800E+01
0.3655E+02 0.3714E+02
0.7080E+01 0.2100E+00
0.8900E+01 0.9030E+01
0.3260E+01 0.5690E+04
0.3617E+02 0.3619E+02
0.7980E+01 0.2800E+00
0.6580E+01 (.85B0E+01
0A4020E+01 0.5380E+01
0.3624E+02 0.3400E+02
0.586DE+01 0.6000E+00
046006400 0.5130E+01
0.2000E+01 0.2480E+01
0.3442E+02 (.3402E+02
0.5080E+01 0.3000E+00
0.0000E+00 0.0000E+00
0.2670E+01 0.2240E+01
0.3041E+02 0.3914E+02
0.2890E+01 0.2600E+00
0.0000E+00  0.0000E+00
0.4460E+01 0.5920E+01
0.2889E+02 0.3997E+02
0.5280E+01 0.5000E-01
0.0000E+Q0 0.0000E+00
0.8950E+01 0.8630E+01
0.2221E+02 0.3610E+02
0.2800E+01 0.00D0E+00
O.0000E+00 0.0000E+00
0.9210E+01 0.1075E+02
0.3008E+02 0.2575E+02
0.1210E+01 0.0000E+00
0.0000E+00 0.0000E+00
0.9550E+01 0.1019E+02

0.9500E+00
0.1200E+00

0.C000E+00
0.4910E+01
0.6710E+01

0.9000E-01
0.6230E+01
0.127GE+01

0.3540E+01
0.6850E+01
0.1116E+02

0.7410E+01
0.7680C+01
0.2262E+02

0.8680E+01
0.7760E+01
0.2103E+02

0.8840E+01
0.7770E+01
0.1758E+02

0.7520E+01
0.8430E+01
0.1700E+D2

0.4080E+01
0.5820E+01
0.3024E+02

0.4210E+01
0.3540E+01
0.3999E+02

0.7340E+01
0.3960E+01
0.3837E+02

0.9230E+01
0.7336E+01
0.3481E+02

0.8980E+01
0.7270E+01
0.3146E+02

0.8930E+01
0.6890E+01
0.3189E+02

0.8490E+01
0.3790E+01
0.3549E+02

0.3430E+01
0.2850E+01
0.3447E+02

0.0000E+00
0.3400E+01
0.3254E+02

0.0000E+00
0.8950E+01
0.2649E+02

0.0000E+00
0.1504E+D2
0.1663E+02

0.0000E+00
0.1039E+02

0.0000E+00
0.1200E+00
0.2700E+00

0.0000E+00
0.1430E+01
0.5230E+01

0.2710E+01
0.7160E+01
0.3750E+01

0.7520E+01
0.7730E+01
0.1442E+02

0.8030E+01
0.7560E+01
0.1709E+02

0.6840E+01
0.5890E+01
0.1034E+02

0.5690E+01
0.6650E+01
0.1260E+02

0.3830E+01
0.7070E+401
0.1220E+02

0.2060E+01
0.7160E+01
0.2513E+02

0.2650E+01
0.7480E+01
0.3428E+02

0.3150E+01
0.7310E+01
0.2735E+02

0.88T0E+01
0.7710E+01
0.3369E+02

0.7050E+01
Q.7750E+01
0.3333E+02

0.9370E+01
0.7520E+01
0.3058E+02

0.8860E+01
0.4580E+01
0.3087E+02

0.8380E+01
0.3890E+01
0.2537E+02

0.3370E+01
0.2020E+04
0.2007E+02

0.0000E+00
0.48%0E+01
0.6650E+01

0.0000E+00
0.1157E+02
0.7960E+01

0.0000E+00
0.9730E+01

0.0000E+00
Q.0000E+00
0.2200E+00

0.1900E+01
0.2000E-01
0. 1158E+02

0.7930E+01
0. 2600E+01
0A111E+02

0.6510E+01
0.5500E+01
G.1650E+02

0.6050E+01
0.3080E+01
0.1489E+02

0.7480E+01
0_2880E+01
0.7490E+01

0.5470E+01
0.5090E+01
0.56T70E+01

0.3160E+01
0.6160E+01
0.1089E+02

0.3550E+01
0.7470E+01
0.1509E+02

0.3280E+01
0.8590E+01
0.2178E+02

0.9700E+00
0.8570E+01
0.2154E+02

0.1500E+01
0.8340E+01
0.2524E+02

0.5310E+01
0.7920E+01
0.2809E+02

0.8550E+01
0.7590E+01
0.2275E+02

0.BB00E+01
0.4380E+01
0.1934E+(2

0.879CE+01
0.4790E+01
0.1370E+02

0.8390E+01
0.1730E+01
0.8720E+01

0.2720E+01
0.1380E+01
0.2920E+01

0.0000E+00
0.3900E+01
0.1008E+02

0.0000E+00
0.8220E+01

0.8500E+00
0.0000E+00
0.1330E+01

0.7570E+01
0.7100E+00
0.7440E+01

0.8510E+01
0.2000E+00
0.9840E+01

0.5050E+01
0.1830E+01
0.1264E+02

0.1810E+01
0.8360E+01
0.4540E+01

0.6110E+01
0.8360E+01
0.6220E+01

0.4410E+01
0.4420E+01
0.8480E+01

0.4930E+01
0.3800E+00
0.1088E+02

0.4830E+01
0.1870E+01
0.1275E+02

0.4420E+01
0.7040E+01
0.1758E+02

0.4250E+01
0.3740E+01
0.1641E+02

0.2330E+01
0.9280E+01
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0.3240E+01
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0.7060E+01
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0.7090E+01 0.8880E+01
0.8940E+01 0.8400E+01
0.0000E+00 0.Q00CE+00
0.0000E+00 0.0000E+00
0.9270E+01 0.B420E+01
0.8830E+01 0.8170E+01
0.0000E+00 0.0000E+(0
0.0000E+00 0.0000E+00
0.1282E+02 0.8510E+01
0.6980E+01 0.7630E+01
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0.7050E+01 0.3570E+01
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0.5360E+01 0.5760E+01
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0.2400E+00 0.4220E+01
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0.0000E+00 0.0000E+00
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0.0000E+00 0.0000E+(0
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0.7820E+014
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0.3220E+01
0.8870E+01
0.7840E+01
0.0000E+00
0.2580E+01
0.9270E+01
0.5790E+01
0.0000E+D0
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0.8380E+01
0.15C0E+00
0.D000E+00
0.0000E+00
0.8220E+01
0.DOOBE+DD
0.0000E+00
0.0000E+DO
0.6470E+(1
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00Q
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0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
.0000E+00  0.0000E+00
0.0000E+00 0.0000E+00
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0.0000E+00 0.0000E+(0
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.00O0E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+D0
0.0000E+00 0.1800E+00
0.1690E+01 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+D0
0.0000E+00 0.2190E+01
0.76820E+01 0.3270E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.DD0OE+00
0.0000E+D0 0.4840E+01
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0.0000E+00 0.0000E+00
0.0000E+00  0.0000E+00
0.0000E+00 0.5960E+01
0.7680E+01% 0.8380E+01
0.6000E+00 0.0000E+00
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0,1200E+01 0.8130E+01
0.8380E+01 0.7560E+01
0.0000E+00 0.0O00E+DD
0.0000E+00 (.C000E+00
0.3100E+00 0.7250E+01
0.8020E+01 0.7220E+01
0.0000E+00 0.0000E+D0
0.0000E+00 .CO0C0E+D0
0.0000E+00 0.5130E+01
0.7770E+01 0.7920E+01
0.0000E+00 0.00C0E+00
0.0000E+D0 0.0000E+00
0.0000E+00 0.4530E+01
0.7130E+01 0.6000E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+D0
0.0000E+00
C.0000E+00
0.0000E+D0
0.0000E+00
6.0000E+D0
0.2230E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8280E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8380E+01
0.3680E+01
0.0000E+00
0.0000E+0O0
0.3580E+01
0.8940E+01
0.0000E+00
0.0000E+00
0.8720E+01
0.8720E+01
0.0000E+00
0.0000E+D0
0.9160E+01
0.7790E+01
0.0000E+00
0.0000E+00
0.9350E+01
0.BOAOE+D1
0.0000E+DD
0.0000E+00
0.9830E+01
0.7B6OE+01
0.0000E+00
{-0000E+DO

0.1692E+02
0.5980E+01
0.0000E+00
0.7570E+01
0.1086E+02
0,4650E+01
0.0000E+00
0.3570E+01
0.1011E+02
0.1260E+01
0.0000E+00
0.0C00E+00
0.9060E+01
0.0000E+00
0.0000E+00
0.000CE+00
0.8720E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.4840E+01
0.0000E+00
0.0600E+00
0.0000E+00
0.0000E+00
0.0000E+0D
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.1285E+02
0.1300E+01
0.0000E+00
0.9110E+01
0.8850E+01
0.2800E+00
0.0000E+00
0.3310E+01%
0.8720E+01
0.0000E+00
0.0600E+00
0.8000E-01

0.7420E+01
0.0000E+00
0.0000E+00
0.6000E+00
0.8870E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.3970E+01
0.0000E+00
0.0000E+00
0.0GO0E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0G00E+00
0.0000E+00
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0.0000E+0D
0.0000E+00
0.C000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1460£+01
0.0000E+00
0.0CO0E+Q0
0.0000E+00
0.7640E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8500E+01
0.0000E+00
0.0Q00E+00
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0.8740E+01
0.4000E-01

0.0000E+00
0.0000E+00
0.8830E+01
0.5190E+01
0.0000E+C0
0.0000E+00
0.8160E+01
0.7740E+01
0.0000E+00
0.0000E+00

[0.9220E+01

0.7580E+01
0.0000E+00
0.0000E+00
0.9920E+01
0.7570E+01
0.0000E+00
0.0000E+00
0.9840E+01
0.7370E+01
0.0000E+00
0.0000E+00

0.6000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,1000E-01
0.0000E+00
0.0000E+00
0.0000E+00
0.62G0E+01
0.0000E+00
0.0000E+D0
0.0000E+00
0.8750E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8830E+01
0.0000E+D0
0.0000E+00
0.0000E+00
0.8740E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7950E+01
0.7C00E+00
0.0000E+00
0.0000E+00
0.7630E+01
0.5170E+01
0.0000E+00
0.0000E+00
0.7740E+01
0.6630E+01
0.000CE+00
0.0000E+00
0.7440E+01
0.6770E+01
0.0000E+00
0.0000E+00
0.8650E+01
0.7510E+01
0.0000E+00
0.0000E+00

0.1343E+02
0 OO00E+DO
0.0000E+00
0.94B0E+01
0.9970E+01
0.0000E+00
0.0000E+00
0.9020E+01
0.8060E+01
0.0000E+00
0.00D0E+00
0.1750E+01

0.8140E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8380E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8300E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.000CGE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+06
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.00C0E+00
0.0000E+00
0.7150E+01
0.0000E+00
0.0000E+00
0.00C0E+00
0.8700E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.9170E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8200E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7220E+01
0.00D0E+00
0.0000E+00
0.0000E+00
0.7670E+01
0.1180E+01
0.0000E+00
0.0000E+00
0.6540E+01
0.5800E+01
0.0000E+00
0.0000E+00
0.6260E+0(1
0.6800E+01
0.0000E+00
0.0000E+00
0.6830E+01
0.6800E+01
0.0000E+00
0.0000E+00

0.1162E+02

0.0000E+00
0.8470E+01
0.9190E+01

0.0000E+00
0.8730E+01
0.1021E+02

0.0000E+00
0.2820E+01
0.9010E+01

0.0000E+D0
0.0000E+00
0.5640E+01

0.0000E+00
0.0000E+D0
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.CO00E+D0
0.0000E+00
0.0000E+00

0.0000E+00
0.4370E+01
0.0000E+00

0.0000E+00
0.B750E+01
0.0000E+00

0.0000E+00
0.8420E+01
0.0000E+00

0.0G00E+00
0.7140E+01
0.0000E+00

0.0000E+00
0.7220E+01
0.000CE+00

0.0000E+00
0.7660E+01
0.0000E+00

0.C000E+00
0.6530E+01
0.1040E+01

0.0000E+00
0.4020E+01
0.3370E+01

0.0000E+00
0.2300E+01
0.4900E+(1

0.0000E+00

0.0000E+00 0.2000E-01 0.7740E+01 0.1046E+02 0.8550E+01 0.9700E+01 0.1355E+02

0.1087E+02

0.0000E+00
0.7700E+01
0.7310E+01

0.0000E+00
0.9230E+01
0.77GDE+01

0.0000E+00
0.3720E+01
0.8430E+01

0.0000E+00
0.0000E+CD
0.1380E+01

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0C00E+00

G.O0CE+OD
0.0600E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+C0
0.0000E+00

