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June 29, 1988 

Mr. H. Ross 
Earth Science Laboratory, 
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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-FG07-
84ID12425, "Geophysical Research on Geothermal Resources in Montana". Part I 
of the report was submitted previously on December 21, 1987. 

Sincerely, 

W. R. sill. Professor 
Department of Physics and Geophysical 
Engineering 
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' INSTRUCTiOiNSS 

(This form stiall be completed in accordance with the following instructions. I^r any clarification' or additional information 
that. might be needed, consult the appropriate section o f the DOE Financial Assistance Procedures Manual (DOE-FAPfA). 

Insen in the space provided, in the line which begins, "Under the 
Authority of Public Law. . . , " the number and the name of the Public 
Law which authorizes this award. On the line below, enter the title of the 
pertinent program. 

Block 1 - Enter the project title as it appears in the SF-424 or equivalent 
application/proposal face sheet. 

Block 2 - Place a checkmark in the box beside the appropriate financial 
assistance instrument. 

Block 3 - Enter the name; address and telephone number of the appli­
cant/proposer as it appears in the SF-424 or equivalent application/ 
proposal face sheet. 

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

Block 5 - Enter the appropriate 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 cottipletion date for 
the project. If a project period is being changed, enter the starting date 
and anticipated completion date for the project period, as changed. 

Block 8 - Enter the name and telephone number of the individual 
designated by the applicant/proposer as the director of the project." 

Block 9-Enter the narne and telephone number of the individual 
designated by the applicant/proposer as the contact for all business' 
matters. 

Block 1 0 - Place a checkmark in the box opposite the term which 
identifies the type of action being 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 office as the project officer. 

Block 12 - Enter the name, address and telephone number of the 
individual/organization who-will administer the agreement for DOE. 

Block 13 - Place.a checkmark in the box beside the applicable recipient 
type. If the recipient is a .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 provided. 

Block 14 - Enter where indicated, the appropriation symbol, B&R 
. number. Fund Type (FD/AFP Code (AFP)/Objective Class (OC) and CFA 
Number from the Procurement/Financial Assistance Request Authoriza­
tion (DOE Form PR-799A). Completion of Block 14.d. is required only 
for awards made by Headquarters. 

Block 15 - Enter the applicant's/proposer's Federal Employer Identifica­
tion No. from the SF-424 or equivalent application/proposal face 
sheet, or if the applicant/proposer is an individual, enter his/her 
social security number. 
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Block 16-Entries should be made as follows: (If no dollar entry is 
appropriate a zero should be entered to indicate there was no error of 
omission.) 

Line a.d) - Enter the amount of DOE funds obligated by this action. 

Line a.(2)^ Enter the amount of DOE funds not expended in prior 
budget period{s), if any, authorized by! DOE for expenditure 

. in the current budget period. 

Line a.i3) - Enter the amount of DOE funds previously obligated in 
the current budget period. 

Line a.(4) - Enter DOE's share of the total approved budget 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 fpr the current budget 
period. (Add the amounts in lines a.(4) and a.(5).) 

Line b.d) - Enter the amount of DOE funds obligated in the current 
budget period. (Add the amounts in lines-a.d) and a,(3).) 

Line b.(2)-Enter the amount obligated by DOE in prior budget 
• periods. ",. 

Line b.(3)- Enter the amount obligated by DOE in the project. 
period to date. (Add the amounts in lines b.d) and b.(2).) , 

Block 17 - Must; be completed for cooperative agreements. Con-
triacting Officers may exercise discretion as to whether to complete it for 
grants. Enter in the blank provided, the amount 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 previously provided, those being 
provided by this action; and all anticipated future obligations and con­
tributions of both.parties. 

Block 18 - Complete as follows: ' 

; Item 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 

:. applicable to the program unider virtiich the'award is made. 

, I t e m C - Mark the box beside B for grants or C for cooperative 
, agreements. . . • 

Item d. - In the blank provided, enter the date of the application/ 
proposal: (If SF^24 is used, see block 23c on page 1.) Place a 
checkmark in the appropriate box to indicate whether the applica­
tion/proposal was accepted as submitted or with negotiated 

: ^ changes. . . , , . • 

Block 1 9 - Enter any explanation or advisory comments which are re­
quired for, or applicable to, this aaion. 

Block 20 - Will be completed by the recipient. 

Block 21 -The Contracting Officer shall sign and date the top line. 
His/her name and title should be entered on the next two lines. This box 
must be signed prior to forwarding to recipient. 



