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June’ 29, 1988

Mr. H. Ross

Earth Science Laboratory,
UURI

391 Chipeta Way, Suite C
Salt Lake City, UT 84108

Dear Mr. Ross:

Enclosed is a copy of the Final Report Part II for Contract DE-FGO7-
84ID12425, "Geophysical Research on Geothermal Resources in Montana". Part I
of the report was submitted previously on December 21, 1987.

Sincerely,

oy

W. R. sili, Prqfessor
Department of Physics and Geophysical
Engineering
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INSTRUCTIONS T

(This form shall be completed in accordance with the following instructions. For any clarification: or additional information
that .might be needed, consult the appropriate section of the DOE Financial Assistance Procedures Manual {DOE-FAPM).

Insert in the space provided, in the line which begins, “Under the
Authority of Public Law ...,” the number and the name of the Pubiic

Law Wthh authonzes this’ award On the line below, enter the tttle of the -

pertinent program

Block 1 - Enter the project title as lt appears m the SF424 or equnvalent

appllcatnon/proposal face sheet

Block 2 Place 2 checkmark m the box besnde the approprlate fmancral .

assistance instrument. .

Block 3- Enter the name, address and telephone number of the: appli

cant/proposer as it appears m the SF-424 or equivalent appllcatlon/’v
. proposal face sheet.

Block 4 - Enter the instrument number. (See DOE-FAPM.)

Block 5 - Enter the appropnate amendment number (See DOE-FAPM
for guidance.)

_ Block 6 - Enter the starting date and expiration date for the current

- budget period. If a budget period is being changed, enter the starting- -

date and expiration date for the budget period, as changed.

Block 7 - Enter the starting date and anticipated completion date for

" the project. If a project period is being changed, enter the starting date

and anticipated completion date for the project period, as chang_ed.‘

Block 8 - Enter the na'me."and telepnone number of the individual
designated by the applicant/proposer as the director. of the project:

" Block ‘9 - Enter the name and -telephone number of the individual’
designated by the appllcant/proooser as the contact for alI busmess' .

matters.

Block 10 - Place a checkmark in the box opposite the term which -

- identifies the type of actlon bemg taken {The terms are defined in the
DOE FAPM) - .

Block 11 - Enter the name, address: and telephone number of. the -

individual designated by the DOE program offlce as'the project offlcer

Block 12- Enter the narne, address and telephone number of the-

individuat/organization who-wrll administer the agreement for DOE.

. Block 13 - Place.a checkmark in the -box beside the applicable recipient

type. f the recipient is 2 for-profit .organization also check one of the'’

lower boxes as follows: “C” for Corporation, P for Partnership and
“SP" for Sole Proprietorship. If the recipient is of a type not indicated

place a checkmark in the box beside “Other " and identify the recipient .

type in the space provrded

Block 14 - Enter where mdlcated the appropriation symbol B&R,. o
" _number, Fund Type (FT)/AFP.Code (AFP)/Objective Class (OC).and CFA .
- Number from the Procurement!Financial Assistance Request Authoriza- = -
tion {DOE -Form PR-798A). Completion of Block 14.d. is required only _

for awards made by Headquarters.

Block 15 - Enter the appllcant’s/proposer‘s Federal Employer Identifica-
“tion No. from the SF-424 or equivalent appiication/proposai face

sheet, or if the applicant/proposer is an individual, enter his/her .

social security number.

on, 3. SOVERNERT P‘IIY!'I'&" @PICE: 1981—5"2-056/1;70)

i
.

i

" Block 16 - Enrnes should be 'nade as follows: (lf no dollar enrry is

approprrate 3 zero should be entered to indicate there was no error of

. omission.}

tine a (1} - Emer the amourt of DOE funds obllgated by this action.

B ,Lme af2) - Enter the amount of DOE funds not expended in prior
" budget period(s), it any, authorized by DOE for expenditure '
m the current budget penod

. Line al3)- Enter the:amount of DOE funds prevnously obligated i in ’
- 'the current budget penod

Line a.l4) - Enter DOE's share of the total approved budger shown
on Line a. (6) .

Line a.(5) - Enter the recipient’s share of the total approved budget
. shown on Line a.(6). . :

- Line a.(6) - Enter the total approved budget for the current budget V
period. (Add the amounts in lines a.{4) and a. {5).)

- ‘Lme'b (1)~ Enter the amount of DOE funds obligated in the current
. budget period. (Add the amounts in lmesa 1) and a3

Line b.(2) - Enter the amount- obllgated by DOE in prior budget
periods. * :

Line b.(3)- Enter the ‘amount obhgated by DOE in the project. - -
period to date. (Add the amounts in lines b.(1) and b.(2).) . ’

Block 17'- Must: be -completed for cooperative -agreements. Con-

tracting Officers may exercise discretion as. to whether to compiete i it for
grants. Enter in the blank provided, ‘the amaunt which represents the

. current estimate of total funds and dollar value of in-kind contributions

{both DOE and recipient shares) needed to carry out the entire project.-

- Include all" funds and contributions prevnously provided, those bemg -
- provided by this actlon and sll antrcxpated future obllgattons and con-
. rtnbutlons of both. pames

,Block 18 Complete as: follows

v ltem a.- No entry necessary

- item b. = - Enter the legal citation from the Code of Federal Regulations
_or Federal Register and the effective date for the. program regulations
i -.applicable to'the program -un’der‘ whlch the -’awa'rd is made.” s

- ltem c < : Mark the box besnde B lor grants or C for cooperatlve
agreements e

“Item d. - In the blank provided, enter the date of the application/
_ proposal. {If SF424 is used. see block 23c on page 1.} Place a
- checkmark in the appropnate box to indicate whether the applica-.

" tion/proposal was’ accepted as submrtted or wrth ‘negotiated
. 'changes vl

Block 19 -3 Enter any expianation or advisory comments which are re-

" quired for, or applicabie to, this: action.

Block 20 - Will be completed by the recipient.

Block 21 - The Contracting ‘Officer shall_sign 'and date the top lirtl‘e. ’

His/her name and title should be entered on the next two lines. This box

must be signed prior to forwarding to-'reoipient.




Grant No.. DE-FG07-841D12525
Part I - Budget Plan

. Page 1 of 1

< . Grantee - Montana Co11ege'of”Minera1 Science and Technology

- BUDGET PLAN-

. salaries. o $12,000 '
Benefits =~ - % 2,831 o
© Research Fellowships -~ .~ § 20,000
Field Travel - ©§15,820
Supplies I - $ 2,500
Publications s 2,000
Equipment . . . -~ § 30,855
~ Indirect Costs SR $. 7,215

- TOTAL S $ 93,421
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.Grant No. DE FGO7-841ID12525
Part' II" - Cond1t10ns :
Page 1 of 15

PART I - CONDITIONS R n.f - o

...|h1s grant is subJect to the fol10w1ng prov1s1ons
General ' - _ :
The grantee is- ob]1gated to conduct such prOJect overs1ght as-may be o
‘appropriate, to manage the funds with prudence and’ to’ comp]y with the .
-prov1s1ons out11ned herein. : _ ,

'Reportlng Program Technical Performance

-0

- Copies. Copies ot'reports and altl other.related data.and

information generated under this grant shall be submitted in

raccordance with the.attached Federa] Ass1stance Report1ng

Check]1st (DOE Form EIA-459A).

Pub11catuon of resu]ts. The Grantee may pub11sh the results of

. its.work. However, publications and-reports prepared under this a
~grant shall contain the following acknowledgment statement, "This

(material) was prepared with the support of the U.S: Department .of

':, Energy (DOE) Grant No. DE-FGO7-841D12525. ' However, any op1nions”

findings, conclusions, or recommendations expressed herein are

- those of the author(s) and do not necessarily reflect the views of

BOE."

The Federal assistance recipient shall prepére_andJSuomit'(postage
prepaid) the-plans and reports indicated on the Federal Assistance
Reporting Distribution List. Preparation of the specified plans

~.and reports shall be in accordance-with the-DOE Uniform Reporting.

System for Federal Assistance Guidelines. The level of detail the .

. recipient provides in the plans and: reports shall be. commensurate

- with the scope and complexity of- the task and shall be as
~delineated in 3lock 4 - Report1ng Requirements - and Block 5 -

"Special Instructions. The prime recipient: sha]] ‘be responsible

for acquiring data from any subcontractors, or subrecipients to
ensure that. data submitted are compat7b]e with the data. elements

"ﬁwhwch prime recipients submit to DOE. ' Plans-and reports submitted
- in compliance -with.this provision are 1n ado1t1on t9 any other .
",report1ng requirements of the redera1 ass1stance 1nstrument

A1l reports de]1vered to DOE shall.be the so]e property of the. -

DOE. 'The Grantee shall not claim that any: report contains any

-trade secrets or commercial or financial information deemed by -the
‘Grantee to be privileged or confidential, or that the Grantee has

any proprietary interest in any report.




. ‘when international air transportation.becomes necessary under this '

and economy class accommodations is unallowable.

~_Allowability of costs shall be determined in,actdrdahce»with OMB
. Circular A-21 which is attached and hereby incorporated by reference.

:Project.Period'

. »Paxments - L o ;

‘a. - The Grantee may request advance paymeht of cost to be incurred.

Grant No. DE-FGO7- 841012525
- Part II' - Conditions -
o Pagelz of 15

|rave1

. Domestvc trave] 1s an. appropr1ate charge to this grant and pr1or ' 'k' _
‘authorization for specific’ tr1ps is not required. Fore1gn travel must b
be clearly essential to the grant effort -and must, to-be charged o
‘L against this. grant, have prior explicit approval. of the -Grants Officer | - -
~regardless.of its inclusion in the approved grant budget. The Grantee

agrees to use U.S. Flag air carriers to the maximum extent- practicable

grant.- The difference in cost between first-class-air- accommodations

A]]owable Costs

[
The project completion date is December 11, 1985, which includes S0 i
days for completion of the final report. All research effort must be
completed by September 11, 1985. .Only costs associated with |
preparation of the final report will be allowed during the 90 days from :
September 11, 1985 through December 11, 1985

Such’ requests should not exceed the expected outlays by the .
Grantee in the succeed1ng 30- day period. T ) ;

b. Payments to the Grantee shall equa] the Federa] share of actual :
allowable costs of performance of "this grant, provxded however, -
and notwithstanding-any other -provision of this grant; that the
~ -Government's monetary liability under this grant shall not exceed
the Government share of the total approved ‘budget or an amount
equa] 'to the Federal share of actual allowable costs, whichever is
- .less.. The ‘Grantee shall be obligated to perform under this granth
~-throughout the agreed-upon period-of performance, and to bear alli
©. costs which DOE has not agreed to pay. However, the Grantee .shal(
. ‘have the right to cease to perform when or after the Federal share
of actual allowable costs equals or exceeds the Government. share%
- -of the total approved budget and if pr1or wr1tten not1ce to that
" - has been provwded to -DOE. . ,
e l
c.- The Government ob11gat10ns may be 1ncreased un11atera]1y by DO“ by
© “-written notice to the Grantee and may be 1ncreased or decreased by
-written agreement of the parties.’ ’




6.

o a. Def1n1twons

aThree copies of the arantee s Financial Status Report (prepared on an

" Grant. No. DE- FGO7-84ID?2525
Part I1 - Conditions
. Page 3 of 15 -

f.Payment (Cont d)
'id; ' Upon term1nat1on or exp1rat1on of the total per1od of performance,
. the Grantee:shall :;promptly refund to DOE -(or make such dispositioni: -

as.DOE may in wr1t1ng direct) any sums paid by. DOE to the Grantee g
~ - under this grant in excess of the cumulative . Government a]lowab]e :
*A;cost 1ncurred 1n performance under the grant. -

'e>ei Apol1cab1e Cred1ts. The urantee agrees that any refunds, rebates,f

' -Credits, .or other amounts (including any interest thereon)
~.-accruing to or received by the. Grantee or any assignee under this -
' grant shall be paid by the Grantee to the Government, to the
‘extent that_they are properly allocable to costs for which the -
Grantee has been .reimbursed by the Government under.this grant.
"Reasonable expenses incurred by the Grantee.for the purpose of
securing ‘such refunds, rebates, credits, or other amounts shall be
~allowable costs. hereunder when approved by the Grant Officer.

;t.':.Audit'Adjustments;‘ The Grant Officer may have invoices: or

.. vouchers and statements of cost submitted under this grant audited

‘at-any-time prior.to the end of the required retention period for:

the grant records. Each payment made shall be subject to

- reduction for amounts included in the related invoice or voucher

~ which are found by the Grant Officer; on the basis of audit, not
‘to constitute allowable cost. If a ftnal audit.of costs has not
been performed prior to closeout of the grant, DOE or its
successor agency, shall have the right to recover an appropriate
-amount after fully considering the recommendations.on disallowed .
costs resu]t1ng from-the final audit when conducted.

... Financia) Reportino”Reduirements-

accrual basis) shall be submitted to the Grant Officer at the end of
the project period. (The project period of this grant is 1nc1us1ve of

the ‘90 days stated in OMB ercular A-110, Attachment G. )

Retent1on and Custod1a1 Requ1rements for Records ;f

Grantees sha]l reta1n and permit exam1nat1on of records as requ1red oy

- OMB C1rcular A-110, Attachment C.

. ”Patent Rvghts - (Sma]] Bus1ness F1nns and’ Nonprof1t Organwzat1ons)

{March. 1982) .

Lo

:(L) "Inventton“ means any - 1nvent1on or dwscovery which is or nay
' be patentable or otherwise. protectab]e under T1t]e 35 of the '
United. States Code (USC)




_ Grant No. DE-FG07-841D12525
Part Il - Conditions
Pagev4ﬂofa15 '

9. “Patent Rignts - (Sma]] Business’ F1rms and Nonprof1t Organ1zat10ns)
Tﬂarch 1982} (Cont aj: - .

(2)_ "Subgect Invent10n" means. any 1nvent1on of the grantee
‘ conceived or first-actually reduced to practice: 1n the
performance of work .under.this: agreement :

' (3);;"Pract1ca] App11cat1on" means to manufacture in the case of a.
.~ composition or. product, to practice in the case of a process- .. .i
. or method, or to-operate in-the case of a.machine or system;
and, in each case, under such conditions as to-establish that
the invention is utilized and that its benefits are, to the '
extent permitted by law or Government regu]at1ons, avaw]able
. to the public on reasonable terms. o S :

-~ {4) "Made" when used in re]at1on to.any 5nventwon means the
conception or first actua] reduct1on to practwce of such
invention. . .

(5). "Small Business Firm"‘means a sma11 business concern as
defined at Section 2 of Public Law 85-536 (15 .USC 632) and
implementing regulations of the Administrator .of the. Small

" Business Administration. For the purpose of this clause, the
sjze standard for small business concerns involved in ; : v
Government procurement, contained in 13 CFR 121.3-8,-.and in ° S

subcontracting, contained in 13 CFR 121.3-12, will be used. S

(6). "Nonprofit Organization" means universities and.other -
- _institutions of higher education-or an-organization- of the
type.described in section 501(c)(3) of the Internal Revenue
. Code of 1954 (26 USC-501a) and exempt from taxation under -
section 501(a) of the Internal Revenue Code (26
U.S.C. 501(a)) .or any nonprofit scientific or educational
.organization qua]1f1ed under a state nonprof1t oroanwzatwon
'statute

(7) ""patent Counsel“ means the Department of Energy (DOE) patent
' _counsel ass1st1ng the DOE contractwng act1v1ty

b =A11ocat1on of Principal Rwdhts 1“_1f,,~fa]~{f5 rcﬁ",ﬂu3’.‘< :'"~ K  '; C %

.The'Grantee may retain the entire right, title, and interest
‘throughout ‘the world to each subject invention subject to ‘the

- . provisions of this clause and 35 U.S.C. 203. With respect to any
subject invention in which the Grantee retains title, “the Federa]
Government shall have a nonexclusive, nontransferable
f1rrevocab1e, paid-up license to practice or:-have practiced for or
.on behalf of the Un1ted States any subJect 1nvent1on throughout
the world . :




Grant No. DE-FGO7-841012525
. Part II - Cond1t10ns
-Page. 5 of 18 :

£ c -

9. ’Patent Rights - (Smal] Business- Firms and Nonprofwt Organ1zat1on<)

(March 1982) (Cont d)

T c," Invent1on D1sclosure, E]ect1on of thle and F111ng of Patent
Appllcat1ons by the Grantee-

‘(1f:

The Grantee w111 d1sclose each subJect 1nvent1on to the

‘Patent -Counsel (with notification: by the" Patent Counsel to-

the Contract1ng Officer) within two months ‘after the inventor -
discloses it in writing to Grantee personnel responsible for
the administration of patent matters. The disclosure to the

Patent Counsel.shall be in the form of .a written report and
..shall identify the agreement under which the invention was
“'made "and the inventor(s). It shall be sufficiently compiete

in technical detail to convey a:clear understanding, to the ..

- extent known at the time of the disclosure, of the nature,

purpose, operation, and the physical, chemical, biological ar
electrical characteristics of the invention. " The disclosure. !

. -shall also identify any publication, on sale or public use of:
" .the invention and whether a manuscript describing the

invention-has- been submitted for publication and, .if so,

i “whether it has been.accepted for publication at the time of

-disclosure.. In addition, after disclosure to Patent Counsel,

the Grantee will promptly notify Patent Counsel of the

~acceptance of .any manuscript describing the invention for

publication or of any on sale or pub]1c use planned by the

-Grantee

'The Grantee will- e]ect in wrwtwng ‘whether or not to retain

title ito any-such: invention. by notifying Patent Counsel %
within twelve months of. disclosure to the Grantee: provided
that "in any.case where publication, on sale or public use has

. ~initiated the one year statutory period wherein valid patent:

protection can still be obtained in the United States, the

- period for election of title term1nates s1xty days prwor to
;the end of the statutory per1od :

1

' The: Grantee. w11] file its-initial. pétent app]tcatton‘dn\an :

elected -invention within two years-after election or, if

" _earlier, prior to the end of any statutory per1od wherein

valid patent protection can be obtained in the United Statesf<

'-~after ‘a publication, on sale, or public use.. The Grantee

~will-file patent applications in additional coUntr1es within. -

either ten months of ‘the corresponding initial patent.
application or six months from the date permission is grgnted

- by the Commissioner of Patents and.Trademarks to file foreign:
- patent app11cat1ons where -such- f111ng has been proh]bwted by~

a Secrecy Order




;Grant No. DE-FGO7-841D12525
" Part II -~ Conditions
-Page 6 of 15

9{_,Patent Ridhts - (Sma11 Business r1rms and nonprofwt Oroanwzat1ons)
- (March 1982) (Cont'd) o _

(4) Requests for extension of theltime'for d1scloshre to Patent .
- Counsel, election, and filing may, at the d1scret1on of the
Patent Counse] be granted. ‘ ,

d. Cond1t1ons When the Government. May Obta]n T1t1e

'(1) The Grantee will convey to DOE,- upon wr1tten request title
- to -any subJect invention:

(i) If the Grantee fails to d1sclose or elect the subject
‘ invention within the times spec1f1ed in c above, or
elects not to retain t1t]e :

(ii) In those countries in which the Grantee fails to file -
' patent: app]1cat1on -within the times specified in
'c. above: ' provided, however, that if the Grantee has"
- filed a patent application in a country after the times'
specified in c. above, but prior to its receipt of the
- written request of Patent Counsel, the Grantee shall
: cont1nue to reta1n t1t1e in that country, or

(i11) In any country in which the Grantee dec1des not to
" continue the prosecution of any application for, to pay'
~'the maintenance fees on, or defend in a reexamination or'
opposition proceedtng on, a patent-on a subJect )
1nvent1on : .

e. Minimum R1qhts to Grantee

" (1) The Grantee w1]1 retain a nonexec]us1ve, royalty-free I1cense
© - throughout -the world in each subject invention to which the |~
Government obtains title except if the Grantee fails to )
disclose the subject invention within the times specified in
"c. above. The Grantee's license extends to its domestic -
~subsidiaries and affiliates, if any, within the corporate
7 structure of which the Grantee is a part and includes the . =
- . right to.grant sublicenses of the same scope to-the extent ' -
the Grantee was legally obligated to do so at the time the. .
. agreement was awarded. . The license is transferable only w1th‘
-the approval of DOE except when transferred to the successor’
~ of that part of the Grantee S bus1ness to whvch ‘the 1nvent1on :
‘perta1ns : :




" Grant No. DE-FG07-841D12525
. Part II - Conditions
-‘Page 7 of 15 '

.'r9. _Patent Rights - (Smal] Bus1ness Firms and Nonprof1t Organ1zat1ons)l
’ (March 1982) (Cont d?" . -

(2) _
 DOE to-the extent necessary to achieve exped1twous pract1ca1‘
application of the .subject invention pursuant to an

The.. Grantee S domestwc 1fcense may'beArevoked or MOdified by ..

" .. application for an exclusive Jicense submitted in accordanceg_
. “with 10.CFR 781. .This.license will.not be revoked in that .
* field of use or the geographical areas. in which the Grantee

has achieved practical application-and continues to make the
benefits of the invention. reasonably accessible to the
‘public. -The license in.any foreign country may be revoked or

,mod1f1ed at the discretion of DOE to the extent. the Grantee,
- its licensees, -or its domestic subsidiaries or affiliates
_have failed to achieve pract1ca1 app]1cat1on in that forelgn

‘country

Before revocation or mod1f1cat1on of the 11cense, DOE w111 e
furnish the- Grantee a written notice of its. 1ntent10n to
revoke or modify the :license, and the Grantee will be aliowed

- thirty-days (or such other time as may be.authorized by DOE -

for good cause shown by the Grantee) after the notice to show-
.cause why the license should not be revoked or modified. The
Grantee has the right to appeal, in accordance with 10. s
CFR 781, any decision concerning the revocation or:
.modificatidn’of its licenseé.

f. Grantee Act1on to Protect Government S Interest

)

The Grantee agrees: to execute or to have executed and 3
promptly de]1ver to Patent Counse] all 1nstruments necessar/
to .

(1) Estab]1sh or conf1rm the rwghts the Government has

throughout. the world in those subject inventions for '
" . which the Grantee elects to reta1n t1t1e, and - o

' (11) fConvey t1t}e to DOE when requested under d. above,“and-'a‘

“to enable .the Government to- obtain patent protection -
-throughout the world in that subject invention:

The-Grantee agrees to require, by written agreement, its
employees, other than. clerical and nontechnical employees, to-

) disclose promptly in writing to personnel identified as .~

responsible for the administration of patent matters.and . in a
format suggested by the Grantee each subject invention: made ":
under this agreement in order that the Grantee can comply - .

7_',w1th the dwsclosure prov1s1ons of c above, and to execute
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" 7§, 'Patent Rights ‘- (Smal] Busvness erms and Nonprofvt Organ1zat1ons) :

h [\March 1984) (Cont o)

,i,_a11 papers necessary to fwle patent applwcatsons on subJect f{?_"'

inventions.  The disclosure format -should require, asa

" minimum, “the information requested by,subparagraph c:(1)
_-above. The Grantee shall instruct such employees through the. .
..employee agreements or other suitable educational programs on
" the importance of reporting inventions in sufficient t1me to :

~permit the filing of patent applications prwor to Unwted

-,;States or fore1gn statutory bars.

" The Grantee will notify Patent Counsel of any dec1s1on not to
- continue prosecution of a patent application, pay ma1ntenance;

fees, or defend in a reexamination_ or opposition proceeding

- on a patent, in any country, not less than thirty days beforetf

" . the expiration of the response. per1od requ1red by the
”.e‘relevant patent office. .

The Grantee agrees to 1nc]ude w1th1n the spec1f1cat1on of g “

.- any United States patent application and any patent 1ssu1ng
-“thereon covering a subject invention, the following '
“statement, "This invention was made with Government support

under” (identify the agreement) awarded by the Department of

‘“Energy The Government has certain rights in thws 1nvent1on n

The Grantee agrees to:

(i)~ Provide a report prwor to the close -out. of the agreementf

v',11st1ng all subject inventions;

'~(i$) 'Prov1oe notification of all subcontracts for

g. Subcontracts

(1)

- - experimental, developmental, demonstration, or researcn;
- work, the jdentity of the patent rights ¢lause therein, .
and copy of each subcontract upan request; ) -

f(iji)"Prov1de prompt]y a copy of the patent" app11cat1on,'

filing date, serial number, patent number and issue oate |
-for any subject .invention in any country 1n which the
fGrantee has app]1ed for patents -

;

“The Grantee will include this clause, suitably modified to

~identify the parties, in all subcontracts, regardless of
“-tier, for experimental, developmental or research-work to be-
“pérformed in the United States by a small business firm or’

- domestic nonprofit-organization. The subcontractor will
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‘3‘9. Patent R1ghts -.(Small Bus1ness Firms and Nonnrof1t Oroan1zat70ns)
(Marcn 1982) - (Cont o) e

’g“reta1n a]] r1ghts prov1ded for the Grantee in: thws clause, -
-+ and the' Grantee will not, as part-of: the consideration for-
.- --awarding the- subcontract, obtain r1ghts in the '
ftnsubcontractor s subJect 1nvent1ons o

g (2)¢,The Grantee w111 include in. a]] other subcontracts,‘
- regardless of tier, for experimental, developmental,
" ..demonstration, or research work the patent rights clause-
- ~required by 41 CFR 9-9.107-5(a) or 41 CFR 9-9.107-6 as
' appropr1ate modified to 1dent1fy the partwes

(3).‘In the case of a suocontract, at any tier DOE, tne

.. "subcontractor, ‘and the Grantee agree that the mutual
~ ~obligations of. the parties: created by: this clause constitute-
. .a-contract:between the subcontractor and DOE w1th respect to.
‘Ejthose matters covered- by this clause :

5 h. Reportwng~on‘Ut111zat1on>of,SubJect-Inventwons

The Grantee -agrees to submit on request periodic reports no more
frequently than .annually on the utilization of a subject invention
or on efforts at obtaining such utilization that are being made by
‘the Grantee or its licensees or-azssignees. Such reports shall
- include 1nfonnatwon regarding the status of development, date of-
first commercial-sale or use, gross royalties received by the .
- .Grantee,:and such other data .and information as DOE may. reasonably.
~ specify.- The Grantee also agrees‘tb‘provide'additional reports. as

- may be requested by DOE.in connection with any march-in proceeding . .

- undert aken by DOE in accordance with’ paragraph j. of this clause.
- To the -extent data or information supplied under this section is’
.considered by the Grantee, its licensee or .assignee to be
privileged and confidential 'and. is so marked, DOE agrees that, to
the extent permitted by 35 USC 202(c)(5), it will not d1sclose
.such 1nformat10n to persons outswde the Government

i Preference for’ Unwted States Industry

‘Notw1thstand1ng any “other prov1s1on of thws c]aus e, thei Grantee
‘agrees that- neither it nor any-assignee will grant to. .any person
. the exclusive right to.use or sell any subject invention in the -
. United States ‘unless such person agrees that any products
embodying theé subject 1nvent10n or produced through the use of the
~subject invention will be manufactured substantially in the United
States. ~However, 1n 1nd1v1dua1 cases, the requ1rement for such an )
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‘ ":,agreement ‘may be waived by DOE upon a show1ng by . the Grantee or
its assignee that reasonable but unsuccessful efforts have been . ° .-
made to grant licenses on similar terms .to pdtentia]-]icensees'
.that would be likely to manufacture substantially-in the .United
States or-that under the cwrcumstances domest1c manufacture s not
gcommerc1a11y feasible. ‘ .

j. .March-in Rights

~The. Grantee agrees that with respect to any. subJect invention in’
which it has: acqu1red titie, DOE has the r1ght in-accordance w1th
the procedures in OMB erCular A-124 to-require the Grantee, an
.. assignee or exclusive licensee of a subject invention to. grant a
.. nonexclusive, partially exclusive, or exclusive license in any
field of use to a responsible applicant or applicants, upon temms:
that are reasonable under the circumstances, and if.the Grantee,
. assignee, or exclusive licensee refuses such a.-request, DOE has
the right to grant such-a license itself 1f DOE determ1nes that:.

(1) Such. actwon is necessary because the Grantee or ass1gnee has,
not taken, or is not expected to take within a reasonable
time, effect1ve steps to achieve practical app]wcat1on of. the
subJect invention in such field of use,

(2). Such action-is necessary to allev1ate health or safety needs
- which.are not reasonably sat1sf1ed by the Grantee, ass1gnee,
- or’their licensees; . .

" (3) Such action is necessary to meet requirements for public use.
.specified by federal regulations and such requirements are -
“not reasonably satisfied by the Grantee, ass1gnee or'_ﬂ
]1censees, or ' ‘ o .

"'(4)"Such action'is necessary because.the'agreement~required by -
© . -paragraph j. of this clause -has not been obtained or waived '
~.or because & licensee of the exclusive rwght to use or sell :
coL0oany. subJect invention 1n the Un1ted States is'in breach of
.~ such agreement '

k. - Special Prov1sxons,for Agreements with Nonprofit Organizations_~i

If the Grantee is a nbnprofit'organization;_tt“agrees that: -

‘
v
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r-f9;ﬁ'Patent Rights - (Small Business Firms and Nonprofit Organizations)" V
o (March 1882) - (Cont'd) S B N -

: (1)"R1ghts to a subgect 1nvent1on in the Un1ted States may not ‘be
SR ass1gned without the approval of DOE, except where such .
, ass1gnment ‘i's made to-an organization which. has as one of its .
- primary functions-the management of inventions .and which.is @~
‘. not, itself,:engaged in or does. not hold a.substantial - -
oo interest. in other organizations engaged in the manufacture or’
"sale of products or the use of processes that might. ut1]1ze
‘the -invention or be in competition with embodiments of the
invention (prov1ded that such assignee w111 be subject to the
same prov1s1ons as the Grantee) .

- {2) The Grantee may not grant exclusive ]1censes under Un1ted
- . 'States’ patents or. patent app11cat1ons in subject inventions
. to persons other than small: business f1rms for a. per1od in .
ui'excess of. the ear11er af: , . c

_3,(1)3'F1ve years from first commerc1a1 sale or use of the o
e 1nvent10n or:

c(d1) Elghtjyears from the date of the exclusive license
"0 - . excepting that time before regulatory agencies necessary
.. to obtain premarket clearance, unless on a case-by-case
. basis, DOE approves a longer exclusive license. If
exclusive field of use licenses are granted, commercial
sale or use in one field of use will not be deemed
~ .commercial sale or use as to other fields of use, and a
“first commercial sale or use with respect:to a product
of the invention will not be deemed to end the exclusive
“period to d1fferent subsequent products covered by the
‘jnvent1on ' , ‘

(3)f The Grantee w111 share any roya]twes co]]ected on a subJect
: !1nvent1on with the inventor; and ,

- (4) The balance. of any roya1t1es or income earned by the Grantee :
o with respect to subject-inventions, -after payment of expenses
“(including payments.to inventors) incidental.to the : '
- administration subject inventions, will be utilized for the
- :support of sc1ent1f1c research or educat1on .

1. Commun1cat1ons

“The" DOE central pownt of contact for commun1catvons or matters
’srelat1ng to h1s clause is the Patent Counse]
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10. nghts in Techn1ca1 Data - Short Form C

a. Def1n1t1ons “The def1n1t1ons of - terms set forth in- 41 CFR 9 9, 201

apply to tﬁe extent these terms are used here1n .

_b;_ Al]ocatvon of- R1ghts

-

h-l(iii) The r1ght to have any techn1cal data f1rst produced or

The Government shall have

(1) :Un11m1ted r1ght5 in techn1ca1 data f1rst produced or
specifically used in the performance of th1s grant _

(ii) ‘The right of the Grant Officer or his-: representat1ves to :

© "7 .inspect at all reasonable times up to:three (3) years -
after final payment under this grant all technical data;
first produced or spec1f1ca11y used in the grant (for -
which inspection the Grantee or its subcontraetor shal]
afford proper facilities to DOE) o IR

b,

specifically used in the performance of -this grant

" .delivered to .the Government as the Grant Officer may . !
“from-time to time direct during the progress of ‘the work

“.or in any.event as the Grant Officer shall direct. upon -
completwon or term1nat1on of this Grant : '

The Grantee shall have: The right to. use for 1ts prwvate L

~ _purposes, subJect to patent, security or other provisions Ofp

.this grant, technical data it first produces in the ~
.performance of this grant provided the data requirements of

' this grant have been met as of 'the date of the private use of '

‘such data. The Grantee 'agrees that to the extent it receives

CLor is g1ven access -to proprwetary data .or other. techn1ca1

business or financial data in the form of -recorded - "
’1nformat1on from DOE .or a DOE contractor or subcontractor,tii
;the Grantee shall treat such data.in accordance with any -

“restrictive legend contained thereon, unless use is : j

~.specifically authorized by pr1or wr1tten approval of the _

‘>Grant Off1cer

c. Copyr1ghted Mater1a1

'l(I)

"-_ employees act1ng within the: scope of their duties:.