0.0000E+00
0.2500E+01
0.0000E+00

0.COO0E+DD
0.8640E+01
0.0000E+00

0.0000E+00
0.7770E+01
0.0000E+00

0.0000E+00
0.7710E+01
0.0000E+00

0.0000E+00
0.7390E+01
0.0000E+00

0.0000E+00
0.7590E+01
0.0G00E+QQ

0.0000E+00
0.7340E+01
0.0000E+00

0.0000E+00
0.9540E+01
0.0000E+00

0.0000E+00
0.1025E+02
0.2500E+00

0.C000E+00
0.1708E+02

0.9670E+01

0.0000E+00
0.8230E+01
0.1084E+02

0.0000E+00
0.9630E+01
0.1047E+02

0.0000E+00
0.7760E+01
0.7860E+01

0.0000E+00
0.1100E+00
0.1570E+01

0.0000E+00
0.CO00E+DO
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.GODOE+D0
0.0000E+00

0.00C0E+00
0.0GO0E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.1990E+01
0.0000E+00

0.0000E+0D
0.7970E+01
0.000GE+DD

0.0000E+00
0.7060E+01
0.0000E+00

0.0000E+00
0.6800E+01
0.0000E+00

0.0000E+00
0.7260E+01
0.0000E+00

0.0000E+0C
0.7340E+01
0.0000E+00

0.0000E+00
0.1082E+02
0.0000E+00

0.0000E+00
0.1526E+02
0.0000E+00

0.0000E+00
0.1659E+02
0.0000E+00

0.0000E+00
0.9180E+01

0.1058E+02

0.0000E+00
0.7850E+01
0.8130E+01

0 DOCOE+00
0.8170E+01
0.8280E+01

0.0000E+00
0.9090E+01
0 3290E+01

0.0000E+00
0.1710E+01
0.7500E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.2000E-01
0.0000E+00

0.0C00E+CO
0.7560E+01
0.0000E+00

0.0000E+00
0.7320E+01
0.0000E+00

0.0000E+00
0.8770E+01
0.0000E+00

0.0006E+00
0.7100E+01
0.0000E+00

0.0000E+00
0.7220E+01
0.0000E+00

0.0000E+D0
0.8410E+01
0,0000E+04

0.0000E+00
0.1003E+02
0.0000E+00

0.0000E+00
0.1361E+02
0.0000E+00

0.0000E+00
0.1G685E+02



0.1083E+02 0.6910E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.1226E+02 0.6450E+04
0.0000E+00 0.0000E+00
0 DOCOE+00 0.0000E+00
0.0000E+00 0.0000E+00
0.1396E+02 0.7000E+01
0.1200E+00 0.0000E+00
0.0000E+G0 0.0000E+00
0.0000E+00 0.0000E+00
0.1592E+02 0.6230E+01
0.5480E+01 0.3100E+00
0.000CE+00 0.0000E+00
0.0000E+00 0.0000E+00
0.4240E+01 0.2350E+01
0.7900E+01 0.4140E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.3560E+01 0.1593E+02
0.8250E+01 0.7650E+01
0.0000E+00 0.000DE+00
0.0000E+00 0.0000E+00
0.3870E+01 0,5820E+01
0.0650E+01 0.7940E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.4120E+01 0.1788E+02
0.5050E+01 0.8550E+01
0.0000E+00 0.0000E+00
0.0000E+00  0.0000E+00
0.1570E+01 0.1414E+02
0.9190E+01 0.8450E+(1
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.3640E+01 0.S080E+01
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0.0000E+00 0.0000E+00
0.0000E+00 0.1150E+(1
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0.0000E+00 0.0O0DE+00
0.4040E+01 D.3740E+01
0.9200E+01 0.4940E+01
0.4960E+D1 0.6530E+01
0.0000E+00 0.0000E+00
0.4210E+01 0.3430E+01
0.1410E+01 0.78300E+00
0.6260E+01 0.9380E+01
0.0000E+00 0.0000E+00
0.4450E+01 0.4020E+01
0.0000E+00 0.5870E+01
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0.0000E+00
0.0000E+D0
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0.8780E+D1
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0.0000E+00
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0.0000E+00
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0.0000E+00
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0.8200E+01
0.8650E+01
0.0000E+00
0.2320E+01
0.6340E+01
0.7540E+01
0.COD0DE+00
0.5230E+01
0.3380E+01
0.7910E+01
0.0000E+00
0.8320E+01
0.1660E+01
0.7440E+01
0.0000E+00
0.1011E+02
0.2220E+01
0.6690E+01
0.0000E+00
0.1055E+02
0.7300E+01
0.7470E+01
0.0000E+00
0.9790E+01
0.8570E+01
0.7690E+01
0.0000E+00
0.6840E+01
0.5750E+01
0.7280E+01
0.0000E+00
0.7610E+01
0.4100E+01
0.7080E+01
0.0000E+00
0.5870E+01
0.3350E+01
0.1015E+02
0.0000E+D0
0. 4330E+(1
0.3170E+D1
0.7800E+01
0.00DDE+00
0. 4550E+D1
0.5580E+01
0.1015E+02
0.0000E+00
0.4420E+01
0.8430E+D1
0.1088E+02
0.0000E+00
0.4960E+01
0.1468E+02
0.6150E+01

0.8480E+D1
0.0000E+00
0.0000E+00
0.1034E+02
0.8390E+01
0.0000E+00
0.0000E+00
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0.5350E+01
0,0000E+00
0.0000E+00
0.9460E+01
0.3770E+01
0.0000E+00
0.0000E+00
0.8190E+01
0.2420E+01
0.0000E+D0
0.C000E+DO
0.8170E+01
0.2070E+01
0.0000E+00
0.0000E+00
0.S680E+01
0.5800E+01
0.5700E+00
0.0000E+D0
0.1012E+02
0.8600E+D1
0.4670E+01
0.0000E+00
0.9180E+01
0.5190E+01
0.7680E+01
0.0000E+00
0.1072E+02
0.1001E+02
0.7510E+01
0.0000E+00
0.96T0E+01
0.7080E+01
0.71160E+01
0.0000E+00
0.1040E+02
0.7580E+01
0.7480E+01
0.0000E+00
0.8180E+01
0.1480E+01
0.7810E+01
0.0000E+00
0.8170E+01
0.1300E+00
0.7100E+01
0.0000E+00
0.3640E+01
0.1760E+01
0.6990E+01
0.0000E+00
0.5670E+01
0.3010E+01
0.1176E+02
0.0000E+00
0.5790E+01
0.2710E+01
0.94C0E+0D1
0.00D0E+00
0.5170E+01
0.2430E+01
0.1367E+02
0,0000E+00
0.6010E+01
0.1362E+02
0.1096E+02
0.0C00E+00
0.6220E+01
0.3291E+02
0.B8B0E+01

0.6970E+01
0.0000E£+00
0.0000E+00
0.9780E+01
0.6310E+01
0.0000E+00
0.0000€+00
0.3770£+01
0.8050E+01
0.0000E+00
0.0000E+00
0.1012E+02
0.6870E+01
0.0000E+00
0.0000E+00
0.1105E+02
0.7620E+01
0.0000E+D0
0.0000E+00
0.1051E+02
0.7650E+01
0.0000E+00
0.0000E+00
0.8800E+01
0.6110E+01
0.0000E+00
0.0000£+00
0.9200E+01
0.17B0E+0D1
0.0000E+00
0.0000E+00
0.8860E+01
0.8120E+01
0.1160E+01
0.0000E+00
0.6150E+01
0.7310E+01
0.2520E+01
0.0000E+00
0.6960E+01
0.1417E+02
0.4660E+01
0.0000E+00
0.6330E+01
0.4820E+01
0.5810E+01
0.0000E+00
0.7150E+01
0.2280E+01
0.2860E+01
0.0000E+00
0.6710E+01
0.7000£+00
0.5830E+01
0.0006E+00
0.48506E+01
0.2050E+01
0.6660E+01
0.0000E+00
05850+
0.3130E+01
0.1448E+02
0.0000E+00
0.6350E+01
0.8020E+01
0.1104E+D2
0.0000E+00
0.5820E+01
0.4080E+01
D.1173E+D2
0.1270E+01
0.6550E+01
D.1143E+D2
0.4330E+01
0.6540E+01
0.6480E+01
0.3346E+02
0.42B0E+01

0.7250E+01
0.0000E+00
0.0000E+00
0. 1107E+D2
0.7810E+01
0.0000E+00
0.0000E+00
0.1070E+02
0.6720E+01

0.0000E+00
0.0000E+00
0.1093E+02

D.6510E+D1

0.0000E+00
0.0000E+00
0.1138E+02
0.7860E+01
0.0000E+00
D.0000E+00
0.1213E+02
0.6020E+01
0.0000E+00
0.0000E+00
0. 1131E+02
0.1920E+01
0.0000E+00
0.0000E+00
O A214E+D2
0.6050E+01
0.0000E+D0
0.0000E+00
0.8100E+01
0.7080E+01
0.0000E+00
0.0000E+00
D.4750E+01
0.4910E+01
0.0000E+00
0,0000E+00
0.6280E+01
0.5420E+04
0.0000E+00
0,0000E+00
DA470E+D1
0.1480E+01
0.1000E+00
0.0000E+00
0.5850E+01
0.5100E+00
0_1200E+00
0.0000E+00
0.7150E+01
0.1200E+01
0.5000E+00
0.0000E+00
0.7430E+01
0.1400E+00
0.2800E+00
0.0000E+00
0.6550E+01
0.1118E+02
0.1060E+01
0.5800E+00
0.7180E+01
0.1460E+02
0.3700E+00
0.4690E+01
0.7460E+01
0.4540E+01
0.3100E+00
0.8730E+01
0.7120E+01
0.2052E+02
0.4000E+00
0.8740E+01
0.7190E+01
0.3538E+02
0.3800E+00