Grant No..DE-FG07-84ID12525 
Part I - Budget Plan 
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Grantee - Montana College of Mineral Science and Technology 

• BUDGET'PLAN- ' 

.- Salaries 1 12,000 

Benefits $ 2,431 

Research Fellowships .$20 ,000 

Field Travel $ 15,820 

. Supplies $ 2,500 

Publications $ 2,000 

Equipment . ' $ 30,855 

.. Indirect Costs S- 7,215 

•TOTAL $ 93,421 
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PART II -CONDITIONS 

Phis grant is subject to the following provisions: 

General 

The grantee, is obligated to conduct such project oversight as may be 
appropriate, to manage the funds with prudence,: and to comply with t 
provisions .outlined,herein. 

2. Reporting Program Technical Performance 

a. Copies. Copies of reports and all other related data.and 
i nformation generated under this grant shall be submitted in ,•• 
accordance with the.attached Federal Assistance Reporting 
Checklist .(.DOE Form EIA-459A).\ 

b. Publication of results. The Grantee may. publish the results of 
its work. However, publications and reports prepared under this [ 
grant shalIcontain the following acknowledgment statement, "This, 
(material) was prepared with the support of the U.S; Department of 
Energy (DOE) Grant No. DE-FG07-84ID12525. However, any opinions, 
findings, conclusions, or recommendations expressed herein are ' 

• those of the. author(s) and do not necessarily reflect the views of 
. DOE." 

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

• and reports shal1 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..shal1 be.commensurate 
• with the scope and stomplexity of the task and shal 1 be as 
delineated in Slock 4- - Reporting Requirements - and. Block 5 - ^ 
Special Instructions. The prime recipient shal1 be responsible 

. for acquiring data from any subcontraictors, or'subrecipients to '., 
ensuf"e .that, data submitted are-compatible with the data, elements ' 
.which -prime recipients submitto DOE. Plans and reports submitted 
in compi iance-with, thi s provision are in add.i.tion to'any other . ' 
reporting requirements of.the Federal assistance instrument. 

d. All reports delivered to DOE shall:be the sole property .of the. , 
DOE. The Grantee shal1.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. propri etary interest in any report.' 



Grant No. DE-FG07-84ID12525 
Part 11 - Conditions ' 
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rravel 

Domestic tr.avel is 'anappropri.ate charge to t h i s grant,, and pr ior ;, 
:authorization fo r specif ic t r i ps is not" required. Foreign travel must f 
be c lear ly essential to the grant e f fo r t and must, to-be charged i' 
against th is .grant , have pr ior expl ic i t - approval.of the Grants Off icer ^ 
regardless of i t s inclusion in the approved grant budget. The Grantee { 
agrees to use U.S..Flag a i r carr iers to the maximum extent practicable i 

•when internat ional a i r transportat ion becomes necessary under th is ii 
grant. The difference in cost between f i r s t - c l ass a i r accommodations '• 
and economy class accommodations is una!lowable. 

4. Allowable Costs j: 

..Allowability of costs shall be determined in. accordance with OMB • ', 
. Circular A-21 which is attached and hereby incorporated by reference, f 

• - . . !• 

5. : Project. Period .'l 
• i' 

The project completion date is December 11,. 1985, which includes 90 I 
days for completion of the final report. All research eff ort. must be '•• 
completed by September 11, 1985. Only costs associated with ii 
preparation of the final report will be allowed during the 90 days from 
September 11, 1985 through December 11, 1985. . •: 

5. Payments -

a. The Grantee may request advance payment of cost to be incurred. 
Such requests should not exceed the expected outlays by the '•'. 
Grantee in the succeeding 30-day period. • . - !' 

b. Payments to the Grantee shall equal the Federal share of actual . ;. 
al lowable costs of performance of this grant, provided however, '• 
and notwithstanding any other-provision of thi s grant, that the j; 
•Government's monetary 1iabi1ity under this grant shall not exceed, 
the Government share of the total approved budget or an amount 
equal to the Federal share of actual allowable costs, whichever is 

• • • .less. The Grantee shal T be obligated to perform under thi s grantir 
•throughout the agreed-upon period of performance, and to bear all-

• . ;, costs which DOE has not agreed to pay. However, the Grantee shall 
have the right to cease to perform when or after the Federal share 
of:actual allowable costs equals or exceeds the Government, share i 
of the total approved budget and. if prior written notice to that i. 
• has been provided to DOE. •, 

c. • The Government obligations may be increased unilaterally by DOE by 
•'written notice to the Grantee ari.d may be i.ncreased or decreased by 
..written agreement of the parties.' '.' 
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6. . Pa.>mients (Cont 'd) . 

d.' Upon termination or expiration of the total period of performance,' 
the Grantee shall .promptly refund to DOE (or make such disposition!:^ 
as.DOE may in writing direct) any sums paid by.DOE to; the Grantee , 
under this grant in.excess of the cumulative Government allowable 
•cost incurred in'performance under the grant. .. 