. The Grantee agrees to, and does hereby grant to the -
‘Government, and to its officers, agents, servants and -
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’~7( )- A roya]ty—free, nonexclusive, 1rrevocab1e 11cense to -

vj_reproduce translate, -publish, use, and dispose of and to'f

..~ . authorize others so to do, all copyrightable material .-
£ first-produced or:.composed in the performance of this: :
" -grant by the Grantee, its employees or any. 1nd1v1dua] or

©+ Concern specifically -employed or ass1gned to or1g1nate and‘

f*prepare such material;” and

,d'(ii)' A license as aforesaid under any and all copyrighted or

copyrightable works not first produced or composed by the -

. Grantee in the performance of this grant but which are
~incorporated in the material furnished-under the grant,"
‘provided ‘that such license shall be only to the extent :the
: ‘Grantee now has, .or prior to completion or final
“.gsett1ement of the grant may acquire, the right to grant
~.such license without becoming liable to pay compensat1on
~to others solely because of such: grant

"7(2)',The Grantee agrees that it w111 not know1ng1y 1nc1ude any

‘material copyrighted by others in any written or copyrightable
material furnished or delivered under this grant ‘without a
license as provided for in subparagraph ¢.(1)(ii) hereof, or
without-the consent of the copyright owner, unless it obtains

_specific written approval 6f the Grant Officer for the
1nc1uswon of such copyr1ghted material.

. 'Author1zat1on and Consent

The Government hereby-ngeS»its.authorization and:consent for all useiand
manufacture of any invention described in and covered by a.patent of the

.- United States in the performance of this grant or any part hereof or-any

amendment. hereto or any grant hereunder (including any lower-tier
subcontract) ' _ ..

Notice" and Assistance Regardwng Patent and copyr1oht Infr1noement‘;

a.

' The uranteevsha11 report to the Grant Off1cer prompt]y and 1n
‘reasonable written detail, each notice or clavm of patent or _
-~ copyright infringement based on the: performance of th1s grant o.

wh1ch the Grantee has’ know]edge

.~ In the event of any c1a1m or. su1t aga1nst the Government on account

. -of any alleged patent or copyr1ght infringement arising-out of the
-performance of  this grant or.out of the use-of ‘any supplies
furnished or work or services:performed hereunder, the -Grantee.shall
furnish to the Government when requested by ‘the Grant Officer, all
:ev1dence and 1nformat1on in possess1on of the Grantee perta1n1no to
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Notwce and Ass1stance Regard1ng;Patent and Copyr1ght Infr1ngement (Cont'd)\'
‘ Q such su1t or'claim. Such- ev1dence and information sha]] be l
- furnished at the expense: of ‘the Government except where the Grantee
© - has agreed to 1ndemn1fy the Government. .

N e.'f,Thws clause sha]] be 1nc1uded 1n all 1ower tier agreements and

”:Subcontracts.u=‘

.;'Report1ng of Roya]t.es

CIf any royalty ‘payments. are d1rect]y involved in the grant or are _
.~refijected in the grant price to the Government, the Grantee agrees to-

- report in writing to:the Grant Officer or Patent Counsel during the

.- -performance of -this grant and prior to its compietion or final sett]ement
" 'the amount of any royalties or other payments.paid by it directly to

. others.in.connection:with the performance of this grant together with ‘the

names and addresses of licensors to whom such payments are made and

-ejther the patent: numbers involved or such other information as will:

permit the identification of the patents or other basis on-which the

- royalties are to be paid. The approval of DOE of any individual payments

or royalties shall not stop the Government at any time from contesting'
the -enforceability, validity or scope of, or t1t1e to, any patent under

'wh1ch a roya]ty or. payments are made.

Procurement Standards

Grantee procurements are subject to the .requirements of OMB Circular
A-110, Attachment O. DOE prior approval is required for all soie source

.contracts-or where only one bid or proposal is recewved and -the aggregate-

expend1ture 1s expected to exceed 55 000.

Revision of F1nanc1a1 Plans

'WAny rev1swon to f1nanc1a1 p]ans under this grant are subject to the

requiremepts of OMB Circular A-110, Attachment J-and’ paragraph 600. 114 of

~ the .DOE Financial Assistance Rules (10 CFR Part 600).  DOE approval is

' requ1red for .transfers of amounts budgeted between direct. and indirect -

costs. Among direct.cost catagories, DOE -approval is required when the
cumuylative amounts of such transfers exceeds or -is. expected to exceed 5%

. of the total budget as last approved by DOE. The Grantee shall promptiy

notify DOE whenever the amount of Federal authorized funds is expected to

' exceed the needs of the rec1pwent by.-more than $5,000 or five percent iof

the Federal award, whichever is greater. "None of the substantive
programmatic work may be subcontracted or transferred w1tnout the prwor

g approva] of DOE
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16, Program Income

Program . 1ncome is SUchCt to tne po]1cy prescrwbed by OMB C1rcu1ar"" 110,

Attachment D-and: paragraph 600.113 of -the DOE-Financial Ass1stance Rules

. (10°CFR Part 600). _Program-income other than interest, proceeds. from the

‘" sale of real and péfsonal property;-and royalties .shall be treated as '

,?;spec1f1ed in"600.113(e) (2)(i). That is they shall be deducted from the

total approved budget to detenﬂ1ne the net costs on wh1ch the DOE costs
shall be calculated iy o .

jf:‘1ab111t»es and Losses '

DOE assumes“noiiﬁabildty Withirespect;to'any damages or loss arising out
¢of any activities undertaken with the'financiansupport of this grant.

,TS.‘:Property . _ | ‘
‘~_'Property is- subgect to the requ1rements of GMB ercular A7110,, y

“ Attachment ‘N -and paragraph 600.117 of ‘the’ DOE Financial Assistance ‘Rules o

(10 CFR Part 600). At the end of the project period or.at.the
termination of DOE support for the project, the Grantee sha11'certify as
to any property acqulred under th1s grant - R :

- The fo]]ow1ng property to be purchased w1th grant funds is des1gnated as
exempt equ1pment under the author1ty of Pub11c Law g5~ 224:_

3_GOP 12 Two- Channel Geophysical Rece1ver : $12,000
IMG-20, 20 kw Motor Generator Set C $ 8,679

o ANT /2 CSAMT Antenna DT - 3-4,736
- XMT-12 Transmitter Contro]ler o - -$. 2,440
- FM ‘Communications Radios. T - 0% 2,500
Trailer for "CSAMT System $ - 500

19. iSuspens1on and Tennwnatwon

- al a'DOE reserves the rwght to suspend this grant in accordance w1th the
. provisions.of OMB Circular A-110, - Attachment L, paragraph 3 and
~-'paragraph :600.122 of the DOE F1nanc1a] Ass1stance Ru]es (10.CFR
Part 600). . o _ o , S e K

- b.. - ‘DOE-reserves the right to term1nate for cause,'1n addition to the
- right to terminate for convenience as provided in OMB: Circular
A-110, Attachment L, ‘paragraph 4 and paragraph 600. 122 of the DOt

_F1nanc1a1 Ass1stance Ru]es {10 CFR Part 600) -

.’yu

' :20;"Qual1ty Assurance

The Grantee w111 1mp1ement a Qua11ty Program in. accordance with ANSI
- Std. Z'1.8-1971 "Specification of General Requ1rements for a Qua11ty'
- Program”" attached, except that-paragraphs.3.3.2, 3 3. 3, 3. 3 4, 3 4
3.5.2, 3 5 3, 3.6.2, and 3.6. 3 are de]eted : ,

H3f 5952H
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STATEMENT;OF,WORK _”

‘iMONTANA;COLL GE OF 4INERAL SCIENC: AND TECHNOLOGY

yA11 studles descr1bed be]ow are to be performed in. the area of unnws, Mr.f

. ‘Co]]ect suff1c1ent Contro1]ed Source Fud1o Magnetote]]orwc (CSAMT) data
~to define -anomalous areas. Model these data using appropriate one--

dimensional 1nvers1on a]oor1th1ms and two- d1mens1ona1 forward mode111ng;'

‘programs

Integrate “the . data from the CSAMT study above wwth other ava11ab1e

-geclogical; hydro]og1c geochemical, -and geophysical data "in order to.

select the most promising anomalous areas for further detailed:.work.  In
these selected areas, perform additional follow-up studies which may

“include- CSAMT, grav1ty, sel‘-potent1a1, or d1po1e dipole res1st1v1ty
‘measurements. , : :

. Eva]uate ex1st1ng grav1ty data and co]lect add1t10na1 data to- he1p de11ne
ranomalous regions. Integrate the grav1ty ‘data with other geoscientific
data as. 1n Task 3 to se]ect the best sites for further grathy surveys

Perform detailed’ grav1ty surveys over the’ anoma]ous reg1ons deflned as

. a result of the work in Task 4 with adequate elevation control to allow

the development of appropriate models of the results of the survey.

- Analyze -the ‘results of the.gravity surveys-and deve1op oeophys1ca| models

based on: grav1ty and other appropriate data.

f‘Prepare a final. report which w111 discuss the: nature and occurrence of
-geothermal resources in the area -of Ennis, MT. This report will include
-~ results.-of geophysical studies .described in Tasks 2,3, 4, and 5. The

report will. also evaluate the applicability and success of the geophysical
techniques used.” ‘A model of geothermdl resources, based on new data co]- =

. lected during th1s Study, and existing data: comp11ed in .as<s 3 and

E w111 be deve1oped and 1nc1uded in the report :

.}}Prov1de overall project management and como]ete and report on tasks in a

. timély ‘manner: ‘Management- reports shall be provided as defined'by the

- -attached DOE ‘Form EIA 45%A° Reportwng Requwrements Checklwst _1he
: reou1red reports are also summar1zed as’ nollows ,

n a.;fForm DOE 538 Not1ce of ,1 :7>5Due 30 days after award of grant
- f-Eneroy R&D CoL e . - )
'i,b.nguarter]y.Managementvv“ ...”stueLISVdaysfafterjsa1endar.quarter end
C “Summary‘Report ' I i - . :
"'fuc;.,Ouarterly PrOJect SLaLUS f*;ﬁjDuedTS’daysiafter-ca1endar'qdarter end
. “Report : L S - :
d. ‘Topical Report o . Due' pr1or to or accompanying Final

“report “in.both. draft and in final form
~including one camera-ready.copy




Final Report (Draft)
'ﬂ}:Fwna1 Report

. -Financial" ‘Status Report
: 'OMB Form 269 "

_Grant No. DE-FG07-841D12525.
Part III - Statement of work

: DUE‘: 45.
-,Dué'on

| Duefon
- of ‘the

Page 2. of 4

days prior-to complet1on date
comp]et1on date >“f~‘

comp]et1on date and at the end
f1rst program year ,
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'U.S DEPARTMENT OF s~encv of 4 ! .
FEDERAL ASSISTANCE REPORT!NG CHECKUST o
RM APPROVED

EORM Eis 4634
OMB NO 19065127

(100 ) . .
1. loemtificauion Number: -~ - .0 2. Program;’Prdjec: Trtie: Geo therma)
DE-FGO7 - 84ID12525 R R L
o 3 Re*xp'em R
4 Repomng Req..uremenzs "".'.F(eq:uencAy _“No. of Copies ,:Add!égsees
PROGRAM PROJECT A ANAGEMENT REPORTING ~
D Feceral Assm_ance Mfles'.one Plan’ :
D Federal ‘s'sis-.an.ce'iax.adgét‘nﬁ;rﬁmion Form o SRR ERET v :
“ ‘Federal Asas:anca Manageﬂen. Suﬁma'y Repon_ . | ‘ O ‘ - v
.' ‘ Feoe'a) Ass:s-ance Program/Propecx Stazus Reoon' ‘ o o |
E " Financia! Status Repon, DMB Fdrm 288 ’ . Y ,.F I
| TECHNICAL INFORMATION REPORTING L . - o
X Notice of Er;ergv" RDED - - | . » O o | “ : - '. 4 | A ) » l
D T.echnica; Progress RepoAn_ | | I
. : @ Tooica"l Report | A | i
L .Hnai Te:.*;nica.' Report '

FREQUENCY CODES AND DUE DATES:

- As Necessary: witnin 5 calendar days after events.

-Rnai:  Upon completion date Lo

- Quarterly: within] 5 Jays aher end of calendar quarter ot Domon th°'eof _

- One time after project stants: witin 30 days.after award. - : ' -

- Reguired with proposais of with the appiication or with sn;-uﬁ..am planning chances. ' ST g
- Yearly: 30 gays atter the enc of program year. !Financial Status Repons 80 gaysi.” ' ) A
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or Dias, 1t chail 3o have mllciant sutharty 10 muery St
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:cab&c «eqm!emen\s ‘

- 3 2 2 Changn Comrol

Sln like menner;-task
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for the R .r.g ol r\or\cunlolmmq P F1al shall requie
prominent  alen ation- ol matenigl ind prompt-re -

Unleu otharwise ptc‘nued n
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December 21, 1987

Mr. Howard P. Ross

University of Utah Research Institute
Earth Science Laboratory

391 Chipeta Way, Suite C

Salt Lake City, UT 84108

Dear Howard,-

Enclosed is a copy of the Final Report (Part 1) for Contract DE-FGQ7-
841D 12525, "Geophysical Research on Geothermal Resources in Montana.

Yours,
</Z/
W. R. Si1l, Chair

Department of Physics and Geophysical
Engineering

WRS/rm
Enclosure
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For Assistance Actions Only: 13. CFDA Number . - . Proposed Instrument: 14. Cooperative Agreement (] 15. Grant (]

16. OST! Deliverable For All Actions . 17. (Reserved) ’ 18. Master BIN . L . 19. Desire;d Award Date
S e -+ Mo Day Year

20. Unsolicited Proposal Number ~ ’ l 21. Project Number
22. Government Property F-Furnished, P-Purchased, B-Both, N-Not Involved
FINANCIAL DATA .
23. Government Share ’ . ] 24. Awardee Share : ] 25. Total
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34. Total Funds This PR L ) ‘ s ' 36. Budget Period from thru
, o "~ PROJECT MANAGERI/INITIATOR . )
37. Name RS 38. Signature ,. 39.:Date : 40 thce Code

0/

5147 /&/’ ’%[Ur - MWM/ %7 FTS/"""’“%Z mber
PROGRAM REVIEWING OFFICIAL |

42. Name 43. Signature 44. Date

(] ECE S o g

PROGRAM OFFICE BUDGET OFFICIAL
45. Name . . 46. Signature . . - . 47. Date

CERTIFYING OFFICIAL. | hereby \.erhfy !hat the funds cited in item 34 are available
48. Name : . . . 49. Slgnature 50. Date
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Ms. Peggy Brookshier

Energy & Technology DlVlSlOn
U.S. Department of Energy
Idaho Operations Office

550 Second Street

Idaho Falls, ID 83401

Dear Ms. Brookshier:

Butte, Montana 59701
(406) 496-4101

October 13, 1987

Re: Grant No. 1-DE-FGO07-841ID12525

This letter is a request for a no-cost time extension for the geothermal
project at Montana Tech. The reason for the requested extension is thé final
revision of the thesis by Gunnar Emilson, which will constitute the second

portiocn of the final report.
pletion time of December 31,

WRS/rm

xc: Ron King
Howard Ross
John Dunstan

I would anticipate that the final report com—
1987, will be adequate.

Yours truly,

/L//%W///

William R. Sill, Head
Dept. of Physics and Geophysical
Engineering
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00T 15 1987
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Butte, Montana 59701
(406) 496-4101

October 13, 1987

Ms. Peggy Brookshier

Energy & Technology Division
; U.S. Department of Energy
"Idaho Operations Office

550 Second Street

Idaho Falls, ID 83401

Re: Grant No. 1-DE-FG07-84ID12525

Dear Ms. Brookshier:

This letter is a request for a no-cost time extension for the geothermal
project at Montana Tech. The reason for the requested extension is the final
revision of the thesis by Gunnar Emilson, which will constitute the second
portion of the final report. I would anticipate that the final report com-
pletion time of December 31, 1987, will be adequate.

, ; : . : Yours truly, 7/
Ik A 7

William R. Sill, Head
Dept. of Physics and Geophysical
Engineering

e et 4w e AN

WRS/rm

xc: Ron King
V/howard Ross
John Dunstan
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Ms. Peggy Brookshier

Energy & Technology Division
U.S. Department of Energy
Idaho Operations Office

550 Second Street

Idaho Falls, ID 83401

Dear Ms. Brookshier:

MONTANA TECH = —

Butte, Montana 59701
(406) 496-4101 -

October 13, 1987

Re: Grant No. 1-DE-FG07-841ID12525

This letter is a request for a no-cost time extension for the geothermal
project at Montana Tech. The reason for the requested extension is the final
revision of the thesis by Gunnar Emilson, which will constitute the second

portion of the final report.
pletion time of December 31,

WRS/rm

xc: Ron King
v Howard Ross
John Dunstan

I would anticipate that the final report com-
1987, will be adequate. ‘

Yours truly,

g

William R. Sill, Head
Dept. of Physics and Geophysical
Engineering
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. UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

MEMORANDUM

TO: Peggy Brookshier

FROM:  Howard Ross .2

SUBJECT: Review of Draft Final Report by Monténa Team,
“"Geophysical Research on Geothermal Resources in

Montana®*

DATE: February 13, 1987

The subject draft report is an excellent summary of

-preexisting geologic, geophysical and drilling studies, and

presents previous and new gravity data in good detail. The
computer modeling approach to gravity interpretation is certainly
state~of—-the-art in the use of inversion techniques. The
mathematics and computer programs and modeling output are
presented in detail in appendicies. Thus the report fulfills
Tasks 4 and 5 in good fashion.

The section on geothermométry and fluid geochemistry has
been reviewed in some detail by Dr. Joe Moore and Mike Adams of
our Geochemistry Section, both of whom have considerable
expertise in these areas. They have noted some interpretational
and understanding problems in these areas which they feelishould
be corrected to maintain accuracy and the overall report quality.
Their comments are attached and in the report margins.

Although the technical content of most of the report is
excellent, the organization of the report reflects its draft
status and hence could be improved. At its present stage of
completion the report does not have: Table of Contents; Abstract;
Acknowledgement of DOE funding; List of Illustrations;
pagination. There is almost no hierarchy of topic titles. The
report should be organized into chapters and subsections. The

‘reproduction of some illustrations is poor, for example Figure

13, and many words cannot be read. Paragraph indentation varies
from two to five spaces.

This report includes five appendicies totaling about 124
pages. I consider Appendicies A, B, and C to be appropriate for
they document the gravity data in detail (A), present computer




programs developed in part with DOE funding (B), and describe
their usage (C). These appendicies total about 47 pages.
Appendicies D and E are basically computer input and output
perhaps essential to the documentation of the student’'s thesis
but of no practical use to those reading the final report to DOE.
I recommend that appendicies D and E be deleted except for a
title page with the notation that the full appendix is on file at
MCMS&%T. This would reduce the total appendicies from 124 to 49
pages without detracting from the report.

Notations have been made in the text which question
statements, may improve some grammatical usage and clarity, and
some inconsistancies in referencing. The authorship of those
portions of the report written in the first person, generally by
the student, should be clearly indicated. Most of these are
minor problems in the report which should be easily corrected for
the final, thanks to word processor technology. Perhaps the most
serious revisions will be in the geothermometry and fluid
geochemistry sections.

The results of the CSAMT survey (Task 2) and the modeling,
interpretation, and integtration of the CSAMT (Tasks 2 and 3) are
~not included in this report but are still forthcomming as another
thesis, currently in a rough draft stage with format problems, at
MCMS&T. Dr. Wideman expects a completed first draft soon, but it
appears that the final report of this work will be received some
time after the Febrauary 28 grant ending date.
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REVIEW BY GEOCHEMISTS

Chemical geothermometer5rcan be epplied to any geothermal
water, not just surface or near-surface waters.

The Na-K-Ca(-Mg) should be included since it is one of the
most useful. Even though the magnesium is not abundant in
many of the samples it should be included for completeness.

Fig. 6. It is not clear from the figure what the authors are
trying to show. It would help to clarify the figure by
labeling the reservoir, and giving us an idea of the scale
of the features they are discussing. What are the rock
types? Do the small arrows with the crooked shafts
represent .heat or fluids? What do the dashed arrows in the
upper part of Model B represent? In places permeability
appears to be controlled by faults and horizontal aquifers,
in other places near the top of Model B the fluids appear to
move vertically through a unit that is not an aquifer. What
does this represent? | believe that this figure is
illustrative and is taken from a paper by Fournier. If so
it should be deleted. :

The source of data for Fig. 7 should be identified.

No distinction is made between the aquifers and the,
reservoir. Re-equilibration may or may not take place. The

‘amount of re-equilibration that takes place dependslon the

rate of fluid movement and the temperature. In addition,
some geothermometers may be frozen while others are not.

The choice is between silica polymorphs, not silica’
minerals.

Although pages 5-11 discuss many of the geothermometers in
detail, the information has little relevance to the work
that was done. The effect of pH on the calculated silica
temperatures is not discussed (p. 5); no evidence of boiling
is ever presented for the Ennis Hot Spring geothermal system
(p. 6); the methods of calculating the various
geothermometers are readily available and need not be
reviewed in detail (p. 7); the van’t Hoff equation is
missing and is irrelevant (p. 7); the Mg correction is never
applied and the effect of Mg on the calculated temperatures
is never discussed (p. 8); no data on oxygen isotopes at
Ennis is presented (p. 9). These pages should be summarized
in one or two paragraphs.

Fig. 8 has no bearing on the present study. The vertical
and the upper horizontal axes are incorrectly labeled. The
figure should be deleted.




"

10.

11,

12,

13.

14,

15.

16.

The effects of mixing on the various geothermometers should
be briefly summarized and inappropriate sections deleted
(i.e. effect of steam loss, application of sulfate-water
geothermometer).

Despite the extensive review of the effects of various
processes on the chemistry of geothermal fluids, only mixing
is considered. Each of these processes (boiling, mixing,
and conductive cooling ) should be addressed after
discussing the data, even if the discussion consists of
stating that there is no possibility of boiling. However,
the fact. that two of the springs are above 80°C indicates
that the possibility should be explored. The variation of
pH from neutral up to >8 indicates that some boiling may
have occurred.

Table 5 should also include the downhole temperatures of the
waters. A statement regarding the quality of the analyses
should be given (i.e. charge balance and calculated vs.
measured TDS). In addition, the data should be plotted on a
Piper plot or other suitable diagram to illustrate the
relationships between the samples.

Fig. 10 is redundant since it is also given as Fig. 3. For
illustration and discussion, the conservative compohents,
either singly or as ratios, should be plotted and compared
to measured temperatures. These plots may provide
additional information on fluid movement and mixing.

The graph of Cl/B ratios should be changed to a histogram
format. This would provide a basis for discussing
populations. It may be possible to obtain additional
information from these data by relating them to well
location and temperature (see comment 13).

The discussion of Fig. 11 should be expanded. Although the
authors recognize two different trends, no explanation is
given for the trend defined by constant chloride and
decreasing temperature. This trend suggests conductive
cooling. Also, enthalpy should be used because it is a
conservative quantity, and the vertical axis should be
enthalpy, rather than the horizontal axis, in order to
follow convention.

No evidence is presented for the fluids having a long
residence time in a high-temperature environment. Ailthough
many scientists use intuition, it is not considered proof.

If only the highest temperature waters are used, then the
plot of temperature vs. chloride content would suggest that
little mixing of these waters with groundwaters has occurred
and that cooling of the fluids has occurred mainly by
conduction. The calculated temperatures are equally
consistent with a model that does not require mixing. The




geothermometers can then be examined with respect;to simple
processes. For instance, the internal consistency of the
cation and the silica geothermometers indicate a homogeneous
source of the water, and no interferences with thq
geothermometers. The silica polymorph is probably quartz,
as indicated by the high cation temperature, and the fact
that the quartz temperature is lower. The differ%nce in
predicted temperatures between the cation and quartz
geothermometers indicate that the silica has precipitated
out of solution during a slow ascent, which is coﬂsistent
with the more rapid rate of equilibration of silica than
cations shown by Fournier and several other reseaqchers.
All this implies that little mixing is taking place, and
that the deep temperature is between 160° and 170ﬂC, but

that an aquifer of 140° to 150°C may be the most accessible.
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UNIVERSITY OF UTAH RESEARCH INSTITUTE

EARTH SCIENCE LABORATORY
391 CHIPETA WAY, SUITE C
SALT LAKE CITY, UTAH 84108—1295
TELEPHONE 801-524-3422

February 13, 1988

Dr. C. J. Wideman

Dr. W. R. S5ill

Dept. of Physics and Geophysical Engineering
Montana College of Mineral Science and Technology
West Park Street

Butte, Montana 59701

Gentlemen:

Transmitted herewith is the draft final report (Volume 1 ?)

. for the gravity studies at Ennis Hot Springs, MT. Also enclosed

is a copy of my memo to Peggy Brookshier, DOE-ID, with my general
comments on the draft report.

I enjoyed reading the report and appreciate the quality of
the gravity study, numerical modeling, and integration with other
data. I think that the technical work is excellent, with the
possible exception of the geothemometry section. I must admit
that I didn’'t take the time to review my linear algebra and check
all the matrix equations— I trust that you have.

Please address the format, organization, grammatical usage,
wording and other nitpicking comments I have noted in the memo to
Peggy and in the report margins. Please call me if any of these
are unclear or present a real problem to you. FPeggy Brookshier
agrees with my recommendation to delete Appendicies D and E,
except for a cover page with a notation that the full appendix is
on file at MCMSE&T.

Please feel free to call Dr. Joe Moore or Mike Adams of our
Geochemistry Section at (801) 524-3428 to discuss their comments

~on the geothermometry or fluid geochemistry.

I look forward to reviewing the CSAMT study as soon as
possible so that we may all wind up the old business and get on
to some new studies.

Sincerely,

Fbarre! Tpze

Howard P. Ross
Section Head/Geophysics
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MONTANA COLLEGE OF MINERAL SCI_ENCE AND TECHNOLOGY
BUTTE, MONTANA 59701
406/496-4101

September 11, 1986

Peggy Brookshier

Energy & Technology Division
U.S. Department of Energy
Idaho Operations Office

550 Second Street

Idaho Falls, ID 83401

Re: Grant No&  1-DE-FG07-84ID12525"

~ As a follow-up to our telephone conversation of September 9,
1986, this letter is a request for a no cost time extension for
the geothermal project at Montana Tech., The reason for the' requested
extension is that we anticipate the completion of Master's thesis by
Gunnar, Emilsson and Dave Semmens during the present academic semester
and we wish to make these theses the final technical report for the
project. We believe that a final report completion time of February
28, 1987 will allow for adequate review and comment for the report.

Thank you for your attention to this matter.

Sincerely,

Y i

/ e S !
Charles Wideman

Professor
Department of Physics and
Geophysical Engineering

Moy B N 4

cc: Ron King
" Howard Ross
John Dunstan

R AR TR b B B ’ L - .. . '
‘T’E‘E g'?g-(él:ﬁ? ﬁOL’L:AG!E O:?mNF%L SCIENCE AND TECHNOLOGY IS A UNIT OF THE MONTANA UNIVERSITY SYSTEM, THE OTHER COMPONET INSTITUTIONS OF WHICH ARE
UNY 51 OF MON A IESOUILA, MONTANA STATE UNIVERSITY AT BOZEMAN, WESTERN MONTANA COLLEGE AT DILLON, EASTERN MONTANA COLLEGE AT BILLINGS, AND
NORTHERN MONTANA COLLEGE AT HAVRE.
s i
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" Benefits

Research Fellowships
Field Travel
supplies
Publications
Equipment

Indirect Costs

Grant Nol DE-FGO7-841D12525

Part I - Budget Plan
page lof1l

- Montana College of Mineral Science and Technology

BUDGET PLAN

0143 Budget (+/-)

$ 12,600 + 345.
$ 2,431 + 106.
$ 20,000 +6532.
$ 15,820 ~7200.
$ 2,500 —
$ 2,000 —-
$ 30,855 _—
$ 7,215 + 217.

$ 93,421 0.0

. New Budget
$ 12,945.00

2,537.00
26,532.00
8,620.00
'2,500.00
2,000.00
30,855.00

-7,432.00

$ 93,421.00
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APPENDIX B

CODE FOR PROGRAMS

GRAVBL
AND

GINDEP
AND

3D




PROGRAM GRAVBL:

A 3-D FOWARD GRAVITY MODELING PROGRAM
USING BLOCKS (MAX=100) OF EARTH




c 4

C.o. GRAYEL IS A FORWARD GRAVITY FROGRAM THAT MODELS THE EARTH
Cvev BY USING BLOCKS (UF TO S00) OF VARIABLE DENSITY,

C ‘"
: ,
e300 T st tet et ettt s etstttsttss et ttsttstttsettstsseesttistss
C

Sy ,/ Ty ﬁuu.{v »,Za»

C.. VARIAELE LIST
C
C
C.. GEOMETRY VARIAELES %% ALL DISTANCE UNITS IN METERS %X
. C _______________________________________________________
C
C.. NBLKS = NUMEER OF BLOCKS IN MODEL J=1,NBLKS
C.. XL(J) = LEFT (OR MIN. X) EDGE OF BRLOCK J
C.. XR(J) = RIGHT (OF MAX. X) EDGE OF BLOCK J
C.. ZU(J) = TOF (0K MIN, Z» Z POS. DOWN) EDGE OF BLOCK J
_C.., ZD{J) = EDOTTOM (OR MAX. Z» Z FOS. DOWN) EDGE OF ELOCK J
C -WHERE ZU AMD ZL ARE THE FOSITIVE DISTANCE DOWN FROM THE
C DATUM ELEVATION CONSIDERING THE DATUM ELEVATION ZERO
C

C.. LAMNUM(J) = NUMBER OF LAMINAE USED TO FORM BLOCK J
" Ces Y(IsJ) = Y FOSITION OF LAMINAE I ON BLOCK J

Coe I=1.LAHNUNCD) :

C.. DENCD DENSITY OF BLOCK J

.o GRID VARIABLES (FREDICTED GRAVITY AS OBSERVED FROM BRIDD

C.. XSIZE = SIZE OF GRID IN X-DIRECTION

C.. YSIZE = SIZE OF GRID IN Y-DIRECTION

C.. COLS = NUMBER OF COLUNNS IN GRID

C.. ROWS = NUMEER OF ROWS IN GRID

C,. ELEV(I) = ELEVATION OF GRID FOINT I -- READ IN FROM SURFII SAVED FILE
C.. DATELY = DATUN ELEVATION

C.. XPOS,YPOS - CURRENT X,Y FOSITION OF OBSERVATION ON GRID

Cio CALCULATION VARIAELES B

C.o ANOM(I«J} = ANOMALY CALCULATED FOR LAMINAE I OF EBLOCK J
C.o V0J) = ANOMALY OF BLOCK J RESULTING FROM A QUADRITURE FORMULA
SUMMATION OF THE CONTRIRUTIONS OF EACH LAMINAE IN BLOCK J

>+ TANOMCJY = UARIARLE USED FOR THE SUMMATION OF THE CONTRIRUTIONS
OF EACH BLOCK IN THE MODEL AT OBERSERVATION POINT
XFQS,YFOS ON THE GRID. TANOM(NBLKS) IS THEREFORE
THE TOTAL ANOMALY OF THE FRESENT MODEL AT OBSERVATION
FOINT XFOS»YPOE ON THE GRID,

MISCELLANEOUS VARIAELES

- s o 4 > 0 =t = ot o —a

-
-

-
-
hr 4
n

* = PERCEINTAGE VALUE THE CONTROLS HOW MANY LAMINAE WILL
BE USED TO DEFIME A BLOCK. FOR EXAMFLE IF MF=G THEN

COOoOOOoOOOOOoOOoOOO0O0O0




C ENODUGH LAMINAE WILL RE INSERTEDI SUCH THAT THE GRAVITATIONAL
C ANOMALY EETWEEN ADJACENT LAMIAE IS NOT GREATER THEH S
FERCENT., '

COMMON /GRAV/MF,XSIZE;YSIZE,COLSROWS»XL(S00) s XR(500)
EZD(T00YyZUCSO0) s DEN(S00) » Y(E00,300) sELEV(S00) s LAKNUN(S00) s
EV(500) sANOM(S00:500) s NELKE s XFOS» YPOS s TANOK(S00) »

ML, YHAX(500) .