0.BE7DE+D1

0.00COE+00
0.1394E+02
0.8670E+01

D.0000E+00
0.155BE+02
0.8110E+01

0.0000E+00
0.1549E+02
0.8230E+01

0.0000E+00
0.1782E+02
0.9280E+01

0.0O00E+00
0.1993E+02
0.8280E+01

0.0000E+00
0.2139E+02
0.1015E+02

0.0000E+00
0.1954E+02
0.6680E+01

0.0000E+00
0.6020E+01
0.5810E+01

0.0000E+00
0.3540E+01
0.8740E+01

0.0000E+00
0.5380E+01
0.4110E+01

0.0000E+00
0.2010E+01
0.3210E+01

0.0000E+00
0.9500E+00
0.1200E+00

0.0000E+00
0.4910E+01
0.6710E+01

0.9000E-01
0.6230E+01
0.1270E+01

0.3540E+01
0.6850E+01
0.1116E+02

0.7110E+01
0.76BDE+01
0.2262E+02

0.8560E+01
0.7760E+01
0.2103E+02

0.8B40E+01
0.7770E+01
0.1758E+02

0.7520E+01
0.6430E+01
0.1700E+02

0.4530E+01 0.1300E+00 0.0000E+00

0.0000E+00
0.1855E+02
0.8580E+01

0.0000E+00
0.2188E+02
0.9420E+01

0.0000E+00
0.2125€+02
0.1172E+02

0.0000E+00
0.2270E+02
0.1102E+02

0.0000E+00
0.2258E+02
0.9530E+01

0.0000E+00
0.2281E+02
0.5280E+01

0.0000E+00
0.2272E+02
0.1750E+01

0.0000E+00
0.1857E+02
0.4020E+01

0.0000E+00
0.1854E+02
0.7280E+01

0.0000E+00
0.1289E+02
0.2420E+01

0.0000E+00
0.4300E+00
0.1120E+01

0.0000E+00
0.1200E+00
0.2700E+00

0.0000E+00
0_1430E+01
0.5230E+01

0.2710E+01
0.7180E+01
0.3750E+01

0.7520E+01
0.7730E+D1
0.1442E+02

0.8030E+01
0.7560E+01
0.AT09E+02

0.6840E+01
0.5830E+01
0.1034E+02

0.5690E+01
0.6680E+01
0.1260E+02

0.3820E+01
0.7070E+01
0.1220E+02

0.0000E+00
0.1013E+02
0.3530E+01

0.0000E+Q0
- 0.1258E+02
0.8280E+01

0.0000E+0D
0.5800E+01
0.1125E+02

0.000CE+00
0.1903E+02
0.8B40E+D1

0.0000E+D0
0.1718E+02
0.8150E+01

0.0000E+00
0.1605E+02
0.6750E+01

0.0000E+00
0.1380E+02
0.3200E+01

0.0000E+00
D.1581E+02
0.3640E+01

0.0000E+00
0.1873E+02
0.4230E+01

0.0000E+00
D.1196E+02
0.1730E+01

0.0000E+00
0.0000E+00
0.5100E+00

0.0000E+00
0.0000E+00
0.2200E+00

0.1900E+01
0.2000E-01
0.1159E+02

0.793DE+D1
0.2600E+01
0. 1111E+02

0.6510E+01
0.5600E+01
0.1650E+02

0.6050E+01
0.3080E+01
0.1489E+02

0.7480E+D1
0.2880E+01
0.7490E+01

0.5470E+01
0.5090E+0
0.5870E+01

0.31680E+01
0.6160E+01
0.1089E+02

0.5000E+00
0.3580E+01
0.3200E+00

0.0000E+00
0.83600E+01
0.4110E+01

0.0000E+00
0.7150E+01
0.8360E+01

0.0000E+00
0.4720E+01
0.8630E+01

0.0000E+00
0.1160E+01
0.8750E+01

0.0000E+00
0.4500E+00
0.8750E+01

0.0000E+00
0.2800E+00
0.7250E+01

0.0000E+00
0.3050E+01
0.73C0E+01

0.0000E+00
0.1441E+02
0.5650E+01

0.60C0E+00
0.2870E+01
0.3300E+01

0.0000E+00
0.6000E+00
0.1380E+01

0.8500E+00
0.0000E+00
0.1330E+01

0.7570E+01
0.7100E+Q0
0.7440E+01

0.8510E+01
0.2800E+00
0.9840E+01

0.5050E+01
0.1920E+01
0.1264E+02

0.1910E+01
0.8380E+01
0.4540E+01

0.6110E+01
0.8360E+01
0.6220E+01

0.4410E+01
0.4420E+01
0.94B0E+01

0.4930E+01
0.360DE+00
0.108B8E+02
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0.000GE+00
0.3750E+01
0.2500E+01
0.1080E+02
0.0000E +00
0.2980E+01
0.1180E+01
0,1425E+02
0.0000E+00
0.3230E+01
0.3030E+01
0.1370E+02
0.0000E+00
0.3340E+01
0.3610E+01
0.1418E+02
0.0000E+00
0.2500E+01
0.940E+01
0.1329E+02
0.0000E+00
0.7380E+01
0.8560E+01
0.1668E+02
0.0000E+00
0.7570E+01
0.7000E+01
0.1067E+02
0.0000E+00
0.8210E+01
0.3750E+01
0.8120E+01
0.0000E+00
0.9060E+01
0.3250E+01
0.7960E+01
0.0000E+00
0.9020E+01
0.5580E+01
0.2280E+G1
0.0000E+00
0.7110E+01
0.6510E+01
0.5570E+01
0.0000E+00
0.12B0E+01
0.7080E+01
0.B340E+01
0.0000E+00
0.0000E+00
0.9270E+01
0.BB30E+01
0.C000E+00
0.0000E+00
0.1282E+02
0.6980E+01
0.0000E+00
0.0000E+00
0.1202E+02
0.7050E+01
0.0000E+00
0.0000E+00
0.5360E+01
0.6600E+00
0.0000E+00
0.0000E+00
0.2400E+00
0.0000E+00
0,D000E+D0
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
1

0.C0C0E+00
0.4930E+01
0.7740E+01
0.1 194E+D2
0.0000E+00
0.4550E+01
0.3410E+01
0.1044E+02
0.0000E+00
0.489CE+01
0.1050E+01
0.1020E+02
0.0000E+00
0.4920E+01
0.1142E+02
0.6420E+01
0.0000E+00
0.4450E+01
0.7930E+01
0.9690E+01
0.0000E+00
0.4030E+01
0.5740E+01
0.1573E+02
0.0000E+00
0.6520E+01
0.4010E+01
0.5070E+01
0.0000E+00
0.8120E+01
0.2060E+01
0.1108E+02
0.000GE+00
0.9050E+01
0.4570E+01
0,8430E+01
0.0000E+00
0.8930E+01
0.5740E+01
0.4590E+01
0.0000E+00
0.8370E+01
0.4160E+01
0.7820E+01
0.0000E4+00
5.6230E+01
0.8880E+01
0.8400E+01
0.0000E+00D
0.0000E+00
0.8420E+01
0.8170E+01
0.0000E+00
0.00G0E+00
0.8510E+01
0.7630E+01
0.0000E+00
0.0000E+00
0.9350E+01
0.3570E+01
0.0000E+00
0.0000E+DO
0.8760E+01
0.0000E+DO
0.0000E+00
0.CO00E+00
0.4220E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.000CE+00
0.0000E+00
o

0.000CE+00 0 GOOOE+0Q 0.B2BOE+01

0.4690E+01
0.Z301E+02
0.92B0E+01
0.0000E+00
0.2750E+(H
0.2328E+02
0.93B80E«01
0.0G00E+00
0.3650E+01
0.2106E+02
0.9920E+01
0.0000E+00
0.3740E+01
0.9190E+01
0.8490E+01
0.0000E+00
0.490DE+01
0.1148E+02
0.9920E+01
0,0000E+00
0.4050E+01
0.1247E+02
0.1131E+02
0.0000E+00
0.3110E+01
0.2380E+02
0.69D0E+01
0.0000E+00
0.8030E+01
0.2456E+02
0. 1432E+02
0.0000E+00
0.8440E+01
0.1840E+02
0.7230E+01
0.0000E+00
0.8750E+01
0.1250E+02
0.7660E+01
0.0000E+00
0,6680E+04
0.2361E+02
0,8120E+01
0.0000E+00
0.80GOE+01
0.1234E+02
O.T20E+01
0.0000E+00
0.3220E+01
0.8870E+01
0.7840E+01
0.0000E+00
0.2590E+(1
0.9270E+(1
0.57S0E+01
0.0000E+00
0.0000E+00
0.8360E+01
0.1500E+00
0.0000E+00
0.0000E+00
0.8220E+01
0.0000E+00
0.CO00E+00
0.0000E+00
0.6470E+01
0.0000E+00
0.GO0DE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.00DGE+D0
0.0000E+00
0.0000E +00
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0.4750E+01
0.3875E+02
0.7880E+01
0.9200E+00
0.44BOE+01
0.3655E+02
0.9710E+01

0.8110E+01
0.3814E+02
0.48B0E+01
0.1006E+02
0.4030E+01
0.3830E+02
0.7400E+01

0.B0OCE-01 0.8560E+01

0.3400E+01
0.33B1E+02
0.8550E+01
0.1230E+01
0.4200E+014
0.2423E+02
0.6790E+01
0.4090E+01
0.3510E+01
0.3351E+02
0.8850E+01
0.2460E+01
0.2920E+01
0.A581E+02
0.8050E+01
0.0000E+00
0.2300E+01
0.3314E+02
0.7490E+01
0.0000E+00
0.4150E+01
0.3025E+02
0. 101 7E+02
0.0000E+00
0.7610E+01
0.2458E+02
0.7650E+01
0.0000E+00
0.8760E+01
0.1933E+02
0.8180E+01
0.0000E+00
0.9030€+01
0.3442E+02
0.7670E+01
0,0000E+00
0.8850E+01
0.1682E+02
0.5980E+01
0,0000E+00
0.7570E+01
0.1086E+02
0.4650E+01
0.0000E+00
0,3570E+01
0.1011E+02
0.1260E+01
0.0000E+00
0.0000E+00
0.8060E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8720E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.4810E+01
0.0000E+00
0.0000E+00
0.6000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.000DE+D0
0.0800E+D0
0.0000E+00
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0.2790E+01
0.3667E+02
0.6490E+01
0.8880E+01
0.4140E+01
0.3655E+02
0.7090E+01
0.8500E+01
0.3260E+01
0.3617E+02
0.7880E+01
0.6680E+01
0.4020E+01
0.3624E+02
0.5860E+01
0.4600E+00
0.2800E+01
0.3442E+02
0.5080E+01
0.0000E+00
0.2670E+01
0.3041E+02
0.2850E+01
0.0000E+00
0.44B0E+01
0.2889E+02
0.5280E+01
0.0000E+00
0.8960E+01
0.2221E+02
0.2800E+01
0.0000E+00
0.9210E+01
6.3008E+02
0.1310E+01
0.0000E+00
0.9550E+01
0.1285E+02
0.1300E+01
0.00GOE+D0
0.9110E+01
0.8850E+01
0.2900E+00
0.0000E+00
0.3310E+01
0.8720E+01
0.0000E+00
0.0000E+00
0.8000E-01

0.7420E+01
0,0000E+00
0.0000E+00
0,0000E+00
0.8870E+01
0.06000E+00
0.0000E+00
0.0000E+00
0.3970E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+D0

0.7330E+04
0.8300E+01
0.3341E+02
0.4100E+00
0.8180E+01
0.2700E+01
DACIE+02
0.5900E+00
0.B870E+01

0.37B0E+01
0.3926E+02
0.38D0E+00
0.9540E+01
0.48D0E+01
0.3714E+02
0.2100E+00
0.9030E+01
0.5690E+01
0.3613E+02
0.2800E+00
0.8580E+01
0.5380E+01
0.3400E+02
0.6000E+00
0.5120E+01
0.24B0E+01
0.3402E+02
0.3000E+00
0.0000E+00
0.2240E+01
0.3914E+02
0.2800E+00
0.000GE+0C
0.5820E+01
0.3997E+02
0.5000E-01

0.0000E+00
0.8530E+01
0.3610E+02
0.0000E+00
0.0000E+00
0.1075E+02
0.2575E+02
0.0000E+00
0.000GE+D0
0.1019E+02
0.1343E+02
0.0000E+00
0.000GE+00
0.9480E+01
0.9970E+01
0.000GE+00
0.0000E+00
0. 9020E+01
0.9060E+01
0.0000E+00
0.0000E+00
0.1710E+01

0.B140E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8380E+01
0.0000E+00
0.000QE+00
0.0000E+00
0.8300E+00
0 000CE+QD
0.0000E+00
0.DOOOE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E + 00

0.4080E+01
0.5920E+01
0.3024E+02

0.4210E+01
0.3540E+01
0.3999E+02

0.7340E+01
0.3960E+01
0.3837E+02

0.9230E+01
0.7330E+01
0.34B1E+02

0.8380E+01
0.7270E+01
0.3146E+02

0.8930E+01
0.8690E+01
0.3189E+02

0.B480E+01
0.379DE+01
0.3649E+02

0.3430E+014
0.2850E+01
0.3447E+02

0.0000E+00
0.34C0E+01
0.3254E+02

0.0000E+00
0.8950E+01
0.2649E+02

0.0000E+Q0
0.1504E+02
0.1663E+02

0.0000E+00
0.1038E+02
0.1162E+02

0.0000E+00
0.B470E+01
0.9190E+01

0.0000E+00
0.8730E+01
0.1021E+02

0.0000E+00
0.2820E+01
0.9010E+D1

0.0000E+00
0.0000E+00
0.5640E+01

0.0000E+00
0.0000E+00
0.0000E+G0

0.0000E+00
0.0000E+00
0.0000E+00

0.GODOE+00
0.0000E+00
0.0000E+00

0.2960E+01 0.3550E+01
0.7180E+01 0.7470E+01
0.2513E+02 0.1509E+02

0.2650E+01 0.3280E+01
0.74BCE+01 0.8580E+01
0.3429E+402 0.29478E+02

0.3150E+01 0.9700E+(0
0.7310E+01 0.8570E+01
0.2735E+02 0.2154E+02

0.6870E+01 0.1500E+01
0.7710E+01 0.8340E+01
0.3369E+02 0.2524E+02

0.7050E+01 0.5310E+01
0.7750E+01 0.7920E+01
0.3333E+02 0.2809E+02

0.9370E+01 0.8550E+01
0.7520E+01 0.7580E+01
0.3058E+02 0.2275E+02

0.8860E+01 0.8B00E+01
0.4580E+01 0.4380E+01
0.3057E+02 0.1934E+02

0.8380E+01 0.878GE+01
0.3880E+01 0.4790E+(1
0.2537E+02 0.1370E+02

0.3370E+01 0.B390E+01
0.2620E+0% 0.1730E+01
0.2007E+G2  0.8720E+01

0.0000E+00 0.2720E+01
0.4690E+01% 0.1380E+D1
D.6550E+01% 0.9820E+01

0.0000E+00 O.0000E+0D
0.4157E+02 0.3900E+01
0.7960E+01 (.1008E+02

0.0000E+00 0.0000E+00
0.9730E+01 0.8220E+01
0.1097E+02 0.9670E+01

0.0000E+00  0.0000E+00
0.7700E+01 0.8230E+01
0.7310E+01 0.1084E+02

0.C0C0E+00 0.0000E+00
0.9230E+01  0.9630E+01
0.7700E+01 0.1047E+02

0.0000E+00 0.0000E+00
0.3720E+01 0.7760E+01
0.8430E+01 0.7BS0E+01

0.00C0E+00 0.0000E+00
0.0000E+00 0.1100E+00
0.1380E+01 0.1570E+01

0.0000E+00 0.0000E+00
0.00COE+00  0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00
0.0000E+00 0.00D0E+0Q
0.0000E+00 0.0000E+00