. e: Applicable Credits. The Grantee agrees.that any refunds, rebates,. 
' .-credits, or other amounts (including any interest thereon) 

accruing to or received by the. Grantee or any assignee under this'' 
grant shal1 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' 
:aTlowable costs.hereunder when approved by the Grant Officer. 

f. Audit Adjustments. The Grant Officer may have invoices or 
vouchers and statements of cost submitted under this grant audited 
at anytime 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 final 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 resulting fromthe final audit when conducted. 

7. . Financial Reporti ng' Requirements : 

Three copies of the Grantee's Financial Status Report (prepared on an ' 
accrual basis) shal 1 be submitted to the Grant Officer at the end of 
the project period. (The project period of this grant is inclusive of 
the 90 days stated in OMB. Circular A-110, Attachment.G.) 

.3. Retention and Custodial Requirements for Records 

Grantees shall retain and permit examination of records as required by 
OMB Circular A-110, Attachment C. 

9. Patent Rights - (Small Business Firms and Nonprofit Organizations) 
(March. 1982) .. , ' :. ' .'. . / . ~ ~" . 

• a. Definitions • 

(1) "Invention" means any invention.or discovery which is or may 
.be patentable or.otherwise, protectable under Title 35 of the 
United States Code (USC). . • • 
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9. Patent Rights - (Smal 1 Business Firms and Nonprofit'.Organizations) 
:(March 1982). (Cont'd) [ . • - .-.,,..•- .....-.- . :./ . • •,:•—̂  

(2) "Subject Invention" means any invention of the grantee . 
conceived or first-actual ly.reduced to: practlce.^'in. the .;; 
performance of work .under-this.agreement. . • 

.: (3)^ "Practical Application" means to manufacture in the case of a . 
composition or. product, to practice inthe case of a process 

. 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 regulations, available 
to the public on reasonable terms. 

(4) "Made" when used in relation to any invention means the 
conception or first actual reduction to practice of such 
invention. . • _ 

(5). "Small Business Firm" means a small business concern as 
defined at Section 2 of Pub^lic Law 85-536 (15 USC 532) and 
implementing regulations of the Administrator.of the Small 
Business Administration. For the purpose of .this clause, the 
size standard for small business concerns involved In 
Government procurement, contained in 13 CFR 121.3-8,and in 
subcontracting, contained In 13 CFR 121.3-12, will be used. 

(5) "Nonprofit Organization" means universities and other 
Institutions of higher education or an organization-of the 
type described in section 501(c)(3) of the InternaIRevenue 
Code of 1954 (25 USC-501a) and exempt from taxation under 
section 501(a) of the Internal Revenue- Code (25 
U.S.C. 501(a)) or'any nonprofit scientific or educati;onal 
organization qualified under a state nonprofit organization 
statute. 

(7) '"Patent Counsel" means the-Department of Energy (DOE) patent 
. counsel assisting the DOE contracting activity-.' . 

b. Allocation of Principal Rights '. 

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 Federal 
Government sha: 11 have a nonexclusive, nontransferable, 
-i.rrevocable, paid-up 1 icenseto practice'or have practiced for .or 
on behalf of the United States any subject invention throughout 

- the world. 
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9. Patent Rights - (Smal1 Business Firms and Nonprofit Organizations)- . 
• (March 1982) (Cont'.d) " ^ ~ . " ~~~" . • •-., . - . •; • • • 

C .Invention Di sclosurer Election of Title and Filing of Patent."; 
/^plications by the Grantee• 

(1) -The Grantee-wil 1 disclose each, subject invention-to the ' 
Patent Counsel (with notification: by; the. Patent'Counsel'to-. 
the Contracting Officer) :w1th1n 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 complete 
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 or 
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,' 
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 public use planned by the 

'. • Grantee,. . 

(2)' The Grantee wil1 elect in writing whether or not to retain 
title ;to 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 terminates sixty days prior to 
.the end of the statutory period. 

(3) The Grantee-wi 11 file its •initial patent appl ication; on. an ,. 
elected invention within^ two years-after election or, if 

•' earlier, prior to the end of any statutory period wherein '' 
. valid patent protection can be obtained in the United States '• 

after a publication, on sale, or public use. The Grantee 
will file patent applications in additional countries within. 
either ten months of the corresponding initial patent, 
application or six months from the date permission is granted 

.'. by the'Commissioner of .Patents and Trademarks to file foreign: 
.•patent applications where suchflling has been prohibited by 

a Secrecy .Order. 
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9. Patent Rights - (Small Business Firms, and Nonprofit Organizations) 
. (March.1982) (Cont'd) ' ' — — - ^ — -^- — — 

(4) Requests.for. extension of the .time for disclosure to Patent .'<: 
Counsel, election, and filing may, at the discretion of the 
.Patent. Counsel, be granted. • 

d. Conditions When the Government May Obtain Title 

(1) The Grainte'e wi 11 convey to DOE, upon written request, title 
to any subject invention; 

(1) If the Grantee fails to disclose or elect the subject • 
Invention within the times specified in c. above, or 
elects not to retain title. : 