[ep]

REALXE ANOMsXLeXRyZU»2DsY
CHARACTERXZ2Q FILENAME

C

C.eo MODEL INPUT

c
OFEM(22,FILE=/GRAVEL.DAT’+STATUS='0LDI")
OFEN(23sFILE='GEL.DAT/ sSTATUS='NEW’)
OFEM{24sFILE="GEQON. AT 1 STATUS=/NEN)
c
WRITE(24,7(’’ ELOCK XL XK b4l Y41
H YMIN YHAX DEN'’)')

MRITE (2457 (7 mmmm s e o e e e e e e e
x ________________________________ II)I)

READ(22 s %INELKS

D0 J=1sNBLKS

READ(22,50XL (D) s XR(D) s ZUCH) v ZI( D) s Y {1 s ) s Y (25 J) s
RDEN(J)

C i
YHAX (Y=Y (2, D)

WRITE(24y (T457F10., 1) 2 e XLOD) s XROJI s ZUCIY s Z0(0) s Y L5 d) 1Y (20 d) s
SOEN(J) )
END D

C
READ(22,%)XSIZE,YSIZECOLSROWS
REALI( 22+ %) HF

C

C... INPUT FOR TOFOGRAFHY! IF WANT TOFOGRAFHY SET LL=1

Couvs , ELSE SET LL .NE. {

c
REAL(22+%)LL
IF(LL.EQ.1)THEN

C

C..., READ DATUM ELEVATION

C

REAL(22y¥)DATEL!
C
C..+ ENTER FILENAME OF SAVED SURFII DATA FILE CONTAINING GRID
Covs LOCATIONS AMD GRID POINT ELEVATIONS

c
£
REALR(22y 7 (A20) 7 YFILENANE
c
DFEN(27,FILE=FILENAME,»STATUS="0LD’,FORM="UNFORMATTED
SACCESS="SEQUENTIAL")
c
c

Cvss READN IN FIRST RECORD




READN27 INCOLS» NROWS, TZERD

C

C

C.ev READ' IN SECOND RECORD

C
READM{Z27 3 IRCUWS, JCOLS s DIIFY s DIFX o MM XMX s YN YMX s DUNHY

c

C..o READ IN ELELVATIONS (METERS)

C
IO I=NROWS,1,-1
TREG={(I-1)%NCOLS+1
IEND=IREG+NCOLSE-1
READ(27Y(ELEV(J)»J=IREGy IEND)
END DO

C
10 I=1,MROUESKNCOLS
ELEU(I)=ELEV(I)-DATELV
END DO

L

C
0 J=1,MBLKS
ZUCY=ZUCYHELEVL)
ZDCSY=ZD(J)+ELEV (1)
END IO

C
END IF

C
0o I=1,NELKS
CALL REORDER(I)

C

C... MAKE SURE LAMNUM(I) IS AN ODD' NUMEER S0 THAT QUADRITURE
Cevs  FORMULA WILL WORK
L
Li=LAMNUK(I)/2
Ti=(LANNUM(I}/2,)-L1
IF(LAMNUM(I).GT.2)THEN
IF(T1.EQ.0.0)THEN
YCLAMNUMCI I #1010 =Y (LANNUKCI) # 1)
Y(LAMNUMCI) s D) =Y (LAMNUN(I) 2 I0-1,
CALL FORWARD{LAMNUM(I) I}
LAMNUM(I)=LAMNUM(I)+1
END IF
END IF
FRINT %»Is’ LAMNUM="»LAMNUM{I)
END DD

H1=0

M=1

CHECK=0,0

XDELTA=XSIZE/(COLS-1)

YDELTA=YSIZE/ (ROMS-1)

FRINT %y’ *

PRINT % ’GRID INFORMATION (UNITS=METER
PRINT Xy /mm o mm o oo o o e e e e e e e
FRINT X;’'XSIZE='sXSIZEs’YSIZE=",YSIZE

FRINT %:COLS, COLUNNS’ s’ s’ yRONS, "RONS’

FRINT %, DIST, BETWN., COL3.=’,XDELTA

FRINT %s’/DIST, BETWN. ROWS =’,YDELTA

u3
—
~




FRINT %7 ¢

C
10 IF(M.EQ.1)YTHEN
Xr0g8=90,0
YPQS=0.,90
TANOM(1}=0,0
C
0o J=2:NBLKS+1
C
CaLL QUADI-1)
TANOMO) =TANOM(J=-1)+Y 0 CCLAMNUNCI-1)-12 /2041
EWD [0 .
WRITE(23y/(3F12.4) YXFOS:YFOS, TANOM(NELRS+1)
H=M+1
GD 70 10
ELSE
00 I=1,COLS¥ROUE-1
CALL GRID(I,CHECKsXDELTAsYDRELTA)
[0 J=2sNBLKS+H!
c
C..+ IF CHOSE TORODGRAFHY LL=1
C
IF{LL.EQ.1)THEN
ZUCI-1Y=ZU(J-1Y+ELEV(I+1)-ELEVL(I)
Z00J-1)=2D(J-1Y+ELEV(I+1)-ELEV(I)
END IF
C
CALL FORWARD(1,J-1)
DO K=2:LAMNUN(J-1)
CALL FORWARD(KsJ-1)
END DO
call Quan¢J-1)
TANOM (D =TANOM(J-13+V O CCLANNUNCI-1)-1) /2041
END DO
WRITE(23,/(3F12,4)7)XP0OS,YFOS
FrTANOMONBLES+1)
END IO
END IF '
€
CLOSE(Z22)
CLOSE(Z2D)
c
FRINT %’ !
PRINT %, QUTPUT IN FILE GEL.DAT!’
FRINT %: ‘
CALL EXIT
END
C

C

IR EEFTELES TSI ST PERELEELER L2022 0 ¢ eSS P33Pt E0220 0 0S

c

Covs SURRQUTINES

C

C

C.. SUBRDUTINE REDRDER DETERMINES HOW EACH ELOCK WILL BE CUT UF

Cee IN THE Y-DIRECTION, ENOUGH LAMINAE WILL BE INSERTED SO THAT

Cv+ THE GRAVITATION ATTRACTION BETWEEN ADJACENT LAMINAE DOES NOT VARY
C.. BY MORE THEN AN INFUT PERCENTAGE (DEFINED EY VARIAELE HF).




SUBROUTINE REORDER(D)

C

C ‘
COMMON /GRAV/HFIXSIZE:YSIZE COLS RONE,XL{S00) s XR(S00)
8Z0(500) s 2U(500) +DEN(S00) »Y(500,500) sELEV(S00) s LANNUM(S007) s
BV (500) s ANOM(S500s500) yNELKS» XFOS YFOS, TANON(S00)
§M1s YHAX (500} '
REALXE ANOMyXLsXRsZUsZD»Y
C
C.. CUT UF EACH ELOCK LAMNUM(I) TIMES
C .
K1=DABS(Y(2:10-Y(1,1))
K2=DABS(XR(I3-XL(I))
LANNUMCI )= (K1¥MP¥{IMAXO (KL K2) /IMINO(KLK2))) /100
IF(LAMNUM(I) . LT.10)LANNUM(I)=10
C .
IF(LAMNUM(IY.BT.500) THEN
FRINT %s’ MAXIMUM NUMBER OF LAMINA (500) '
FRINT X:’FOR BLOCK “»1,’ EXCEEDED,’
CALL EXIT
END IF
C
YDIST=K1/FLOAT (LAMNUM(I))
CALL FORWARD(1,I)
LAMNUM (I ) =LAMNUM(I) +1
[0 K=2,LAMNUM(I)+1
Y{KyI)=Y{K~1>I)Y+YDIST
CALL FORWARDIKsI)
END DO
£
RETURN
END
C
c

Cevs SUBROUTINE FORWARD CALCULATES THE GRAVITY ANOMALY/UNIT WIDTH FOR
Coos EACH LAMINAE I IN BLOCK J

C ‘
SUBROUTINE FORWARD(I»J)
c
COMMON /GRAV/HF:XSIZE:YSIZE,COLS,ROWS,XL{S00)sXR(500)
Z0(Z00) s ZU(S00) sy BEN(S00) s Y (TG00, 500) sELEV(S00) yLAMNUMIE0O) s
LV(500) s ANOM(SO0»500) s NELKE s XFOS, YFOS, TANOM(Z00) »
M1 YMAX(S00)
C
REAL¥8 ANOM»XLoXR+ZUsZDsPER»AQ0sBAL»R1:AZ E2HY
c
G0=6,67E-8
C
Cevs START CALCULATIN/
i
Cosvs PREVENT DIVIDE RY ZERO
C
IF(XR{JYEQ4O0.0IXR( ) =1E-2
IF(XLOD) LERVOLQIXL(JY=1E-20
IFCY (I, ) ER.O.OIY(IsJ)=1E-20
£

AQ=(ZD (N RZDII NI+ (T, XY (I )




B=(ZUCIRZUCINI (Y LT )XY (I d))
Al=XLODYHERRT COXL I RXL I HED
AZ=XROJVFERRT(XRIIIANR(INI+ED
BI=XR{J)FEQRTI(XRODIRXR 1Y I+A0)
B2=XLCIMFSQRTCOXL (DI RXL (D) Y +A0)

c
IF((A1.EQ.0.0),0R, (A2,ER.0.0),0R,{B1,ED.0.0}
2.0R(E2.EQ.0.0)IMLI=HIHL
C :
Ceve PREVENT TAKING LOG OF 0.0 OR MNEGATIVE NUMBER
C
IF¢AT.LE.Q.0)A1=,001
IF(A2.LE.0.0)A2=,001
IF(E1.LE.0.0)E1=,001
IF{B2.LE.0.0)E2=,001
IF{(a1.,EQ,0.,001),0R.(A2,EQ.0.001),0R,(R1.,EQ.0.Q0)
$.O0R.(B2.EQR.0.001))THEN
FRINT %;’'HAVE HIT A ZERO OR NEGATIVE NUMEBERS THIS NUMBER HAS REEN’
PRINT %, CHANGED TO .001 SO THAT TAKING ITS LOG IS FOSSIELE.’
FRINT %,/YQOU MAY WANT TO CHANGE THE GEOMETRY OF EBLOCK +7sJ
END' IF
. :
C... THE 100000 IS TO GET THE ANOMALY IN UNITS OF MGALS
C
ANOM{I,J)=-100000 . XGOXDEN(J) ¥ (DLOG{AL1Y+DLOG(EL)-DLOG{AR)-DLOG(E2))
C
RETURN
END
c
c
Ce+s BSUBROQUTINE GRID GIVES X.Y GRID FOSITIONS
C
C
SUBRQUTINE GRID(KOUNTsCHECK,XDELTA,»YDELTA)
C
COMMON /GRAV/MF,XEIZE.YSIZESCOLS,ROWSsXL(S00),XRIEQ0D,
ZD(S00),ZUCS00) s DENCS00) 2 Y(500,500) yELEV{S00) s LAMNUK(S00) »
gV (S00) s ANDK(S00,500) s NBLKS, XFOS, YFOS, TANOM(300) »
EM1,YMAX(300)
C
REAL¥3 ANOMs XLy XRsZUsZDsY
NI=KOUNT/COLS
XPOS=KOUNTXXDELTA- (NIKXXSIZE4+XDELTA%NI)
IF(ABS{XPOS).LE.1.0E-01)XF05=0.00E400
YFOS=NIXYDELTA
IF(XSIZE.GT.CHECK) THEN
CHECK=CHECK+XDELTA
D0 J=1sNBLKS
XL{J)=XL(J)-XDELTA
XR(J)=XR(J)-XDELTA
END IO
ELSE
CHECK=0,0
DO J=1,sNBLKS
£

XL =XL Y+ XDELTAX(COLS~1)
XEO D =XR(JIHXDELTAX(COLS-1)

J

v ST o




DO I=1,LAMNUMOD)
Y(Ied)=Y(IsJi=-YDELTA

ERND DD
END DO
END IF
RETURN
END
C
C .
Ciss  SUERDUTINE QUA&LD CALCULATES THE ANOMALY ASSOCIATED WITH EACH
Ciev K BY DOING THE INTEGRATION IN THE Y-DIRECTION USING THE RUALRA
Coss FORMULA TALWANI USED.
I - .
c
SUBROUTINE QUADCK?
C
COMMON /GRAV/MPsXSIZE-YSIZECOLCSsROWS XL (S00) s XR(S00)
LZNC(500)Y s ZUCS0Q0 ) s DEN(SNQ) s Y(SO0+S00)Y sELEV(S00) s LAMNUM{S00) +
EV(S00) s ANOM(S00s 500 s NELKS ) XFOS,»YFOS, TANOM(ZO00) »
IM1, YMAX(50D)
C
REALXS ANOMsXLsXRsZUsZDsY
DIMENSION TEMFP(S00)
C
Ceoe  FIND THE ANOCMALY
c
IF(LAMNUM(K)-1 ., GT.1)THEN
I=1
Ui11=0.0
00 J=2: ( (LAMNUM(K)I-1)/2)+1
C
AG=ANOM (I K)RC (Y (IR =YCI42:R) I/ (Y (IsR)=-Y(I4+15K2 )
ZE(T,0XY(I+1sE)-YLI+2sK)-2.0%Y(IsK))
c
B=ANOM(I+i»K)XC(Y (I R)=Y{I+2 KD IKETY/ LUV {I+IsR) -
EY(I4+2sRIIXCY(I+1sKI=-Y{IsK)))
N
C=ANOMCI+2yKIKC(Y ISR =Y (I+2oRKII /(YL TH2yKI=-Y{I+1,K)))
EX(TOXKY(IHLsR)I=YL{IsR)I-2.,%XY(I+2:K))
C
TEHP(J-1)=(A0+R+CI/8.0
L
YeJy=ud-1)1+TEXF(J-1)
I=I+2
END DO
C
ELSE
c
C.++ TRAFEZOIDAL RULE FOR ONE AREA
C
VOCCLAMNUN (R 1) /72041 = (Y (2R =Y (1o KDY )X SR CANOM (1K) FANOML29K) )
END IF
C
RETURN
END
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PROGRAM GINDEP:
A 3-D GRAVITY MODELING PROGRAM
THAT INVERTS ON MAXIMUM DEPTHS

OF BLOCKS INPUT AS OUTPUT FROM

PROGRAM GRAVBL




C

Ciovo FROGRAM GINDEF IS5 AN IMVERSE GRAVITY MODELING FROGRAN

Cose THAT PREDICTS LOWER ELOCK DEFTHS THAT WILL GIVE A BEST FIT
Covs TD OESERVED GRAVITY DATA RASED OM FORWARD MODELING THAT

Cevs USES UF TO 100 RECTANGULAR ELOLCKS OF EARTH. RIDGE REGRESSION:
C.v,» WEIGHTIMNG AND SCALING ARE UGED

C : :

IRSCF SIS 0200008200200 2203202022225 0302208 2083
C

Coe VARIABLE LIST

C

C .

Cin GEOMETRY VARIAERLES k% ALL DISTANCE UNITE IN METERS xXx

C o e e et e e e e o i e e e e

c

C.. NELKS = NUMBER OF ELOCKS IM MCDEL J=1,MBLKS

Coeo XLCJ) = LEFT (OR MIN. X) EDGE OF EBLOCK J

C.o XR(J) = RIGHT (OR MAX. X) EDGE OF BLOCK *J

C.v ZUCDY = TOP (OR MIM. Zy Z FOS. DOWN) EDGE OF ELOCK J

Co. ZO(J) = ROTTOM (OR MAX, Zs Z POE. DOWN) EDGE OF BLOCK J

c ~-WHERE ZU AND ZD ARE THE POSITIVE DISTANCE DOWN FROM THE
L DATUM ELEYATION CONSIDERING THE DATUM ELEVATION ZERO
c

C.. LAHHUM(J) = NUKBER OF LAMINAE USED TO FORM BLOCK J
Coo Y(Isd) = Y FOQSITION OF LAMINAE I ON BLOCK J

Ceo I=1yLANNUNCD)

C.. DEN{J) = DENSITY OF BLOCK J

c

£

Ce GRID WARIARLES (PREDBICTEL GRAVITY AS ORSERVED FROM GRIID

-

N

C.. XSIZE = SIZE OF GRID' IN X-DIRECTION

C.. YSIZE = SIZE OF GRID IN Y-DIRECTION

C.+ COLS = NUMBER OF COLUHNS IN GRID

C.. RDYS = NUMEER OF ROWS IN GRIID

Coo ELEV(I) = ELEVATION OF GRID POINT I -- READ IN FROM SURFII SAVED FILE
Cov DATELV = DATUM ELEVATION

C.+ XPOS»YFOS - CURRENT X,Y FOSITION OF ORSERVATION ON GRID

CALCULATION VARIABLES

lyBeReRe]
-
-

ANOM(I+.J) = ANOMALY CALCULATED FOR LAMINAE T OF ELOCK J
V(J) = ANOMALY OF ELOCK J RESULTING FROM A QUADRITURE FORMULA
SUMMATION OF THE CONTRIBUTIONS OF EACH LAMINAE IN EBLOCK J

. »
- &

TANOM(J) = VARIABRLE USED FOR THE SUMMATION OF THE CONTRIBUTIONS
OF EACH BLOCK IN THE MODEL AT ORERSERVATION POINT
XF0S,YFOE ON THE GRID. TANOM{NELKS) IS THEREFQORE
THE TOTAL ANOMALY OF THE FRESENT MODEL AT ORSERVATION
FOINT XFOS,YFOS ON THE GRID.

*
-

MISCZLLANEDUS VARIAERLES

- "t - - = - —— -y - -

-
-

OGO OOaOOOOOaCeo




Cov MAXFER = VALUE THAT CONTROLS HOW MANY LAMINAE WILL

C
c

C

BE USED TO DEFINE A BLOCK.

COMMON /GRAV/XL(100)»XR{100)2Z0(100,100):2U0100),
ZLEM{IQ0) 2 (S500,500) o NELES,XEIZEYSIZESNCOLE
ANROUS, YMAX(S00) s YHIN(SCO) s MAXPER LAMNUN(S00) ,
EXFOS,YFOS,ANOM(S00,500)sV(500) sELEV(E00)

COMMON /CEGINY/NDATyNPARMS:KEFTRK 14, IE,IC,LLKVAR

CHARACTER CHAR®1

DIMENSION A(SQQ»300)DFRED(S00,3500) DAHF (1002

DIMENSION WDEF(250,250)DELT(400,1)»D0ES(400),5RE(2051)
WS (250,250) yWKAREA(L0500),C(250,250) sGINV(2505s250) s DELTH(230+1 )
BOELTN{ZS50s1)»85REN(20s 1) »ERR{20,1),COVHI2E0,250),GIGHANIZE0)
§sCAC250,250) 002505250 s HES(200.250) +WERR(250:250)

CHARACTER*EO FILENAKE :FILNAM

CrpdpooinninoooonookonoloookoRooiesoio ook ook

[ I T o B

c

INFUT MODEL DATA FOR FORWARD FROGRAHN
DATA IN COMAND FILE G.DAT

DPEM(246FILE="G.DAT'»STATUS="0LD’)

C... READ FILEMAME OF SAVED SURFII GRIDFILE

C

v N e

READ(265 7 (AZ0) "/ IFILENANE
READ(Z26» %) TREPL
READ(26»%)TREFH

READI(2&6 s XINELKRS

DO J=1sNELKNS

READC2&y XL s XROI) s ZUCD) 2 ZD( I 1) 2 Y {19 2 s Y (20 02 s DENCD)
YMINCD) =Y {1lsJ)

YMAX(JY=Y (24 )

END DO -

READN( 24y XIMAXFER

INFUT DATA FOR INVERSION

REAI{Z26,%)RATIO
READ(24:X)STODREY
READ(249 %) ITHAX

C.., IF WANT TOFOGRAFHY SET LL=1, ELSE SET LL .NE. 1

C
C

REALI(26:¥)LL
IF{LL.EQ.1)THEN

(IR0 PE PSP PPCL PRSP SSELE PSSP0 00 S350t SIS0 228030000081

C
C
£

INPUT FOR TOFOQGRAFHY

C... IMFUT DATAUM ELEVATION FOR SURVEY




[uw]

READ246: KIDATELY

C
CHEOEOOCERONE R KRR OO O KKK KR KK
I
C
C INFUT - ELEVATION OF OBSERVATION FOINTS (GRAVITY
c STATIONS) FROM S5AVED SURFII GRIDFILE
c
C... ENTER FILENAME OF EAVED SURFII GRIDFILE
~
READ(Z&, 7 (AZ0Y IFILNA
C
OFEN(28,FILE=FILNAM,STATUE="0LD',FORK="UNFORMATTED"
§sACCESS="SEQUENTIAL")
C
C :
C... READ IN FIRST RECORD
C
READC28INCOLENROWS, IZERD
C
C.++ READ IN SECOND RECORD
c :
READ(28)IROME s JCOLS s DIFY s DIFX s XHNs XMX s YHN YHX DUMNY
C
C... READ IN ELEVATIONS
c
D0 I=MROWS,1,-1
IBEG={I-1)%NCOLS+H1
IEND=IREG+NCOLSE~1
REAL(23) (ELEV(J)»J=IREG,IEND)
EMD LD
c
DO I=1,NCOLSXNROUS
ELEV(I)=ELEV(I)-DATELV
END D
c
END IF

N

CREFRFREXKXRXXKRL L LR AKX R R R oo e

c
C INFUT-QBSERVED GRAYITY DATA
% FROM SAVED SURFII GRIDFILE
C
C.»» ENTER FILENAME OF SAVED SURFII DATA FILE IN FILE G.DAT
~
OFEN{27»FILE=FILENAME,ETATUS="0LD’ »FORM="UNFORMATTEL"
3,ACCESS="SEQUENTIAL")
c
C
L.+, READ IN FIRST RECORD
c

READC27)NCOLS,NROWSY IZERD
C
C.v+ READ IM SECOND RECORD
£




REQD(E?)IRDMS;JCOLS:DIFY;DIFX!XHN;XMX;YMN;YHX;DUMMY

C
C.., READ IN ORS DATA
C
0 I=NROWS:15-1
IREG=(I-1)XNCOLS+H1
IEND=IREG+NCOLS-1 X
READ(27) (DOB5(J) » J=IEEGs IEND)
END DD
c
XSIZE=AERS (XMX-XHN)
YSIZE=ARS(YMX-THM)
C
CLOSE{27)
NDAT=NCOLS¥NROWS
NPARMS=NELKS
c
C
DFEN(14,FILE="GINDEF,OUT/sSTATUS='NEW")
WRITE(14s7 (7" Ty
WRITECLS " {7 REXRRKEERRRRRE KX XEEKRKAKKREREKAKKRK KKK
12893 $383022¢3832¢38390803833¢48333¢ LEDED!
WRITE(14s’ ("’ 1y
WRITE(14y/ ("’ GRID INFD’)")
WRITE(14s°(""’ tryy
WRITE(1&s (/e e e e e e e
3 ___________________________________ Il)l)
WRITE(14s’(’*$GRID SIZE IN X DIRECTION
8(METERS)=''yE12,4)’)XSIZE
WRITE{16s/(’*$GRID SIZE IN Y DIRECTION
B(METERS)=''3E12,4)/)YSIZE
WRITE(1&s’(’'$NUMBER OF COLUMNS=’’,I3)/)NCOLS
WRITE(14s’(‘’$NUMBER DF ROWS=’’,I3)’)NROWS
WRITE(1 s’ (// mmmmmm o s mm o e e e e e e
8 ___________________________________ II)I)
WRITE(14s/ ("¢ 7))
e R G R G e R
z ___________________________________ Il)l)
WRITE(14s7¢7/ reyry !
WRITE(1&s’ (" INFUT MODEL’7)%)
WRITE(16s7( " reyy
WRITE(Lds ! (7 mmmmm e e e e e e e e
& ____________________________________ II)I)
WRITE(14s/(’’ BELOCK # XMIN  XMAX ,
SYMIN YMAX IMIN IMAX DENSITY /) ")
03 J=1sNPARNS
WRITE(16s " (3XsI292%XsF7,192XsF7.132%sF7.152XsF7,152XsF7,1,
82XsF7.192XsF7.10 %) :
EJe XLOD) s XROD s YCLr ) o Y(25 1) ZUCIY #ZDC 5 1) s DENCD)
END' DO
WRITECLS s/ (/" KXXKLREKREKRRKKLKRKKREKKKRKKKLRRKAR KKK KKK K
133383383¢2323383839322832823¢833 33 CIRDED!
WRITE(14s7("" 17y)
C
WRITE(14s°(¢ ¢ ey

WRITE(LS s/ (7 XX RRERRRRRKRKRAKRKRKRKKKRIHKRK KKK
EZO OSSP FE 203 S0 S EEC 2325080008333 SRDRE
WRITE(14s7 (" )




WRITE(1&s7(‘*  TAELE OF CONVERGENCE'’)’)
WRITE(16s° (" 0y
R G et

>
CLOSE(28)
C
IF(LL,EQ.1) THEN
D0 J=1:NELKS
ZUCD) =ZULIY+ELEY (1)
ZDJy 1) =Z0(Js 1) HELEV(L)
END LD
END IF
C
c .
IA=250
IE=25(
1C=250
ChAMF=, 001
c
KEFTRK=1
KOUNT=0
KVAR=0
c ,
CALL FWRD(A,DFREI)
c
5 KDUNT=KOUNT+1
IF(KOUNT.GT.ITMAX) THEN
FRINT %, MAXIMUM NUMEER OF ITERATIONS EXCEEDED -
& CONVERGENCE NOT OBTAINEL’
G0 TO 20
END IF
C
Coes FIND A MATRIX
C
CALL DERIV(A)
c
Cooo FIND DEFTH WEIGHTIMG MATRIYX
C '

IF(RATID.EQ.0.,0)RATIO=1E~-04

DO I=1,NFARMS

D0 J=1,NFARMS

IF(I.EQ.J’THEN

WOEF(IsJ)=(1,/{ABS(ZD{JsKEFTRK} }+10E-12)) 41,
IF(ZDC(JsKEFTRK) LT TREFL)THEN
ZD¢JsRKEFTRK)=TREFL
DAMP(I)=15E+1

C WROEF(I,)=10E+18%((1./(ABS(ZD(J>KEFPTRK))+IQE-12))+1 )

ELSE IF(ZD(JsKEPTRK).GT.TLEFH)THEN
IDCJyREFTRK)=TDEFH
DAMP(I)=13E+1

C WOEF{I»J)=10E+18%((1./(ARS(ZO(LHKEFTRK))H10E-12))41,)
c ELSE
END IF
ELSE
WDEF(I»J)=0,0
ENDIF

END IQ




END D0
C .
Cove FIND A¥UDEFRXA(TRANSFOSE; MATRIX FOR NOISE WEIGHTING
C

CALL VMULFF{AsWDEF NDATsNFARMS :NFARMSyS00sIEsC,IC, IER)

CALL VMULFF(CsA+NDATsNFARMS,NDAT,IAYSQ0WERRIC,IER)

C
D0 I=1,MDAT
DO J=1+NDAT
IF(IWNE. DUHERR(IJ)=0.0
END DD
END DO
c :
CALL VMULFH(AWERRsNIATNFARMSNDAT 500, IB.C» IC,IER)
CALL VUMULFF{CsAsNFARMS,NDATsNFARMS,IA,300,US,IC,IER)
C

C..» SCALE THE A(TRANSFOSE)WA MATRIX FOR ONES ON THE DIAGONAL
C

D0 I=1,NFARMS
10 J=1:NFARMS
IF(I,EQ.JYTHEN
I(Isd)=1,/(SORTLUS(ISI)I)
ELSE
D(Ird)=0.0
END IF
END DO
END IO
C
CALL VUMULFF{DsWSyNFARMSsNFARMS s NFARMSyIA»IEsCAsIC, IER)
CALL VMULFF(CA:DsNFARMSNFARMSINFARMSsIAsIEsWSSsIC, IER)
C
C... ADD THE *NOISE/SIGNAL® RATID
C .
D0 I=1:NFARMS
WSS(Is1)=USS(I+I)+RATIOKRATIO
END' 0O
C
D0 I=1:NDAT
DELT(I,1)=D0OES(I)~DFRED(I,KEFTRK)
END DO
C .
C... FIND ERROR
C
%?f}gﬂﬁﬂﬁFﬂﬁquFE%%H D@t'£ﬁ§’4ohdﬁw £QE, 20/ IER)
WRITE(14,'(’’4STARTING LATA ERROR=’‘,E12.,4)7)
E50RT(SRE(1s1)/(NDAT-NPARNS))
C

CHARXEXRERKK MARQUARDT LOOF XXKKEAREXEARKLONKEXRERTERL Rk Kk phx
c
10 IF(COAMP,GE,100000) THEN
WRITE(16,/ (' "IAMFING FACTOR HAS REACHED 100000 - WILL NOT CONVERGE
370 FRESENT INFUT DATA STD., DEV." 7))
CAaLL EXIT
END IF

B0 I=1:NFARME




IF (DAMF (1) NE,1SE+1)DAMF(I)=ChANF
WEE(I,I)=WES(I,I)+IAMF(I)

c
IF(ZD(IsKEFTRK) LT, THEFL) THEN
7001y KEFTRK) =TDEFL
DAMF(1)=15E+1
ELSE IF(ZD(JsKEFTRK) 6T, TDEFH) THEN
ZD(IsKEFTRK) =TOEFH
DAMF (1)=15E+1
END IF
END [0
c
Co.. FIND INVERSE OF WS
c .
CALL LINV2F (WSSsNPARMS:IAsCr1 s WKAREAs IER)
C )
C... FIND GENERALIZED INVERSE GINV
c .
CALL UMULFE (DyCsNFARMSsNFARMNS s NFARME s 1A IE/CAsIC s IER)
CALL UMULFF(CAsDsNFARMS s NPARMS s NFARMS s TA» IBsCyICy IER)
CALL UMULFF(CyAsNPARMSsNFARKS s NDAT s IAs5005CAsIC, IER)
CALL UMULFF(CAsWERRsNPARMSsNIAT sNDAT» TAsIEsGINVy IC, IER)
c
C... DELTH IS THE JUMP HOFEFULLY TOWARD A SOLUTION
c
CALL VMULEF(GINVsDELTsNFARMSINDAT»1sIAr400s DELTH» 250y IER)
c .
WRITE (14,7 ( " rryey
WRITE(14s7(/% BLOCK  PARM. JUMP. NEW FARNS.’’)")
c
0 T=1,NFARNS
45 Z0(TsKEFTRK+1) =RELTH(Is1)+Z0(I»KEFTRK)
C
C.ov  PRVENT FLAKY MODELS
c
c
TE(ZD(IsKEFTRK+1) o LE,ZUCT)) THEN
DELTM(Is1)=DELTM(Is1)/10
GO TO 45
END IF
c
IF (ZD{IyKEFTRK) ,EQ, TOEFL . AND. DAMF (I} EQ. 15E41) THEN
TF(DELTM(I+1).GT.0.,0) DANF (1)=CDAMP
C
ELS Z0(TsKEPTRE . . . .
TE et Tty TR ) P AN DANF (1) VER 1SE41) THEN
END IF
C
WRITE(16s/(1XsI323XsE12,4»1XsE12,4) )T, DELTM(I21) 520 yKEPTRK$1)
END IO
C

WRITE(14s (' $DANFING (MARQUARDT) VALUE=’’/,E12.4)7)
SCHANP '
C
C.ovy NOW HAVE NEW FARAMS.
C
KEFTRK=KEPTRK+1
CALL FWRD(AsDFRED)




DO I=1,MDAT
DELTN(I:.1)=D0OBS(I)~-DFRED(IJKEFTRK)

C

END IO
c
C... DO NEW FARAMS REDUCE ERROR?
CALL UMULEM(D : , SOEN. S TED
URITE{ 187 ¢/ SREY DATA ERRaRLby Ll8r IB) S0ENI 20, TER)
$SORT(SOEN{1»1)/ (NDAT-NFARNS))
) IF (5REM(1s1) +GE,SAE{1,1)) THEN
D0 I=1,NFARNS
ZD(1KEPTRK) =Z0( I+ KEFTRR-1)
END D0
CDANF=10 , XCOANP
GO TO 10
ELSE
12 PERCENT=( (SORT(SQE(1s1)/(NDAT-NFARNS) )-SORT (SREN(1s1)
2/ (NDAT-NFARMS) ) ) /GQRT (SQE(111)/ (NDAT-NPARNS)) ) X100,

. C
C... ERROR MUST EE IMFROVED BY AT LEAST ONE FERCENT FOR
Cevs NEW ITERATION
c
IF(PERCENT.LT.1.)THEN
CDAMP=10.,%XCDAMP
GO TO 10
END IF