0.4830E+01
0.1870E+01
0.1275E+02

0.4420E+01
0.7040E+01
0.1758E+402

0.4250E+01
0.3740E+01
0.1641E+02

0.2330E+01
0.8280E+01
0.1906E+02

0.3560E+01
0.9170E+01
0.1831E+02

0.7840E+01
0.7860E+01
0.1243E+02

0.80BDE+01
0.7760E+01
0.1442E+02

0.8830E+04
0.5350E+01
0.1066E+02

0.8800E+01
0.3240E+01
0.653CE+01

0.7900E+01
0.9700E+00
0.4690E+01

0.3300E+00
0.7060E+01
0.9330E+01

0.0000E+00
0.8320E+01
0.1058E+02

0.C00CE+00
0.7950E+01
0.8130E+01

0.0000E+00
0.9170E+01
0.82B80E+01

0.0000E+00
0.9090E+01
0.8290E+01

0.0000E+00
0.1710E+01
0.7500E+00

0.0000E+00
0.0000E+00
0.000CE+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

E-14



0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+80
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.C000E+00
0.0000E+00
0.0000E+00
0.1680E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7620E+01
0.0000E+00
0.0000E+00
0.0000E+0D
0.7740E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7660E+01
0.0000E+00
0.0000E+00
0.1200E+01
0.8380E+01
0.0000E+00
0.0000E+00
0.3100E+00
0.8020E+01
0.0000E+00
0.0000E+00
0.0000E+00
§.7770E+1
0.0000E+00
0.0000E+00
0.0000E+0D
0.7130E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.1083E+02
0.0000E+00
0.0000E+00
0.6000E+00
0.1226E+02
0.0000E+00
0.0000E+00
0,0000E+00
0.1396E+02
0.1200E+00
0.0000E+00
0.0000E+00
0.1592E+02
0.54B0E+D1
0.0000E+00
0.0000E+00
0.4240E+01
0.7900E+01
0_0000E+00
0.0000E+00
0.3560E+401
0.8250E+01
0.000QE+DD
0.0000E+00
0.3870E+01
0.B650E+01
0.0000E+00
0.0000E+00
0.4120E+01
0.9050E+01
0.00C0E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.00D0E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0060E+00
0.1800E+00
D.0000E+00
0.0000E+00
0.0000E+00
0.2180E+01
0.3270E+01
0.0000E+00
0.0000E+00
0.4840E+01
0.8730E+01
0.0000E+00
0.0000E+0G
0.5960E+01
0.8380E+01
0.0000E+00
0.0000E+00
0.8130E+01
0.7560E+01
0.0000E+00
0.0600E+00
0.7250E+01
0.7220E+M1
0.0000E+00
0.0000E+00
0.5130E+01
0.7920E+01
0,0000E+00
0.0000E+0Q
0.4530E+01
0.6000E+01
0.0000E+00
0.0000E+D0
0.2000E-01

0.6910E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.6450E+01
0.0000E+00
0.0000E+00
0.0000E+D0
0.7000E+01
0.0000E+00
0.00DDE+00
0.0000E+00
0.6230E+01
0.3100E+00
0.0000E+00
0.0000E+00
0.2350E+01
0.4140E+01
0.0000E+D0
0.0000E+00
0.1593E+02
0.7650E+01
0.00C0E+00
0.00C0E+00
0.5820E+01
0.7840E+01
0.0600E+00
0.00D0E+00
0.178BE+D2
0.8550E+01
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0,00C00E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.2230E+01
0.0000E+G0
. 0O00E+0D
0.0000E+00
0.8280E+01
0.0000E+00
0.0000E+00
0.CQ00E+00
0.8380E+01
0.3680E+01
0.0000E+00
0.0000E+00
0.8530E+01
0.8840E+01
0.0000E+00
0.0000E+00
0.8720E+01
0.8720E+01
0.0000E+00
0.0000E+00
0.9160E+01
0.7790E+01
0.0000E+00
0.0000E+00
0.9390E+01
0.8040E+01
0.00C0E+00
0.0000E+00
0.9830E+01
0.7860E+01
0.0000E+00
0.0000E+00
0.7740E+01
0.8390E+01
0.0000E+00
0.0000E+00
0.4910E+01
0.8790E+01
0.0000E+00
0.0800E+00
0.1330E+01
0.2680E+01
0.0000E+D0
0.0000E+00
0.3000E-01
0.7B00E+Q0
0.00C0E+00
0.0000E+00
0.0000E+00
0.1840E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.1365E+02
0.4420E+01
0.0000E+00
0.5900E+00
0.8200E+01
0.6650E+01
0.00D0E+0D0
0.2320E+01
0.6340E+01
0.7940E+01
0.0000E+00
0.5230E+01

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1480E+01
0.0000E+00
0.0000E+00
0.0000E +00
0.7640E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8500E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8740E401
0.4000E-01
0.0000E+00
0.0000E+00
(.8830E+01
0.5190E+01
0.0000E+00
0.0000E+00
0.8160E+01
0. 7740E+014
0.0000E+00
0.0000E+00
0.9220E+01
0.7580E+01
0.0000E+00
0.0000E+00
0.9920E+01
0.7570E+01
0.0000E+00
0.0000E+00
0.9540E+01
0.7370E+01
0.0000E+D0
0.0000E+00
0.1016E+02
0.8480E+01
0.0000E+00
0.0000E+00
0.1034E+02
0.8390E+01
0.0000E+00
0.0000E+D0
0.1036E+02
0.5350E+01
0.0000E+00
0.0000E+00
0.9460E+01
0.3770E+01
0.0000E+00
0.0000E+00
0.8190E+01
0.2420E+01
0.0000E+00
0.0000E+00
0.8170E+01
0.2070E+01
0.0000E+00
0.0000E+00
0.9680E+01
0.5800E+01
0.5700E+00
0.0000E+00
0.1019E+02
0.8500E+(1
0.45670E+01
0.0000E+00
D.91B0E+D1

0.0000E+00
0.0000E+D0
0.0000E+00
0.0000E+00
0.0000E+00
0.1000E-01
0.0000E+00
0.0000E+D0
0.0000E+00
0.6200E+01
0.0000E+00
0.0000E+00
0.COR0E+00
0.8750E+01
0.0000E+00
0.0000E+00
0.0000E+CD
0.BBA0E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8740E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7950E+01
0.7000E+00
0.0000E+00
0.0000E+00
0.7630E+01
0.5170E+01
0.0000E+00
0.0000E+00
0.7740E+01
0.6630E+01
0.0000E+00
0.0000E+00
0.7440E+01
0.6770E+01
0.0000E+00
0.0000E+00
0.8650E+01
0.7510E+01
0.0000E+00
0.0000E+00
0.9550E+01
0.6570E+01
0.0000E+00
0.0000E+00
0.9780E+01
0.6310E+01
0.0000E+00
0.0000E+00
D.8770E+D1
0.8050E+01
0.0000E+00
0.0000E+00
0.1012E+02
0.6B70E+01
0.0000E+00
0.000CE+00
0,1105E+02
0.7620E+01
0.0000E+00
0.0000E+00
0.1051E+02
0.7650E+01
0.0000E+00
0.0000E+00
0.B800E+01
0.6110E+01
0.C0D0E+00
0.0000E+00
0.9200E+01
0.17BOE+01
0.0000E+00
0.0000E+00
0.8860E+01

0.0000E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.7150E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.8700E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.9170E+01
0.000DE+00
0.0000E+00
0.0000E+D0
0.B290E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7220E+01
(.0000E+00
0.0000E+00
0.000DE+0D
0.7670E+01
0, 1180E+01
0.0000E+00
0.0000E+00
0.6540E+01
0.5800E+01
0.0000E+00
0.0000E+00
0.8260E+01
0.6600E+01
0.0000E+00
0.00DDE+D0
0.6830E+01
0.6900E+01
0.0000E+00
0.0000E+00
0.5700E+01
0.7250E+01
0.0000E+00
0. 0000E+H)0
0.1107E+02
0.7810E+01
0.0000E+00
0.0000E+00
0.1070E+02
0.6720E+01
0.0000E+00
0.0000E+00
0.1083E+02
0.6510E+01
0.0000E+00
0.0000E+00
0.1138E+02
0.7880E+01
0.0000E+00
0.0000E+00
0.1213E+02
0.6020E+01
0.0000E+00
0.0000E+0Q
0.1131E+02
0.1920E+01
0.0000E+00
0.0000E+00
0.1214E+02
0.6050E+01
0.0000E+00
0.0000E+00
0.8100E+01

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+D0

0.0000E+00
0.4370E+01
0.0000E+00

0.0000E+00
0.8750E+01
0.0000E+00

0.0000E+00
0.8420E+01
0.0000E+00

0.030GE+00
0.7140E+01
0.0000E+00

0.0000E+00
0.7220E+01
0.0000E+00

0.0000E+00
0. 7660E+01
0.0000E+00

0.0000E+00
0.6530E+01
0.1040E+01

0.0000E+D0
0.4020E+01
0.3370E+01

0.0000E+00
0.2300E+01
0.4S00E+01

0.0000E+D0
0.1395E+02
0.867T0E+01

0.0000E+00
0.1354E+02
0.8670E+01

0.0000E+00
0.1558E+02
0.8110E+01

0.0000E+00
0.1549E+02
0.8230E+01

0.0000E+00
0.1782E+02
0.9280E+01

0.00G0E+00
0.1993E+02
0.8280E+01

0.0000E+00
0.2138E+02
0. 1015E+02

0.0000E+00
0.1954E402
0.6680E+01

0.0000E+00
0.86020E+01

0.0000E+00
0.0000£+00
0.0000E+00

0.0000£+00
0.0000E+00
0.0000E+0C

0.0000E+00
0.2500£+01
0.0000E+00

0.0000E+00
0.8640E+01
0.0000E+00

0.0000E+00
0.7770E+01
0.0000E+00

0.0000E+00
0.7710£+01
0.0000E+00

0.0000E+00
0.7390E+01
0.000CE+00

0.0000E+00
0.7590E+01
0.0000E+00

0.0000E+00
0.7340E+01
0.0000E+00

0.00006+00
0.95406+01
0.0000E+0C
0.0000E+00

0.1025e+02
0.2500E5+00

0.0000E+00
0.1709E+02

- 0.4530E+01

0.0000E+0G
0.1855E+02
0.8580E+01

0.0000E+00
0.2188E+02
0.8420E+01

0.0000E+00
0.2125E+02
01173802

0.0000E+00
0.2270E+12
0.1102e+02

0.0000E+00
0.2258E+02
0.9530E+01

0.0000E+00
0.2281E+02
0.5280E+01

0.0000E+00
0.22726+C2
0.1750E+{1

0.0000E+0C
0.1867E+02

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.1950E+01
0.0000E+00

0.0000E+00
0.7970E+01
0.0000E+00

0.0000E+0D0
0.7060E+01
0.000CE+00

0.0000E+00
0.6800E+01
0.0000E+00

0.0000E+00
0.7260E+01
0.00C0E+00

0.0000E+00
D.7340E+01
0.0000E+00

0.6000E+00
0.1082E+02
0.0000E+00

0.0000E+00
0.1526E+02
0.0000E+00

0.0000E+00
0.1859E+02
0.0000E+00

0.0000E+00
0.9180E+01
0.1300E+00

0.0000E+00
0.1013E+02
0.3530E+014

0.0000E+00
0.1258E+02
0.8980E+01

0.0000E+00
0.5800E+01
D.1125E+02

0.0000E+00
0.1503E+02
0.8840E+01

0.0000E+00
0.1718E+02
0.8150E+01

0.0000E+00
0.1605E+02
0.6750E+01

0,0000E+00
0.1380E+02
0.3200E+01

0.0000E+00
0.1581E+02

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
.0.0000E+00
0.0000E+00

0.0000£+00
0.2000£-01
0.0000E+00

0.0000E+00
0.7560E+01
0.0000E+00

0.0000E+00
0.7320E+01
0.0000E+00

0.0000E+00
0.6770E+01
0.0000E+00

0.0000E+00
0.7100E+01
0.0000E+00

0.0000E+00
0.7220E+01
0.0000E+00

0.0000E+030
0.8410E+1
0.0000E+00

0.0000E+00
0.1008E+02
0.0000E+00

0.0000E+00
0.1361E+02
0.0000E+00

0.0000E+00
0.1086E+02
0.0000£+00

0.0000E400
0.3580E+01
0.3200E+00

0.0000E+00
0.88D0FE+01
0A4110E+01

0.0000E+00
0.7150E+01
0.8360E+01

0.0000E+00
0.1720E+01
0.8680E+01

0.0000E+00
D.1160E+1
0.8750E+01

0.0000E+00
0.4500E+00
0.8750E+01

0.0000E+00
0.2800E+00
0.7250E+01

0.0000E+00
0.3050E+01



0.1570E+01
0.9180E+01
0.0000E+00
0.0G0DE+00
0.3640E+01
0.618CE+01
0.0000E+00
0.0000E+00
0.1160E+01
0.6160E+01
0.0000E+00
0.1000E+00
0,1350E+01
0.7210E+01
0.0000E+00
0.5840E+01
0.1490E+01
0.6970E+01
0.0000E+00
0.9230E+01
0.6300E+00
0.7250E+01
0.0000E+00
0.9440E+014
0.1330E+04
0.1129E+02
0.0000E+00
0.7230E+01
0.75%0E+01
0.9510E+01
0.0000E+00
0.2410E+01
0.8710E+01
0.4450E+01
0.0000E+00
0.4040E+01
0.9200E+01
0.4990E+01
0.0000E+00
0.4210E+01
0.1410E+01
0.6260E+01
0.0000E+00
0.4450E+01
0.0000E+00
0.9720E+01
0,000GE+00
0.3750E+01
0.2500E+01
0.1030E+02
0.0000E+00
0.2980E+01
0.1180E+01
0.1425E+02
0.0000E+D0
0.3230E+01
0.3030E+01
0.1370E+02
0.0000E+00
0.3340E+01
0.3610E+01
0.1418E+02
0.0000E+00
0.2500E+01
0.9040E+01
0.1329E+02
0.000CE+D0
0.73B0E+01
0.8560E+01
0.1668E+02
0.0000E+00
0.7570E+(1
0.7000E+01
0.1067E+02
0.0000E+00
0.8210E+04
0.3750E+01
0.8120E+01