: (11) In those countries in which the Grantee fails to file 
patent appl ication 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 
continue to retain title In that country; or 

- • • ' • • • ' • • ' . ' I ' 

(ill) In any. country in which the Grantee decides not to 
continue the prosecution of any application for, to pay' 
the maintenance fees on, or defend in a reexamination ot-
opposition proceeding on, a patent on a subject 
invention.. ' 

e. Minimum Rights to Grantee 

(1) The Grantee will retain a nonexeclusive, royalty-free licens^ 
throughout the world in each subject invention to which the i: 
Government obtains title except if the Grantee fails to j, 
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 
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 legal ly obligated to do so at the time the ,• 

. agreement was awarded. The license is- transferable only with 
the approval of DOE except when transferred to the successor' 

' . of that part of the Grantee's business to which the invention 
.pertains. 
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Patent Rights - (Small Business Firms and Nonprofit Organizations) • 
(March 1982) (Cont'd)- . ' "• ^ ~ ~"~-

(2) The.Grantee's domestic license may be.revoked or.modified by. 
OOE to the extent necessary to achieve expeditious practical ' 
application of the.subject invention pursuant to an 

•application for an exclusive license submitted. In accordance . • 
with 10 CFR 781. This . 1 icense 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 

.modified at the discretion of DOE to the extent, the Grantee, ' 
its 1icensees, or its^ domestic subsidiaries or affiliates 
have failed to achieve practical application in that foreign 
country. 

(3) Before revocation or modification^ of the license, DOE will ,.--
furnish the Grantee a written notice of its intention to 
revoke or modify the license, and the Grantee willbe allowed 
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 
CFR 781, any decision concerning the revocation or 
modification of its license. 

f.. Grantee Action to Protect Government's "Interest ' 

(1) The Grantee agrees to execute or to have executed and 
promptly deliver to Patent Counsel all Instruments-necessary' 
t o : • 

" ( 1 ) Establish or confirm.the rights the Government has 
throughout the world In those subject inventions for 

. which the Grantee elects to retain title, and r 

(ii) Convey, title to DOE when requested under d. above, and ' .-
to enable the Government-to obtain patent protection •. 
throughout the world in that subject invention. 

(2) 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 • 
.with the disclosure provisions of c. above,, and to execute 
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Patent Rights - (Smal l Business Firms and Nonprofit Organizations)' 
'.(March 1982) (Cont'd) . ' . - - . ~~ ' ~~~~-

&U papers necessary to file patent applications on subject 
Inventions. The disclosure format should require, as' a 

'; minimum, ~the" information requested by subparagraph C;(l) 
...••. "above. The Grantee shall Instruct such employees through the ;• 
"• '/- .employee agreements or other suitable educational programs on 

• the importance of reporting'inventions in sufficient time to '• 
-permit the filing of patent applications prior to United -
.."States or foreign statutory bars. 

(3) The Grantee will notify Patent Counsel of any decision not to 
continue prosecution of a patent application, pay maintenance 
fees, or defend in a reexamination,or opposition proceeding 
on a patent, in any country, not less than thirty days before. 

; the expiration of the response- period required by the 
...•. relevant patent office. .-'. 

(4) The Grantee agrees to include, within the specification of . ' 
-any United States patent application and any patent issuing • 
'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 this invention." 

(5) The Grantee agrees to: 

/ (i) Provide a report prior to the close-out .of the agreement-
. .listing all subject inventions; 

(ii) Provide notification of al1' subcontracts for 
experimental, developmental, demonstration, or research 

; work,' the identity of the patent rights clause therein, 
and copy of each subcontract upon request; 

( i i i ) • 

Subcontracts 

(1) -The Grantee will include this clause, suitably, modified to 
'identify thie parties, in all subcontracts, regardless of , 
•.tier, for experimental, developmental or research work to be 
•performed in the United States by a. small business firm or". 
• domestic nonprofit organization. The subcontractor will 
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9. Patent Rights' - (Small Business Firms and Nonprof i t Organizat ions) ' 
• •'(March... 1982) •. (Cont 'd) '̂  ' ~ ~_ " " " 

' ' r e t a i n , a l l r i g h t s , provided f o r the Grantee i n t h i s , c lause, ;'. 
' and the ' Gr'antee^ wi 11 no t , as par t of the cons ide ra t i on f o r 
- .award ing ' thesubcont i -ac t , obta in r i g h t s i n t h e ' 

. . . . - subcont rac to r ' s subject i nven t ions . ; . 

. :. -(2)--.. .The Grantee w i l l inc lude -in a l l other subcontracts , -
regardless o f t i e r , f o r exper imenta l , developmental, 

. demons t ra t i on , or research work the patent r i g h t s clause 
. -required by 4rCFR 9-9..107-5(a) or 41. CFR 9-9.107-5 as 

• appropr ia te , modi f ied to I d e n t i f y the p a r t i e s . 