SRE(1,1)=8REN(1s1)
COAMF=CDAMF/10.
00 I=1,NDAT
DELT(Is1)=DELTN(Is1)
END IO
END IF

C

%... CHECK TO SEE IF SOLN, IS WITHIN STD, DEV. OF DATA

CALL UMULFM(DELT;DELT;NDAT;1;1:400;40vaRR:20:IER)
CHIERR=(1./{NDAT-NFARMS) )XERR(1+1)

c

C

C
IF(SQRT(CHIERR) ,LE.STDDEY)GO TO 20
WRITE(LS, (7 )
GO T0 S

C

CREKEXXKRAK DUTPUT RREXEXKRRXIRXRKREK KRR RRKRHKRRKEIRHIKKRRRELRK R KRR
c
20 WRITE{16y’ (// ~mm==m—mmo === o m——— oo —mmmm oo oo

WRITE(L16s7 (7' )

WRITE(L1&y/ (/7 Rpkxkxiiriiiiiiroonokooooooons ook
EES 02004 0 ¢ ¢ MDD

WRITE(14s (" YN

WRITE(L1Gy/ (7 $XXKKKIRRXRRKRHRRK IR KRR KRR oK
ghlhxkkyxix’ ) )




WRITE(16,7 (" : 11y

WRITE(1&y /(77 QUTFUT-FROGRAN GINDEF’‘)’)
WRITE(1&s/ ("7 rryry

CALL UKULFF(GINV,GINVsNPARMS s NIAT s NFARMSs IAsIRsCrICsIER)
00 I=1,NFARMS

[0 J=1sNFARNS

COUM{I:J)=CHIERRXC(IsJ)

END DO o

END L0

ng I=1:NFARMS
SIGHAM(I)=BQRT(COVM{I«I))
END DO :

WRITE(14s /(77 . -

& !l)l)
WRITE(16y7 (/1 Z0CIY 4/~ STOLDEY.’ 7)) :
WRITE {14/ (//—mmmmmmmmmmmmmmmm o mmmommm oo

[0 I=1,NFARMS

WRITE{(14s/(1XsI12:3X:E10.3,2X,E10.2))
EIsZ0(IKEPTRK) s SIGHAN(I)

END DO

WRITE(16y’ (/= e m s s s s e

WRITE(1&,/(’/$INFUT STI, DEY. = /’,E12.4)’)STDDEY
WRITE(14s/(’/$CALC, DATA STD, DEV, = ’’sE12,4)/)SQRT(CHIERR)
WRITE(16s’(’'$NUMEBER OF ITERATIONS FOR SOLUTION = /’,I3)’)KOUNT
T

WRITE(L14s/ ('’ MODEL RESOLUTION MATRIX’‘)’)
CALL VMULFF(GINVsAsNFPARMSsNDATsNFARMSsIA»300,CsIC,IER)
WRITE(14,7 (7" DR

IF{NFARMS,GT,13)THEN

WRITE(16y " (1XsAls11XyA10:7X0 ATy 7XsA10) ) T s 4o o (I3I1-2)00s’y
A ST RO RRES F L Jeh BN

WRITE(18s " (1XsI1351XsA1922X53F5.2:10X0A1)7)
21/ 179 (C(Lsd)sd=1s3)y" 1"

WRITEC16 7/ (1XsI3+1XsA1,18X24F5.2,10X541)7)
82y s (C(2: N s d=1s4) 7 |7

0 I=3sNFARMS

WRITE(LI&y " (1Xs I3y 1XeAL110XsSF4.2910X0A1) )T 17y
E(C(Isd)sd=1-2514+2)0" 1"

IF(I+2,EQ.NFARMS) THEN

WRITEC(L1G6s 7 (1Xs I3 1XsAL10Xs4F 5, 20146X7A1) ")
ENFARMS-1,'1’y (CINPARMS~1+J) s J=NFARMS-3sNFARMS) s 7| "

WRITECL1Gy  {1XrI3s1XsALs10Xs3F5,2:22X:A1)7)
INFARME /1 7y (C(NFARMS s J)» J=NFARMS-2,NFARMS)y " 1|/

GO TO 21




21

jan]

t3 O

S5

END IF
END DO

ELEE

[0 I=1,NFARMS

WRITE(14y/ (1XsALs<NPARNEZFS,252%sA1) 737172 (CL{I s D)
3y J=1sNFARMS)» ' 1" ‘

END LD

END IF

WRITE(16s7(’’ DATA RESOLUTION MATRIX'’)")
WRITE(L16s (" . 7))
CALL VMULFF(AsGINYsNDATNFARHS:NDAT,300:IE-CsIC,IER)

IF(NDAT.GT+15)THEN
WRITE(L16s (1ALl s 11XsA102 27X AT 7X s A10) ) I s e o (TvI-2)sss’s
&I(I’I)III(I'I+2)QOQI
WRITE(1&s/ (1Xs 121X A1 22X 3F56.2510XsA1) )
21y /179 (Clled)sd=1:32s7 1"
WRITEC18 " (1X21391X1A116X4F6.2710%041) )
22+ 19 (CL2rd)ed=114) 47 |7
[0 I=3:NDAT
WRITECL&y/(1XsI321X90AL 10X SFE.2:10X5A1)XI "1 Y
S(C(Is D)o d=I-2+13200" 17
IF(I42.EQ.HDAT)THEN
WRITE(1457(1X1351Xs0110Xs4F48,2:146X5A1) 7
INDAT=-1+ "1/ s (C(NDAT-1+J) s J=NDRAT-3sNDAT) s 1"
WRITE(16:, 7 (1Xs1321%X»A1:10X,3F5,2522X5A1)7)
INDAT s/ 1/ s (C(NDAT s J) s J=NDAT-2+NDAT)» " 1/
G0 TO 22
END IF
EHD ID

ELSE

10 I=1yNIAT

WRITE(L1Sy ' (1X2ALy<NDAT:F&,252XsA127) 1/ 9(C{Is )
$yJ=LNBATY 1/

END DO

END IF

WRITE{16s /("' COVARIANCE MATRIX'7)")

WRITE(L4s7 (" )N

IF(NFARMS.GT,15) THEN

WRITE(16» 7 (1Xs AL 12X A0 13X5A519X0A10) ) T 5 0o (10 1-2) 04’
Z’(I!I)';'(I11+2)...’




[

r3 O

lyr]

WRITE(L14s/ (1XsI391XrA1-30X-3E10.2:10X5A177)
Lo ) (COVH(LadYed=1e3)s" 1"

WRITECL16y/ (1XsIZ91XsA1220X:4E10,2,10Xs41)7)
§2: 71 s (COVM(29d) s d=114007 1"

D0 I=3sNFARMS

MRITE(1Sy/(1Xs I35 1Al 10Xy SE10,2510XA1) )1 17
S(COVMCI )y J=T-25142)0 7}

IF(I+2,EQ.NFARME)THEN

WRITE (145’ (1XsI3s1XsA1r10Xs4E10,2,20Xs41)7)
QNFARHS-Iz’I’y(CDUN(NFARH“ 1:d)y J=NFARMS-T s NFARNS) Yy 1/

WRITE(1& XrIZs1XsALs 10X, 2EL0.2530XsA12 ")
ZNFARMS '!',(CDUM(NPAFHS;J);J NFARNMS-2+NFARMS)» ‘1

G0 TO 23

ENDl IF

END I

ELSE

O I=1,NPARMS

WRITE(1&y " (1Xs A1, <NFARMELELIQ,2:2X5A1) /) 1/ (COUM(I . 0
&y J=1sNPARMS) " 1"

END 0O

ENDIF

WRITE(1&,'(’* CORRELATION MATRIX'’)")

WRITE(1&s/ (" YN

[0 I=1;NFARMS

D0 J=1sNFARMS
C{I+J)=COVMITI+ ) /(BART(COVM(TSI))&SARTL(COVM{Is I ))
END DO

END DO

IF (NFARMS.6T.,15) THEN

NRITE(Ié;’(1X:Aly11¥vﬁ10,7XrA4:?X:AIO) YDy s o (TsI-2)0 00y

MO SRORERES N E 220 NI

WRITE(16 (1XsI3+1XsA1,2 X:3F6o-’10XyAI) )
B1s71/9(C{L1s D) vd=1+3)0" 1"

WRITE(16y/ (1X2I351XsA1»16X94F5.2,10X:A1)7)
8257179 (C (2 D) v d=1sd)y’ 17

n0 I=3:NFARNMS

WRITE(16» (1XsI351XsA1» 10Xy 3F5.2510X5A1)7)I"1 7,
G(CCIs ) s d=I-24142)s"1"

IF{I+2 . EQ.NFARMS) THEN

WRITE(L1Ss/ (1XsI391XsALr10Xs4F6,2518X0A1)7)
ANFARMS-19 71y (C{NPARME-1sJ) » J=NFARME-Z,NFARHS) s’ |

WRITE(14y/(1XsI391XsALy10Xs3F56.2522%X5A1)7)
ANFARMSy 71 /2 (CINPARMSy J) s J=NFARME-2,NFARMS)» ' 1/

GO TO 24

END IF

END' ID

ELSE




DO I=1,NPARME

WRITE(L1S: 7 (1Xs ALy INPARNSEFS, 292X A1 ¥ 1/ (C{I - 1}
$rJ=1sNFARMS)s 7 1’

END DO

END IF
24 WRITE(14s 7 (/  KXXRRKKRKRRKAKLRELRKELORE KRR ELREERA KKK
SRHHROREKRXKRLER ! ) 1) '
CLOSE(15)
PRINT %,/ QUTFUT IN FILE GIMDEF,OUT.’
50 CALL EXIT
END
c .
CRARRRRKKERRRRRERELRLERERERRRRRRR LR KRR E O KRR XY
C SUBRQUTINES
» . :
C... SUBROUTINE FURD IS A FORWARD GRAVITY FROGRAM THAT MODELS THE EARTH
C... BY USING ELOCKS (UF TO 100) OF VARIAELE DENSITY,
c R
SUBROUTINE FWRI(A,DFRED)
C
COMMON /GRAY/XL(100)+XR(100)sZD(1005100)92U(100),
SDEN(100) Y(500+500) sNELKSsXSIZEs YSIZE-NCOLSs
ENROWS ) YHAX (500) s YKIN(CS00) » MAXFER s LAMNUM(500)
LXFOSy YFOS)ANON (50055000 s ¥(500} sELEV(500)

COMMON /CEGIMV/NDAT s NFARMEsKEFTRK»IA» IR IC,LLsKVAR
DIMENSION A(500s500)DFRED(S00,500),B(250+1)+6(3500s500)

M1=0

M=1

CHECK=0.0
XDELTA=XEIZE/(NCOLS-1)
YDELTA=YSIZE/(NROWS-1)

IF(KEFTRK.EQ.1.ANDLKVAR NE,20)THEN
[0 I=1,NELKE
CALL REORDER(I)

C.ov MAKE SURE LAMMUM(I) IS AN ODD NUMBER S0 THAT QUADRITURE
Cevs FORMULA WILL WORK

LI=LAMNUM(I)/2

Ti=({LAMNUM(I)/2.)-L1

IF(LAMNUM(I)YGT.2)THEN
IF(T1.,EQ.0,Q)THEN
YOLAMNUMCI) 41+ 1) =Y (LAMNUM(I) 1}
Y(LAMNUMCI) » I)=Y(LAMNUMC(I) » 1)1,
CALL FORUARD(LAMNUM(I).I)
LAMNUN(I)=LAMNUM(I)+1

, END IF
END IF
END LD

10 IF(M.EQ.1)THEN
XF05=0.0
YP0E=0.90




a0

A
- v

C'0

o

D0 J=2:MELKRS+H1
CALL QuUAn(J-1)
GOlsJd-13=VO0ILAMNUNM(I-1)-1)/2041)

END' IO
M=2
GO TO 10
ELSE
0 I=1,NCOLSXNROWS-1 :
CALL GRIDMI,CHECKXDELTA,YDRELTA)
[0 J=2sNBLRE+1
IF(LL.EQ.1)THEN

ZUCI-1=ZU(J-1)+ELEV(IH D) -ELEV(D)
ID(J-1 s KEFTRK)=ZD(J-1 s KEFTREI+ELEV( I+ -ELEV(T)
END IF

CALL FORWARD(1,J-1)
00 K=2:LAMNUM(J-1)
CALL FORWARD{K,»J-1)
END IO
CALL QUAD{(J-1)
GOI+1»d-1)=V00(LANNUN(I-1)-1)/20410)
END RO
ENED' DO

FINI THE A MATRIX IK KVAR=20

IF(KVAR.EQ.20YTHEN
N0 I=1:NDAT
D0 J=1,NFARMS '
AL D) =G(I-J)XDENC)
IF(ACI ) ER.0.0VACIFJ)=LE-10
END IO
END DO
GG 10 7
END IF

IO I=1,NFARMS
B(Ir1)=DENCI)
END 00 '

CALL VMULFF(Gs»BsyNDATsNFARMS»1,300,IBsDFRED,S00IER)

oo I=1,NDAT
DFRED(I,KEPTRK)=DPRED(I 1)
END' DO

IF(KEFTRK.EQ,1)THEN
OFEN(29sFILE="A.,DAT’»STATUS="NEW")
00 I=1,yNDAT

I3 J=1sNFARMS
WRITE(29y7(E12.4))A{I:J)
END [0

END' DO

CLOSE(29)

GO TO 490

END IF

JF(KK.EQ.2)G0 TO 40




ENLI IF
ELSE

KKk=1

20 IF(RK.EQ.1)THENM
XPOE=0.0
YF3E=0.0
0 J=2,MELKS+H

IF(LL.EQ.1)THEN
ZUtJ-1)=ZUCJ-1)+ELEV(1}
ZD(J=-1sKEFTRE)=ZD( -1, KEFTRR)Y4+ELEY (1)
END IF ’

CALL FORWARI(1,J-12

DO K=2sLAHNUM(J-1)
CALL FORUARD(K,J-1)

END DO :

CALL QUAD(J-1)

B{1sJ-12=V((LAMNUM(J=1)~1)/2)41)

END IO

KK=2

GO 70 20

ELSE

GO TO 30

END IF

ENDN IF

40 [0 J=1,NELKS
XL{J)=XL{J)+XSIZE
XR(JY=XR{JI+XEIZE
IF(LL.EQ.1)THEN
ZUC)=ZUCJ)~ELEV(NROWSKNCOLS)
ZD(JyKEPTRR)=ZD(JsKEPTRK) -ELEV (NROWSXNCOLS)
END IF
0 K=1sLAMNUM{J)
Y(KrJY=Y(KrJ)+YSIZE
END DO
END IO

RETURN
END
c
C
C..+ SURRQUTINES
C
C
SUBROUTINE REORIDER(I)
c
COMMON /GRAV/XL(100)XR(100)sZ0(100,100)ZUC100),
SOEN(100),Y(500,500) sNBLKSyXSIZE»YSIZE,NCOLSy
ENROWSy YHAX(300) y YMIN(S0O0 ) s MAXFERYLAMNUM(500Q) »
gXFOS,YFOSsANON(S00,500)sV(300) sELEV(500)

COMMON /CRGINU/NDAT NPARMS,KEFTRKsIAsIR:IC,LLsRKVAR

K1=ARS(Y(2,I)-Y(1,I)




R2=ARS(XR{I)=-XL(I))
LAMNUMCI) = (RIAMAXFERY CIMAXO (K1-K2) /JMINQIKLIK2))) /100

TF(LAMNUMCT) LT 10)LAMNUM(T)=10

IF(LAMNUMCI) .GE.S00) THEN

FRINT %, MAXIMUM NUMBER OF LAMINAE (S500)
FPRINT %,’/FOR BLOCK ‘»I,’ EXCEEDED,’

CALL EXIT

END IF

YOIST=K1/FLOAT (LAMNUM(I))
CALL FORWARD(1.I)
LAMNUM(I)=LAMNUM(I)+1

DO R=2sLANNUM(I)+1
Y(KsI)=Y(K-1sI)+YRIST
CALL FORWARD(KsI)

END IO

RETURN
END

Cves SUBROUTINE FORWARD CALCULATES THE GRAVITY ANOMALY/UNIT WIDTH FOR
Ceoo EACH LAMINAE

C Y
SUBROCUTINE FORWARD(I,J)
c
COMMON /GRAV/XL(100)sXR(100),ZD(100,100),2U(100)»
SDEN(100)sY(500+500) sNBLKS,XSIZEYSIZE,NCOLS,
ENFROWS) YHAX(S00) s YMIN(SO00) s MAXFERy LANNUM(S00)
EXFOS,YFOS,ANOM(3005500) s V(S00) sELEV(S00)
C
COMMON /CBGINV/NDAT:NFARMS)KEFTRK>IASIR,IC,LL-KVAR
C

60=0,0000000647
C
Cevs START CALCULATIN'

c
Ce+vs PREVENT INSTABILITIES '
c ;
IF(XRCJIVEQWO40IXR(I)=1E-10
IF(XL(D)LEQ.0.0)XL(J)=1E-10
IF(Y(I: ) ER.0.0IY(I:J)=1E~10
c
C., FIND DERIVATIVE OF GRAVITY WRT ZD' IF KVAR=20
c
IF(KYAR.EQ.20)THEN
c
C1=CSORT(XL{I *XL{IY+ZD(JyKEFTRKIKZD(JyKEFTREI Y (I )XY (IxJ))
C2=8ART(XR{DXXR(D+ZO(IyKEFTRK)Y ¥Z0( Sy KEFTRE) +Y (I JIXY (I J))
C
ANOM(T» ) =001 ZCIXLOIIRCI) HCCIRCL ) )= {1, /L (XR(JIXC2)Y+(C2%C2)) )
&xZD(JS,KEFTRK)X100000.%G0
C
RETURN
END IF




AC=ZD(JsKEFTRK)XZD(J> hEFTRh‘+Y(I:J‘¥Y(I:J)
E=ZU(XZUCI YT )XY (I D)
Al=XL{JY+BART(XL(IXXLID+E)
A2=XR(DI+SRRT(XR(JIXXR(J)+R)
B1=XR{J)+SQRT{XR(JI¥XR(J)+A0)
B2=XL (I +SART(XL LI XXL (S +A0)
IF((A1.ER.0.0).0R.(A2.EQ.0.,0),0R, (EL1.EQ.0.D)
%.0R, (B2,EQ.0, 0))M1=M1+1

c
C... PREVENT TAKING LOG QF 0.0
C
IF(AL1.EQ.,0,0)A1=,001
IF(A2.EQ.0.,0)A2=,001
IF(E1,EQ.,0,0)BL=,001 -
IF(BQ.EQ&O;O)E::QOOI.
c
IF(A1.EQ.0.,001, DR A2:EQ.0,001,0R.E1,EQ.,Q.001.0F
£ B2.,EQ.,0.001)THEN
FRINT %5’ HAVE HIT A ZERO OR NMEGATIVE NUMERERSF THIS NUMBER HaAS BtEN'
FRINT %,/ CHANGED TO .,001 SO THAT TAKING ITS LOG IS POSSIBLE
FRINT %’ YOU MAY WANT TO CHANGE THE GEOMETRY OF BLOCK i/sJ
END IF
c
... THE 100000 IS TO GET THE ANOMALY IN UNITS OF MGALS
c
ANOM(I+J)=-100000.XGOX(ALOG(AL)
$+ALOG(B1)-ALOG(AZ)~-ALOG(R2))
C
RETURN
END
C
c
C... SUBROUTINE GRID GIVES X,Y GRIL POSITIONS
C
C
SUBROUTINE GRID(KNTsCHECK,XDELTAsYDELTA)
C
COMMON /GRAV/XL(100)sXR(100)Z0(100,100)ZUC100),
SOEN(100)sY(S500+s500) yNELKSsXSIZEsYSIZENCOLS,
INROWS s YMAX(S0O0) s YMIN(SOO ) 1 MAXFERLAMNUM(500)
IXFOSyYPOSANOM(S00,500) sV(T00) sELEV(SQ0)
C
COMMON /CBGINU/RDQT?NFQR”S:NEFTRK!IA!IB:IC:LL!KUAR
C

NI=KNT/NCOLS
XPOS=RNTHXDELTA-(NT¥XSIZE+XDELTAKNI)
IF{ARS(XFOS).LE.1,0E-01)XPOS=0,00E+00
YPOS=NIKYDELTA
IF{XSIZE.GT.CHECK) THEN
CHECK=CHECR+XDELTA
DG J=1sNBLKS
XL(J)=XL(J)~-XDELTA
XR(J)=XR(J)-XDELTA
END IO

CHECK=0.¢
10 J=1sNBLKS




KLOD =XL(D+XDELTAR(NCOLE-1)
XR(JI=XR(J)+XDELTAX(NCOLS-1)

C
N0 I=1,LAMNUN(D)
Y(IsJ)=Y(IsJ)-YDELTA
END DO
END D
ENDN IF
RETURN
END
C
C

C... SUBROUTINE QUAD CALCULATES THE ANOMALY ASSOCIATED WITH EACH BLOCK
Cevs BY DOING THE INTEGRATION IN THE Y-DIRECTION USING TALWNI'S
C.v+ QUADRITURE FORMULA

c
C -
SUBROUTINE QUAL(K)
c
COMMON /BRAV/XL(100)5XR(100),Z(100,100):ZU(100)s
RDEN(100)sY(500+500) +NELKSsXSIZEs YSIZEsNCOLS s
ENROWS) YHAX(500) y YNIN(S00) y MAXFER LANNUN(500) »
EXFOS YOS ANON (50055000 yU(500) sELEV(500)
C
COMMON /CEGINV/NIATyNPARMS s KEFTRKyIAsIE,ICsLLsKVAR
C
DIMENSION TEMF(500)
C
Covr FIND THE ANOMALY
C
IF (LAMNUM(K)~1,6T,1) THEN
I=1
V(1)=0,0
DO J=2s ((LAMNUM(K)=1)/2)#1
C
AT=ANDMCT K)RCCY CIoK) =Y (T425K) ) /(Y (oK) =Y(I415K)))
BX(3,0XY (T+1yK) =Y (T+2¢K)=2,0XY(I,K))
c
B=ANOMA T+L s KD X C (Y (ToK) =Y (I+2K) )¥K3) /7 ((Y(I+1:K)-
SYCI+25K))XCY (I+1:K)=Y(IsK)))
c
C=ANOH (T+2sK) K ((Y LI K)=Y(I+2,K)) /(Y (1425K) =Y {I415K)))
$X(Z,OXY(I+1sK)=Y{IsK) -2, KY(I+2:K))
C
TEMF (J=1)=(A1+B+C) /4.0
c
V(=Y (J-1)+TENF (J-1)
I=1+42
END D0
C
ELSE
c
Coer TRAPEZOIDAL RULE FOR ONE AREA
C

VOCCLAMNUM(K) 1) /72041 )= (Y(2yK) =Y (1K) K. SK{ANOM (1 s K) +ANOM(2,K))
END IF




C"
C&t
COO
Cen

RETURN
END

SUBROUTINE DERIV IS USED TO SET KVAR 70 20 S0 THAT DERIVITIVES
OF GRAVITY WRT ZI WILL BE CONTAINED IN THE A MATRIX. THE A
MATRIX IS USED TO LINEARIZE THIS NONLINEAR FROELEM S0 THAT
INCREMENTAL PARAMETER JUMFS TOWARD THE SOLUTION CAN BE FOURND,

SUERQUTINE DERIVI(A)

COMMON /GRAV/XLO100) 9 XRO100)»ZD(100,100),2U(100)
SOEN(100),Y(500+500)sNBLKS,XSIZE,YSIZEsNCOLS,
ENFOWS, YMAX(S00) s YMINC(S00) s MAXPER S LAMNUN(S00) y
EXFOS,YFOS,ANOM(I00,300) sV (300) yELEV(500)

COMMON /CEGINY/NDAT,NPARNSsKEFTRK»IAsIE,ICsLL,KVAR

DIMENEION A(S500,500)DFRED(S00,300)
KVAR=20 :
CALL FWRD'(A:DFREDD

KVAR=0

RETURN

END




PROGRAM 3D:

A FORWARD GRAVITY MODELING
PROGRAM BASED ON TALWANI AND

EWING'S (1960) ALGORITHM




2

3

Cux

Pew]

C
COOO
C"G
C
CQ.’

C
COOO
C

COMMON NUMFTS(1350)»DENLAM(150) sDEPTH{1S0) sLANMNUN,
EX{130,150) ¢ YI1E0,130)
DIMENSION STAELY(S00)ELEV(S00)
INTEGER COLS,ROWS
CHARACTERX20 FILENAME

OFEM{1,FILE="3DGRYV.DAT/ »8TATUS="0LD")

R OO O R R R R RO RO R ROk

MODEL INPUT

FILEMNAME OF SAVED cUFFII FILE CONTAINING STATION ELEVATIONS
UMITS=METERS :

IF NUME=1 THEN INFUT STATION ELEVATIONS FROM SAVED SURFII FILE
READ{ 1% )YNUNE
IF(NUMB.EQ.1IREAL(T»/ (A20) " JFILENAME

DPEN(10FILE=FILENAME s STATUS="0LD/ yFORN="UNFORHATTED" »
&ACCESS='SEQUENTIAL")

READCL, %) » LAMNUM
Li=LAMNUM/2
Ti=(LAMNUM/2.)-L1

IF(T1.EQ.O.0.AND,LAKNUM .NE,2)THEN

FRINT #%s/MUST HAVE ODL NUMBER OF LAMINAE FOR PROGRAM
&T0 WORK ~ START OVER SLAMEEL!’

CALL EXIT

END IF

READ( L% » (NUMFTE (D) s J=1s LANNUM)
READC1 %) » (DENLAM(J) s J=1,LAMNUM)
READCLs %) » (ELEV (DY y J=1, LANMNUM)
READ(1+%) s XSIZE,YSIZE,COLSROUWS
D0 I=1,LAMNUN

READ(LR)» (X0 1) Y(Js 1) o J=1 s NUNMFTS(I )+ 1)
END T '

IF NUME=1 READ IN ELEVATIONS

IF (NUME.EQ.1)THEN

IR Pd e teed ettt st titsbeseestostsseorestostseotitstoteteedverotetsssd:

C
Coes
C
C'O'
C

C
Coeo
C

C
COOO
c

STATION ELEVATION INFUT
READ' IN FIRST RECORIL
READC10YNCOLS, MROWS, TZERD
READ' IMN SECOND RECORD
REARCLIO) IROWS JCOLS DIFY s DIFX s XHN» XMX YHN 2 THX DUMHY
READ IN ELEVATIONS (METERS

00 I=MROWSs1,-1
IBEG=(I-1)%NCOLS+1




IEND=TREGHNCOLS-1
READ(1Q) (STAELY(J)» J=IREG» IENID)
END [0
c
RE2oeREeesereeteeesttedioesenstesesesiresdtetsdetiesintecetiteceetiesy
c
- ENDNIF
-
XDELTA=XSIZE/(COLS-1)
YDELTA=YSIZE/(ROWE-1)
CHECR=0.0C
XFO5=0,0000E+00
YFOS=0,0000E+00

IF {NUME.EQ.1)THEN
D0 J=1,LANNUM
BEPTH(J)=STAELY(1)-ELEV(J}
IE(ARS(REFTH{IN)LLT. 2 DEPTH( =2,
END O

ENDN IF

CALL TDCALC(XFDS.YFOS)
[0 I=1,COLSXROWS-1

IF (NUME.EQ. 1) THEN
00 J=1,LAMNUM
DEFTH{ D =CTAELV(I+1)-ELEV(D
IF(ABS(DEFTH(J)) LT 2 )DEFTH(J)=2,
END 10

ENDI IF

NI=I/COLS
XPOS=TKXDELTA- (NI¥XSIZE+XDELTAXNI)
IF { AES({XFOS).LE.1.0000E-01)XF0S=0,0000E+00
YPOS=NIKYDELTA
IF (XSIZE.GT.CHECK)THEN
CHECK=CHECK+XDELTA
IO J=1,LAMNUM '
00 K=1,NUMPTS(+1
XK Dy =X{Ky J)-ADELTA
ENDN 10
END 10
ELSE
CHECK=0.0
[0 J=1,LAMNUM
00 K=1,NUMFTS(J1)+1
Y{KsJ)=Y{KyJ)-YDELTA
XKy D) =X (K JY+XDELTAR(COLS-1)
END DD
END TI0
ENDY IF
CALL TRCALC(XFOSsYFOS)
END 1D
caLl EXIT
FRINT %2 /0QUTPUT IN FILE 3DGRVT.DAT!/
EHD

SUBRQUTINE TOCALC{(GRIDK:GRIDY)
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Cf#'
C.OO
C"."Q
CO‘Q
CQ'.
COOO

COP'

COO@

SUBRQUTINE 3DCALC CALCULATES THE GRAVITY ANCHALY

PER UNIT THICKNESS OF HORIZONTAL LAMINAE OF UNIT
THICKNESS{=U), TQ GET THE TOTAL ANOMALY OF THE 3D RORY.
THE AREA UNDERNEATH THE RESULTING Y-Z CURVE IS CALCULATEL.
THIS FROGRAM IS EBASED ON THE 1950 TALWANI AND EWING

FAFER FOUND IN GEODFHYSICS. VOLUME 25, 1940,

SET UP MEMORY
COMMON NUMFTE(150) »GENLAMCLIS0) yDEFTH(LSD) s LANNUH,

EX(150+130),Y(150:120)
REAL¥E R(100»100)sR1(100,100) R2(100-100)XM(1002100),

% F{1005100)sQC100,100)sF {100, 10C) GANOM(100) s -

% TEHF {100 s TEMPL(1005100) s TEMF24100,100)V(100)
REAL*8 AsEBsCsC1:C2+sC3sC44CS:CE:C75CBC7:C10

QFEM FILE TO WRITE GRAVITY ANOMALY AND SURFACE ORSERVATION
FOINTE INTO - IN FORMAT USAELE FOR SURFACEIT AND RISEFLA
GRAFHICS, FILE CALLED ZDIGRYT.DAT,

OPEN(10sFILE="3DGRYT . DAT »STATUS='NEW")

UNIVEREAL GRAUITY CONSTANT IM CGS UNITS

G0=0.0000000667

CALCULATE THE GRAVITY ANOMALY/UNIT THICKNESE FOR EACH LAMINAE

00 J=1:LAMNUM
TEMF2(1,J2=0.0
IF(NUMPTS(J) .EQ.1)GO TO 10
H=2

DO I=1,NUMFTS(J)
RyR1:R2 CANNOT EQUAL 0.0 (COMPUTER WILL NOT LIKE IT)

RCI»Jd=(X(Io 12%%2s + Y(I,JI%kI, %%0,5

IF(R(IyJY.EQ.OLOIRCIrJY=0,00000000005

RICI,)=(X(I+1,J3%%2, + Y(I+1,J0%%2,)%%0.5

IF(R1CI ) EQL0.0IRICI - J)=0,00000000005

R2CI, =0T =X+ ) 2h%2+ (Y (I )
E-Y(I+1, D)) X2)%%0.5

IF(R2CI, I} EQLCLQIR2(T Y I =0, 00000000005

C1=X{I.0)/R(I:s 03

Ca=Y(I, )/R{I:J)
L3=X{I+15J)/R1I(I+ D)
Ca=Y{I+1, N/RUCI D)

S=(Ts D-X(I+Ly D) /R2(T )
CE=(Y{Is )=Y{I+1 s )3 /R2(Is D)

XM(I»J)=C2%¥C3-C4xXC1
PO Jy=(CoRX(I+0))-(CSXY(IrJ))

IF(P(I+J).GE,0,0)THEN
5=1,0

ELEE
5=-1.0

P e T
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END IF
IF(XM(I:J),.GE.Q.0)THEN
W=1.0
ELSE
N=-1bo
END IF
C7=(P (I, APy DHIDEPTHO D RDERTH( D) 14%0. 5

QI+ J)=CoRC1+CE%C2
F(I:J)=C5%CI+Ca%CH

CB=C1C3+C2%C4
CP=(DEFTH(J)*Q(I, 1)R8)/C7
C10=(DEFTH( I XF{I+J}%5)/C7
C s
C... PREVENT ROUNDOFF ERROR IN COMPUTER FROM GIVING NUMEER
Cove GoT. 1.0 DR LoTe-1 - COMPUTER WILL NOT LIKE THIS NUMBER (DEALING
Covs WITH SINES AND COSINES) '

C
IF{C8-1.0.GT.0.0)C8=1.0
IF(C?-1.0.6T.0.0)C9=1.0
IF{C10-1.0.67,0.0)C10=1.,0
IF(C8.LT,-1.,0)C8=-1.0
IF(C?LT.~1.02C9=-1.0
IF(C10,LT.-1.,03C10=-1.0

c :
TEMF1(I:1)=W¥ACOS(C3)-ASIN(C?IHASIN(CIO)

C
TEMFZ2 (M JISTEMP2(M-1, J)FTEMPI(I 1)
M=i+1
END IO

C

Cess THE 100000 IS TO FUT ¥ IN UNITS OF MGALS/METER

c
V(D) =GOXDENLAM () KTEMF2INUMPTS(J) 41 1) %100000.0

C
G0 10 20

19 V(J)=0.0 :

20 EWD DO

c

Css+ FIND THE ANOMALY (AREA UNDER V-Z CURVE)

C

IF (LAMNUM-1.GT.1)THEN
I=1
GANOM(1)=0.0

00 J=2» C{LAMNUM-1)/2)+1




Cf"
Cove

A=Y (DEFTH(I) -DEFTHCI4+2) )/ (DEPTHI 1) -DEFTH(I41) D)
BH(3 ORDEPTH(ITL) ~DEPTH(IS2) -2, 0%BEPTH(IY))

E=U(I+1)*((DEPTH(I)-BEPTH(I+2))**3)/((DEPTH(I+1)—

EDEFTH(IT2) )X (DEFTH(IHL)-DEPTH(I)))

C=U(I+2)K((DEFTH(I)-DEFTH(I42) )/ (DEPTH(I+2)-TEFTH(I$1)))

BT OXDEFTH(IH+1-DEFTHL(I) -2 OXDEFTH(I+2})

TEHP{J-1)=(A+E4C) /4.0

HAVE TO DIVIDE EY 1000 EECAUSE MULTIFLIED Y BY
1000 EARLIER TO PREVENT ROUNLIOFF ERROR

TEMF (J-1) =TENF (J-1)
GANDH (J)=GANOM (J-1) +TEHF (J-1)
I=I+2

END DO

ELSE

TRAPEZOIDAL RULE FOR ONE AREA

GANOM( ( (LAMNUM-1)/2)41)={DEFTH(2)-DEPTH(12)X%0. 3k (V(124V(2))
END IF

FRINT THE 3D ANOMALY TO FILE ZDGRVT.DAT

WRITE(10y " (E12,4,2%,E12,4,2XsE12,4) " )GRIDXGRITY,
SCANOM( ( (LAMNUM-12/2)+1)

RETURN

END




APPENDIX C

PREPARING OBSERVED GRAVITY DATA FOR USE WITH

PROGRAMS GRAVBL AND GINDEP




- Preparing Observed Gravity Data

1)Saving gridded data on a file:

Once an observed data setlhas been gridded using SURFACE 1I, grid
- information may be stored in a file of the form FORO__.dat (where __
- represents a number from 11 to 99) using the SAVE command of the
SURFACE II contouring package. The following is an example of a
SURFACE II program used to grid and save the observed gravity data for

my modeling area in file FORO15.DAT:

TITLE SAVING GRID INFORMATION IN FILE FORO1S5.DAT
DEVICE 5,'CJWIDEMAN' )

ROUTLINE 39,1,'(2F12.7)'

EXTREMES -111.74222,-111.68778,45.36077,45.37962
IDXY 158,11,3,2,1,3,0,0,0,9999,'(3F12.4)"'

BOX .01,2,.005,1,3,-111.74222,45.36077,1,.2

GRID 0,15,8,0,0,1,0

SAVE 15

PERFORM

STOP

File FORO15.DAT will have a specific format (see SAVE command in the
SURFII manual) and GRAVBL and GINDEP were written to read in a data

grid based on the format of a saved SURFII file.