0.1414E+02
0.8460E+01
0.0000E+00
0.0000E+00
0.5080E+01
0.8090E+01
0.0000E+00
0.1150E+01
0.5800E+01
0.7590E+01
0.0000E+00
0.6360E+01
0.3390E+01
0.7370E+01
0.0000E+00
0.1005E+02
0.3150E+01
0.8190E+01
0.0000E+00
0.8750E+01
0.3580E+01
0.7970E+01
0.0000E+00
0.9690E+01
0.6080E+01
0.6660E+01
0.0000E+00
0.6730E+01
0.6020E+01
0.64SCE+H1
0.0000E+00
0.4510E+01
0.4620E+(1
0.7410E+01
0.0000E+00
0.3740E+01
0.4940E+01
0.6530E+01
0.0000E+00
0.3430E+01
0.7900E+00
0.9300E+01
0.0G00E+D0
0.4020E+01
0.5870E+M
0.1084E+02
0.0000E+00
0.4930E+01
0.7740E+01
0.1184E+02
0.0000E+00
0.4550E+01
0.2410E+01
0.1044E+02
0.0000E+00
0.4890E+01
0.1050E+01
0.1020E+02
0.0000E+00
0.4920E+01
0.1142E+02
0.6420E+01
0.0000E+00
0.4450E+01
0.7930E+01
0.9590E+01
0.0000E+D0
0.4030E+01
0.5740E+01
0.1573E+02
0.0G00E+00
0.6520E+1
0.4010E+0Y
0.5070E+01
0.0000E+00
0.8120E+01
0.2060E+01
0.1108E+02

0.3380E+01
0.7810E+01
0.0000E+00
0.8320E+01
0.1660E+01
0.7440E+01
0.0000E+00
0.1011E+02
0.9220E+01
0.6690E+01
0.0000E+00
0.1055€+02
0.7300E+01
0. 7470E+04
0.0000E+D0
0.9790E+01
0.8570E+01
0.7630E+01
0.0000E+00
0.6840E+01
0.5750E+01
0.7280E+01
0.0000E+00
0.7610E+01
0.4100E+01
0.7080E+01
0.0000E+00
0.58T0E+01
0.3350E+01
0.10156+02
0.0000E+00
0.4330E+01
0.3170E+01
0.7800E+01
0.0000E+00
0.4550E+01
0.5560E+01
0.1015€+02
0.0000E+00
0.4420E+01
0.8430E+01
0.1088E+02
0.0000E+00
0.4960E+01
0.1468E+02
0.9150E+01
0.0000E+00
0. 4690E+01
0.2301E+02
0.9280E+01
0.0000E+00
0.2750E+01
0.232BE+02
0.9390E+01
0.0000E+00
0.3650E+01
0.2108E+02
0.9920E+01
0.0000E+00
0.3740E+01
0.91850E+01
0.8450E+01
0.0000E+00
0.4300E+01
0.1149E+D2
0.9320E+01
0.0000E+00
0.4050E+01
0.1247E+02
0. 1131E+02
0.0000E+00
0.3110E+01
0.2380E+02
0.6800E+01
0.0000E+00
0.8030E+01
0.2456E+02
0.1132E+02

0.6180E+01
0.7680E+01
0.0000E+00
0.1072E+02
0.1001E+02
0.7510E+01
0.0000E+00
0.9670E+01
0.7080E+01
0.7160E+01
0.0000E+00
0.1040E+02
0.7580E+01
0.7460E+01
0,0000E+00
0.81B0E+01
0.1460E+01
0.7810E+01
0.0000E+00
0.8170E+01
0.1300E+00
0.7100E+01
0.0000E+Q0
0.3640E+01
0.1760E+01
0.6990E+01
0.0000E+00
0.5670E+01
0.3010E+01
0.1176E+02
0.0000E+00
0.5790E+01
0.2710E+01
0.9400E+01
0.0000E+00
0.5170E+01
0.2490E+01
Q. 1367E+02
0.0000E+00
0.6010E+01
0.1362E+02
0.1086E+02
0.00CG0E+00
0.6220E+01
0.3281E+02
0.8890E+01
0.0000E+00
0.4750E+01
0.3675E+02
0.78BOE+01
0.9200E+00
0.4480E+01
0.3659E+02
0.9710E+01
0.8000E-01

0.3400E+01
0.3381E+02
0.8550E+01
0.1230E+01
0.4200E+01
0.3423E+02
0.6790E+01
0.4090E+01
0.3510E+01
0.3351E+02
0.B850E+01
0.2460E+01
0.2920E+01
0.3591E+02
0.B0S0E+01
0.0000E+0D
0.2300E+01
0.3314E+02
0. 7450E+01
0.0000E+00
0.4150E+01
0.3025E+02
0.1017E+02

0.8120E+01
0.1160E+01
0.0000E+00
0.6150E+01
0.7310E+01
0.2520E+01
0.0000E+00
0.6960E+01
0.1417E+02
0.4660E+01
0.0000E+D0
D.6330E+01
0.4820E+01
0.5810E+01
0.0000E+00
0.7150E+01
0.2280E+01
0.2860E£+01
0.0000E+00
0.6710E+01
0.7000E+00
0.5930E+04
0.0000E+00
0.4850E+01
0.2050E+01
0.6650E+01
0.0000E+00
0.5850E+01
0.3130E+01
0.9448E+02
0.0000E+00
0.6360E+01
0.8020E+01
0.1104E+02
0.0000E+00
0.5820E£+01
0.4080E+01
0.1173E+02
0.1270E+01
0.6550E+01
0.1143E+02
0.4390E+01
0.6540E+01
0.84B0E+01
0.3346E+02
0.4280E+01
0.82B0E+01
0.6110E+01
0.3B14E+02
0.48B0E+01
0.1006E+02
0.4090E+01
0.3830E+02
0.7400E+01
0.8560E+01

0.2780E+01
0.3667E+02
0.5490E+01
0.8880E+01
0.4140E+01
0.3655E+02
0.7090E+01
0.8300E+01
0.3260E+01
0.3617E+02
0.7980E+01
0.6680E+01
0.4020E+01%
0.3624E+02
0.5860E+01
0.4600E+00
0.2900E+01
0.3442E+02
0.5080E+01
0.0000E+00
0.2670E+01
0.3041E+02
0.2890E+01

0.7090E+01
0.0000E+00
0.00D0E+Q0
0.4750E+01
0.4810E+01
0.0000E+00
0.0000E+00
0.6280E+01
0.5420E+01
0.0000E+00
0.0000E+00
0.1470E+01
0.1490E+01
0.1000E+00
0.0000E+00
0.5850E+01
0.5100E+00
0.1200E+00
0.0000E+00
0.7150E+01
0.1200E+01
0.5000E+00
0.0000E+00
0.7430E+01
0.1400E+00
0.2800E+00
0.G000E+00
0.6550E+01
0.111BE+02
0.1060E+01
0.5800E+00
0.7180E+01
0.1460E+02
0.3700E+00
0.4630E+01
0.7460E+01
0.4540E+01
0.3100E+D0
0.8730E+01
0.7120E+01
0.2052E+02
0.4000E+00
0.8740E+01
0.7190E+01
0.3538E+02
0.3800E+00
0.7330E+01
0.6300E+01
0.3341E+02
0.4100E+00
0.8180E+01
0.2700E+04
0.4091E+02
0.5800E+00
0.8870E+01
0.3780E+01
0.3926E+02
0.3800E+00
0.9540E+01
0.4BGOE+01
0.3714E+02
0.2100E+00
0.9030E+01
0.5590E+01
0.3819E+02
0.2B00E+00
0.8580E+01
0.5380E+01
0.3400E+02
0.6000E+00
0.5130E+01
0.2480E+01
0.3402E+02
0.3000E+00
0.0000E+00
0.2240E+01
0.3914E+02
0.2800E+00

0 5810E+01

0.0000E+00
0.2540E+01
0.8B740E+01

0.0000E+00
0.8390E+01
0.4110E+01

0.0000E+00
0.2010E+01
0.3210E+01

0.0000E+00
0.9500E+00
0.1200E+00

0.000DE+D0
0.4910E+01
0.6710E+01

0.9000E-01
0.6230E+01
0.1270E+01

0.3540E+01
0.6850E+01
0.1116E+02

0.7110E+01
0.7680E+01
0.2262E+02

0.8660E+01
0.7760E+01
0.2103E+02

0.8840E+01
0.7770E+01
0.1758E+02

0.7520E+01
0.6430E+01
0.1700E+02

0.4080E+01
0.5920E+01
0.3024E+02

0.4210E+01
0.3540E+01
0.3999E+02

0.7340E+01
0.3960E+01
0.3837E+02

0.9230E+01
0.7330E+01
0.3481E+02

0.8980E+01
0.7270E+01
0.3146E+02

0.8930E+01
0.6690E+01
0.31B9E+02

0.8490E+01
0.3790E+01
0.3649E+02

0.2430E+01
0.Z850E+01
0.3447E+02

0.4020E+01

0.0000E+00
0.1854E+02
0.7280E+01

0.CO00E+00
0.1289E+02
0.2420E+01

0.0000E+00
0.4300E+00
0.1120E+01

0.000GE+D0
0.1200E+00
0.2700E+00

0.0000E+00
0.1430E+01
0.5230E+01

0.2710E+01
0.7160E+01
0.3750E+01

0.7520E+01
0.7730E+01
0.1442E+02

0.8030E+01
0.7560E+01
0.1709E+02

0.6840E+01
0.5890E+01
0.1034E+02

0.5690E+01
0.6690E+01
0.1260E+02

0.3830E+01
0.7070E+01
0.1220E+02

0.2960E+01
0.7160E+01
0.2513E+02

0.2650E+01
0.7480E+01
0.3429E+02

0.3150E+01
0.7310E+01
0.2735E+02

0.6870E+01
0.7710E+01
0.3369E+02

0.7050E+01
0.7750E+01
0.3333E+02

0.9370E+1
0.7520E+01
0.3058E+02

0.8860E+01
0.4580E+01
0.3057E+02

0.8380E+01
0.3880E+01
0.2537E+02

0.3640E+01

0.0000E+00
0.1873E+02
0.4230E+01

0.0000E+00
0.1196E+02
0.1730E+01

0.0000E+00
0.0000E+00
0.5100E+00

0.0000E+00
0.0000E+00
0.2200E+00

0.1900E+01
0.2G00E-01
0.1159E+02

0.7930E+01
0.2600E+01
0.1111E+02

0.6510E+01
0.5600E+01
0.1650E+02

0.6050E+01
0.3080E+01
0.1485E+02

0.74B0E+01
0.2880E+01
0.7490E+01

0.5470E+01
0.5080E+01
0.5670E+01

0.3160E+01
0.6160E+01
0.1089E+02

0.3550E+01
0.7470E+01
0.1509E+02

0.3280E+01
0.8590E+01
0.2178E+02

0.9700E+00
0.8570E+01
0.2154E+02

0.1500E+01
0.8340E+01
0.2524E+02

0.5310E+01
0.7920E+01
0.2809E+02

0.8550E+01
0.7590E+01
0.2275E+02

0.8800E+01
0.4380E+01
0.1934E+02

0.8790E+01
0.4790E+01
0.1370E+02

0.7600E+01

0.GO00E+00
D.1441E+02
0.5650E+01

0.0000E+00
0.2970E+01
0.3300E+01

0.0000E+00
0.0000E+00
0.1380E+01

0.8900E+00
0.D00GE+00
0.1330E+01

0.7570E+01
0.7100E+00
0.7440E+01

0.8510E+01
0.28600E+00
0.9940E+01

0.5050E+01
0.1930E+01
0.1264E+02

0.1410E+01
0.8360E+01
0.4540E+01

0.6110E+01
0.8360E+01
0.6220E+01

0.4410E+01
0.4420E+01
0.9480E+01

0.4930E+01
0.3900E+00
0.1088E+02

0.4830E+01
0.1870E+01
0.1275E+02

0.4420E+01
0.7040E+01
0.1758E+02

0.4250E+01
0.3740E+01
0.1641E+02

0.2330E+01
0.9280E+01
0.1906E+02

0.3560E+01
0.9170E+01
0.18B1E+0D2

0.7840E+01
0.7860E+01
0.1243E+02

0.8080E+01
0.7760£+01
0.1442E+02

0.8830E+01
0.5350E+01
0.1066E+02

E-186



0.0000E+00
0.9060E+01
0.3250E+01
0.7880E+D1
0.0000E+00
0.8020E+01
0.5580E+01
0.2280E+01
0.0000E+00
0.7110E+01
D.6510E+01

0.5570E+D1
0.0000E+00
0.1280E+01
0.7090E+01
0.B940E+01
0.0000E+00
0.0C00E+00
0.9270E+01
0.8830E+01
0.0000E+00
0.0000E+00
0.1282E+02
0.6980E+01