(3) . In. the case of a subcontract , ' a t any t i e r DOE, the 
subcontractor , and the Grantee' agree t ha t t hemu tua l 
'Obl igat ions o f . t h e par t i es -c rea ted b y t h i s clause c o n s t i t u t e -
.a con t rac t .between the subcontractor and DOE wi th respect t o . 

-:-- those mat ters 'covered by t h i s c lause. . 

h. Reporting- o n . U t i l i z a t i o n of. Subject Invent ions 

The Grantee agrees t o submit on request per iod ic repor ts no more 
f r equen t l y than annual ly on the u t i l i z a t i o n of a subject i nven t ion 
or on e f f o r t s a t ob ta in ing such u t i l i z a t i o n tha t are being made by 
the Grantee or i t s l icensees or-assignees. Such :reports sha l l 
inc lude in fo rmat ion regarding the s ta tus of development, date of 
f i r s t commercial sa le or use, gross r o y a l t i e s received by. the .. 

.Grantee,: and such other data and in format ion as DOE may reasonably. 
spec i f y . . The Grantee also agrees t o provide add i t i ona l repor ts as 
may be requested, by DOE,in connect ion w i th any march- in proceeding. 

. undertaken by DOE in accordance With paragraph j . . pf t h i s c lause. 
;• To the ex ten t data or in fo rmat ion suppl ied under t h i s sec t ion i s 

• considered'by the Grantee, i t s l icensee or assignee t o be 
p r i v i l e g e d and c o n f i d e n t i a l and 1s so marked, DOE agrees t h a t , t o 
the ?xtent permi t ted by 35 USC 202(c) (5) , . i t w i l l not d isc lose 
such in fo rmat ion t o persons outs ide the Government. 

1..: . Preference f o r "United States' Industry 

- Notwithstanding any other p rov i s i on .o f t h i s c lause, thei Grantee 
' agrees t ha t ne i ther I t - n o r any assignee wi11 grant to .any person 

the exc lus ive r i g h t t o use or s e l l any subject inven t ion i n the 
. United States unless such person agrees tha t any productis 

• embodying'the sub ject inven t ion or produced through the. use of the 
. subject i nven t ion wi11 be. manufactured s u b s t a n t i a l l y i n the United 

States;. However, in i n d i v i d u a l cases,' the requirement f o r .such an' 
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Patent Rights - (.Small Business Firms and Nonprofit Organizations) • 
(March'.'1982) (Cont'd) " '. ~~ " • --, . ;. " ^ ~ ^ ... 

.' agreement may be waived by DOE upon a showing by the Grantee or 
its assignee that reasonable but unsuccessful efforts have been 
made to grant licenses on similar terms to potential licensees 
.that .would be likely to manufacture, substantially-in the United ' 
•States or that under the circumstances domestic manufacture is not 
...commercially feasible. 

j. March-in Riahts 

The Grantee agrees that with respect to any.subject invention'in"; 
which it hasacquired title,. DOE has the right in. accordance with.': 
the procedures in OMB Circular 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 terms^ 
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 if DOE determines that:.: 

(1) Such action is necessary because the Grantee or assignee has . 
not taken, or is not expected to take within a reasonable 
time, effective steps to achieve practical application of the 
subject invention in such field of use; 

(2), Such action is necessary to alleviate health pr safety needs: 
. which-are not reasonably satisfied by the Grantee, assignee,. 

. or "their licensees; 

(3) Such a.ct1on-is necessary to meet requirements for public use-
specified by federal regulations and such requirements'are •̂-

' not reasonably satisfied by the Grantee, assignee, or , '. 
licensees; or 

(4)' Such action is necessary because the agreeme"nt-required by " • 
paragraph 1. of this clause has not been obtained or waived ' 

.;.'/. "or because a licensee of'the exclusive right to use-or sell ^ 
, any.subject invention in.the United States is in breach of 
. • such agreement. 

k. Special Provisions for Agreements with Nonprofit Organizations 

If the Grantee is a nonprofit organization, it agrees that: 
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'9.' Patent Rights - (Smal I Business Firms and Nonprofit Organizations)' 
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(1) Rights to a subject'invention in the United States may not be 
assigned without the approval of DOE, except where such " 
assignment is made to an organization which has as one of its . 
primary functions themanagement of inventions and which-is : 

• not,, itself, engaged in or doesnot hold a substantial 
interest.ln other organizations engaged in the manufacture or ' 
sale of -products or the use.of processes that might-utilize 
the Invention or be in competition with embodiments of the ' 
invention (provided that such assignee will be subject to the 
same provisions as the Grantee); 

- (2) The Grantee may not grant exclusive 1icenses under United 
. States patents or patent applications in subject Inventions 
to persons other than small business firms for a period in- .. 