2) Changing units from latitude, longitude to meters north, east:

If the saved SURFII file has grid points locations based on units
of latitude and longitude, the units must be converted to meters east
and meters north before GINDEP and GRAVBL can be used. Also, the
first point in the grid [(0,0) in units of meters] must be located in

the upper left hand corner of the grid because of the way GRAVBL and




GINDEP expect to receive the data. I have written a pfogram to read
the saved SURFII file, output pertinent grid information, and to
convert latitude and longitude to meteré east and metersinorth based
on the scale of the Ennis 15 minute quadrangle map. This-program will
write the data to a file called GRID.DAT in the following order:
xpos on grid, ypos on grid, data value B

in 3F12.4 format. GRID.DAT will contain the number of columns (NCOLS)
tiﬁes the number of rows (NROWS) lines of data. Code for the program

is as follows:

DIMENSION A(10000), DUMMY(12), VAR(4)
CHARACTER TOPOFILE*20,BLOCKFILE*20,0UTPUTFILE*20,CHAR*1

c
WRITE(*,'(''$TYPE IN SAVED SURFII FILE>'')"')
READ(*, '(A20) ' )TOPOFILE
OPEN(21,FILE=TOPOFILE,ACCESS="'SEQUENTIAL',STATUS='OLD',

&FORM="UNFORMATTED' )

c )

C  READ IN FIRST RECORD OF THE SAVED SURFII FILE

C
READ(21)NCOLS , NROWS , IZERO
PRINT *,' '

C

C  READ IN SECOND RECORD

C

READ(21)IROWS ,JCOLS ,DIFX,DIFY,XMIN, XMAX, YMIN , YMAX,, DUMMY

C
C CONVERT TO METERS
c

WRITE(*,'(''SCONVERT TO METERS(Y/N)>'')")
READ(*,'(Al)')CHAR

IF(CHAR.EQ.'Y'.OR.CHAR.EQ.'y' )THEN
DIFY=DIFY*111840.
DIFX=DIFX*79040.

XSIZE=ABS( (XMAX-XMIN)*79040)
YSIZE=ABS( ((YMAX-YMIN)*111840)
XDELTA=DIFX

YDELTA=DIFY

ELSE

XSIZE=ABS( XMAX~-XMIN)
YSIZE=ABS( YMAX-YMIN)
IF(DIFY.LT.0.0)THEN
YDELTA=-DIFY




ELSE
YDELTA=DIFY

END IF

END IF
c ‘

PRINT *,' = ———

PRINT *.' '

PRINT *,° MATRIX INFO'

PRINT *,° v

PRINT *,'NCOLS,NROWS' ,NCOLS,NROWS
c

PRINT *,° ' .

PRINT *,'DIFY(METERS)='',DIFY,

&DIFX(METERS),DIFX

PRINT *,'XMIN=",XMIN,"' XMAX=",XMAX

PRINT *, 'YMIN=',YMIN,' ' YMAX=',6YMAX
c

PRINT *,'XSIZE(M)=',XSIZE,

&' YSIZE(M)="',YSIZE

PRINT *,' -
c
C
C  NOW READ IN THE GRID MATRIX VALUES
Cc

DO I=NROWS,l,-1
IBEG=(I-1)*NCOLS+1
IEND=IBEG+NCOLS~1
READ(21)(A(J),J=IBEG,IEND)

END DO

DO I=1,NROWS*NCOLS
IF(A(1).LE.~9.9999E+33)A(I1)=0.0
END DO

C
C PRINT GRID VAULES TO FILE GRID.DAT
C

WRITE(*,'(''S$PRINT GRID VALUES IN FILE
&GRID.DAT(Y/N)>'')")

READ(*,'(Al)')CHAR

IF(CHAR.EQ. 'N' )CALL EXIT

OPEN( 10 ,FILE='GRID.DAT,STATUS="'NEW')

XP0S=0.0

YP0S=0.0

WRITE(10,'(3F12.4)' )XPOS,YPOS,A(1)

DO I=1,NCOLS*NROWS~1
NI=1/NCOLS
XPOS=I*XDELTA-(NI*XSIZE+XDELTA*NI)
IF(ABS(XP0OS).LE. .1)XP0S=0.0
YPOS=NI*YDELTA
WRITE(10,'(3F12.4)"' )XPOS,YPOS,A(I+1)

END DO

CLOSE( 10)

CLOSE(21)

CALL EXIT

END




Example of using RSURFILE:

Say you have used SURFII to creaté a grid of four columns and
three rows where the distance between columns is 25 meters and the
distance between rows is 30 meters (the data was collected in units
of meters east and north), and this gri& information is saved in file
FORO19.dat. 1I1f RSURFILE is used to read FOR0O19.dat and output the
grid values in file GRID.DAT, these are the input steps and

output displayed when RSURFILE is run:

RUN RSURFILE
TYPE IN SAVED SURFII FILE>FOR019.DAT
CONVERT TO METERS(Y/N)>N

MATRIX INFO

NCOLS, NROWS 4,3

DIFY(METERS )=30 DIFX(METERS)=25
XMIN=0.0 XMAX=75.0
YMIN=0.0 YMAX=60.0
XSIZE=75.0 YSIZE=60.0

PRiNT GRID VALUES IN FILE GRID.DAT(Y/N)>Y
Now file GRID.DAT has been created where the grid points are

numbered as follows:

.l .2 .3 .4
5 6 °7 °8
‘9 *10 ‘11 12

And the output contained in GRID.DAT will be:




0.0000 0.0000 GRID VALUE 1 (mgals) top left of grid

25.0000 0.0000 GRID VALUE 2
50.0000 0.0000 .
75.0000 0.0000 . .

0.0000 30.0000 .
25.0000 30.0000 .
50.0000 30.0000 - .
75.0000 30.0000 .

0.0000 60.0000 .
25.0000 60.0000 .
50.0000 60.0000 .
75.0000 60.0000 GRID VALUE 12 bottom right of grid

4) Removal of Topography

Program 3D (coding is in Appendi# B) is based on Talwani and
Ewing;s (1960) method of describing 3-D bodies with horizontal,
n-sided polygons. Because n-sided polygons accurately describe
elevation contours, program 3D was used to model the topography in the
survey area. In general, topography from the highest elevation in the
modeled area to the lowest station elevation should be included in the
topography model. A model may be created by digitizing points of
contours taken from a topographic map in the survey area. Enough
points on each contour and enough contours should be chosen so that
the topbgraphy is described reasonably. Input to program 3D is read

from a command file called 3DGRV.DAT, and the input must be ordered as

follows:
Line Input
1 1 if the station elevations are to be
read from a saved SURFII grid file
any other integer if the stations are as-
summed to be collected on a plane.
2 Saved SURFII file of elevations (i.e.

FOR032.DAT).




8 - EOF

Number of laminae (horizontal polygons) used
in the model. For example, if five elevation
contours are digitized, then 5 would be input
on this line. .

Number of verticies in each laminae of the hodel
separated by a comma. For example, if three
laminae were used in the model where:

top laminae: 5 verticies,
middle laminae: 16 verticies, and
bottom laminae: 8 verticies,

then input here would be: 5,16,8

Density of each laminae (gm/cmB) separated by
a commae.

Elevation (meters above sea level) of each laminae
separated by a comma.

X-size of grid(m), Y-size of grid(m), number of
columns in grid, number of rows in grid. These
numbers should match the grid parameters used for
programs GINDEP and GRAVBL.

X,Y location in meters of each piont on each laminae
entered in clockwise order. _The starting point
must be repeated as the final point so that the
laminae is closed. For example, consider a model
with three laminae:

top laminae- 5 verticies: (0,0),(100,200),
(200,300),(100,20), and
(-50,20)

middle laminae- 3 verticies: (-100,20),
(100,20), and (50,-20)

bottom laminae- 3 verticies: (-40,60),
(50,10), and (-10,~10).

Then input would be ordered as follows:

Line Input

8 0.0,0.0

9 100.0,200.0
10 200.0,300.0
11 100.0,20.0

12 -50.0,20.0

13 0.0,0.0

14 -100.0,20.

15 100.0,20.0

16 50.,-20.




17 -100.0,20.0

18 -40.0,60.0
19. 50.0,10.0
20 -10.0,-10.0
21 -40.,60.

Note: Those repeat points used to close the
laminae are not counted as extra points for the
input of line #4. For the model above the input
for line #4 would be 5,3,3.

Output of program 3D is written to a file named 3DGRVT.DAT
which will contain (NCOLS x NROWS) lines of data (NCOLS = number of
columns in the grid, NROWS = number of rows in the grid), and each
line will contain the X-position on the grid, the Y-position on the
grid, and the gravity value of the grid point (in mgals). This
information is written in 3Fl12.4 format, and the first data point
output is the one located in the upper left hand corner of the grid.
The data in contained in file 3DGRVT.DAT can best be explained using
an exampie. Say you create a grid of data with 4 columns and three
rows with the distance between columns = 30 meters and the distance
between rows = 25 meters. Assume the values of the 12 grid points in

this grid are as follows:

Grid point Grid value(mgals)

12
15
16
20
7
9
12
17
5
10 7
11 10
12 15

WO~ WN -




The output in file 3DGRVT.DAT for this example would be:

0.0000 0.0000 12.0000 (upper left corner of grid)
30.0000 0.0000 15.0000

60.0000 0.0000 16.0000

90.0000 0.0000 20.0000

0.0000 25.0000 7.0000

30.0000 25.0000 9.0000

60.0000  25.0000 12.0000

90.0000 25.0000 17.0000

0.0000 50.0000 5.0000

30.0000 50.0000 7.0000

60.0000 50.0000 10.0000

90.0000 50.0000 15.0000 (bottom right corner of grid)

The gravity contributions of the topography to each grid point should
be removed from the gridded observed gravity set contained in file

GRID.DAT output from program RSURFILE.

4) Removing a DC (constant) gravity value from the data

If the observed gravity data is‘tied into a gravity "net"
consisting of base stations where actual gravity values are known, a
constant must be removed from the each ggidded gravity value so that
the graQity values generated by the modeling program will match the
observed gravity values. For example, the gravity data that 1
collected is tied to base stations at Helena and Three Forks at which
actual values of gravity are known. Therefore, the gravity values in
my data set represent actual gravity values which range from -(980)178
mgals to -(980)198 mgals (the 980 mgals is constant for all the
stations and is not recorded in my data set). However, the gravity
modeling progfam duplicates the relative changes in the gravity data

(a2 maximum of 20 milligals in my data area) not the actual gravity




values. Consequently, I removed a constant value of -178 mgals from

each of the gridded observed data values before using the modeling

programs because these programs should generate numbers in a range

from 0-20 milligals to match my data set.

Summary

In summary, the following four steps should be used to prepare

the data used in the gravity modeling programs:

1)

2)

3)

4)

Grid the gravity and elevation data with SURFII and save
the gridded data using the SAVE command of SURFII;

Run RSURFILE for both the gridded gravity and elevation
data. RSURFILE will convert station locations in units
of latitude and longitude to meters east and meters
north, display grid information, and write grid locations
and values to file GRID.DAT in 3Fl2.4 format;

Run 3D to remove the topograghy from the highest
elevation in the modeled area to the lowest station
elevation; and

Remove a constant value from each of the gravity stations
so that the gravity values represent the range of gravity

values across the survey area.




APPENDIX D

OBSERVED GRAVITY DATA AND‘CHANGES IN
THE OBSERVED GRAVITY DATA RESULTING
FROM THE STEPS USED TO PREPARE THE
OBSERVED GRAVITY DATA FOR PROGRAMS

GINDEP AND GRAVBL




LATITUDES, LONGITUDES, OBSERVED GRAVITY DATA, TERRAIN
CORRECTIONS, AND ELEVATIONS OF THE GRAVITY STATIONS

USED IN MY GRAVITY MODELING AREA:

LATITUDES AND LONGITUDES - DEGREES
GRAVITY DATA - MILLIGALS
TERRAIN CORRECTIONS - MILLIGALS
ELEVATIONS - METERS




o~
el

Q<o S
€~ £ 5~ €1

IV e €0 Ged 10 Gy S

e
£r-
<2
L

-
e LN O e LA

o
-

[}
[u

L)

€ O G O~ O < 0 <3 00 O 0 o €3

R
-
e O

pe)

-

N
2

i
tn o n O

Y
[y}

Sy

AN enen en e Ln o enen

-

L

a5

-

Cod Cad Ood Cod fag Cod G Cd fuy fad
e O O U Oe

1
-
[ 2 I N Rt a B 2 TN S BN BN QLS £ VT ) B PN 4

4403u QBB
utJa41=863
45,3450988462
45.36415843
4ueu60988&”
43. 35413843
5.g6098°6°
S.36415343
5,36098862
3o41”uo3
4u.gc”°8”'”
43.346970000
45, 36970000
45, 324%70000
45, J6E70000
45.38030000
4536920000
45.2565020000
A5,36920000
45, I7020000
45.37040000
45.37090000
45.37140G00
45, 37140000
4%, 37140000
S.37140000
JOU?iAOOOO
43,37140000
43,27140000
45,37140000
45,37140000
45.37140000
45, 37080000
45.370”0000
3, 37020000
ﬂ3.37"3J00“
A5, 37080000
35,37120000

>
s

:J

~111,71344119
-111,71582794
~111,71445955
-111,71798704
~111,71883392
~111,72018707
-111,72114832
-111,72249502
~111,72332744
~111,72444273
~111,7254544
-111,724%897
~111,7278344
-111,7278246
-111,7299804
~111,7304574
~111,7311530
~111,7314%1¢
-111,7314910
-111,7373221
~-111,7334578
-111,7754838
~111,7358322
-111,7378711
~111,73814481

-111,7399%023
-111,74032592
-111.74233244
-111.742452¢8

~111.74454705
~111.74498749
'lllo,h?Q”O”O
~111,72800000
=111.72650000
-111,72350000
~111.,.72400000
~111,72220000
-111.72080000
-111,71934000
-111.71950000

+ 719230000
, 71950000
+ 71920000
» 72100000
72270000

4
-1
a
-1
-
-1

+

1
1
1
1.
1.,72370000
-111,72530000
1.72&/0000
- 1,727
1.7284”Q“0
1,72920000
1.73050000
1.73030000
1,73050000
11,73070000
—111; 2842000
-113, 72630000

-111.72550000

1
11
-i1
1
1
1
1
1

1
-
1

i
Y
1
1
e
-

-11
1

[ 35 BTN o QS <SRV RS« BES B O B v 0 R IR L B
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~189,55000005
~190, 14000400
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~189,71000000
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THE GRIDDED OBSERVED GRAVITY DATA (GRIDDING DONE
USING THE SURFII GRAPHICS PACKAGE), THE DATA LO-
CATIONS ARE IN METERS NORTH AND EAST (PROGRAM

RSURFILE HAS BEEN USED) AND A CONSTANT OF -178.0

MGALS HAS BEEN REMOVED FROM THE GRIDDED DATA.




0,0000
307.,3571
£14,7143
922.0715

1229,428

15534,7858
1844,1429
21531.5009

aaAc = Te)
2458.,8572

2746.2144
1072,5715
1330,9287
3488,2059
3995, 5428
4302, 0000
0.0000
107,3574
414,7144
922,0718
1229,4287
1526,7861
1844,1431
2151,5005
2458,8574
2744,2148
2073,5718
1380.9287
3488, 2854
3995, 6411
4302,0005
0.0000
07,3574
414,7148
922,0723
1209, 4287
1534,7941
1844,1434
2151,5010
- 2458,8574
2746,2148
2073.5722
3380,9287
3408, 2861
3995, 4434
4303,0010
0.0000
107,2574
414,7148
922,0723
12729, 4287
1534.7851
1844,1435
2151 ,5000
2453,857
2764,2139
3073,5713
3380,92687
3488, 2841

3.,00040

0, 0000

0, 0000

0.0000

0.0000

0.0000

0.,0000

0.03000

0.0000

0.0000

0.0000

0.0000

0., 00400

0.0000

0. 0000
3011429
201.142°9
301.1429
301.1429
301.1429
201.,1429
301.1429
I01.1429
301.1429
301.1429
301.1429
301.142¢9
301.1429
301.1429
101.1429
02,2857
&02,2857
60242857
&802.,2857
602, 20857
02,2857
&402,2857
6022857
402, 2857
602,2857
02,2857
402,2857
&02,2857
&£02.2857
602,2857
03,4284
03,4284
907, 4284
03,4284
03,4284
03,4288
903.,4285
03,4284
903,4284
203.,428¢
903,4284
202,4288

P07.4284

=4, 2458
=7.0014
-utégeé
-8.9412
-10.0044
-11.0424
-12,1878
~13.4277
14,6772
-14,3803
-14,9301
~15.,2294
-13.1491
-15.0407
-14,9155
-3.3193
-5, 5799
=7.9930
-%.0803
-%.8372
-10,9372
-12,0887

~-13.2225

-14,4745
-14,8325
-14.89%1
-15.5044
‘1505643
~16.0091
-17.0441
~5.3093
-4,8343
~-8.0680
-g.5218
-%.4780
-10.35%4
-11.9487
-13.2372
~-14,3%83
-14,7083
-13.,7718
-14.0971
=15.947
-15.,1844
~16.7454
~3.23%78
- 253
-5.1512

=64+ 5455

14,2811
~14.8713
-17.1438
-17.4494

-17.0477

mewna e menk e R e



414,7148
922,0723
229,4297

1534,7871

1844,1445

2151,5020

2453,8574

2766.2148

3073,5723

3380,9297

3488,2871

3995, 46445

4303,0020

0.0000
307,357
414,7148
922,0723

1229,4297

1526.7871

1844, 1445

2151,5000

2458,8574

2766,2148

3072.57232

3380,9297

3438,2371

3995,4445

4303,0000

0,0000
307.3574
414,7148
922,0723

1229,4297

1534,7871

- 1844,1445

2151,5000

2458,8574

27464.2148

3073,5723

3180,9297

2488.2871

3995, 4445

4303,0000

0.0000
307,357
414,7148
922,0703

1229,4297

1534,7852

1844,1445

2151,5000

2458,3594

2746,2148

I073.5702

03,4286

?03,4285
1204,5714
1204.5714
1204.53714
1204.5714
1204.53714
1204,53714
1204,3714
1204.3714
1204,5714
1204.3714
1204,3714
1204,5714
1204.3714
1204.3714
1204,5714
1505.7142
15G5.7142
1305.7142
1505.7142
1505.7142
1505.7142
1505.7142
1505.7142
1505.7142
1505.7142
1505.7142
1503.7142
1505.7142
1505.7142
1305.7142
1804.8572
18048572
1804.8572
18048572
1804.8572
186¢4.8572
18046.8572
1804.8572
1806.8572
1804.8572
1604.8572
1804.,8572
1806.8572
1804,8572
1804.8572
2108.0000
2108.,0000
2108,0000
2108.0000
2108.0000
2108.0000
21048.0000
2108.0000C
2108.0000
2108.,0000
2108.0000

~146.5722
-15.,74G7
=1.7074
~-3.24%1
=-4,5244
=3.7017
-64363%

-8, 7084

-9.8071
-10+537
-12,3341
-146,4002
~17.2244
-17.46338
-18,3352
~18.4422
~-18.3%923

‘0&3?80

-1,3524

-3.4139

~53.74634

-6.,4774

~
-8,2832

-10.0128
~-11.,7288
-12,1449
-14,2932
-17.0943
-17.5%82
-18.4901
-18.949¢9
-19.3983
~-0,2381
-1,258¢
‘u03230
'5»&154
-?908?4
-8.3272
-10,254
-11.7504
-12,2137
-16.4700
~-146.,9487
-17.3787
-18.8211
19,2724
~-19.7174
~-1.0497
-1.2474
-3.4017
~6,6133
-92.1144
’1002946
=11.70%4

_11 070

LR )
~12.2%789
-14.9998
-17.,1202
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GRAVITY CONTRIBUTION FROM TOPOGRAPHY
(OUTPUT OF PROGRAM 3D) - -TOPOGRAPHY
WAS REMOVED DOWN TO AN ELEVATION OF

1475 METERS ABOVE SEA LEVEL




0,0000
07,4000
 £14,7000
922,1000
1229,0000
1537, 0000
1844, 0000
2152,0000
2459,0000
2766.,0000
2074,0000
3281,0000
3688, 0000
3994,0000
4303,0000
0,0000
307,400
£14,7000
922,1000
1229,0000
1527,0000
1844,0000
2152,0000
2459, 0000
2766,0000
3074,0000
3361,0000
3488, 0000
3996,0000
4303.0000
0,0000
307,4000
614,7000
922,1000
1229,0000
1537,0000
1644, 0000
2152,0000
. 2459,0000
2766,0000
3074,0000
33810000
3488,0000
3994, 0000
4203,0000
0.0000

1537.,0000
1844,0000
2132,0000
2459.0000
2764,0000
3074,0000
3381,0000
2438.0000

0.0000

0.0000

0.0000

0.0000

0.0000
301.1000
301,1000
301.1060
301.1000
301.1000
301.1060
301.,1000
301.1000
301.1000
301.1000
301,1000
301.1600
301.1000
301.1000
301,1000
602.3000
402.3000
602,3000
602.2009
602.3000
&02.3000
602.,3000
402,3000
602.3000
402.3000
402.3000
602.,3000
$02,3000
602.3000
02,3000
203.4000
203.4000
203,4000
203.4000
F03,4000
203.4000
203.4000
203.4000
?03.4000
903.4000
7034000
203.,4000
2034000

‘0034??
-, 3549
-0,33538
-0.4243
=0.,0794
=0.0774
=-0.0779
"v+0730
=-0.0779
~0.0773
0.0103
-0.0903
=0.0704
-0.0931
-0,4204
~-0.3544
-0,35367
-0.4259
-0.,4242
-0,0823
'04013?

0,003
0.0047
-0.0779
=0.0774
-0.0773
-0.0805
-0,0803
-0,08328
-0.4200
-0,33566
~-0.3328
=0.42565
-0.4258
=0.,4230
-0.0313
-0.01461
-3.0011

- =0.0777

-0.,0773
=0.030%
-0.0829
=-0.,0835
-0.0843
-0.419¢
~-0.3787
=0.4263
'Og42éé
-0,3888
~-0.4252
-0,4170
-0.4232
~0.,05482
=0.074%

0.0039
~0.4219
-3.,4211
=-0.41879
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0.0000
307.4000
414,7000
?22,1000

1229.,0000
1537.0000
1844.,0000
2152.00G0
2459.0000
2745.0000
2074,0000
3381.0000
3458, 00Q0
3974.0000
4242, 0000

0.0000
I07.4000
$14,7000

922,1000
122%,0000
1537.0000
1844 0000

2152.0000
2459 0000
27466.,0000
3074, 0000
3281.,0000
3588.0000
3994,0000
4303.0000

0.0000
307.4000
£14,7000
22,1009

1229.,0000
1537.0000
- 1844.,0000
2152.0000
2459.0000
2744.0000
3074,0000
3381.0000
34688.,0000
37956.0000
4203,0000

0.0000
307.,4000
614.7000
922,100C

1229.0000
1537.0000
1944 0000

2132.0000
”45?.0000
2746.,0000
3074.0000

£

903.,4000
203.4000
1203.0000
1205,0000
1205.0000
12035.0000
1205,0000
1205, 0000
1205.0000
1205,0000
1205.,0000
1205.,0000
1205.0000
1205.0000
1205.,0000
1203.0000
203,0000
1304.0000
1504.0000
1506.0000
1506.0000
1505,0000
1506 ,0000
15058.0000
1506.,0000
1504.0000
1506.0000
1504.0000
1506.00600
15046.0000
1505, 0G00
1504.0000
1807.0000
1807.0000
1807.0000
1807.0000
1807.0000
1807.0000
1867.0000
1807.0000
1807.0000
1807.0000
1807.0000
1807.0000
1807,0000
1807.0000
1807,0000
2108.,0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000

-0.2005
~0,1034
~0,4253.
-0,4254
=-0,4249
‘00423
=0,4223
-0.3617
-0.3415
=0.3407
-0.3573
-0,3783
~0.4274
-0.4270
-0.,4251
-0.0873
-Q0.,4143
‘004256
=-0,4228
-0.4250
-0,4228
-0.4218
-0,32610
-0.3602
-0.34602

-0.4259
—004257
-0.4249
-0.4235
-0.4212
-0.3415
‘003603
—004124
=0,3974
‘0042?6
-0.4274
-0.4272
-0,4249
-0.4248
-0.4261
“0 4LUI
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THE GRIDDED OBSERVED GRAVITY DATA OF PART B
WITH THE TOPOGRAPHY CORRECTION VALUES OF PART
C REMOVED - TﬁIS DATA IS THE DATA USED AS
THE GRIDDED OBSERVED GRAVITY DATA FOR PRO-

GRAMS GRAVBL AND GINDEP




0,0000
307, 4000
A414,7000
222:.1000

1229,0000
1337.0000
1844,0000
2152.,0000
2459,0000
275560000
3074,0000
3381.0000
3688,0000
39950000
43203, 0000

0.0900
307.4000
414,7000
222,1000
1229,0000
1537,0000
1844.0000

2152,0000
2459,0000
27660000
30740000
3321.0000
3688, 0000
3994.0040
4303.0000

0,0000
307.4000
4614,7000
922,1000
1229.0000
1537.0000

1844,0000
21520000
- 2459,0000
2754.0000
2074,0000
3381.0000
3&E8.,0000
3924.0000
4202,0000
£.0000
307, 4000
14,7000
922,1009
12292,0000
1537, 0000
1844,0000
2152,0000
2459,0009
2766,0000
3074,0000
3281,0000
3888.0000

0,0000
0.0000
08,0000
0,0000
0.,0000
0.0000
0,0000
0.0000
0,0000
0,0000
0.0000
0.,0000
0.0000
0.0000
0,0000
2011000
01,1000
301,1000
301,1000
301.1000
201,1000
01,1000
01,1000
301.1000
301,1000
01,1000
301.1000
301.1000
301,1000
301,1000
402,3000
402,3000
402,3000
402,3000
602,3000
402.3000
$02,3000
402,3000
402,3000
402,3000

02,3000

02,3000
402,3000
402,3600
602,3000
203.4000
203.,4000
203.,4000
203.4000
903.4000
903, 4000
203,4000
203.4000
203.4000
903,4000
202.,4000
03,4000
43,4000

~5.,8957
-6, 6447
-8,3328
-8,5349
_9 Qﬁ?@

-10,944
-12,1099
13,3497
-14,5992
-14,802%
-14,9404
-15,1393
-15.,0587
-14,7454
-14,4951
—514é4?

-6,4222

=7 BELL
S 0G

-B. 4540
-9,754%
-10,9225
-12.0920
-13,2282
-14,3944
-14,754%
-14,8215
-15,422%
-15,4835
-15,9253
-14.6241
-4,9527
-4,4815
-7.6415
-8.0940
-2,055¢
-10.5283
-11,932
-13.2351
-14,3204
-14.,4310
-15,7209
-14,0142
-15,8242
-14.1001
-14,3444
-2.8811
-4,826%
~5,7244
~4,1547
~7.2424
-8.,4847
-9,854¢
-10,8349
-14,2042
-14,8772
-14,721%
-17,0285
-14.4483
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2994,0000
4202.0000
0.0000
307, 4000
614,7000
922.1000
1229,0000
13370000
1844.,0000
2152,0000
24352.0000
2754.0000
3074.0000
3381.0000

96,0000
203.0000
0.,0000
307.,4000
614,7000
922.1000
1229.0000
1537, 0000
1844,0000
2152.,0000
245%.0000
2746,0000
3074,0000
2381,0000
J4688.0000
3996.,0000
4303, 0000
0.0000
307.4000
14,7000
22,1000
1229.0000
1537 .0000
- 1844,0000
2182,0000
2439,0000
2766.,0000
3074,0000
3381.0000
34688.,0000
3996.0000
4303,0000
0.0000
307.,4000
&14,7000
22,1000
1229.,0000
1537.,0000
1344,0000
2152,0000
2459,0000
2746,0000
3074,0000

Ct
k4
b=
4

3688.0000

1205.000
1203,000
1203.0000
1205.0000
1205.0000

€ Ch N2 D D

1205.,0090

1205.,0000
1205.0000
1205,0004
1205.,0000
1205.0000
1205,0000
1205.,0000
1205.0000
1506.0000
1506.0000
1504.0000
1504.0000
1546.0000
1504.0000
1504.0000
1504.0000
1504.0000
1504.,0000
1504.0000
1504.0000
15060000
15060000
1506, 0000
1807.0000
1807,0000
1807.00600
1807.0000
1807.0000
1807.0000
1867.0000
1807.0000
1807.0000
18¢7.0000
1807.000¢C
1807.0009
1807.0000
1807.,0000
1807.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000
2108.0000

—15‘153
-15.31%2
-1.3278
~2,8703
-4,2450
-3.3248
-6,1815
~-8.4808
-9.37%4
-12.1104
-12.3358
14,2984
~156,8093
-17.2084

_1? QI1T

2w d e

-18.,0183
-18,1740
~0.0343
‘009?09
"36052
~3.,3939
~5.0793
~7.8558
~-9.5848
-11.3134
-12.,0574
-15.8789
-1644487
=17.,1725
~-18,0451
-18.32481
-19.1743
0.1229
-0,8977
~2.94628
~5.1892
~6.86132
”108995
~%2.8294
-11.3241
-11.7902
-15.0452
-14,3428
-16.9530
-18.3%942
-18.848¢%
~19.2944
~0.4882
~0.9873
~2.9393
~6.,213%
~-8.4370
~2.8470
~-11,2822
-11,35353
-11.8721
-14,3647
-15.,4%43




21080009
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APPENDIX E

INPUT TO AND OUTPUT OF PROGRAMS GRAVBL AND GINDEP
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Input to and'output of program GRAVBL:

1)Input:

Program GRAVBL is a 3-D forward gravity modeling program in which

up to 100 rectangular blocks of earth may be used.

out of a command file called GRAVBL.DAT, and the input data in file

GRAVBL.DAT must be ordered as follows:

Line
1

2

NBLKS + 1

NBLKS + 2

Input

Number of blocks in the model (max=100)

XL(l),XR(l),ZU(l),ZD(l),YMIN(I),YMAX(l),DEN(l)

where:

XL(1l) = minimum X-edge of block 1

XR(1) = maximum X-edge of block 1

ZU(1l) = Upper edge of block 1 (Z pos. down)
ZD(1) = Lower edge of block 1

YMIN(1) = minimum Y-edge of block 1

YMAX(1) = maximum Y-edge of block 1
DEN(1) density of block 1

distance units = meters
density = gm/cc

XL(2),XR(2),ZU(2),ZD(2) ,YMIN(2),YMAX(2),DEN(2)

XL(3)

,XR(3),20(3),ZD(3),YMIN(3),YMAX(3),DEN(3)

XL(NBLKS),XR(NBLKS) ,ZU(NBLKS) ,ZD(NBLKS)

XSIZE

Where:
XS1ZE
YSIZE
NCOLS
NROWS

,YSIZE,NCOLS,NROWS

x-size of grid (meters)
y-size of grid (meters)
number of columns in the grid
number of rows in the grid

GRAVBL reads input




NBLKS + 3 Input integer multiplier that effects the number
of laminae used in the quadrature formula used
to approximate the 3-D gravity integral (see
text). '

NBLKS + 4 NUMB: 1f NUMB = 1 then include topography in
model. If NUMB is not equal to 1 then
asuume the data is collected on a plane.