0.0000E+00
0.0000E+30
0.1202E+02
O.7050E+(1

0.6000E+0D
0.0000E+00
0.5360E+01

0.6600E+00
0.0000E+00
0.0000E+00
0.2400E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.00D0E+00
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0.0000E+00

1

0.000CE+00 0.DOO0E+D0 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+D0

0.6050E+01
0.4570E+D1
0.8430E+01
0.0000E+D0
0.8330E+01
0.5740E+01
0.4550E+01
0.0000E+00
0.8370E+)1
0.4160E+01
0.7820E+01
0.0000E+00
0.6230E+01
0.8880E+D1
0.8400E+01
0.0000E+00
0.0000E+00
0.8420E+01
0.81T0E+01
0.000CE+00
0.0000E+00
0.8510E+01
0.7630E+01
0.0000E+00
0.0000E+D0
0.9350E+01
0.35T0E+01
0.0000E+00
0.0C00E+00
0.6760E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.4220E+01
0.00GOE+D0
0.0000E+00
0.0000E+00
0.0000E+08
0.0000E+00
0.0000E+00
0.0000E+00
0.000CE+00
0.0000E+00
0

0.8440E+01
0.1840€+02
0.7230E+01
0.0000E+00
0.8750E+01
0.1250E+02
0.7660E+01
0.0000E+00
0.B680E+01
0.2361E+02
0.8120E+01
D.0000E+CD
0.8000E+01
D.1234E+02
0.7820E+01
0.0000E+00
0.3220E+01
0.8870E+01
0.7840E+01
0.0000E+00
0.2590E+01
0.9270E+01
0.5730E+01
0.0000E+00
0.0060E+00
0.8360E+01
0,1500E+00
0.0000E+00
0.00C0E+00
0.8220E+01
0.0G00DE+00
0.0000E+00
0.0000E+00
0.6470E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

18 0.0002263(10E12.4)
0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00 0.0000E+00
0.0000E+00 0.CO00E+D0 0.0000E+00

0.G000E+00

0.0000E+00

0.0000E+00

0.0000E+00 0.C000E+D0 0.0000E+00

0.0000E+00
0.00C0E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1690E+01
0.0000E+00
0.0000E+00
0.0000E+Q0
0.7620E+01
0.0000E+00
0.0000E+00
0.0C00E+00
0.7740E+01
0.0000E+00
0.0G00E+00
0.0000E+00
0.7660E+01
0.0000E+00
0,5000E+00
0.1200E+01
0.8380E+01
0.0000E+00

0.G000E+00
0.C0DDE+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1800E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.21S0E+01
0.3270E+01
0.0000E+00
0.0000E+00
0.4B40E+01
0.8730E+01
0.0000E+00
0.0000E+00
0.5960E+01
0.8380E+01
0.0000E+00
0.0000E+00
0.8130E+01
0.7560E+01
0.0000E+00

0.0000E+00
0.0000E+D0
0.0000E+00
0.0000E+00
0.0000E+00
0.C000E+00
0.0000E+00
0.0000E+00
0.2230E+01
0.0000E+00
0.0000E+00
0.0000E+0D
0.8280E+01
0.0000E+00
0.0000E+G0
0.0000E+00
0.83B0E+01
0.3630E+01
0.0000E+0D
0.0000E+00
0.85%0E+01
0.8840E+01
0.0000E+00
0.0G00E+00
0.8720E+01
0.8720E+01
0.0000E+00

0.7610E+01
0.2458E+02
0.78650E+01
0.0000E+00
0.8760E+01
0.1993E+02
0.8160E+01
0.0000E+00
0.2030E+01
0.3442E+02
0.78670E+01
0.0000E+00
0.8850E+01
0.1692E+02
0.5380E+01
0.0000E+00
0.7570E+01
0.1086E+02
0.4850E+01
0.0000E+00
0.3570E+01
0.1011E+02
0.1260E+01
0.0000E+00
0,0000E+00
0.9060E+01
0.0000E+00
0.00C0E+00
0.0000E+D0
0.8720E+01
0.0000E+00
0.00C0E+00
0.0000E+00
0.4810E+01
0.0000E+00
0.00C0E+D0
0.0000E+00
0.0005E+00
0.0Q00E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0 '84-90
0.0000E+00
0.0D0GE+C0
0.0000E+D0
0.000CE+00
0.0000E+D0
0.0000E+00
0.0000E+00
0,0000E+00
0.0000E+00
0,1480E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7640E+01
0.0000E+00
0.C000E+00
0.0000E+00
0.8500E+01
0,0000E+00
0.0000E+00
0.0000E+00
0.8740E+01
0.4000E-01
0.0000E+00
0.CO00E+00
0.8830E+01
0.5180E+01
0.0000E+00
0.0000E+00
0.8180E+01
0.7740E+01
0.0000E+D0

0.4480E+01 0.5920E+01
0.2889E+02 0.309TE+02
0.5280E+01 0.5000E-01
0.0000E+00) 0.0000E+00
0.8960E+01 0.8630E+01
0.2221E+02 0.3610E+02
0.2800E+01 0.0000E+00
0.0000E+00 0.0000E+00
0.8210E+01 0.1075E+02
0.3009E+02 0.2575E+02
0.1310E+01 0.0000E+00
0.0000E+00 0.0000E+00
0.9550E+01 0.1019E+02
0.1285E+02 0.1343E+02
0.{300E+01 0.0000E+D0
0.0000E+0¢  0.0000E+00
0.9110E+01 0.848DE+D1
0.8850E+01 0.9970E+01
0.2900E+00 0.0000E+00
0.0000E+GD 0.0000E+00
0.3310E+01 0.9020E+01
0.8720E+01 0.9060E+01
0.0000E+00  0.GO00E+00
0.0000E+00 0.0000E+00
0.8000E-01 0.1710E+01
0.7420E+01 0.8140E+01
0.0000E+00  0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00  0.0000E+00
0.8870E+01 0.8380E+01
0.0000E+00 0.CO00E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.3970E+01 0.8300E+00
0.0000E+0D0 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00  0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00  0.0000E+00
0.0000E+00 0.0000E+D0
0.0000E+0C 0.0000E+00
0.0000E+00 0.00C0E+00
0.0000E+00 0.0000E+00

0.0000E+00  0.0000E+D0
0.0000E+00 0.0000E+00
0.0000E+00 0.00C0E+D0
0.0000E+0Q 0.0000E+00
0.0000E+00 0.0000E+D0
0.1000E-01  0.0000E+00
0.0000E+00 0.0000E+D0
0.0000E+00 0.0000E+00
0.0000E+00 0.00C0E+00
0.6200E+01 0.7150E+01
0.0000E+00  0.0000E£+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.8750E+01 0.8700E+01
0.0000E+00 0.0000E+0D0
0.0000E+00 0.00C0E+00
0.0000E+00 0.0000E+00
0.8830E+01 0. H70E+01
0.0000E+00 0.0000E+D0
0.0000E+0C 0.00C0E+00
0.0000E+00 0.0000E+DO
0.8740E+01 0.8230E+01
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.0000E+00 0.0000E+00
0.7950E+01 0.7220E+01
0.7000E+00 0.0000E+00
0.0000E+00  0.0000E+D0
0.0000E+00 0.C000E+D0
0.7630E+01 0.7870E+01
0.5170E+01 0.1180E+01
0.0000E+00 0.0000E+00

0.3400E+01
0.3254E+02

0.0000E+00
0.8950E+01
0.2649E+02

0.0000E+00
0.1504E+02
0.1663E+02

0.0000E+00
0.1039E+02
0.1162E+02

0.0000E+00
0.8470E+01
0.8180E+01

0.0000E+00
0.8730E+01
0.1021E+02

0.0000E+00
0.2820E+01
0.9010E+01

0.0000E+00
0.0000E +00
0.5640E+01

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.C000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.4370E+01
0.0000E+00

0.0000E+00
0.8750E+01
0.0000E+00

0.0000E+00
0.8420E+01
0.C000E+00

0.0000E+00
0.7140E+01
0.0C0DE+00

0.0000E+00
0.7220E+01
0.0000E+00

0.0000E+00
0.7660E+01
0.C000E+D0

0.3370E+01
0.2020E+01
0.2007E+02

0.0000E+00
0.4890E+01
0.6850E+01

0.0000E+00
0.1157E+02
0.7960E+01

0.0000E+00
0.9730E+01
0.1097E+02

0.0000E+00
0.7700E+01
0.7310E+01

0.0000E+00
0.9230E+01
0.7700E+01

0.0000E+00
0.3720E+01
0.8430E+01

0.0000E+00
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0.1380E+01

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
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0.0000E+00
0.0000E+D0
0.0000E+D0

0.0000E+00
0.000CE+00
0.0000E+00

0.0000E+00
0.0000E+00
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0.0000E+00
0.2500E+01
0.0000E+00

0.CODCE+00
0.8640E+01
0.0000E+00

0.0000E+00
0.7770E+01
0.CODOE+00

0.0000E+00
0.7710E+01
0.0000E+00

0.0000E+00
0.7390E+01
0.0000E+00

0.000CE+00
0.7590E+01
0.0000E+00
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0.1730E+01
0.8720E+01

0.2720E+01
0.1380E+01
0.9820E+01

0.0000E+00
0.3900E+01
0.1008E+02

0.0000E+00
0.8220E+01
0.9670E+01
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0.8230E+01
0.1084E+02
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0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
0.1990E+01
0.0000E+00

0.0000E+00
0.7970E+01
0.0000E+00

0.0000E+00
0.7060E+01
0.0000E+00

0.0000E+00
0.6800E+01
0.CO00E+D0

0.0000E+00
0.7260E+01
0.0000E+CD

0.0000E+00
0.7340E+01
0.0000E+00
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0.3240E+01
0.6530E+01

0.7600E+01
0.5700E+00
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0.3300E+00
0.7060E+01
0.9330E+01

0.0000E+00
0.8320E+01
0.1058E+02

0.0000E+00
0.7950E+01
0.8130E+01

0.0000E+00
0.9170E+01
0.8280E+01

0.0000E+00
0.8090E+01
0.8200E+01

0.0000E+00
0.1T0E+01
0.7500E+00

0.0000E+00
0.0000E+00
0.0000E+D0

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+D0
0.0000E+00
0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00
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0.0000E+00
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0.0000E+00

0.0000E+00
0.7550E+01
0.0000E+00

0.0000E+00
0.7320E+01
0.0000E+08

0.0000E+00
0.6770E+01
0.0000E+00

0.0000E+00
0.7100E+01
0.0000E+00

0.0000E+00
0.7220E+01
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0.0000E+00
0.3100E+00
0.8020E+01
0.0000E+00
0.0C00E+00
0.0000E+00
0.7770E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.7130E+04
0.000CGE+GD
0.0000E+00
0.0000E+00
0.1083£+02
0.0000E+00
0.0000E+00
0.0000E+00
0.1226E+02
0.0000E+00
0.0GODE+DO
0.0000E+00
0.1356E+02
£.1200E+00
0.0000E+D0
0.0000E+00
0.1592E+02
0.5480E+01
0.0000E+00
0.0000E+00
0.4240E+01
0.7900E+01
0.CO00E+00
0.0000E+00
0.3560E+01
0.8250E+01
0. 0000E+00
0.0000E+00
0.3870E+01
0.8650E+01
0.0000E+00
0.0000E+00
0.4120E+01
0.9050E+01
0.0000E+00
0.0000E+00
0.1870E+01
0.9190E+D1
0.0000E+00
0.00C0E+00
0.3640E+01
0.6190E+01
0.0000E+00
0.0000E+00
0.1160E+01
0.6160E+01
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0.1350E+01
0.7210E+01
0.0000E+00
0.5840E+01
0. 1490E+01
0.6970E+01
0.0000E+00
0.9230E+01
0.6300E+00
0.7250E+01
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0.9440E+D1
0.1330E+01
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0.7580E+01
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0.00060E+00
0.2410E+01
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0.7220E+014
0.0000E+00
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0.5130E+01
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0.6000E+01
0.0000E+00
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0.2000E-014