'..; excess of. the .earlier of: '. :. • 

. (i)- Five years from first commercial sale or use of the 
.. invention; or 

(11) Eight years from the date of the exclusive license 
, 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 df use wi11 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 different subsequent products covered by the 

". invention. •..-.. 

• (3) The Grantee will share any royalties "col lected on a- subject 
'. -invention with the inventor; and 

(4) The balance, of any royalties or income earned by the Grantee. 
.-.'. ' . 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 scientific research or education. 

1..; Communications . 

The"DOE central point of-contact for communications or -matters . 
.relating to this clause is the Patent Counsel. ..; . '•} ••..." 
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10. Rights in Technical Da ta - Short' Form 

a. Def in i t ions. The def in i t ions of terms -set-forth i n 41 CFR 9-9.201 
apply t o the extent these terms are used herein. .: 

b. Al locat ion of-Rights. ,. 

(1) ;'The-Government shal l ha:ve: ,.-.;-'' 

( i ) Unlimited r i g h t s i n technical data f i r s t produced or 
spec i f i ca l l y used in the performance of th is grant; 

( i i ) The r ight of the Grant Officer or his-representatives to 
"•".inspect at a l l reasonable times up td-three (3)-years- •; 

af ter f i n a l payment under th is grant a l l .technical data,: 
f i r s t produced or spec i f ica l ly used in the grant (for '' ' 
which Inspection the Grantee or i t s subcontractor shal l -
afford proper f a c i l i t i e s to DOE); ;j. 

( i i i ) The r ight to have any technical data f i r s t produced or ' 
spec i f i ca l l y used in the performance o f t h i s grant •' 
delivered to. the Government as the Grant Off icer may • :l 
from time to time di rect during the progress of the work 

.o r . i n any:event as the Grant Officer shall d i rect upon ;. 
completion or termination of th is Grant. 

(2) The Grantee shall have: The r ight to use f o r - i t s . pr ivate ''̂  
pui-poses, subject to patent," security ..or other provisions of|i 

. th is, grant, technical data i t f i r s t produces in the. •.,. 
performance o f th i s grant provided the data requirements of ' ' 
th is grant have been met as of the date of the pr ivate use of 
such data. . The:Grantee agrees that to the extent i t receives 

.or is given access .to proprietary data or other, technical , .,; 
business or f inanc ia l data in the form of recorded." 
Information from DOE or a DOE contractor or subcontractor, .' ' 

;the Grantee shall t reat such data in accordance with any-. • 
r es t r i c t i ve legend contained thereon, unlessuse is i 

•" . spec i f i ca l l y authorized by. prior wri t ten.approval 'of the 
. . . Grant. Of f icer . 

c. Copyri qhted Materi a 1. 

(1) /The Grantee agrees to, and does hereby grant to the 
Government, and to its officers, agents, servants and 
employees acting within the-scope of their duties':. 
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• . ' . • • • ' . • . ' • ' - . ! . : 

10. Rights in Technical Data -. Short Form (Cont'd) 

' (1)" A royalty-free, nonexclusive, irrevocable 1icense:to . : 
reproduce, translate, publish, use, and dispose of and to 

.,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.individual of 
, ..::;: ."concern specif ical ly employed or assigned to originate and 

:...;.. •prepare such material;'; and - - . 

• (11) 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 furnishedunder the grant,' 
provided that such license shall be onlyto the extent the 
Grantee now has, or prior to completion or final 

.settlement of the grant may acquire, the right to grant 
such license without becoming 1iable to pay compensation 
to others solely because of such grant.' 

(2) The Grantee agrees that it will not knowingly include 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 c.(l)(i1) hereof, or 
without the consent of the copyright owner, unless it obtains 
specific written approval df the Grant Officer for the 
Inclusion of.such.copyrighted material. 

11. Authorization and Consent 

The Government hereby gives its authorization and:Consent for all use :and 
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 brany 
amendment hereto or any grant hereunder (including any lower-tier 
subcontract) .-

12. Notice and'Assistance Regarding Patent and Copyright Infringement 

a. The Grantee shalI report to the Grant Officer, promptly and-in 
reasonable: written detail, each notice or claim of patent or ' 
copyright infringement based on the performance of this grant of 
which .the Grantee has knowledge. 

b. In the event of any claim or suit against the Government on account 
•of any alleged: patent or copyright infringement arising out' of the 
performance of this grant or;out of the useof any supplies 
furnished or work or services performed hereunder, the -Grantee shal1 
furnish to the Government when requested by the Grant-Officer,'al1 
evidence and information in possession of the Grantee pertaining to 
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12. ' Notice and Assistance Regarding Patent and Copyright Infringement (Cont'd) 

• such suit or'claim. Such^evidence .and-information shall be 
furnished at the expense of the Government except where the Grantee 

- has agreed;to' indemnify the Government. • ''-

c. This'clause "shalI be included in all lower-tier agreements and 
.•-'.• . -subcontraicts,: ':, 

-13.. Reporting of Royalties 

If any royalty payments are directly involved in the grant or are 
.;reflected 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 thi s gî ant and prior to its completion or final settlement 
: 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 ' 

•either.the patent numbers involved or such other information as will 
. permit the identification of the patents or other basis onwhich 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 title to, any patent under 
which a royalty or payments are made. 