Last two lines used only if NUMB = 1

NBLKS + 5 Datum elevation (meters above sea level) for the
tops of the blocks after the removal of
topography.

NBLKS + 6 Saved SURFII file of elevations (see Appendix C.)

2) Output

The output of program GRAVBL is written to a data file called
GBL.DAT. GBL.DAT will contain a (NCOLS x NROWS) lines of data which
indicate the the location of the grid point (in units of meters east
and north) and its value. The data is written in 3F12.4 format and the
first and last grid points represent the upper left and lower right
grid values respectively. See the output of program RSURFILE (Appendix

C) for an example of what the output to file GBL.DAT will look like.

Input to and‘output of program GINDEP:

1) Input

Program GINDEP is an inverse 3-D gravity modeling program that
uses the forward modeling results of program GRAVBL to determine depths
of the bedrock which reduce the the error between the gridded observed
gravity data and the predicted gravity data. Therefore, the model
output using the forward program GRAVBL is used és the input model for

program GINDEP. 1In order for program GINDEP to work, the blocks used




in the forward modeling process must extend from the elevation that was

used as the base elevation for the removal of topography to the assumed

bedrock depth (see text for an explanation). The input to program

GINDEP is read from a command file called G.DAT, and the input in file

G.DAT must be ordered as follows:

Line

Input

Filename of saved SURFII data file containing the
prepared (see Appendix C) gridded observed gravity

data.
TDEPL , TDEPH
where:

TDEPL = minimum expected depth (meters below the
surface, z positive down) of valley fill.
The program will constrain the parameter
jumps so that each block's minimum depth
will not go below this value during the
inversion process.

TDEPH = maximum expected depth (meters below the

surface, z positive down) of valley £ill.
The program will constrain the parameter
jumps so that each block's maximum depth
will not exceed this value in the inversion
process. ’

Number of blocks in the model (NBLKS).

XL(1),XR(1),ZU(1),ZD(1),YMIN(1),YMAX(1),DEN(1)

where:

XL(1)
XR(1)
ZUu(1)
Zp(1)

Minimum X edge of block 1

Maximum X edge of block 1

Upper edge of block 1 (Z positive down)
Lower edge of block 1}

YMIN(1l) = Minimum Y edge of block 1

YMAX(1)
DEN(1)

Distances in meters, Density in gm/cm

= Maximum edge of block 1
Density of block 1

3




NBLKS + 3

NBLKS + 4

NBLKS + 5

NBLKS + 6

NBLKS + 7

XL(2),XR(2),20(2),ZD(2),YMIN(2),YMAX(2),DEN(2)

XL(NBLKS) ,XR(NBLKS) ,ZU(NBLKS ), ZD(NBLKS ) ,YMIN(NBLKS)
YMAX(NBLKS) ,DEN(NBLKS)

MAXPER
where:

MAXPER = Multiplier which directly effects the
number of laminae used in the quadrature
formula. For example if MAXPER = 5, then
five times as many laminae will be used
for the quadrature formula then if MAXPER
was equal to one.

RATIO

where:

RATIO =  Number which weights the overdetermined
part of the solution relative to the
underdetermined part. If RATIO = 0, then
the standard overdetermined solution is
used (see text for an explanation).

STDDEV

where:

STDDEV = An input error value (mgals). When the
error between the gridded observed and
calculated data is less then this value
the program will output the depth to
bedrock values.

Maximum number of iterations allowed (i.e. 10)

Last three lines:

NUMB
where:
If NUMB = 1, then topography 1is included in the

model. TIf NUMB is not equal to 1, the data 1is
assumed to be collected on a plane.




- " DATELV
where:
DATELV = Datum elevation (meters above sea level)
at which the tops of the blocks are
located (elevation to which topography has

been removed).

- Filename of saved SURFII file of elevations.

2) Output

Output from program GINDEP will be written to a file called
GINDEP.OUT. GINDEP.OUT will contain the input model, a table of
convergence (showing the parameter jumps, the new parameters, the
Marquardt damping factor, and the error between the gridded observed
and calculated data for each iteration), and finally a listing of the
blocks along with the maximum depth of each block (meters) if the error
between the observed and calculted data is less than the value of

STDDEV as input.




APPENDIX E

INPUT TO AND OUTPUT OF PROGRAMS GRAVBL AND GINDEP

BASED ON MODELS OF THE ENNIS GEOTHERMAL SYSTEM
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PROGRAM GRAVBL RESULTS



MODEL USED IN PROGRAM GRAVBL FOR THE ENNIS GEOTHERMAL AREA




ELOCK WL SR

YAl FAL YMIN YHAX DEN

1 3.0 500,0 0.0 320,0 0.0 400,0 -0.5
2 500.0 1000,0 0.0 450.0 0.0. . 400.0 ~G.,3

2 1000.0 1500,0 0.0 500.0 0.0 400,0 -0.5

4 1500,0  2000,0 0.0 700.0 0,0 - 400,0 -0.5
TS 2000,0  2500,0 0,0 BS0.0 0.0 400.0 -0,5

4 2500.,0 3000,0 0.0 800.0 0.0 400.0 -0,73

7 3000.0 3500.0 0.0 200,0 0.0 400,0 -0,5

g 3500.0 4000.0 0.0 §00.0 0.0 400.0 -0.5

& 4000,0 4500,0 0.0 1000,0 0.0 400,0 -0.5
0 0.0 500.,0 0.0 125,90 400.0 . 300.0 -0.5
11 500.0 1000, 0.0 400.,0 400.0 - 800.0 -0.,5
127 19500,0 1500,9 0.0 450,90 400.,0 800.0 -0.5
13 1500.0 2000,0 0.0 600,0 400,0 . B00.0 ~0,5
14 2000.0 2500,0 0.0 800.0 400,90 - 800.0 -0.,5
15 2506.0 2000.0 0.0 75G.0 400.0  BOOLO -0,5
14 3000.0 3500.0 0.0 ?50.0 - 400.0 800.0 -0,5

7 3500.0 4000,0 0.0 1000.0 400,0 - 800.0 -0,5
12 4000.0 4500,0 0.0 200.0 400.,0 800,0 -0.5
19 0.0 500,0 0.0 125.0 800.0 1200.0 -5
20 500.0 1000.0 0.0 100.0 800.0 1200.0 -0.5
21 10000 1500.,0 0,9 210.0 800,0 1200,0 -0.5
22 1500,9 2000.0 0.0 230.0 800.0  1200.0 -0.5
22 2000.0  2%00.,0 0.0 700.0 800.0 1200.0 -0.,5
24 2500,0 I000.0 0.0 ?50.0 8G0.0 1200.0 -0.5
25 2000.0  3500.0 0.0 900.0 800.0 1200, 0 -0.5
24 3500.0 4000,0 0.0 1100.0 800.0 1200.0 -0.5
27 4000.0 4500,0 0,0 1100.0 800.0 1200.0 -0,5
28 G0 500.,0 0.0 30.0 1200.,0 1500.0 -0.5
29 5500 1000.0 0.0 100.0 1200.0 1600,0 -0.5
30 1000.0 1500.0 0.0 200,0 1200.0 1600.0 -0.5
31 1500,0 2000.0 0.0 230.0 1200.,0 1500,0 -0,5
32 2000, 9 2500,0 0,0 400,0 1200,0 1400.0 -0.5
3T 2500.0 3000,0 0.0 1050.0 1200,0 1500,0 -0,5
14 10000 3500.0 0.0 200.0 1200,0 1400.0 -0.5
15 3500.0 4000,0 0,0 1200,0 1200.0 1800.0 =0.5
34 4000,0 4500,0 0.0 1200,0 1200,0 1400.9 -0.5
37 0.0 S00,0 0.0 10.9 1400.0  2000.0 -0,5
13 500.,0 1000,0 0.0 200.,0 15600.0  2000.0 -0.5
9 1000,0 1500.0 0.0 230.0 1600,0  2000,0 -0.5
40 1500.0 2000, 0 0.0 500,0  1400.0  2000.0 -0,5
41 2000,0 2500.0 0.0 525,0 1400,0 2000,0 -0.,5
42 2500.0 000,0 0.9 1000,9 1400.0 2000.0 -0,5

I 3000.0 3500.,0 0.0 900.0 1400,0 2000.0 -0,5
44 3500,0 4000,0 0.0 1250.0 1500,0 2000.0 -0,5

5 4000.0 4500,0 0,0 1300, 0 1500.0  2000.0 -0,5
44 0.0. 500.,0 0.0 40.0 2000,0 2400.0 -0.5
47 500,90 1000.0 0.0 230.,0 2000,0 240G,0 -0.5
48 1000.0 1500.,0 0.0 525.0  2000.,0 2400.0 -0.5
49 1500,0 2000.,0 0,0 400.0 2000,0  2400.0 -0,5
5 2000.0 2500.0 0.0 400.,0 2000.,0 2400.0 -0.5
51 2500,0 3000,0 0.0 1000,0  2000,0  2400,0 -0.5
52 3000.9 3500.0 0.0 200.0 2000,0 2400,0 -0.5
52 2500.0 4000,0 0.0 1250.0  2000.,0 2400,0 -0,5
54 4003.0 4500.,0 0.0 1400.,0 2000.0 2400,0 -0,5
55 0.0 1000.0 0.0 425,0 -800.,0 0.0 -0,5
54 1000,9 2000.0 0.0 550.0 -300,0 9,0 -0,5




57 2000.0 20660 0.0 800,70 ~-80¢.0 0.0
e 3000.0 4000.0 0.0 830.0 -300.0 0.0
a9 4000,0 Se00.0 0.0 F50.0 -B00,0 0.0
&0 4500.0 5500.0 0.0 755.0 0.0 300.0
&1 43000 ST00.0 Q.0 1000.0 800.0 1800.0C
&3 50G.0 5500.0 0.0 1000.0 1600.0 2400.0
43 4000,0 55000 0 0.0 1000.0 2400.0 3200.0
44 3000.0  4000.0 0.0 00,0 2400.0 3200.0
65 2000.0 3000.0 0.0 £00.0 2400.0 3200.0
b6 1000.0 2060.0 0.0 400,90 2400.0 J200.0
&7 0.0 1000.0 8.0 200.0 2400,90 3200.0
&8 ~1000.9 0.0 0.0 200.0 0.0 800.0
69 —100{-\;0 0.0 0.0 350.0 -80000 0.0
7 -1290.0 1000.9 9.0 200.0 -2400.90 -800.9
71 1000.0 3000.0 0.0 400.0  =2400.0 -B800,0
72 3000.0° S500.0 0.0 &00.0  =2400.0 -300.0
73 g300.0 7200.0 0.0 i500.0 -2400.0 =800,
74 5500.0 7500.0 0.0 1160.0 -800.0 0.
75 3500.0 7500.0 0.0 125040 0.0 1400,
76 5300.0 7500.0 0.0 1400.0 1400.0 3200,
77 5300.0 7500.0 0.0 1330.0 3200.0 4600,
78 3000.0 5500.0 0.0 1100.90 3200.0 4500,
79 1000.0 3000.0 0.0 700.0 3200.0 44600,
80  -1000.0 1000.0 2.0 300.0 3200.0 44600,
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INPUT FILE (GRAVBL.DAT) FOR PROGRAM GRAVBL BASED ON THE MODEL

INDICATED IN PART A




84
0+7500;)0»’3204?0#!4009?'95
90021000, 90, 7450.50,,400,,-.5
1000,51500,70,2500,50,,400,,-,3

SO0 s 2000, 90,5700, 10, 7400, +-.5
2000, 9250050, 9850.:0,,4C0,,-.,3
:50@#?3‘3000‘09 7800’ ?";3')400; 5‘"'5
3000, 3500490, 5900, 40, ,400,,-.5
30002000, v0. 770050, 5400 5-,5
4600, 5450020, 71000, 50, 2400, 5-.5
00’5000700?12507400!?800'?"5 .
500*71000v!00!4000’40§;780003'15
1&00&?150D!!O.!450.940@0fSQOe!-éS
150 i,EOOGO ?00.‘6000 !40007800! 7—}5
29000!25000!00!8000740007800;?‘}5
2500: 93000450, 9730,5400,800,:-.3
30002330020, 99302400, 7800,¢-.3
35000?40000’06’10000’4090?8006?_65
4000.54500.70.2700.7400,:800,5-.5
0c2500,2049125,,800,,1200.y-,5
G00.¢1000,90,7100,9800,51200,5-.3
1000,:1500.50,0210,:800.91200.5-,3
1500,52000,50.5230,5800,91200.¢~-.3
2000, 2500,50,:700,:800,51200.5-,5
2500530004 #0.1950 . 780051200, 9-.5
3000, 3500, 90, 5900,,800.91200,5-.,5
3500, 740004 60,1100, ¢800.51200,+-.5
4000, 4500, 50.+1100,,800,71200,5-,3
00 7500\\ ?00 7300'12000!16000 7"05
S00,51000,90,7100421200,91600,9~.5
10000!iSOQO309’2600!1200011600Q1—t5
1300, 92000, 20,5320, 51200, 214600, 5-.5
20@00725000’00f400t’12000716000,—05
2900, +3000,20.51080,21200451400.:-,5
3000, 73500, 50,700, 51200, 21800,+-.5
2500 #4000, 904 1200, 51200, 714005~ 5
A000. 54500400, 91200, p 1200, 118004 5-,5
0.9500490,510.22800,,2000.,-,3. !
5000’10000’DO’ZOOO’léOOf’EOOO!’_OS
1000451500490, 2230, 21600.920004:-.5
1500, 22000, 90.¢500,71400.52000,9~,3
2000,:2500,70.,3253,,1800,52000.,-.5
2500.+3000.70.,1000,+1400,52000,,-,3
2000.93500.20,5900,51500,22000,,-.5
35000?4000#!00712500!150001200@9?'+5
40000?45000?Oo!1300»715009!20&00!‘.5
01300, #0940, :2000,52400.9-,5
S00,91000,70,5230,92000,12400,5-.5
100071300420, +323,+2000, 52400, 5-.5
1500452000, 50,9600,y2000,72400,,-,5
20000?25000!00!6009720000!24000?‘05
2300,53000. 9051000, 52000, 92400,1-,3
30000735000!00!?000!20000’2400}!-05
3500,54000,50,91250,,2000.52400,y-,5
4000, 7430020, 1400, ,2000,,2400,,-.5
04710000700?4250!_8000’067“05
100052000490, 9350,5-800450,9-.5

54

2000, 530004402800, :-B00.20.9-,5
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2600, #4000, 20,2830, =800, 704 s,
4000, 253500, 50,9250, 5-800,:0. 2,
45300, 53500, 50,9735, 90,9180, »-. 5
A£300.73500. 90,1000, 5800.,1500,:-.3
4500, 53550 u»70.11000.11u“0.r'400.y-.q
4000, :5500,20, 51000, 12400, 53200, -,
T 000'4000010i1¢000!2400053d000f‘is
qO“OG’EOOvQ:uQ’éOOO,h vthLOuOF_OS
1000, 52000, 50,9400, 72400, +3200,5-.5
00!1?0 ﬁ,o"thf’h40 +'uh00v? :
-1000., !015 u..ObuOu'BQQ.r
-1000. 5@070&’0J0"‘Dﬂ0"v6’ +

L-
=
-t

3
'130u+!100@9!09’5000!'14000! BOG, -, 5

10"0'9:'JUu6r00’G“007 2400,5-800.:-.5
2000,:8500.90.:600,¢-2400 .!"SOQM'HS

[e

»

rn

o0
5005750009042 1100.9-800. 90, 5.3
S04 5'7‘0d0401’1 50420421800,,-.3
dSOOe!idOOi!n071ﬂ00t116000!3ﬂ0n -3
5500, 57500, 90, 71350, 1320014400, 9- .3
3000&?4&000!0e!11000! 00746@00!‘*5
1000f170“0.70§r100.73200.746v,a:-.5
1000, 51000, 90,5300, 53200, ¢4500,1-.3
470U.lh108.,15’8

=
e

1
1475,
CDFO 2.DAT

LA ) |

]

;07?50 w30 1500, 22400, -800,2-.5
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OUTPUT OF PROGRAM GRAVBL (CONTAINED IN FILE GBL.DAT)
COMPARE RESULTS GIVEN IN THIS SECTION WITH PART D OF
APPENDIX D WHICH CONTAINS THE REDUCED GRIDDED OBSERVED

GRAVITY DATA




¢, 0000
3G7.3371
614,7143
922.0715

1229.428¢
1336.,7858
1844,1429
2151.5000
2458.8572
2785.2144
2073.5715
338G.9287
3688, 2859
3995,5428
4202, 0000

0.0000
I07,3574
£14.7144

22,0718
1229.4287
1536.,78461
1844,1431

2151.3005
2458.,837

2764,2148
3073.3718
3380.9287
3488.2635
3995.4421
4710Z,0005

0.,0000
307.3574
614,7148
§22.0723
1239,4287
1336.7361

1844,1436
2151.5010
- 2458,8574
2766.,2148
3073.5723
338¢ 9287
2588.2861
I995.5434
4303,0010

0.0000
307.3574
14,7143
§22,0723
1229,4287
1335.7841
1844.,1433

2151.,3000
2458.8374
2786,2139
3073.3713

7700 07
OV e T/

0,0000
0.0000
0.0000
0, 0000
0,0000
0,0000
0.0000
0,0000
0.0000
0,0000
01,1429
301,1429
301.1427
301,1429
201.1429
201.,1429
301,142

301,1429

301.142%

301.1429
301.1429
301.,1429
301,1429
01,1429
301.1429

==
602, 2857

602,2857
602,23857
602,2857
602,2857
402.2857

$02,2857

&02,2857

602,2857

£02,2837
402.,2857
602.2857
602,2857
602,2837
402,2837
903, 428¢
203,4286
203.4284
203.4286
703.4284
203.4284
903.,4286
903.4284
9032,4284
203.4284
03,4284
03,4286

503,428

=7.4935
-8.,3830
-%,2980
10,2527
-11,2571
-12,24325
-13,2273
-14,0482
-14,7135
-15.,2B45
=13.7334
-16.1914
~15.46071
=17.0156
=5.7212
—59 192
-7,3590
-8.9517
-%.2492
~-11,04608
-12,2014
-13,2857
-14,2237
-15.0034
-13.4688
~16,1615
-16.48620
-17.0%946
=17.4792
=4.,8288
=3.173%9
'u08308
-8.0727
-5.1444

-10.3027

A

-11,6051
~-12.97%99
~-14,1382
~13.1042
~-15.8R20
=-16.3026
-17.0437
-17.,4891
-17.,8300
-3.033
-4,3154
-501062
-4+2344
=7.7372
~-8.9815
-10,5032
-12,43233
~14,0141
15,1945
-14.0709
~-15,8018

~17.,3824




3995, 6434
4303,0010
2,0000

kG YR LTE
LTS AR R W AT

614,7148
nnq Ovn—
19929, 4207
1934,7871
1844, 14ﬁ”
“151+EGCW
JU‘SJId

"“ﬁo.ﬁléu
)Oﬂj conT

3280, 95?;
3688,2871
3995, 4445
4303.0020
0.0000
307.3574
614.7148
922,0722
lqﬂ? 4nqﬂ
ldu 0/8 1
1844,1445
“151.J000
JUOB

“?éa.214u

701404/23

3380,9297
3638,287
3995, 6445
4303.0000
0.0000
307.3574
614.7148
22,0733
1229,42%7
1534,7971
1844,1445
h.u 0d00¥
2438, SJ/H

2764,2148
:Olo.“ 22
3380,9297
3688.28?1
2995,6445
4303,0000
0.,0000
307.,3574
414.,7148
22,0703
12929, 4297
1534,7832
1844,1445
2151.,3000
2458,83%4
2756,2148
3073.5703

03,4284
203.4234
1204,5714
”04."*ﬂ
1204,5714
1204,5714
1204,3714
1204,5714
1204,5714
1204,5714
1204,3714
1204.3714
1204,5714
1204,3714
1204,5714
1204.5714
1204. 5714

1S OJOI
1505, ?142
1503.7142
15059.7142
1503.7142
1505.7142
140Jf!14ﬂ
1505.7142
1505.7142
150%.7142
1505.7142
1505.7142
1503.7142
1505.7142
1505.7142
1806.85
1806.8572
1806.8572
1808.8572
1804.8572
1R04.8572

J 4~y
06 I U B O R R o

1806.8572
1804.8572
1804.8372
180G6.8372
2108.0000
2108,0000
2108.0000
2108.0000
2108.0000
2108,0000
2108,0000
2108.0000
2108,0000
2108.0000
2108.0000

-17.8280
~18.18%0
a-‘a.\dlﬂ
‘9050
-4,2028
d0uu97
~6.9208
U!il-?i

-2,7781

-11.88861
~13.4%44
-15.1235

-1601uu1

~-14.78%4

~-17.4306

-18.1150

-18.4585
-1.4647
—204687
-4,1488

-
u.3u8

6.,9174
—8.3269
-9, ?u//

-11.,8114
luouiJu
-‘u.0°43
-16.2350
-17.0%98
~17,7809
~18,2514
~13.46448
-1,4784
-2,2407
-4,8097
=5,1934
-7.3442
-%,1130
~10.46751
-12,142%
~-13,435
-15.0618
~-14,1936
~17.0820
-17,7948
=18.3246
-18.,7081
~1.8132
-2.8952
-5,2239
~-6.,8298
'804128
~9,8129
~11,1049
1‘-0\:‘ \-II
- 300873
-14.,9
-15.045?




2108.0000
2108.,0000
2108.0060
2108, 0000

[ S S O
oo o~g o~




PROGRAM GINDEP RESULTS




INPUT FILE FOR PROGRAM GINDEP (FILE G.DAT)

e I S 8 o —m_ | Sas =) Mo A e mm s m



FORQIB,DAT

2100,

80

009500, ,0.0320,:0,,400. -5

S00. 51000, 90,7450.40,+400,4-,5
1000, 21500450, 5500, 20,5400, 5-.5
1500, 52000, 90,5700+ 204540045 -.3
2000,52300.5049830.70.:400,,-,5
2500, 530004 ¢0, 1800, 90, ,400,,-.3
Z000, 235004020, 2200, 50,9400, 5,3
35000!40000!0#7?00+!0o!400¢!"05
4000,545300,,0,21000,90,9400.,-.3
0,1500, 20,1125, 940G, 1800, 1-.3
5000’1009(- 100 !400&7‘3006 ,800i 7"a5
1000,91500,90.9450.+400.:800,5-.5
1500492000490, 5600,5400,:800.5-,5
2000, 52500, 00, 2800.5400,5800,+-.5
25000!30000700)7500?400#?80005‘&5
3000, :23500490,19504+400.7800,,-.3
3500574@000?00,1000074006,800§3-05
4000, 94500, 10,1900, 5400.+800.+-.3
002300,90.9125,9800.51200.9-.5
SOOtIIOOOt!003100673000!12000!’05
10000!1500i700!21005800#!12000!-05
1500, 52000, 50.:230,+800.+1200.9-.3
2000e92500o!0of?¢0o!800;=1200¢y-.5
2300.93000,50,9950,5300.91200.4-,5
3000, 53500, 90,:900,2800.51200.9-.5
3500454000, 50, +1100.+800.51200,,-.3
4000, 24500, 0. 91100, ,800,51200,9-.5
00 75000 !Oo 730071200&!16009 1-05
5000’10000700’1000’12000’16006,—05
10004!15000!0472000712000!160007‘95
1500,:2000.50,,230,51200,51600.y-.5
EQOQr!QSQOr!00!4000!12000!16000!‘05

25@00!30000700710500!12009’160007‘05

‘30000!35000700!900#?12003!16000!‘05
3500, 5400090, 91200, +1200,91800,9-.5
4000, s4500,50.51200,51200,,1500,5-.5
0,91300,90,910,21500,92000,4~.,5
S00,+s1000:90,9200,+:1800.5s2000,9-.5
1000, 91500, v04 9230, 71600, 22000, 7.5
1500, 7,2000,50.9500, 91800472000, »-.5
2000,,2500,:0,,325,91600.,52000,:-.5
2500423000, 50,1000, 1800,,2000,9~,3
30004 23500,9042900,91800,92000,9~.5
2500, v4000,¢0,91230,515600,52000.9-,5
40000!45000?06!1300;’15000720000!‘05
0:1500.¢0,540,2:2000,,2400,7~-.5
300,51000,+0,9220,92000,22400,,-,5
1000, 51500,50,9525, 92000, 2400, 9-,5
15000!2000»!0&7600072000*!240007‘05
2000, 92500,50,5800,92000,92400.9-.3
2500,32000.50,51000,92000,52400,y-,5
3000, 93500490, 57200, 52000, 2400, 9-.5
3500-?4000¢!00)1250;7200@&!24000!-05
4000, 94500, ¢0,11400, 2000, 92400,5-,5




Qer1000, 20,5425, 5-800.50,7-.5
1000, 92000, 90,9550, :-B00. 0, y-,
2000.73000.70.180009—800.y0o’-+
3000, +4000,50,1830,5-800,+0.9-,
4000493500090, 9950 :-800,90. 9~
45000’55000’00’955?’00’3000’—%
4500,53500, 20, 91000, 9800, 21600, 5-.3
A5004+ 53300, e Qe r 100021600, 92400, 1-,
40000755000!@¢!1@ﬁ0i724@0013200:!—0
J000 24000, 5009700, 22400, 932004 y-.3
200023000450, 9600,,2400,,3200,5~.3
1000' !:0000 !C‘UQQU. !:‘1,':'00 '3:0'30 !—05
0,21000,50,7200,,2400.53200,5-.5
=1000.50.70,9200,70.9800,9-.3
=1000. 20,90, 5350,:-800,:04,-,5
100041200, 90,5200,5-2400,5-800,5-.5
1000,:3000,90.:4600,5-2400,,-800,:-,3
Z000.95500,,0.,960049-2400,7-800.s-.5
5300, 57500450, 51500, 5-2400,5-800,r~.5
530097300490, 91100, 48004100 5-.,3
G200.27300.50.931250490,515600,:-.3
G500, 57500490, 91400, 91600,9320045-,3
SE00¢ 175300450, 91350. 532004946004 5-.5
3000,53500,90.1100, 23200, 14500, 5-,3
10009!30090!0+!?000!32000!46&00!'05
-1000, 51000490, 9300, ,3200,,45600,¢-.3

3

0

+B35

13

1

1475,
FOROLZ.DAT
$

ot A

i




OUTPUT OF PROGRAM GINDEP (FILE GINDEP.OUT)




*m#ﬁ*####*t*#*#*#***#*#**#*X#*ﬁ*#X%##*ﬁ**%#ﬁ****ﬁ**&%X%X#%**#%#X%###***Xﬁ

GRID INFO

GRID 5IZE IN X DIRECTION (METERS)= Q.4303E+04
GRID SIZE IN Y DIRECTION (METERSi= 0,216BE+04
NUMEBER OF COLUHNS= 15

MUMBER OF ROWS= &

IHFUT #ODEL

BLOCK ¥ XMIN  XMAX YMIN YHAX IMIN ZNAX DENSITY
1 000 50000 000 40000 0.0 32000 -0!5
2 300.0  1000.0 0.0 400.9 0.9 430.0 =0.3
2 1000.0  1300.0 0.0 400.0 0.0 300.0 =045
4 1500.0 2000.90 8.9 400.0 0.0 700.0 =0.3
3 2000.0  2800.0 0.0 400.0 0.0 850.0 =03
& 2800.0 3002.0 0.0 400.0 .0 800.0 0.5
7 3000.0  3500.0 0.0 400.0 0.0 200.,0 =0.3
8  3I500.0  4000.0 0.0 400.0 0.0 200.0 =03
?  AG00.0  4500.0 0.0 400,90 0.0 1000,0 0.5
10 0.0 500.0  400.0  800.0 0.0 125.0 0.5

12 1000.0  1500.0 400.90 800.0 0.0 450.0 =043
13 1500.0  2000.0 400,90 g00.9 2.0 600.0 =03
14 2000.0  2300.0 400.0 800.0 0.9 800.0 ~0.3
15 2500.0  3000.0 400.0 800.0 0.0 730.0 ~-0.3
16 3000.0  2500.0 400.0 800.0 0.0 ?30.0 ~0.3
17 3500.0  4000.0 400.0 800.0 0.0 1000.0 =043
18 4000.0  4500.9 400.0 80¢.0 9.0 200.0 0.3
19 0.0 500.0 £200.0  1200.0 0.0 125.0 =05
20 300.0  1000C.0 800.0  1200.0 0.0 100.0 ~0.3
21 1000.0  1500.9 800.0  1200.0 0.0 210.0 -0.3
22 1500.0 2000.0 800.0 1200.0 0.0 230.0 -0.3
23 2000.0 2300.0 g8C0.0  1200.0 0.0 700.0 =03
24 2500.0 3000.0 800.0  1200.0 0.0 930.0 0.3
25 3000.,0 3500.0 800.0  1200.0 0.0 900.0 =0.3
26 3S00.0 4000.0 800.0  1200.0 0.0 1100.0 -0.3
27 4000,0  43500.0 800.0  1200.0 0.0 11G0.0 ~0,3
28 0.9 300.0  1200.0  1500.0 0.0 30.0 =0.3
29 500.0  1000.0  1200.0  14600.0 0.0 100,90 =043
30 1000.0  1300.0  1200.0  1400,0 0.0 200.0 -0.3
3L 1500.0  2000.0 1200.0 1400.0 2.0 220.0 0.5
32 2000.,0 2500.0  1200.0  1500.0 0.9 400.0 ~0.3
32 2300.,0 3000.0  1200.0  1600.0 0.0 1030.0 0.3
34 I000.0 3500.0  1200.0  1600.0 0.0 900.0 ~0.3
5 3500.0  4000.0 1200.0  1600,0 0.0 1200,0 =03
Z4  4000.,0  4590.0 1200,0  1500.0 0.0 1200.0 =0.3
37 0.0 500,0  1600.0  2000.0 0.0 10,0 =0.3
38 500.0  1000.0  1400.0 2000.0 0.0 200.0 =043
3¢ 1000.0  1500.0  1800.0  2000.0 0.0 230,90 =03
40 1500.0  2000.0  1200.0  2000.0 0.0 300.0 0.2




20000

41 2004.0  Z2E00,0 0 1400.0 0.0  525.0 -0.3
42 2300.0  3000.0  1800.0 2000.0 0.0 1000.0 =2.3
43 3000.0 3300.0  1500.0 2000.0 0.0 . 900.0 =-0.3
44 3500.0  4000.0  150G0.0 2000.0 8.0 1280.0 -2.3
45 4000.0  4500.0 1400.0  2000.0 0.0 - 1300.0 0.3
44 0.0 500.0 2000.0  2400,0 ¢.0 . 40,0 =03
A7 500,00  1000,0 2000.0 2400.0 2.0 220,90 =03
48 10¢0.0  1300.0 2000.0 2400.0 3.0 525, =043
49 1540.0  2000.0 2000.0 2400,0 2.0 &00.0 -2.3
30 2000,0  2504.0  2000.,0  2400.0 0.0 &00.0 -0.,3
91 2500.0  2000,0  2000.0  2400.0 0.0 1000.0 0.3
2 I000.0  3500.0  2000.0 2400.0 0.0 700.90 -0,3
53 3T00.0  4000.0 2000.0  2400.0 0.0 12E0.0 =03
54 4000.,0 4500.0 2000.0 2400.0 0.0  1400.0 -0.5
53 0.0 1000.0 -B0G.O 0.0 0.0  425,0 =33
Sé 1’:’0000 2000#0 -200.,0 0.0 .2 55000 ‘00:
57 2000.0  32000.0 -800.0 0.0 0.0 800.0 0.3
58 2000.0 4000.0  ~800.0 2.0 0.0 850.0 -0.5
39 4000.0 5500.0  -800.0 2.0 0.0 30.0 -0.3
60 4500.0  3500.0 0.0 B0O.0 0.0 ?55.0 0.3
41 4300.0  5500.0 BGO.0  1600.0 0.0 1000.0 =03
42 4500.0  3500.0 1500.0  2460.0 0.0 1000.0 0.3
43 4000.0 5500.0 2400.0  2200.0 0.0 1000.0 =-0.5
&4 I000.0  4000.0  2400.0  2200.0 0.0 .900.0 0.3
45 2000.0  3000,0  2400.0  3200,0 0.0 00,0 =03
45 1000.0  2000.0  2400.0  3200.0 0.0 4¢0.0 0.3
&7 0.0 1000.,0  2400.0  3200.0 0.0 200.0 =03
48 -1000.90 0.0 0.0 800.0 0.0 200.0 =3.5
§9  =1000.0 0.0 -800.0 0,0 2,0 350.0 0.5
70 -1000.0 1006.0 -2400.0  -B800.0 0.0 200.0 -0.5
71 1000.0  3000.0 -2400.0  -300.0 2.0 600,0 -0.3
72 3000.0  5500.0 -2400.0 -800.0 0.0 400.0 -0.3
73 §5500.0  7500.0 -2400,0 -B0O.O 0.0 1300.0 -0.3
74 5300.0  7300.0 -800.0 0.0 0.0  1100.0 -0.3
75 3300.0  7300.0 0.0 14600.0 0.0 1250.0 0.5
74 5500.0  7300,0  1800.0 3200.0 0.0  1400.0 -0.5
77 5500.¢ 7500.0 3200.0  4600.0 0.0 1350490 0.2
78 3000.0  5500.0  3200.0  4400.90 0.0 1100.0 -0.5
79 1000,0  3000.0  3200.0  4600.,0 0.0 700.0 =05
30 -1002.0 1000.0  3200.0  4400.0 0.0 300:0 -0.5

)
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TAELE OF CONVERGENCE

ITERATION # 1
ETARTING DATA ERROR= 0.1513E+01

BLOCK FARM, JUMF. NEW PARMS,

1

G L1 ke O R

0.4782E+02
-0.1584E403
0.1749E303
-0, 11178403
-0.46717E403

-0 3487E+02

0.3676E403
0.2914E403
0.8749E+03
0.5883E+03
0.,1783E+03

+7151E+03

. b ot s % Gmmevws

et u .