0.6910E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.6450E+01
0.0000E+00
0.00GOE+00
0.CO00E+0D
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0.0000E+00
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0.6230E+01
0.3100E+00
0,0000E+00
0.0000E+00
0.2350E+01
0.4140E+01
0.0000E+00
0.0000E+00
0.1593E+02
0.7650E+01
0.0000E+00
0.0000E+00
0.5820E+01
0.7940E+01
0.0000E+00
0.0000E+0Q
0.1798E+02
0.8550E+01
0.0000E +00
0.0000E+00
0.1414E+02
0.8460E+01
0.0600E+00
0.0000E+00
0.5080E+01
0.8090E+01
0.0000E+00
0.1150E+01
0.5900E+01
0.7580E+04
0.0000E+00
0.6360E+01
0.3380E+014
0.7370E+01
0.0000E+00
0.1005E+02
0.3190E+01
0.8190E+01
0.0000E+00
0.8750E+01
0.3580E+01
0.7970E+01
0.0000E+00
0.9690E+01
0.6080E+01
0.6660E+01
0.0000E +00
0.6730E+01
0.6020E+01
0.6490E+01
0.0000E+00
0.4510E+01

0.9160E+01
0.7790E+01
0.0000E+00
0.0000E+00
0.9390E+01
0.8040E+01
0.0000E+00
0.0000E+00
0.9830E+01
0.7880E+01
0.0000E+00
0.0000E+00
0.7740E+01

0.83%0E+01
0.0000E+00
0.0000E+00
0.4910£+01
0.8790E+01
0.0000E+00
0.0000E+00
0.1330E+01
0.26B0E+01
0.0000E+00
0.0000E+00
0.3000E-01

0.7800E+00
0.000GE+O0
0.6000E+D0
0.0000E+00
0.1840E+01
0.0000E+00
0.0000E+00
0.0000E+00
0.1385E+02
0.1420E+01
0,0000E +00
0.5800E+00
0.83200E+01
0.G550E+01
0.0000E+00
0.2320E+01
0.6340E+01
0.7940E+01
0.000Q0E+00
0.5230E+01
0.3380E+01
0.7810E+01
0.0000E+00
0.8320E+01
0.1660E+01
0.7440E+01
0.0000E+00
0.1011E+02
0.9220E+01
0.6600E+01
0.0000E+00
0.1055E+02
0.7300E+01
0.7470E+01
0.0000E+00
0.9790E+01
0.8570E+01
0.7690E+01
0.0000£+00
0.6840E+01
0.5750E+01
0.7280E+01
0.0000E+00
0.7610E+01
0.4100E+01
0.7080E+01
0.0000E+00
0.5870E+01
0.3350E+01
0.1015E+02
0.0000E+00
0.4330E+01

0.9220E+01 D.7740E+01 0.8540E+01 0.6530E+01
0.7580E+01 0.663CE+01 0.5800E+01 0.1040E+01
0.0000E+00 0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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0.0000E+00 0.0000E+0Q 0.0000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.9940E+01 O0.B650E+01 0.6830E+01 0.2300E+01
0.7370E+01 0.7510E+01 0.6900E+01 0.4900E+01
0.CO00E+D0 0.0000E+00 0.0000E+00

0.C000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.1016E+02 0.9550E+01 0.9700E+01 0.1395E+02
0.84B0E+01 0.6970E+01 0.7250E+01 0.BETOE+01
0.0000E+00 0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00 0.00C0E+00 0.0000E+00
0.1034E+02 0.9780E+D1 0.1107E+02 0.1394E+D2
0.8390E+01 0.B310E+D1 0.7810E+01 0.B570E+01
0.0000E+00 0.CODOE+0D 0.0DO0E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.1038E+02 0.9770E+0% 0.1070E+02 0.1558E+02
0.5350E+01 0.8050E+01 0.6720E+01 0.8110E+01
0.0000E+00 0.0000E+00 0.0000E+00

0.0000E+00 0.0000E+00 0.0000E+00 0.0D00E+00
0.94B0E+01 0.1012E+02 0.1093E+02 0.1549E+02
0.3770E+01 0.6870E+01 0.6510E+01 0.8230E+01
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0.CO000E+00 0.0000E+00 0.0000E+00 0.0000E+D0
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0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+D0
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0.5800E+01 06110E+01 0.1920E+01 0.1015E+02
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0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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0.1040E+02 0.6330E+01 0.1470E+01 0.2010E+01
0.7580E+01 04820E+01 0.1490E+01 0.3210E+01
0.7460E+01 0.5810E+01 0.1000E+00

0.0000E+00 0.D000E+00 0.0000E+00 0.0000E+00
0.8180E+01 0.7450E+D1 0.5850E+01 0.9500E+00
0.1460E+01 0.22B0E+01 0.5100E+00 0.1200E+00
0.7810E+01 0.2880E+01 0.1200E+00

0.00G0E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.8170E+01 0.6710E+01 0.7150E+01 0.4910E+01
0.1300E+00 0.7D00E+00 0.1200E+01 0.6710E+«01
0.7100E+01 0.5930E+01 0.5000E+00

0.00C0E+00 0.0000E+00 0.0000E+00 0.9000E-01
0.3640E+01 0.4B850E+01 0.74S0E+01 0.6230E+D1
0.1760E+01 0.2050E+01 0.1400E+00 0.1270E+01
0.6990E+01 0.6560E+01 0.2800E+00

0.CO0DE+00 0.0000E+030 0.0000E+00 0.3540E+01
0.5670E+01 0.5850E+01 0.8550E+01 0.6350E+01

0.0000E+0Q
0.7340E+014
0.0000E+00

0.0000E+00
0.9540E+01
0 0000E+00

0.0000E+00
0.1025E+02
0.2500E+00

0.0OD0E+0C
0.1703E+02
0.4530E+01

0.0000E+00
0.1855E+02
0.8580E+01

0.000Q0E+00Q
0,.2188E+02
0.9420E+01

0.0000E+00
0.2125E+02
0.1173E+02

0.C0D0E+00
0.2270E+02
0.1102E+02

0.0000E+0C
0.2258E+02
0.9530E+01

0.0000E+00
0.2281E+02
0.5280E+01

0.0000E+00
0.2272E+02
0.175CE+01

0.0000E+00
0.1867E+02
0.4020E+08

0.0000E+00
0.1854E+02
0.7280E+01

0.0000E+00
0.1280E+02
0.2420E+01

0.0000E+00
0.4300E+00
0.1120E+01

0.0000E+00
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0.1430E+01
0.5230E+01

0.2710E+01
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0.3750E+01

0.7520E+01
0.7730E+01

0.0000E£+0D
0.1082E+02
0.0000E+00

0.0000E+00
0.1526E+02
0.0000E+00

0.0000E+00
0.1659E+02
0.0000E+00

0.0000E+00
0.9180E+01
0.1300E+00

0.0000E+00
0.1013E+D2
0.3530E+01

0.D000E+00
0,1258E+02
0.8980E+01

0.0000E+00
0.5800E+01
0.1125E+02

0.0000E+00
G.1903E+02
0.B840E+01

0.0C00E+00
0.1718E+02
0.8150E+01

0.0000E+00
0.1605E+02
0.6750E+01

0.0000E+00
0.1380E+02
0.3200E+01

0.000GE+0Q
0.1581E+02
0.3540E+01

0.0000E+00
0.1873E+02
0.4230E+014

0.0000E+00
0.1196E+02
0.4730E+01

0.0000E+00
0. GOO0E+00
0.5100E+00

0.0000E+00
0.0000E+00
0.2200E+00

0.1900E+01
0.2000E-01
0.1159E+02

0.7930E+01
0.2600E+01
0.1111E+02

0.6510E+01
0.5600E+01

0.0000E+00
0.8410E+01
0.0000E+00

0.0000E+0D
0.1005E+02
0.0000E+00

0.0000E+00
0.1361E+02
0.0000E+00

0.0000E+00
0.1086E+02
0.CO00E+00

0.0000E+00
0.3580E+01
0.3200£+00

0.0000E+00
0.8600E+01
0.4110E+01

0.0000E+00
0.7150E+01
0.8360E+01

0.0000E+00
0.1720E+01
0.8680E+01

0.0000E+00
0.1160E+01
0.8750E+01

0.0000E+00
0.4500E+00
0.87S0E+01

0.0000E+00
0.2500E+0¢
0.7250E+01

0.0000E+00
0.3050E+01
0.7800E+01

0.0000E+00
0.1441E+02
0.5650E+01

0.0000E+00
0.2670E+01
0.3300E+01

0.0000E+00
0.0000E+00
0.1380E+01

0.8500E+00
0.0000E+00
0.1330E+01

0.757T0E+01
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0.7440E+01

0.8510E+01
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0.9940E£+01

0.5050E+01
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0.8710E+04
0.4450E+01
0.0000E+00
0.4040E+04%
0.9200E+01
0.4930E+01
0.0000E+00
0.4210E+01
0.1410E+01
0.6260E+01
0.0000E+00
0.4450E+01
0.0000E+00
0.6720E+01
0.0000E+00
0.3750E+01
0.2500E+01
0.1090E+02
0.0000E+00
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0.1425E+02
0.0000E+00
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0.3340E+01
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0.0000E+00
0.7380E+01
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0.3750E+01
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0.6980E+014
0.0000E+00
0.0000E+00
0.1202E+02
0.7050E+01%
0.0000E+00
0.0000E+00
0.5360E+0%
0.8500E+00

0.4520E+01
0.7410E+01
0.0000E+00
0.3740E+014
0.4540E+014
0.6530E+01
0.0000E+00
0.3430E+01
0.7900E+00
0.9380E+01
0.0000E+00
0.4020E+01
0.5870E+01
0.1084E+02
0.0000E+00
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0.0000E+00
0.6520E+01
0.4010E+01
0.5070E+01
0.0000E+00
0.8120E+01
0.2060E+01
0.1108E+02
0.0000E+00
0.5050E+01
0.4570E+01
0.9430E+01
0.0000E+00
0.8930E+01
0.5740E+01
0.4590E+01
0.0000E+00
0.8370E+01
0.4160E+01
0.7820E+01
0.0000E+00
0.6230E+01
0.88B0E+01
0.8400E+01
0.0000E+00
0.0000E+00
0.8420E+01
0,8170E+01
0.0000E+00
0,06000E+00
0.8510E+01
0.7630E+01
0.0000E+00
0.6000E+00
0.9350E+01
0.3570E+01
0.0000E+D0
0,0000E+00
0.8760E+01
0.0000E+00

0.3170E+01
0.78D0E+01
0.0000E+00
D.4550E+01
0.5580E+01
0.1015E+02
0.0000E+00
0.4420E+01
0.8420E+01
0.1088E+02
0.0000E+00
0.4960E+01
0,1468E+02
0.9150E+01
0.0000E+00
0.4690E+01
0.2301E+02
0.9280E+01
0.0000E+00
0.2750E+01
0.2328E+02
0.9390E+01
D.0000E+00
0.3650E+01
0.2106E+02
0.9920E+01
0.0000E+0D
0.3740E+01
0.2190E+01
0.8450E+01
0.0000E+00
0.4500E+01
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WELL 5 (State N0.4852-02)
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Existing Wells, Historical Pumpage, and Water-Levels

There are twenty-four (24) wells with information helpful to the modeling effort. A new
well, Well 14 is currently under construction. The location of these wells are shown Figure 1, pg.
2. These wells and their information relevant to producing a flow-model are listed in Table 13,
pg. 50, and Figures 17 through 30. Individual chloride information has been omitted to empha-
size the flow-type nature of the model. Both water-levels and pumpage from these wells vary
temporally according to seasonal and operational changes and are shown for each well and the
cumulative pumpage in Figures 17 through 30. Magnified views of monthly water-level
responses for each well can be found in Appendix H.

On an island-wide basis, Lana’i has a long record of both pumpage and water-level data.
The historical record of pumpage and water-level data spans from 1926 to the present. Records
from 1926 to 1939 and 1942 to 1985 were found on file at the USGS and records from 1988 to the
present are found in CWRM files. Records for 1986 through 1987 were provided by LCo.

Aquifer hydraulic parameters are also listed in Table 13. The three (3) hydraulic parame-
ters listed are hydraulic conductivity, X, transmissivity, T, and the storage coefficient, §. These
parameters, their significance, and how they are obtained were discussed earlier and in more
detail. It is important to note that there are nine (9) estimates for K and T but only one (1) esti-
mate for S. This highlights the fact that single-well pumping tests were the conditions under
which the majority of these parameters were obtained. Therefore, for reasons outlined earlier,
these values were obtained under less than ideal situations. Thus, errors are present it should be
understood that the values in Table 13, pg. 50, are not absolute nor necessarily accurate. How-
ever, they do provide a reasonable range to begin the flow model parameter estimation process.
Where possible, reported values were checked using pump analysis software (Geraghty, 1989).