14. Procurement Standards ', -

Grantee procurements are subject to the requirements of OMB Circular 
A-llO, Attachment ,0. DOE prior approval is required for all sole source 

. .contracts-or where only one bid or proposal is received and the aggregiate 
expenditure is expected to exceed $5,000-. , 

15.. Revision of Financial Plans . --

Any revision to financial plans under this grant are subject to the 
requirements of OMB Circular A-110, Attachment J and paragraph 600.114' of 
the .DOE Financial .Assistance Rules (10 CFR Part 600). DOE approval is 
required for transfers.of amounts budgeted between direct, and indirect. 

. costs. Among-.dlrect.cost catagories, DOE;approvar.is required when the 
cumulative amountsof such transfers exceeds or is expected to exceed "5% 
of the total budget as last approved by DOE. The Grantee shall promptly 
notify DOE whenever the amount of Federal authorized funds is expected to 
exceed the needs of the recipient 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 without the prior 

. approval' of. DOE.. 
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16".. Program Income 

Program income, is- .subject to the pol icy .prescribed by OMB Circular A-1 10, 
Attaehment D.and paragraph 500.1 13 of- the DOE.Financial Assistance-Rules 
(10-CFR Part 600)'. Program income other than in teres t , proceeds from the. 

—- "' sa le 'o f r e a l and persona I property,-and royal t ies s h a l l be" treated as . 
. : ' :specified'on" 600.1.13(e) (2) (1) . . That " i s they shal l be'deducted f romthe ' 

;• t o t a l approved budget .to :determine the net costs on ,which .the. DOE casts..'• 
;..-• shal 1 be;calculated. 

17.' L i a b i l i t i e s and Losses : .' . . ' , . " ' ' . 

DOE assumes no l i a b i l i t y with' respect, to any damages or loss' ari sing,'out ' 
;of any a c t i v i t i e s undertaken wi th t h e ' f i n a n c i a l support of thi.s grant. 

18. . Property - ' . . ' • 

•. Property is subject to the requirements of OMB Circular A-110, . , 
' .Attachment N and paragraph '600.1 17 of the'DOE Financial. Assistance Rules 
. (10 CFR Part.600). At the end of the project period or.at.the 
termination'of:D0E support for the project, the Grantee shall certify as 
to any property-acquired under this grant. 

The following property to be purchased with grant funds is designated as 
exempt equipment under the authorityof Public Law. 95-224:: 

.GOP-12 Two-Channel Geophysical Receiver - $12,000 
2MG-20, 20 kw Motor Generator Set. '$ 8,679 

,: - '-ANT/2 CSAMT Antenna , - ,;.. $ 4,735 
-XMT-12 Transmitter Controller - -$..2,440: 

'.. • FM'Communications Radios - .';̂  2,500. 
-' Trailer for-CSAMT System • $ ' 500 ; 

|9. Suspension and.Termination 

a. pOE"reserves the right to suspend this grant "1n accordance with the 
. provisions.of OMB Circular A-1 10, Attachment L, paragraph 3 ahd 
•paragraph :500.122 of the.DOE. Financial Assistance" Rules (lOCFR . 
Part 600). . -, .."..' 

h.. -DOE-.-reserves" the right .to terminate-for cause, 1 n addition to the 
.-.right to terminate for convenience as provide'd in OMB Circular 
A-nO, Attachment L, paragraph 4 and paragraph 60.0.122^ of the DOE . 
Financial Assistance.Rules.:(10 CFR Part 600). :':;..: 

20. Quality Assurance 

The :Grantee wilV Implement a Quality Program in aCcordance.with ANSI . . 
Std. Z 1.8-1971 "Specification of General Requirements for a Quality 
Program" attached, except thatparagraphs.S.3.2, 3.3^3, .3.3.4, 3.4," 

•' 3.5.2, 3.5.3, 3.6.2, and 3.6.3-are deleted. 

H3f-5952H ' ; . 
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STATEMENT ,CF WORK 

MONTANA COLLEGE .OF MINERAL.SCIENCE AND TECHNOLOGY 

1. A l l studies described below are.'to, be performed i n . the area of Ennis, MT. : 

2.. Collect su l ' f i c ien t Controlled Source'Audio-Magnetotenoric (CSAMT)'data 
: to define anomalous areas. Model thes.e data using: appropriate one-' , -

.. dimensional, inversion algorithimsand.'.two-d1mensional forward ;mpdelling . 
•programs. ; ....'• ;, .' :• ;.•-"-."• 

3. Integrate the data-from the CSAMT study.above with other available 
geological, hydrologic, 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, grav i ty , se l f -po ten t ia l , or dipole-dipole r e s i s t i v i t y 
measurements. 