[ss BN |

G

10

12
132
14

15

e

la
17
19
20
21
22

377
V]

24
23
26

a2
&

28
29
30
31

27
da

33
24
35
34
37
28
39
40
41
42
43
44
45
44
47
48
49
3

3l
32
53
h]
L)
57
58
59
40
41
42
453
454

(of b 2 s G

-0, 4013E+02
0.1151E+04
0.2181E404
~0,4727E403

-{ 7AIEE¢F7

LRGP0 P ol

TJ C)F CD
Wlwx"lﬂlﬂ1n1
b e be e e e

C‘O
P g

R~
FI P NP

0.7110E+02
0.3397E+02
-0.2112E403
0.,9427E403
0.7803E+03
-0, 3844E402
0.,34334E+04
0.4269E+01
-0.7978E+02
-0, 1141E403
-0.1127E403
0.7823E403
-0¢1307E+03
-0.1431E+03
-0.2224E503
0.33B4E+04
0.4534E4+01
=0.7161E+02
0.1324E+04
0.2210E404
-0.2113E4+03
0.1717E404
-0, 23463102
'00222u +03
0,2549E+04
0.8111E+03
0.2342E+03
0.1014E+04
0.,3501E+03
0,8142E+03
0.,1808E+04
-0 6511E402
0.1377E+04
0,2747E+04
0.1223E+04

0.1238E+04
0.7341E+03
0.2109E+04
0.,29C3E+02
0.7894E+03
0.4099E+03
0.1731E+04

0.,2981E+04
0 ﬂ? ELn?

0.7633E+102

0.1187E+04
0.4834E+03
0.,2197E+03
0. 1E792E402
0.,1492E+03
0.2206E+03
0.3945E403
0.4298E+04
0.2781E+04
0.1144E404
0.5848E102
0.1144E+01
0.,1656E+03
+2711E+03
0.5697E102
0.,1888E403
0.1993E+04
0.1881E404
0.11462E304
0.5534E4+04
0.1427E+02
0.1202E+03
0,1139E+03
0.,3873E+03
0,1308E104
+8473E+03
0.7349E+03
0.1028E+04
0.4684E+0
0.443 EETO”
0.1384E+03
0.184%E+04
+2B10E+04
»2835E+03
0.2717E404
0.,3764E+03
0.1028E+04
0.39569E+04
+1035E+04
0+3042E+03
0.1814E+04
0.1200E+04
0.1734E+04
0.2783E704
0.9329E+03
ﬂ7"7Eln4
0¢7°47E+01
+2125E+04

o




NEW DATA ERROR=

BLOCK

N0 0 S O LN e Ly Td

[
3 e

[
o b

“

[ % I S e e e
(e SR Ul < R N A L I -

[
pore

22
a7
vt
24

e
FARw]

o
26
27
%4

29
29
30
31
32
33
34
33
36
37

0.2223E+04  0,2822E+04
0.2756EH0Z 0. 6F55E+03
-0 7981E+02  0.1204E403
0.309E+02  0.2I91E+03
0.4300E4+02  0.,7300E+03
=0,G457E+02 0, 1434E4+03
-0,2098E+02  0.3P02E+03
~0.2041E402  0.3094EH03
-G A2EEEH0T 0.1074E404
0.305CET04  0.4150E+04
-0,5858E+02 Q. 6622ETOE
-0.2196E+03  0.1180E+04
~0.8737E+03  0.4761E+03
-0.1154E403  0.9BILETOZ
-0, 3388E402 0.3614E+03
=0, I630EF02 0, 283TEH03
DAMPING (MARQUARDT) VALUE=
0.3787E+01

FARM. JUMP., NEW PARME,
-0.2594E+01  0.3174E+03
-0.3160E+02  0.,4184E403
-0,1787E+02  0.4801E+03
-0.,3771E+02  0,4122E+03
0.3250E+03  0.1175E+04
0.4784E+02  0.8478E+H03
~0.35678E+03  0.5322E+02
-0.6134E403  0.2B86E+03
0.1613E4+03 0.1161E+04
0. 1457E403 0,2707E403
0.1978E+03  0.397BE+03
-0.8248E+01  0.4417E+03
0.4524E+03  0.1032E+04
024228402 0.8242E+03
-0.1023E+02  0.7398E403
-0, 7755E402  0.B725E+03
-0, 72L4E403 Q. 27B6EHQ3
-0.144BE+02 0.7332E403
0.5429E4+02 0.,1793E403
0.4220E402  0,1422E403
-0.3271E+02  0.1271E+03
-0.1020E402  0.2198E403
-0.1233E402  0.3743E+02
D,6543E103 0, 1604E404
0.1257E+04 »2157E4+04
-0, 2B40E+02 0.7140E403
-0, 13106403 0.96F0E+03
=0,5393E401  0,2441E402
0.,3333E+02  0.1353E+03
+2318E402 +2232E403
+2207E+03 0.43507E+03
=0,3034E+03  0.P4Z4ET02
0.4778E+03  0.132BE+04
0.7297E4+02  0.14630E+04
-0.1431E403  0.1057E+04
+3366E+03 Q. 1337E+04
-0, 1306E401  0.3694E+01
-0, 11748403 0.8255EH02

38

0.1000E-02




39 -0.10??E+93. 0.1201E403
40 GRE2EH02 0 0.4472E+03
41 -O 4341E+01  0.3205E+03
42 0.3459EH0Z 0, 1S54E404
43 -0.4520E+03  0.4310E403
44 -0,3784E+02  0.8716E403
45 0.9778E+03  0.227BE+04
46 0.3730E+01  0.4592E+02
47 “Oou 82E+02  0.1442E302
42 0.7234E+03 0‘1248E+04
49 0. Z44E+02 +F346E+03
50 -0,1145E+02 0 484 E+03
a1 0.3801E+02  0.18B80E+04
a2 -0,4111E+02  0.838%E+03
53 -0, 3340E+02 Jt?IbOE +3
54 4 1038E+04 2438E+04
3% 2483E+02 0.50?8 +H3
36 -“ 447 E+02 «S0S2E+H02
37 «3176E+03  0.1118E404
38 -0, 6587E402  0.7BIIEF03
57 0,3492E+03  0.1299E+04
60 2875E+023 0. 1°4°E+“4
&1 -O 1252403 0.8748E4
62 0.B329E4+0Z . 0. 1843E*04
&3 0.75811E+03  0.1781E+04
44 0,2592E+03  0.115%E404
63 0.,3951E+03  0.9931E+03
&b 0.5814E+03 0, 9814E+03
&7 -0,3753E+02  0.1723E+02
68 -0.,2188E+02 0. 1781E*0’
4% 0,1448E+02 0.3863E+H03
70 =Q.117 éE+0u 0.8243E402
71 -0,1024E+03  0,4974E+03
72 -0,7830E4+02  0.3217E+03
72 -0.2108E+03  0.3892E+03
74 0.4240E303  0,1524E404
75 ~-0,1257E403  0.1124E404
76  -0,27B4E+03 0.1122E+04
77 -0.1708E+03 0.1179E+04
78 -0.2797E4+03  0.8203E402
79 -0,7808E+02  0.6219E+03
80 -0,2046E+02  0.,9337E+02
DAHFING (MARQUARDT) VALUE=
NEW DATA ERROR= 0.2394E+01
BLOCK FARM,. JUMF. NEYW FARMS,
1 0.1571E4+02  0.3357E+03
2 0.3217E4+01  0,43B3E+03
3 —0.4?53E+02 0,4505E+02
4 +B05BE+02  0.7804E+03
5 0;2224E+03 0,1072E+04
4 0.,1874E+03  0.9874E+03
7 ~-0,1929E4+02  0.7071E+03
8 =0.44692E4+03 4531E4+03
? -0, 232BE4+02  0.7672E+03
10 0.1198E+03  0.,2448E+03
11 0,1465E4+03  0.5465E+403
12 -0,4355E+01  0.4456E+03

0.1000E-01




13
14
15
16
17
18

19

-
20
"

21
P
a7
o
24
ae
et
24

27

=
28

Lo B2
fo-Rle ]

g =

Cmi Cr £ O 0 O}
(9 QSN N By 2% 1
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-
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-
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L IS N -
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€A Ch O cn 00 LR 0 ol
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&0

0.54648E+02 -

-0.48112E402
0.1022E+03
-0 2332E402
-0, 4842E403
=0 &975E103

0,38467E402
0.3448E+02 -

-0, 5398E+02
-0, 5273E+01
-0,3774E+03

0.3443E4+02
0,3794E+03

-0.2647E303
=-0,483567E403

-0, 40546401

0.1784E+02
-0.3835E+01
0.9852E+02
~-0.2607E403
0.4234E+02
0.4598E+03
0.1055E+02
-0.6821E402
-0,2760E+01
-0.1198E+03
~-0,3502E402
-0.14531E+03
-0.2376E403
0.8211E+02
0.,280BE+03
0.1561E+03
0.3947E+03
-0.2623E4+02
-0.7892E+02
0.,2933E+02
0.1274E403
=0, J205E+03
0.7945E+02
0.2384E+03
0.2751E+H03
0.5243E+03
-0, 3309E+02
-0.3438E+02
0.,1248E+03
-0.4837E402
0.9384E402
~0.3040E+02
-0, 9840E402
0.,3708E+03
0.,3612E403
0.,1092E403
0,2019E+02
0.2318E+03
~-0,2925E402
-0, 2333E+02
=0, 787IE+02
-0.,4193E402

QDO DD O
3 G Ll G

0.2025E+03
0,1637E403
0. 1347E203
0.1530E+02

©0,2247E403

0,3226E403

0.,1035E+04

< 0,1279E+04
Q.83Z3E+03

0.,4633E203
0.2393E+02
0.1178E+403
0,1942E+03
0.,3263E+03
0.,1293E+03
0.1092E+04
0.1360E404
0.1211E304
0,1132E+04
0,7240E+01
0.8020E+02
0.,1730E4+02
0.3549E+03

+2874E+03
0.1082E+04
0.1181E+34
0.1416E404
0.1693E+04
0.1377E+02
0.1511E303
0.3183E+02
0.,7274E%03
0.2794E+03
0., 1079E+04
0.1138E+04
0.1525E+04

+ 2023E+04
0.3P19E+03
0.5136E+03
0.9248E+03
0.7814E4+03
0.1044E104
0.7046E+03
0.9015E+03
0.,1371E+04
0.,1381E+04
0,1009E+04
0.4202E403
0,4318E+03
0.1708E+03
0.1742E+03
0.32743E+03
0.1381E403
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79
30

DAHFING (MARQUARDT) VALUE= 0.1000E400
NEW DATA ERROR=

-0.4904E+02
-0.97463E+00
-0,2044E402
=0, 4372E402
-0.8157E+402
—0.26&°E+0”
-0 0388-JE g -./u

=0,7308E+02
~-0,3144E+02
~0.1161E403

ITERATION ¢ 2
STARTING DATA ERROR=

BLOCK

S0 GI o~ e U S G4 Y

FARM. JUHF.

-0,4484E+02
0.3743E+01
0.9875E+01

=0.3442E+03

=0.48601E403
=0.4704E+02

-0,30460E403

-0,1588E402
0.,5025E+03
0.1141E+03

=-0.,7767E402
0.48%5E+02

2493E+03
0.7307E+03
0.3B33E+03
0.2249E4+02
0.3087E+02
0.8801E+02
0,3225E+01
0.,126FE+02

-0,2734E+02

-0.3033E+02

-0,3459E402
0.7111E+03
0.,3240E+03
0.48B84E+03

-0,5393E4+02

=-0,3513E+01
0.3410E+00

~-0.4028E+02
0.2121E403
0.1032E+03

-0.,44602E402
0.2843E+02
0.,3872E4+03
0.8513E+03

-0,2124£401
0.45604E+01

-0,503ZE4+02

-0.3773E+02
0.1160E03

0.116BE+04
041373E+04
0.9615E403
0.1025E+04
0.2855E+03

(SR Xwiv)

0.,1837E+03

0.1070E+01

0.107CE+01

NEW FARMS.
0.2909E403
0.4621E4+03
0.,4603E+03
0.4354E403
0.56122E103
0.4970E+02
0.4011E+03
0,4373E403
0.1270E+04
0.3589E+03
0.46B9E103
0.4%46E103
0.9059E403
0.1470E+04
0.,1237E104
0.9447E403

+S667E103
0.2905E403
0.1649E+03
0.,1474E+03
0.1247E502
0,1744E+03
0.,2880E+03
0.,1746E+04
0.1B03E+04
0.1324E+104
0.,4094E+03
0.1833E+02
0.1187E+03
0.1359E+03
0.3406E+03
0.,2425E4+03
0.46321E4+03
0.1388E+04
0.1598E+04
0.,1933E+04
0.5115E4+01
0.8480E+02
0,1244E403
0.3171E+02
0.,4034E+03




42
43
44

=
J

44
;f!]
48

1¢

"

[
+

[
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Oy O (N (7 N en 3
MY D ) ) e L

o~
2

43
44
65
44
&7
43
469
70
71
72
73
74

o
79

764
77
78
79

80.

ELOCK
1

QT N Ol e LI

e s e s
ETSN I & BN o)

—
[ ]

94E+
DANFING (MAROUAR
NEW DATA ERROR

0.,2283E+02
0.6000E+01
0.+ 45687E+03
0. 7620E+03
-0.2515E403
=0 62463E403
-0, 7I04EH02
~-0.7704E402
-0.1747E+04
0,1383E+03
0.3124E+02
0.1724E:03
0.741524+02
0. 3983E+01
0.3484E+03
0.3218E4+02
0.5213E+03
0. 3606E103
0. 2880E+03
0.5407E+02
0.4214E+03
-0.3937E+02
-0.,7506E+01
0.1423E+03
-0.1874E+02
-0,3598E+02
-0.1248E+03
-0.,8633E403
0.1834E+03
0.9714E4+02
~-0.72546E402
-0.1413E403
-9 1317E+H03
-0 4435E+02

s T
-0.2894E10
A D

FARM,
-0,2338E+02
-0.9726E401
~-0.3784E401

0.3342E+01
0.1194E+02
0.3128E+402
~-0.8310E+02
-0, 8587E+00
0.2790E+03
0,46704E402
-0,3474E4G2
0.3759E+01
0.,4355E+02
0.1189E+03

0.1382E+03

VALUE=

T
0.1721E4+01

JUHF,

+F71BEHOZ
0.2472E402
Q. 1071E+04
0.,1503E+04
0.37460E+02
0.,1571E+02
0,1287E+04
0.1489E+C4
0.,2790E+02
3.4532E+03
0. 1040E$04
0.7545E403
0.7730E+Q2

+3303E+03
0.546%E+Q3
0.1097E+04
0.3736E+03
0.1050E+04
0.1253E+04
0.1223E+04
0.1892E+04
0,1722E404
0.1297E+04
0.1161E4+04
0.1073E+04
0.1314E403
0.1643E403
0,4158E+03
0.1393E403
0.5150E+03
0.,4042E+03
0.,3324E+03
0,1220E+04
0.1286E404
0.1301E+04
0.,8202E+03
0.8732E+03
0.2371E403
0. 1549E403

NEW PARMS.
0.3121E403
0.4484E+02
0.4457E403
0.7889E+03
0.1084E+04
0.103%E+04
0.,4240E403
0.4523E403
0.1045E104
0.3118E+03
0.,4918E+03
0.4494E403
0.7021E+403
0.8577E+02
0.9914E+03

0.1000E-01




16

wy

18
19
20

.
28

0.7927E+02
0,8733E+02
0,8131E4+02
-0.1044E402
0.&752E+H01
~0.1712E402
~0,9771E+01
=0.1702E+03
0.4828E+02
0.70256E402
0 1357E+03
=0 1577E+03
-0, 5883E+0L
=-0.5210E401
-0,2992E+02
0.3268E+02
0,7623E+02
-0.8701E+02
-0.4082E402
0.1403E+03
0,2545E+02
~0.3176E+01
0.,21465E+01
'0 ILOIELO&
-0.7017E+02
0.,3%03E+02
~0,1561E+03
-0.7135E+02
0. 3777E+02
0,1028E+03
-3, 93460E401
-0.8863E+01
0,1288E+02
.huléELOQ
-0,5933E402
~0.1413E403
-0.77461E402
-0.,7881E+02
-0,32813E+03
0.8154E101
-0,1281E+02
0.2301E4+02
-0,3908E+02
0.56353E+02
0.1487E+02
0.9518E+02
0.1831E403
0.1032E+03
0.2722E402
0.4083E+02
0.9863E+02
~-0.2471E+02
-0.1322E+02
0.7243E4+01
-0,4850E+02
-0.8252E+02
-0.46349E402
=0, 1452E+03

0,1024E+04
0.8037E+03
0.2838E403

0.1532E403

0. 1414E403
0.134%E403
0.2130E+03
0.1524E+03
0.1083E+04
0.1350E+04
0.9710E+03
0.3036E70
Q. 18086E+02
0.1114E40
0. 14642E+03
0,4112E+0
0.2135E403

0.1005E+04

bl(ltdr

L

0.1319E+04

0.13S51E+04
0.,13846E404
0,40454E+01
0.8224E4+02
0.,14630E+03
0.2847E103
0.3444E+03
0.,9260E403
0.110%E+04
0,1454E+04
0.179%E+04
0.4214E401
0.1422E403
0.8322E+03
0,9789E+03

+2200E4+03
0.,2281E4+03
0.1061E4+04
0. 1446E+C4
0,15644E404
0.4001E4+02
0.35018E403
0.9478E4+53
0.7423E4+03
0.1100E404
0.1023E+04
0.9978E403
0.15546E+04
0.1444E404
0.1025E+04
0.58B10E+03
0.7484E102
0.1440E403
0.,1609E+03
0.2B3SE+03
0.1094E+03
0.4684E+02
0,3355E+03
0.1050E+04

3




74 0.1453E4+03  0.1182E+104
73 O;éé04E+03 0.1234E+04
74 £,8357E+01 0, 1382E404
77 uwS?‘:‘E"C’u 0,5715E+03
78 =-0,9078E4+02  0,7341E+03

79 -¢,2531E+02 0. 1325E+03
30 -0, 1801E402 0. 3377EH02

DAMPING (MARQUARDTY VALUE= 0.1000E+00
NEW DATA ERROR=  0.9227E+00

C ERATION # 2
BETARTING DATA ERROR= 0.,9227E+00

BLOCK FARM, JUMP. NEW PARMS.

1 0,8093E+01  0.2202E+03
2 0.4185E402  0,4904E403
3 0,3043E4H02  0.4771E403
4 -0, 26749E203  0.3215E+03
3 -0,5976EH03 0.4B47EH03
) -0.4510E+03  0.5877E+03
7 -0,3695E402  0,2545E+03
8 -0,3456E4+01  0,4490E+03
9 0.4052E402  0.1451E404
19 0.7993E+02  Q.3718E+02
11 -0, 8942E402  0.4224E+03
12 0,1083E+03  0.5579E403
13 -0,7367E402  0.,46285E+03
14 0.6462E+03  0.1504E+04
15 0.344BE+02  0.1BIBE+04
& -0, 2752E403  0.7484E+03
7 -0, 7623E402  0,3274EH03
18 ~0.3318E+01 + 2805E403
19 0.2413E402  0.,1774E403
20 0.1670E+02  0.,15381E403
21 0.2464E+00  0,1371E+03
22 -0,5735E+02  0.1876E+03
23 -0, 3826E402  0.1142E+03
24 0.1221E+04 «2304E+04
25 - -0.134BEH0Z 0.1213E+04
28 0 303I7EHQT 0.1273E+04
27 0,2254E403  0.8014E+02
28 -0.4151E4+01 0, 13Z90E+02
29 0.14634E402 +12B0E+03
30 —O 4140E+01  0,15601E4+03
31 +1279E403 0,3391E+03
2 —O'JESQETOQ 0.1818E+03
33 0.,3190E4+03 0, 1324E+04
34 =0,2577E4+03  0.1081E+04
35 -0.8444E+02  0.1266E+04
36 0.8757E+03  0.2282E4+04
37 -0.8101E-01  0.4919E+01
I3 0,135%E4+02  0.9374E+02
39 -0, 12138402 0.1508E+03
40 ~0.1770E403  0.1077E4+02
41 0,S995E+02  0.4044E+03
42 -0.8611E+03  0.6485E+02
43 -0,25611E402  0.8481E403
44 -0.39746E+03  0.8343E+03

[PPSR

LTI P



80

DAMPING (MARQUARDT) VALUE=

=0.1075E+04
+2837E-01
=0, 4621E402
=0 227LE403
0.6443E+03
=0, 1130E+03
=0,8024E403
0.1244E403
-0,5284E+03
0.1250E+03
0,2205E403
0.,1244E+03
0. 16B82E+02
«2I87EH03
0.8680E+02
0.4844E+03
062928403
0.4184E+03
0.4935E+03
0. 4263E+03
0.5712£403
0.48%5E+02
0.3975E403
0.1850E+02
0.2197E403
-0.4070E+02
-0.,1714E403
-0.1557E4+03
-0.1864E+03
-0.4430E+03
0.1107E402
~0.2250E+03
=0, 3425E402
-C¢.3103E+03
-0, 1521E402
-0, 1423E+02

7773

0.,7233E+03
0.302BE+(1
0.2600E+02
0.5046E+02
0.14625E+04
0.1070E+Q3
0.3355E403
0.1188E+04
0,2179E+G3
0.1748%E+04
0.,6305E403

O242ET03

4
1
?
1
1
1
+2174E404
+1958E+04
0.14463E404
0.1252E+04
0,1238E+04
0.5435E403
0.17%94E+03

+S033E403
0.4884E+02
0.2970E+03
0.3797E+03
0.,8640E+03

+7388E+03
0.1246E+04
0.1137E+04
0.2292E+03
0.6236E403

0.1173E+03
0.1934E+02

NEW DATA ERROR= 0.1799E+01

BLOCK
1

[T
Lol s S xn S o S A N - S SR g

—
-3

-

-
F &

pury
[

s b
~3 O

18

FARM, JUMF,

0,3063E+01
0.2053E+02
0.2996E+02
-0.4761E+02
~0.4109E+02
0.7345E4+02
=0.1020E+03
0,4823E+01
0.1484E402
0.2571E402
~-0.53100E+02
0.+1239E+02
-0.2272E+02
0,1572E403
0.,2837E+03
0,6247E4+02
-0,33%1E+02
0.3139E+02

NEY FARHS.
0.3132E4+03
0.46F1E+03
0.4747E403
0.7413E+03
0.1043E404
0.1112E+04
0.3220E+03
0.4573E+03
0.1193E+04
0.,3376E+03
0.4408E+03
0.,4518E+03
0.,64694E103
0.1023E404
0.1277E404
0.10B6E+04
0.5498E+03
0.3152E+03

0,1000E-01

can



17
20
21

27

L
23
24
25
26
27
28
o
-
30
31
32
2
<~

=
33

36
37
38
19
40
41

L
S

43
44
15
44
47
48
49
50
51

wa

&
W

54

oo
o

56

37

58
39
&0
51
42
53
b4
45
b6
47
468
&9
70
71
72

74
73

76

0.3432E+01
0,1033E+02
0,3542E+01
-O.I?SSE+02
0.,4522E-01
0.24 JET03
0.9837E+01
0,5144E402
-0.8550E+02
-0.4817E+01
Q. 47455401
-0, 4618E+00
0.3132E+02
~0,543%E+01
0.9258E+C2
-0,2304E+02
0.5688E+02
v2P1ZEH02
-0,7720E-01
0.,4594E401
0,1870E+02
-0,1772E4+02
0.,2408E+02
-0.7475E402
-0, 1209E402
¢,3522E+01
—0 1195E+03
0,3857E-01
0.1925E+02
-0, 170BE+03

3444402
."Q"E+02
-0, 5418E+02
0.,19446E+02
-0.1770E+02
0, 11246403
0,238%E+02
0.1388E+02
', 1354E+01
0,1054E+02
0.3198E+02
0.1080E+03
0.18532E+03
0.1&7CEH03
0.,6627E+02
0.,4560E402
0.9933E+02
0.1710E+02
-0,1412E402
0.1702E+01
+2021E402
-0, 9175E4+02
~-0.1131E4+03
-0, 5499E+02
~0,4274E+03
=0,1287E+03
0.,9401E+01
-0, S459E+02

0. 1387E403
0.1518E403
0.1404E+03
0.1951E403
0.1323E403
0, 13286E+04
0.1340E+94
0,1022E404
0.2201E403
0,1325E+02
0.1184E+03
0.1638E+43
0.,4427E402
0,2101E403
0.1098E+04
0,1296E+44
0,1418E+04
C.1578E+04
0.4723E+01
0.,84%6E+02
0.1817E402
«2870E+03
0.3705E+03
0.B512E403
0.1097E+04
0.1457E+04
0.14679E+04
0,3036E101
0.18135+03
0.8613E+03
0.1013E+04
0,2360E+02
0.8540E+02
0.,1080E+04
0.1429E+04
7SEELC4
0.4250E+03
0.3157E+03
0,7492E+03
0.,7529E+403
0.1132E4+04
0,1181E4+04
0.1163E+04
0.1723E+04
0.1331E+04
0.1082E+404
0.7796E+03
0.7455E+03
0,4810E+01
0.1626E103
0,3037E+01
0.1780E402
0.,3503E+03
0.4783E+03
0,4230E+03
0,1053E+04
0.1_44E+04
0,1327E40




~d

7 ~0,103%E+02  0.4677E+03

78 -0.1564E4+02 s 777SET02
79 =0.8750E+02  0.4291E+C2
80 =0, 4428E4+01 0.2735E402

DAMPING (MARQUARDT) VALUE= 0,1000E+00
HEYW DATA ERRDR= 0.9463E+Q0

ELOCK FARM. JUMF. NEW FARMS.

£ 0 2 0 0 N O LN 2 R

e el el o
0 N od

FIEI P P PRI PIFI BT P e b e b
G S e A i O B = D SO0 S O LR

J
~Q

b b
<

31

T

e

33
34
35
J&
37
I8
39
40
41
42

71
v

44
45
44
47
43
49
50

-0.1B90E+01
-0.7784E+01
0.2151E401
-0, 17R2E+02
-0.1812E402
0.,2974E+02
-0 1095401
0.2848E+01
0,3432E4102
-0 29455E401
-0.3114E4+02
~0.3427E401
-Q.6773E401
0.4157E+02
0,7459E4+02
0.5251E+02
0.,1498E+02
0.,1697E102
~0.1425E302
0,24638E+01
0.1909E+01
~-0.,4340E400
0.8439E+01
0,6299E+02
0.2B22E402

0.6035E+02

-0,3227E401
-0.2803E+01
-0.,6244E+01
« 24976401
0.8744E401
0.7749E+01
0.3027E+02
0.2718E+02
0. 3920E402
0.2157E+02
-0.,8040E-01
-0.3003E4+01
0.9769E+01
0.87046E+01
0,2238E+02
0,3269E+02
0.5564E+402
+25B1E4+02
=0, 6076E+02
-0.8680E-01
-0,1438E+02
-0, 1790E+03
-0,1201E+03
0,1982E+02

+3102E403
0.440Q8E+03
0.448BE+02
0.7711E+03
0.1065E404
C.1086BE+04
0.,8229E+03
0.4553E103
0.1101E104
0.303%E403
0.4607E+03
0.44460E403
0. 49S4E403
0.8993E+03
0.1046E+04
0.1078E+04
0.41B7E403
0.3008E+02
0,1390E+02

C0.1441E+03

0.1388E403
0.2143E403
0.1609E+03
0.1146E404
0.1378E+04
0.,1031E+04
0.2003E+03
0.1526E402
0.,1034E+03
0.1487E+03
0.4199E+03

0.2233E+03
0 10546E+04
0.1348E104
0.,1410E404
0.1473E+04
0.4920E+01
0.7938E+02
0,1727E403
0,2934E+02
0.3698E+02
0.9589E+02
0.,1153E+04
0.,1481E+04
0.,1738E+04
0,4913E4+01
0.,1258E+03
0,4332E+03
0.8588BE+03

+ 2IP9EL03
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WG YOS gy SRS TR AR YR

[ERTEE . Lt



Jen LN R LR LR e
~J O~ LN B O

58

49

70
71

7'\

73

74
75
74
77
78
79
20

0,1791E+02
4524E+02
-0,9487E+01
-0.3104E402
~-0,4298E+01
-0, 2357E+01
-0.7104E+401
-0.,1229E+01
0.8001E+01
0.3015E+02
0,4073E+02
0.,1774E+02
-0, 2083E+02
-0.J848E+01
-0.1074E401
-0, 2448E+02
-0.1674E402
-0.2544E+01
-0.1819E+02
-0.3226E+02
0,3318E402

-” 2291E+02

-0.139FE+03
-0.5799E+02
-0,8239E+01
-0,4703E+02
-0.,4201E+03
~-0.8734E402
-0.6203E+02

-0,2613E+02

0.1812E+04
0.3738E+03
0.4972E+02
0.9407E403

0.7411E+03

0.1108E+04
0.1083E+04

+103PE+04
0.1374E104
0.1444E+04
0.1032E+04

0,4799E+03 -

0.8819E103

0,1293E+03 -

0.1384E+03

2653803
0,7730E+02
0.,4153E+03
0.5126E+03
0.9103E+03
0.1124E404
0.1226E+04
0,1333E4+04
0.8157E+02
0.84463E403
0.7048E402
0.761%9E+01

DAMFING (MARQUARDT) VALUE=

NEW DATA ERROR=

ITERATION & 4
SBTARTING DATA ERROR=

SLOCK
1

2
3
4
S
]
7
3
?