The average T value from nine (9) high-level pump tests is 7,854 ftzlday. However, T
values are not accurately known because accurate high-level aquifer thicknesses, b, are unknown
and vary between analyses.

The average K value from nine (9) high-level pump tests is 18.3 ft/day. Like T values, K
values are very rough approximations since b is unknown Typical values for K in basalt can range
from 107 to 10° f./day (Heath, 1982). Research by Sooros (1973) estimated the range for Pearl
Harbor flank flows between 7 to 8500 ft/day. For dike complexes outside of caldera regions on
southeastern Oahu, Takasaki & Mink (1982) had estimated a range for K from 1 to 500 ft/day.
Therefore, the average K is for Lana’i is consistent with values for dike complexes. However,
several of these pump tests, specifically wells 1, 3, and 9 are known to have encountered flow
boundaries. Therefore, K values are probably higher than those estimated from past pump tests.
Also, K values were estimated by consultants assuming different aquifer thicknesses. Addition-
ally, the pump test for Shaft 1 indicates a much higher K value for the basal regions of Lana’i.

Typical values for § range from 0.1 to 0.3 for unconfined aquifers. However, only one (1)
estimate for § was made by Mink (1983) based on an observation well, T-2, data. § is important
for transient model simulations only. As stated earlier, S could be 41 times for a lens type situa-
tion. However, since the high-level aquifer is not known to follow the Gyhben-Herzberg relation-
ship, unknown lag-time considerations of transition zone movement. and transmissivity would
have to be modified as well, it is probable that 0.1 to 0.3 is a reasonable range.
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Table 13. Existing Lana’i Wells

4454-01 Manele *na 25 na na na na na
4552-01 Well 12 1890 5 25 na na
4553-01 Woell 13 1990 -25 na na
455501 Well 10 1989 208 208 na na
4852-01 MH Tunnel 1918 Dry 2,700 na na na na
485202 Well 5 1950 1,570 174 B16.4 6,412 na} Figure1?
4852-03 USGS T-2 na na na{ 2| ™355 %0.1 na
4853-01 Gay Tunnel 1920 Dry 1,920 na na ha na
4853-02 Wetl 1 1945 818 ) %8 93,740 na | Figure 18
4854-01 Well 9 1990 ‘08 446 deg.2 %eg 570 na | Figure 19
4952-1 Waiapaa Tun. 1924 Dry 2,220 na na na na
495202 Well 4 1950 1,589 1,149 50| Poes3 na | Figure 20
4953-01 Well 2 1946 1,544 903 na | Figure 21
4953-02 Shaft 3 1954 1,553 9,510 na Figure 22
4954-01 Well 3 1950 1,124 651 Beg 1 | 2002 na | Figure 23
4954-02 Well 8 1990 1,014 412 "6.5 19,900 na | Figure 24
5053-01 Lower Tunnet 1911 1,103 1,103 na na na Figurs 25
5053-02 Upper Tunned 1911 1,500 1,500 na na na Figure 26
5054-01 USGS T3 1950 1,064 | ground-928.6 na na na na
5054-02 Well 6 1986 1,005 600 '88.6 135,640 na | Figure 27
5055-01 Well 7 1987 850 450 H2 €2 400 na na
5149-01 Gay Well A 1800 2 ~44 na na na na
5154-01 Shaft 2 1938 735 479 na na na Figure 28
5253-01 Shaft 1 1936 24 1.4 ma 500 | M450,000 Figure 29
TOTAL Data | 24 wells na 22 20 9 8 1 Figure 30
AVERAGE na na na na t18.3 7 854 0.1 Figure 30

a ot avaliable/ not apphicable
b. Mink {1983), Jacob’s Method & b =! Initlal head to botiom of wel (u=0.08 @ T2).
¢. based on recovery dala & Theis meathod.
d. Nance {1993), Jacob’s Method & b = Inltial waler-lave! above sea level.

&. Probable boundary encoundered

1. Updated from K. Takasaki xi/9x flekd Investigation and resurveyed ground elevation informalion.
. based on Steamns {1953 & 1959) length of lunnel behind bulikhead Is 745511
h. based on Steams {1959}.
I. Pump test reporl MAE Pacific {1991), Modified Soroos Method.

}. b= water table to botiom of well,

k. based on Steams (1959).

1. Soroos Method {1973) modiled.
m. Based on The!s equation although Theim ks more appropriate no observation. wels {Takasakl & Mink, 1982); probably 100 high,

n. not Including resuits from Shaft 1 since £ Is a basal source.

Othe

otes to Table ¥

K = estimaled hydraulic conductivity from assuming aquifer thicknesses and T results.
T = estimaled transmisshvily from pump tests.

S = storage coelficient.
ms!= mean sea level
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Evapotranspiration (ET, ET,, & ET,)

Evapotranspiration, ET, is the combination of evaporation and plant transpiration pro-
cesses which return water to the atmosphere, It is important to understand that these two pro-
cesses are very difficult to segregate (Todd, 1980). in this study, potential ET, or ET), is very is
assumed to be the water which will evaporate from a properly operated Class A type pan. This, in
turn, identifies maximum ET,. It is also important to understand that many factors affect pan
evaporation, such as temperature, humidity, solar radiation, wind, and even the height of the pan
above the ground, but all these data are not available for Lana’i. It is important to note that the
error associated estimating evaporation from a Class A pan itself can be as much as & 10%
(Ekern, & others, 1985, Shuttleworth, 1993). Aside from pan evaporation methods, hydrologists
commonly use the Penman Equation (Penman, 1948) to estimate the potential for evaporation
from the surface of water, exposed openly to the air, through aerodynamic and energy budget con-
siderations. Chang (1968) noted that the Penrnan Equation only gives approximations of open
water evaporation and is also different than ET, where vegetation type and height is important.
The same factors which affect ETP also affect actual ET, or ET,, but the influence of vegetative
type and density, root-zone depth, soil-moisture storage (SMS), and density of capillary tubes in
the soil are additional considerations. ET, can be estimated as percentages of ET,. Normally,

increases in all factors result in increased ET, although it has been shown that some vegetative
cover can actually reduce ET, such that it is significantly less than ET,. Pineapple has been
shown to reduce local ET, by about 20% below ETP (Ekern, 1960). However, ET, can also
exceed measured pan evaporation, ET,,. In optimum sugarcane cultivation conditions, sugarcane

water requirements may go as high as factors of 1.1 to 1.2 times pan evaporation (Chang, 1961;
Jones, 1980).

There is little direct pan evaporation data to estimate ET, on Lana’i. State Report R74
(Ekern & Chang, 1985) identifies only one pan evaporation station, Station No. 687.00 at Lana’i
City, having a limited duration of data collection (1957-1958) with an average rate of 25.63 in./yr.
This measured amount is quite low, especially knowing that over the open ocean the pan evapora-
tion rate is approximately 80 in./yr. The lower temperature associated with the higher elevation of
Lanai City (>1500 ft. msl) is probably a major reason for this lower measurement. According to
L.Co. there is no additional data they have on file. Stearns (1940) stated that it is obvious that tran-
spiration requirements are not met on Lana’i except for the seven (7) square miles around
Lanaihale where the soil is muddy or damp for most of the year. Ostensibly, earlier overall ET
estimates were based on professional opinion.

Although pan evaporation data is limited, three (3) methods were considered to estimate
ET, patterns. In both methods, it is assumed that ET), is equal to pan evaporation. First, one
could use Ekern & Chang’s (1985) state-wide pan evaporation study conclusion that in areas
beneath tradewind orographic clouds evaporation ranges from 30 to 40% less than the oceanic
rate while in dry leeward areas evaporation was 30 to 40% more than the oceanic rate. These
rates could then be applied uniformly for arcas above and below the 2000 ft. elevation, respec-
tively. Secondly, monthly ET,/RF rations could be estimated and used in spatially consistent
rnanner like the first method. Thirdly, monthly ET}, ratios can be computed from the monthly per-

centages of the total annual evaporation actually measured at Lana’i City.
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Of the three methods considered, the third approach of estimating monthly ET,, percent-

ages of total annual evaporation was considered the best method. Although a good rough esti-
mate for ET), the windward/leeward percentage of oceanic rate was not chosen because oceanic

rates around Lana’i have not been measured nor is this approach discretized enough both spatially
and temporally. Because ET), is a function of aerodynamic and energy processes, not rainfall, the

method of ETP/RF is not a valid ratio estimation. Instead, the annual total pan evaporation can be
broken down into its monthly values to incorporate the monthly variations of ET},, which can then

be used with other monthly estimated parameter values with equation eq.(4), pg. 18. Although
the period of data is limited, the monthly pan data provides the most direct estimate of monthly
ETp. This approach is summarized in Table 8.

Table 8. Estimate of Monthly ET,/ET;ny,4 Ratios based on Pan Data
(Source: Ekem, 1964.)

January 1.73 0.07
February 235 0.09
March 2.45 0.10
Aprii 2.58 0.10
May 2.18 0.08
June 2.07 0.08
July 2.64 0.10
August 235 0.09
September 2.1 0.08
October 2.67 0.10
November 1.00 0.04
December 1.50 0.06

ET snnual® 25,63 1.00

a. unadjusted monlhly data from Station No. 887.00, Ekem &
Chang, 1985}, (1/57 lo 12/57 peried)

b. ET/ETannuar= Potential evapolranspiration to lotal annual
evapolranspiration ratio,

¢. For areas »2000 {t. elevation based on unadjusled data from
Class A pan




Aquifer is infinite.

Aquifer is homogenous and isotropic.

Position and nature of aquifer boundaries.
Occurrence and nature of confining beds.
Thickness of aquifer is known.

Fluid is homogeneous.

Flow to well is uniform and horizontal only.
Ideally, wells are fully, not partially, penetrating into the aquifer.
Length of aquifer pump test period is adequate.
Pumping rate is constant.

Well losses vs, aquifer losses are known.
Nominal vs. effective radius of well are known.

RS ER e B0 o

As stated earlier, one major assumption for this model is that the regional scale the aquifer
is homogeneous and isoptropic. This assumption is almost certainly invalid at the local scale
associated with aquifer pumping tests. With these caveats in mind it is quite evident that the
effective K, T, and § values can only be approximated and will be appropriate only for the grid
and cell size used in this study.

For Lana’i and in the well information portion of this report, Table 13, pg. 50, lists the
results of field pumping test data which estimate the K, T, and S parameters. The average K of

nine (9) tests is 18.3 ft/day, the average T of nine (9) pump tests is 7,854 fi%/day, and S, based on
one test, is 0.1. These parameters are discussed in more detail in the well information section of

this report.
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Water-budget Analysis

The goal of the water-budget analysis is to estimate how much water eventually reaches
the ground-water table and becomes part of the ground-water system. This estimate is commonly
known as ground-water recharge. What is not common is a universally accepted method for mak-
ing this estimation {Anderson, & others, 1992). The general water-budget or mass-balance equa-
tion used to estimate recharge for this study was based on previous studies (Thornthwait, 1955,
Shade, 1995) through Equation eq.(4) as follows:

RF + FD+IR -DRO - ASMS -ET = R £q.(4)

where:
RF = Rainfall precipitation
FD = Fog-drip precipitation
IR = hirigation return = 0 for this study.
DRQ = Direct runoff
ASMS = Change in soil-moisture storage
ET = Evapotranspiration
R = Recharge

In reality, Equation eq.(4) is the same equation used in all other previous studies for esti-
mating Lanai’s ground-water recharge, R. In earlier studies for Lana’i the terms for fog-drip, FD,
irrigation, IR, and soil-moisture storage, ASMS, terms were not considered; in other words these
parameters were set to zero (0). Later studies began to acknowledge the impact of FD on Lanai’s
ground-water R. This study considers the effects of both FD and ASMS but continues to ignore
IR effects because most of the island is unirrigated and pineapple receives little, if any, irrigation.

Differences between estimations of R were thus based on hydrologists’ differences in the
values assigned individual parameters in Equation eq.(4). However, all the previous parameter
estimations shared a significant commonality; parameter estimations were based on total annual
averages. This study’s parameter estimations are based on month-to-month variations to estimate
annual averages.

The contemporary methodology, or Equation eq.(4), considers the difference between
potential evapotranspiration, ET), vs. actual evapotranspiration, ET,, in conjunction with ASMS,
considerations whereas previous water-budget analyses did not. Basically, this considers the
available water for evaporation. The transient time periods selected could be monthly or even
daily depending on the available data. Ultimately, using monthly averages for the given parame-
ters while considering and including ASMS in the budget equation will result in a lower total
annual value of ET,. This is because at drier times of the year there is not enough soil-moisture
available to achieve the full ET, which may otherwise be estimated at an evaporation pan station.
This is especially true during periods of drought when soil-moisture is extremely low for short
periods of time (State of Hawaii, 1991). Therefore, the contemporary approach yields greater R
values than those derived solely by annual averages.
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