10
11
12
13
14
13
14
17
18
17
20
21

0,85

40E+00

0,1000E+01

FARM. JUNF.

0.46761E401

0,3015E+02

0.3255E+02

-0 2959E+02
=-0,2424E+02
0.6658E102

-0.1012E403
0.3142E+01

0.13246E403

0.3082E+02

=-0.2024E+02
0,1402E+02

=0.,3279E402
0.,1421E403

0,2224E403

0.,3383E+Q2

-0.822FE402
0,14633E+02

0.14814E402

0.9137E+01

+ 2178E401

0.,8340E+00

NEY FARMS.
0.3170E+03
0.4710E+02
0.,4815E+03
0.7413E403
0.1042E404
0.,1133E+04
0.5218E403
0,4335E+03
0.1233E+04
0,3397E+03
0.+4404E+03
0+4400E+03
0.,6618E+03
0.,1041E404
0.1288E4+04
0,1110E+04
0.5354E+03
0.3173E+03
0.15351E+03
0,1533E+93
0+1410E403

W bt cmaaem mmeaws b n . -

Lo w
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e
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a0

3
RGN

[N
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41

&3
&4
43
56
&7
48
49
70
71
72
73
74
73
74
77
78

-
79

o
~C

)
NIMmmmrmmm
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3

+02

-+
S
X

-0.2417E501
0. 1844E402
-0.1385E+Q2
2,3876E+02
-0.74308E+02
0, 15078401
0.2336E103
-0,1531E+00
0.4281E+01
0.3373E+01
-0.4555E+02
0.7954EH01
-0.1003E+03
-0.,5087E402
-0.,3431E+02
-0.1077E4+02
0.4020E-01
0.2807E4+02
0.1805E+02
0.1759E402
-0.2249E-01
-0,6594E+02
0.1428E+02
0.2408E+02
0.,2488E+03
0.3411E402
+2178E+02
0.,1724E4+02
0. 2193E4+02
0.,3724E4+02
0.1090E+03
0.1788E+03
0.1917E4+03
0.1187E+03
0.7796E+02
0.9867E+02
0.8197E+02
-0.1167E402
0.4339E+01
0.4319E+02
-0.1260E+02
-0.10E7E+02
-0.4624E402
-0.,47353E+03
-0.1211E403
0,1247E402
-0.2840E+02
-0, 4198E+02
-0.1373E+03
-0 1456E+02

0+1943E102
0.1542E+02
0 1323E404
0.1314E304
0. 1038E+04
0.2084E+03
0.1080E+02
0.1149E+03
0.1863E503
0. 4354E503
0,2094E303
0.1094E404
0.12534E+04
0.1412E+04
0.1711E304
0.4842E+01
0.3554E+02
0.+1761E+03
0.2478E+03
0.3777E+03
0.8584E+03
0.,1114E+04
0.1445E+04
0.1727E1+04
0.5040E101
0.1539E403
0.8337E4+03
0.1025E+04
0.,2398E+03
0.8901E+03
0,1120E+04
0.1441E+04
0.1851E+04
0.4299E4+03
0.3210E4+03
0.9S79E+02
0.7630E+03
0.1146E404
0.1192E+04
0.1217E404
0.1783E+04
0.1582E404
0.1111E+04

+77B4ET03
0.7439E+03
0,1263E+02
0.15627E4+03

+I0BSE+03
0.6469E4+02
0.3043E4+03
0.,4444E4+03
0.4352E403
0.,1003E+04
0.1229E4+04
0.1306E+04
0.1959E+02
0.7089E4+03
0.5393E+02




a¢

UAMFING (MARGUARDT) VALUE=

-0, 1154E401

+S443ET01

NEW DATA ERROR=  0.962°E+020

BLOCK

e b A
o PD b2 €D 3 T SJ O 20 B G 79 =

-

B3R PP P PO b b s b s
n Gd P = O 00~ O~ L b

3 13
~j o

L L M3 EI I
= -3 0

Lod
3

(o Lo
d

34
35
3
37
38

e
40
41
42
43
44
45
36
47
48
49
50
51
52

=7
W

FARH, JUMF.

0.2438E+01
0.2934E+01
0,9542E+01
-0, 4997E+01
-0, 1373E+02
0,1384E+02
-0, 41355401
0.1461E4+01
0.38I8E+02
0.5931E+01
-0, 106PE+02
0.2000E+01
-0.6118E+01
0.2051E+02
0,3493E402
0.2237E402
0.9475E400
0,1012E+02
-0.4815E+01
0,4244E401
0.15832E+01
-0, 2488E+01
0,3298E4+01
0.1826E+02
-0.9182E4+01
0,34649E+02
-0.7803E+01
-0, 2548E+01
-0,1519E+01
0,3149E+01
0.3264E+01
-0, 8954E~-01
0.1295E+02
-0,5941E+01
0.2747E4+02
0.42C1E+02
-0, 1209E+00
0.7680E+00
0.1411E+02
0,8894E+01
0,1347E+02
0.72455401
0.2591E402
0.1268E+02
-0,1777E+02
-0,8423E-01
0.4483E+00
-0.3152E402
-0.2772E4+02
0,1444E402
0,4130E+01
0,2061E+02
0.1114E+02

. NEW PARMS,
0.3129E4032
0,4437E+03
0,4584E402
0,7441E403
0.1052E+04
0.1082E+04
0,4183EL03
0.4548E+03
0.1139E+04
0,3148E+03
0.4500E+03
0,4480E+03
0,4892E+03
0.,%198E+02
0,1101E+04
0.,1078E+04
0.8194E+03
0.3109E403
0.1342E403
0,1483E+03
0.1404E+03
0,2118E403
0.1442E+03
0.1144E+04
0., 1349E+04
0.1048E+04
0.,2905E+03
0.1271E402
0.103%E+03
0,1719E+03
0,4232E4+03
0,2232E+03
0, 1047E+04
0.1342E+04
0.1438E404
0,1541E4+04
0,4879E+01
0,8013E402
0.,1848E403
0.3023E403
0,3833E+03
0.9661E+03
0,1191E+04
0.1494E+04
0,1720E+04
0,49146E+01
0.1243E403
0.4217E403
0.8311E403
0,2563E403
0,9602E+03
0,1137E404
0,1448E404

0.1000E+00

Lot M 0

© e Ee s b
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79
80

NEW DATA ERROR=

ELOCK
1

O~ G- U b S

s b e b e
o g G P SO

[
e~

~4

[ I L
TR o B ¢ x

T
+

2k 3 k3
N L O B3

0.2108E+02 0.1434E+04
0.1245E400  0,3959E403
0.2952E401  0.5022E+02
-0.1673E401  0.9370E+03
0.1371E+01  0.7428E+03
0.,7020E+01  0.1113E404
0.2353BE+02  0.1107E+04
0.3732E+02 0.1075E+04
0.2460E402  0.159BET04
-0 3744E4+00 0. 1442E+04
»723BE+01 0.1040E409
0.3813E+01  0.483BE+103
=-0,4408E4+02 0.,4179E+03
-0.1575E+02  0.1135E+03
-0,1712E+00  0,15B2E+02
-0.7060E+01  0.2383E+02
-0, 35198402 0. 42108302
-0,4028E4+02  0.3730E303
=0, 1693E402  0.4957E+03
-0.1330E4+03 +7753ET03
~0.5192E+02  0.1072E+04
-0.72%7E4+01  Q.1219E+04
-0.3253E+02  0.1302E404
=0, 2307E402  0.3630E+02
-0, 6891E+H02  0.7774E303
=0.8716E+01  0.48177E+02
~0,4227E401 0.3391E401
[AMFING (MARQUARDT) VALUE=
0.8459E+00
FARM. JUMF. NEW PARMS.
-0.2547E+01  ©0.3103E+403
-0,5688E+01  0.4381E+03
-0.2901E+01  0.4535E+03
-0.1029E402  0.733BE+03
~0.146B4E402 0.1034E+04
-0.7335E+01  0.1073E104
0.,2551E401  0,46213E+03
0.2733E+01  0.4393E+03
0.7783E4+01  0.1147E404
=0.4157E+01  0.3106E+03
~0.1007E+02  0.4399E+03
-0.4263E+01  0.4437E+03
-0,6943E401  0.6B23E+03
-0.4119E+01 0. 7157E+03
~0.3162E401  0.1098E404
0.,1021E+01  0.1099E+04
0.S248E+01  0,6249E+03
0,31581E4+01  0.2141E+03
=-0,3691E401 0, 1203E403
~0.7977E4+00  0.1473E+03
~0.7833E-01  0,1404E+03
0.,3122E-01 0.2119E+03
0.1394E4+01  0.1455E+03
-0,8237E+01  0.1136E+04
=-0,1534E402  0.1353E+04
0.7921E+01  0.1074E404

IR
N

"

r

0,1228E+01

0,2913E403

0,1000E+01




28 -0.5133E+01  0.7575E+01
29 -0.,2495E401  0.1014E402
3 ~0.7600E4+00 0.1712E+03
31 -0.,1956E+01  0.4213E403
32 0.1139E+01  0.2243E402
33 -0,793%E+01  0.1061E+04
34 ~0.1821E4+02 0.,1324E+04
35 -0,9721E+01 0.1428E+04
34 ~-0.4174E+01  0.1337E+04
7 -0.1148E400  0.48B3E+01
I =0, 2057E+01  0.7807EH02
39 ~0,3717E+00  0.1B&SE+HCS
40 ~0.,2634E+00 0.3012E+03
41 0.1745E+01  0.3BI0E+H0I
42 ~0,7340E+01 0. 7544E+H03
43 ~0,1267E+02  0.1178E+04
44 ~0.2479E4+02 0. 1449E404
43 ~0,4270E+02  0,1877E404
44 ~0.2400E+00  0.4740E+01
47 ~0,4346E401 0, 119FE+03
48 ~0.J481E4+02  0.386%E+H03
49 ~0.3730E+02  0.7934E+03
50 0.1703E+01  0.2380E+03
51 ~0,1B33E+02  0.9417EH03
32 ~0.2017E4+02  0.1114E+04
33 ~0,3B34E+02  0.1410E+04
54 ~0.4810E+02  0.1383E104
a9 ~0,262CE101  0.39I3E+H03
36 -0.2032E+01  Q.5002E+03
37 ~0.,472BE+01  Q.P343E+C3
a8 0.3S00E+00  0,742BET03
59 0.6794E-01  0.1113E+04
&0 0.,3370E+01  0.1111E104
41 0,5047E101  Q.10B1E+04
52 -0, 7384E+01 0. 15BPE+H04
53 =0,1779E+02  0.1425E+04
&4 -0.1369E+02  0.1025E404
65 -0 1119E+02  0.4726E+03
46 . ~=0,2839E+02  0,391IE+03
67 -0.4359E+02  0.4995E402
48 -0, 1396E+01 Q. 1346E403
&9 ~0,46225E+01 +2321E303
70 ~0.1063E+02  0.3143E+02
71 -0,1430E402  0.J387E403
72 -0.6131E+01  0.4893E+03
73 ~0.4247E4+02  0.7330E+03
74 ~0.2311E+02  0.1049E+04
75 -0.7129E401 Q. 1212E+04
74 ~0.1998E+02  0,1282E+04
77 ~0.9234E4+01  0.4715E+02
78 ~0,3122E402 0,7481E403
79 ~0,2908E4+02  0,3271E+02
g0 ~0.9779E+00  0.4022E+Q1

[AMFING (MARQUARDT) VALUE=
NEW DATA ERROR= 0,842SE+00

ITERATION ¢ 3

STARTING DATA ERRCR= 0,8425

0.,1000E+02

E+00




BLOCK

RS s B ' BN T N o QR T % i 2N

10
11
12

4
0

14
1%
17
18
19
20
21

a0
e he

i d
)

24
25
26
27
28
29
30
31
32
34

=
35

36
37
38
39
40
41
42
43
44
43
44
47
48

[~

4

91
92
53
a4
)
598

a
-~ 1

fi

FARM. JUMF. - NEW PARNS.
0.2120E403
0, 4487E402
. 0,4727E403

0. 7432E402

0.7674E401
0.1047E+02
0.1720E+02
0.9351E+01

0,2431E+01
0,2204E+02

“0,3851E+00
0.,2630E+01
0.,4C47E+02
0,9322E+01
-0.3207E+01
0.S524E401
-0.8647E400
20318402
0.289BE+02
0.1766E+02
~0,5428E+01
0.46157E+01
0.8610E+00
0.3017E+01
0.1712E401
=0, 2317E4+00
0.,2032E+401
0.1012E+02
-0,9888E+01
0,3898E+02
-0.1183E402
-0.2241E4+01
=0, 3084E+00
0.,22S5E+01
0.2285E401
=0, 148%7E+01
0.,8304E401
=0, S030E+00
0.3372E402
0.8732E402
~0,2633E+00
0.4316E+00
0.1758E+02
0.,1252E+02
0.14465E402
0,1174E402
0.39463E+02
0.3985E+02
0.,3647E+02
-0.1080E+00
0,5141E401
0.4176E+01
0.5764E400
0,2170E+02
0.1953E+02
0.,5949E+02
0.6278E+02
0.8434E+02
0.4821E4+01
0.8788E+01

0.1038E+04
0.1097E+04
0.4219E403

C0.4422E403

0.1187E+04
0. 3200E+03
0,4367E+03
0.4472E403

0,46818E403

0.9350E403

0.,1127E+04

0.1119E+04
0.6194E+03
0.1313E+03
0.1524E403
0.1421E4+03
0.2109E+03
0.1675E403
0.1155E+04
0.1344E+04
0.1115E4+04
0.2799E102
0,3333E4+01
0.1011E4+03
0.1734E103
0.4236E403

$2226E+03
0.1049E404
0,1323E+04
0.1462E404
0.1404E+04
0.,4737E401
0.7850E+02
0.2042E403
0.3139E+02
0.3997E+03
0.9683E+03
0.1218E+04
0.1309E+04
0.1714E+04
0,4892E+01
0.1251E403
0.5910E+C3
0.7942E+03
0.,2797E+03
0.9612E4+03
0.,1174E+04
0.1472E+04
0.1470E404
0.3981E+03
0.3090E4+03




[She]

s
38
59
50
b1
&2
63
54
. 45
54
&7
48
49
70
71
72
73
74
75
76
77
78
79
80

DAMFING (MARQUARDT) VALUE=
NEW DATA ERROR=

ELOCK

O 0N O G D

4447E4+02
0.,3653E+02
0.1441E402
«241PE+02
2.8%00E+01
-0.3584E+02
=-0,2870E+02
0.1029E+01
0.2017E+01
-0.,74656E+01
=-0.3683E+02
=0,12460E402
~0.1712E403
-0.5409E+02
=0.7079E+01
-0.2936E+02
=-0.4770E401
=0.7218E+02
-0,1E56E402
~-0.3864E401

FARM, JUMF.

-0.4762E4+00
-0.1287E+01
0.1021E+01
-0.1452E401
-0.,3919E+01
0.1300E+01
0.35629E+01
0.2402E401
0.8037E+01
~-0,1483E+01
-0,4294E£401
~0.6447E+00
-0,1287E401
0.1012E401
0.,2234E4+01
0.4913E4+01
0.3849E+01
+2087E+01
-0.1819E+01
~0.1495E400
0.3513E+00
0.,559BE+00
0.1027E4+01
-0,1325E4+01
-0,3812E+01
0.9075E+01
0,3441E+00
=0,4023E+01
=0.1270E+01
0.3633E-01

0.9404E103
0.7494E+03
0. 1126E404
0.11348E+04
0.1123E404
0.1625E+04
0.1442E+04
0.1051E4+04
0.6813E403
0.5554E+03
0.4125E+02
0.1576E+02
0.2341E403
0.2380E+02
0.3218E+03
0.47469E4+03

~0.561BE+03

0.9945E+03
0.1205E104
0.1254E404
0.4228E+02
0.5740E+03
0.1413E402
0.,1138E4+01

0.8343E+00

NEW PARMS.
0.3175E+03
0.4474E+03
0.,4737E+03
0.7627E403
0.1034E4+04
0.1098E+04
0.4255E+03
0.4646E403
0.1195E+04
0.3183E+03
0.,4324E403
0.448B6E+03
0.4803E+03
0.9370E+03
0.11292E4+04
0.1124E+04
0.,6233E+03
0.,3223E+03
0.1293E+03
0.1322E+03
0.1424E+03
0.2115E+03
0.1485E+03
0.1145E+04
0.+1340E4+04
0.1124E+04
0.2802E+03
0.,1311E+01
0.9970E4+02
0.1735E+03

0.1000E4+01
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31

xn
el

33
34
15
34
17
38
19
40
a1
42
43
44
45
84
47
48
49
50
51
52
53
54
55
54
57
58
59
80
&1
62
62
64
45
64
87
48

69 -

70
71
72
73
74
75
76
77
78
79
80

DAMFING (MARQUARDT) VALUE=

+1810E+00
0.948IE+00
-0,1174E+01
-0, 4815E+01
V1093E+00
0,2733E+01
-0, 1829E+00
-0,117BE+01
0,9877E+00
0,1097E+01
0,2740E+01
-0.158%E+01
-0, 1125E+01

-0, $345E+01

-0.1252E+02
-0, 1142E+00

-0,I579E+01

-0, 1679E+02
-0.1734E+02
0.2622E401
-0.3893E+01
-0.4331E401
-0.1134E+02
-0, 1528402
-0.7849E+00
0.,3233E+00
-0,6056E+00
0.1433E+01

0.1157E+01
0.3724E+01

0.34600E+01
~0.,2512E401
-0.79894E+01
-0.5124E401
-0.3548E401
=-0.1705E+02
-0.,3407E401
-0,6848E+00
~-0.2930E+01
~0,1332E+02
-0.9701E401
-0.2998E+01
-0,3378E+02
-0.128%9E+02
=-0.3739E+01
~0,1180E+02
-0, 1102E402
=0, 2201E402
-0.3960E401
~-0.3472E4+01

0.,4228E+02
0.2236E402
0.,1046B8E+04
0.1319E+04
0. 1442E404
0.1507E404
0,4837E+01
0,7732E402
0.,2051E+03
0.3150E4+03
0.4024E+03
0.RE467E103
0.1217E+04
0.1503E+04
0.1701E+04
0.48846E+01
0.1215E+03
0.,3743E403
0.77584E4+03
0.,2823E+03
0.9534E+03
0.1172E+04
0.14461E+04
0.1554E104
0.3973E+03
0.3093E+03
0.9399E103
0.750BE+03
0.,1127E+04
0.1140E+04
0.1131E+04
0.1623E+04
0.1434E+04
0+1045E+04
0.&759E403
0.3384E+03
0.,35835E+02
0.1570E+03

+2511E+03
0.84746E+01
0.3121E403
0.,4722E403
0.3280E+03
0.9807E4+03
0.1201E404
0.1242E+04
0.3134E+02
0,46519E+03
0.1019E+02
0.1528E+01

0.1000E+02
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OUTFUT-FROGRAM GINDEF

ZMI) +/- STL.DEV.

]
1
1

1 0.318E402 +313E+01
2 0,447E402 @, 100E402
3 0.474E+02  0.102E+02
4 JTEAEHDE 0,153E302
3 0,103E+04 +208E+02
) 0.110E+04  0,198E+02
7 0.426E+03  0.135E+02
8 0.,455E403  0.101E+H02
9 0.120E+04  0.244E+H02
10 0.318E+03  0.882E701
11 0.432E+02 0, 112E+02
12 0.449E403  0.113E+02
13 0.880E+03  0.137E+02
14 0.937E403  0,1B1EHC2
13 0.113E+04 +200E402
15 0.112E+04  0.157E+02
17 0.4623E+03  0.113E+02
18 0.322E403  0.811E+01
17 0.130E+02  0.346E+01
20 0.152E+03  0,499E+01
21 0.142E402  0,3516E+0L
22 0,211E+03  0.38B%E+01
23 0.149E+03  0.,317E+01
24 0.118E+04  0,203E+02
2 0.134E104  0.183E+02
2 0.1126+04  0,137E+02
27 0.280E+03  0.813E+01
2 0.131E+01  0.327E+01
29 0.997E+02  0.,431E+01
30 0.173E403  0.587E+01
31 0.424E+03  0.843E+01
12 0,224E+03  0,4627E+01
33 0.107E+04  0.184E+02
34 0.132E+04  0.186E+02
33 0.145E+04  0.180E+02
36 0.151E404  0,280E+02
37 0.484E+01  0.138E+00
28 0.773E402  0,390E+01
39 L205E403 0.50%E401
40 0,313E+03  0,743E401
41 0.402E+03  0.843E+01
42 0.947E+03  0,171E+02
43 0.,122E+04  0.,180E+02
44 0.150E+04  0,213E402
43 0, 170E+04 +312E4+02
46 0,489E+01  0,136E+00
47 0,121E+03  0,347E401
48 0.,374E102 «200E402
49 0.777E403 »215E402
50 0,282E+03  0.899E+01
Gl 0.933E+03  0.212E+02
52 0.117E4+04 »221E402




a3 0.146E+04 «268E+02
54 0.183E+04 0.340E+02
¥ 0.397E+03  0.359E+01
36 D.SO9ES0T DL.SR4EDL
57 0.940E+03  0.4%0E+01
a8 0,731E+02  0.453E401
39 0.113E+04  0.819E+01
&0 0.114E404  0,109E+02
61 0.113E+04 +109E+02
42 0,162E104  0.131E+02
&3 0.143E104 P 121E402
b4 0.105E+04  0.103E+02
45 0.876E+02 0.101E+02
b6 0.528E+03  0.143E+02

7 0.338E+02  0.402E+02
s8 0.137E+02 D.G36EF0L

g 0.231E+03  0.132E+02
7 0.848E+01 +12BE+03
71 0.312E+03  0.127E+02
72 0.,474E402  0,3B0E+01

73 0.328E+03 0. J19E+02
74 0.981E+02 ¢+ 266ET02
75 0.120E404  0.987E401
76 0.124E+04  0.132E102
7 0.314E+02 +718E+03
73 0.852E+03  0.,162E402
77 0.102E+02  0.242E+03
BO 0.153E+01  0.187EH02

INFUT STD. DEV. =  0.,8350E400
CALC. DATA STh. DEV, = 0.,8J30E400
NUMEER OF ITERATIONS FOR SOLUTION = S

MODEL RESOLUTION MATRIX

I ee e {I1-2) (I.1) ATT12)000
11 0.04 0.02 0,00 !
21 0.06 0.06 0.03 0.01 !
31 0.02 0,04 0,06 0.02 0.01 !
4 | 0.04 0,07 0.05 0.02 0.01 |
g1 0.06 0.06 0.04 0.02 0,02 ]
4 1 0.04 0.04 0.04 0.05 0.03 !
71 0.01 0.02 0.03 0,05 ¢0.01 I
8 | 0.01 0.02 0.05 0.01 0.00 1
9 ! 0005 0»11 0004 ‘0»01 '0»01 l
101 0,00 0.00 0.07 0,03 0.01 !
11 1 0.00 0.06 0.06 0.03 0.01 !
12} 0.02 0,04 0.06 0.02 0,01 !
171 0.03 0,06 0.05 0.02 0.01 !
14 1 0.05 0.03 0.04 0.02 0,01 !
15 1 0,03 0,083 0,03 ¢.02 90.02 !
16 1 0.03 0,03 0.03 0.03 0,04 !
7 0.01 0.01 0,04 0.07 -0.02 !
18 1 0,00 0,01 0.06 -0.01 -0.01 !
19 1 0.00 0.00 0.08 ¢.02 0.00 !
201 0,00 0.03 0.07 0,02 0.00 !
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DATA RESOLUTION MATRIX

I el I-2) (1.1 (I:I+22.0,
11 0.0% 0.03 0.03
20 0,06 0.05 0.04 0.02
31 0.04 0,04 02,03 0.03 0.02
4 1 0.03 0.04 0.04 0.02 0.03
S | 0.03 0.07 0.04 ¢.04 0.02
&1 0.03 0.04 0.04 0.03 0.01
71 0.02 0.04 0,02 0.02 0,01
81 0,03 0,02 0,02 0,01 0,01
71 .02 0,02 0,02 0.02 0.02
101 2,02 0.02 0.02 0,02 0.03
i1 0.01 0.02 0.02 0.03 0.03
121 0,02 0.03 0.04 0.04 0.03
131 0.02 0.04 0.05 0.04 0.03
14 | 0,03 0.04 0.04 0.03 0.00
15 | 0.04 0.04 0.04 0.00 0.00
16 | 0.00 0,00 0.07 0.02 0.01
17 1 0.00 0.05 0.03 0.02 0.01
18 1 0.03 0.02 0.02 0,02 0.01
19 1 0.02 0.02 0.02 0.02 0.01
20! .01 0.02 0,02 0,02 0.01
21 1 0.01 0.02 0.02 0.01 0.01 -
22 1 0,01 0.02 0.01 0,01 0.01
231 0.0t 0.01 0.01 0,01 0,01
24 1 0,01 0.,0¢ 0.01 0.01 0.01
25 1 0.01 0,01 0,01 0.01 0.02
26 1 0,01 0.01 0.02 0.02 0,02
27 1 0.01 0,02 0.03 0.03 0.03
28 1 0,01 0.02 0.04 0.0 0.03
29 1 0.02 0.03 0.04 0.03 0.00
20 1 0,03 0,03 0.04 0.00 0.00
11 0.00 0.00 0.03 0,02 :0.01
321 0.00 0,04 0.02 0.01 0.01
33 1 0,02 0.02 0.01 0.01 0,01
34 | 0.01 0,01 Q.01 0.01 0.01
35 | 0.01 0.01 0.02 0.01 0.01
36 1 0,01 0,01 0.01 0,01 0.01
37 1 0.01 0.01 0.01 0.01 0.00
38 1 0.01 0.01 0,01 0.01 0.00
39 1 0.01 0.01 0.01 0.01 0.01
40 | .01 0.01 0,01 0.01 0.01
41 | 0,01 0,01 0.01 0,01 0.01
21 0.01 0.0 0.01 0.02 0.02
43 | 0.01 0.01 0,02 0.04 0.04
44 | 0.01 0,02 0,04 0.07 0.00
45 | 0.02 0.05 0.09 0.00 0.00
46 1 0,00 0.00 0.01 0.04 0,01
71 0.00 0.02 0.06 0.03 0.01
48 | 0,01 0,03 0.03 0,04 0,02
49 | 0,02 0.04 0.04 0.04 0.02
50 | 0,02 0.03 .08 0,02 0.02
3t 1 0.02 0.08 0,04 0.04 0.03
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110 1 0,023 0.04 0,01 0,01 0,01 i
112 1 .01 0,02 0,02 ¢,03 0.03 !
117 1 0.01 0.02 0.08 0.046 0.01 !
114 | 0.02 0.08 0.06 0.02 0,01 !
118 1 .05 0.03 0.02 0,02 0.01 !
115 1 0.04 0,02 £.02 0.02 0.02 !
117 1 .02 0.02 0,02 0,02 0.02 |
118 | 0.02 0.02 0,02 0,02 0,02 !
119 | 0,02 0.02 0,02 0.02 |
120 1 0.02 0.02 0.03 |
COVARIANCE MATRIX
I eee (I:1-2) {I:1)
11 0.56E+02  0.39E402
21 0,3FE402 Q. 10E$CZ Q,57EHQ2
31 0.17E+01 0.57E4+02 0.1CE+02 0.11E+03
4 0.41E+02 0.1iE4Q3  0,22E402  0,26E403
31 0.72E+02 0.24E+03  0,42E4+0T  0.33E+03
& 1 Q.17E+02  0.3SE+03 0,29E+02  0,12E+03
71 0.15E4+02 0,12E+0Z 0.18E+03  9.8&E+02
8.1 0.,74E+01 0Q.88E+02 0.10E+03  0.14E+03
9?1 0.10E+03  0.18E4+03 0,60E403 -0,11E+02
101 ~-0.60E+01 -0, 11E402  0,7BE+02  0.59E4Q2
i1 1 -0,22ZE+02  0.59E+H02 0.13E+0T 0.76E+H02
12} 0.10E+02  0.76E402 0.13E403  0.11E403
121 0.45E+02 0.11E+03 0.19E+03 0.20E+03
14 | 0,60E+02 0.20E403  0.33E403  0,24E+03
15 1 0.,17E+03 0.34E4+03 0.40E103 0.25E+03
16 1 0,16E+03 0,25E4+02 0.23E403  0,81E402
17 | -0,22E4+02 0.81E+02 0.13E403 0.S4E+02
18 1 0,49E+01  0,34E402  0,448E+0Z2 -0,21E+01
1?2 ] -(0.54E+H01 -0.21E+01 0.30E+02 0.74E+01
20 -0.,13E+01 0.74E+01 0,2SE+02 0,4BE4{1
21 1 -0, 14E+01  0.4BE+D1 +27E4+02  0,48E+01
221 -0,17E4+01  0,48E+01  0.3BE+402 0,73EH01
231 -0,28E+01 0.7SE+01  0.27E402 0.77E+02
29 | 0,43E4+02 0.77E+02 0.41E+03 0.34E+03
23 1 0,55ET02 0,34E+03 0.34E+03  0.12E403
26 | 0.32E4+02 0.12E4+03 0.23E+03 0.83E+0Z
27 1 -0, 15E+01 0.82E+02 0.486E+02 -0.21E+01
28 | -0,39E+01 ~0.21E+01 0. 11E+02 0.24E+01
29 | -0,22E+01  0,34E+01  0.19E+02  Q,.468E+01
30 | -0,43E+00 0.58E+01  0,22E+02  0,24E+02
31 1 «23E4+01 0,24E402 0.71E402  0.20E4H02
321 -0,32E+01 «20E+02 0,39E+02  0.746E+02
33 1 +74E+02  0.78ET02  0,24E402  0,31E+402
24 | 0,55E+02 0.31E+03 0,3ISE+03  0,25E+03
35 | 0,18E+03 0.25E+03 0,32E403  0,42E+03
36 1 0.,19E+03 0.42E+03 0.48E+03  0,Z1E4C0
37 1 0,30E+00 0Q.31E+Q0 0,19E-01 0,74E-01
38 | 0+41E+C1 0,74E-01 0.15E+02 0,B80E+01
39 1 -0,43E-01 0.80E+01 90,37E+02 0.17E+02
40 | -0,74E+00  0.17E402 0.34E+02 0,27E+02
41 1 -0, J4E+01  0.27E+02  0,7SE402  0Q.11E+02
42 S3SEH02 0. 11E+03 +29E+03 0.2BE+03

0.15E402
0.74E+01
0.,10E+03
-0, 60E+01
-0.23E402
0.10E402
0.,46E+02
0.40E+02
0.17E+03
0.16E4+03
-0,22E402
0.46%9E+01
-0.54E+01
-0, 13E401
-0.14E+01
-0.17E+01
-0.28E+01
0.,43E+02
0.55E+02
0.32E+02
=-0.15E+01
-0.3%E401
~-0,23E+01
=0, 438100
0.,23E401
-0.32E701
0.,74E+02
0.55E+02
0.16E4+03
0.,19E+03
0,30E+00
0.41E+01
=0,43E-01
=0.74E+00
~0.34E+01
0.323E+02
$77ETD2
0.19E+03
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- 43

44
43
46
47
48

49
50

31

52
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&0
81
62
&3
b4
85
b6
&7
48
&9
70
71
72
73

-
4

73
76
77
78

-2
i

80

0.77E+02
0.1%E302
0.28E+H03
0.49E+00
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GRAVITY MODEL RESULTING FROM PROGRAM GINDEP
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GRAVITY MODEL RESULTS USING THE MODEL RESULTING FROM
PROGRAM GINDEP - COMPARE THESE RESULTS WITH THE REDUCED

GRIDDED OBSERVED DATA CONTAINED IN PART D OF APPENDIX D
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