4. . Evaluate ex i s t i ngg rav i t y data and.collect addit ional:data t o h e l p define 
• anomalous regions. Integrate.the gravity-data with other geoscient i f ic 
data as. in Task 3 to select the best s i t es . fo r further gravi ty surveys. 

5. Perform detai led gravity surveys over the anomalous regions defined as 
. a resul t of the work i n 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 develop geophysical models 
based on gravity and other apprxjpriate data. 

6 . , Preparea f i na l , report which w i l l discuss the nature and occurrence of 
geothermal resources in the area -of Ennis, MT, This.report w i l l include 

; results.: of geophysical studies described in Tasks 2,,. 3, 4, and 5. The 
report w i l l , also evaluate the app l i cab i l i t y and success of the geophysical 
techniques used." A model o f geothermal resources.-, based on new data co l -

. lected during th is study, and exist ing data.compiled in Tasks 3- and 4 
- w i l l ' be :developed..and included' in the feport . : 

7.";: Provide overall project management and-complete and report on tasks in a 
• timely'manner. Management.-reports 'shall be provided as defined .'by the 
- attached'DQE "Form EIA 459A Reporting Requirements Checklist. .. The 

required, reports are also'Summai''ize.d-as follows:,,.-

a. ..Form DOE 538 Notice o f I . : Due 30 days'after": award of grant, 
" E n e r g y R&D . - ••; 

, b. :,Quarterly.Management ' . . '. Duê  15 days'after, calendar .quarter end 
Summary Report .' 

c.,: ..Quarterly . Project. Status ". ..: Due 15 days.after-calendar quarter end' 
' • / R e p o r t , .-.. ^ ' • ' •: . 

d. Topical Report ' ; . Due pr ior to or accompanying' f ina l 
report in-both, draf t and in - f i na l form 

. including:one camera-ready.copy 
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e. 'Final Report." (Draft) . . .'Due. 45' day.s prior,to completion'date 

f..-Final. Report - .Due-on. completion-date. " , , ' 

g. -Financial'Status Report, .I Due-on completion-date and at'the end 
OMB Form.269. • : ' of.the first program year. . ' 
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FEDERAL ASSISTANCE REPORTING C H E C K D S T 
f o n u Aj>p«ovTD 

OMB->»0 IKXW.r^ 

1. loentification Number: 

DE-FG07-84ID12525 
3. Recipient; 

• 2. Program/Projec! Trtie: Geothenr.a 1 

4. Reporting Requirements: 

PROGRAM.'PROJECT MANAGEMENT REPORTING 

I I Febeta! Assistance Milestone Plan 

.1 I .Federal Assistance Budgw Infcrrwtion Form 

' _ i J Federal Assistance Menagemen: Summary Repon 

'Tl -- " 
I - Feoeral Assistance Program/Project Staius Repon 

U L ! Financial Staius Repori, OMB Form 2SS 

TECHNICAL INFORMATION REPORTING 

m' 
l_2J Noiice of Energy RD&D 

I Technica! Progress Report. 

u L i Topical Repor; 

[71 
L _ J Finai Technical Repon 

Ff equency 

' Q . . 

• Q • 

Y,F 

No. pt Copies .Addrg'ssees 

A. 

F 

FREQUENCY CODES AND DUE DATES: 

A - As Necessary: witnir, 5 calendar days after events. 

F-finai: Uoon Completion date 
0 - Quarrerlv: wrtfiinl 5 iavs aner end o* calendaf Quaner of ponion thereof. 
0 • One time atter pro.iect stans; vvrnm X days after award. 

: x - Resuireo yy-h proposals or with the appiicatton or with significant planning changes. 
. Y -. Yearly; 30 days after the end of program year. IFinancial Sratus:Repons 90 days;. 
:.S-Semiannually: within 30 days aher enc of program fiscal hal* year. 

5. Special insrrunions; 

6. Prepared ny: ,!SignaTure and Date) 7. Reviewed by: 'Signature and Date) 
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f y ^ ^ ŵ  • ' " .U.S. DEPARTMENT;©^ ENERGY 
\ . A ^ ^ > ^ -IDAHO OPERATIONS OFPICE 
' ^ ^ ^ S ^ REPORT DISTRIBUTION LIST 

; : - : ^ ^ ^ . : ' ^ ^ 

\ \ *''\*'\^\ \ \ \ \ \ \ \ \ \ \ \ \ \ \ \ 1 

DE-FG07-84ID12525 V ^ ^ X ^ ^ ^ X ^ X W ^ 

j • • Aoc.ressees 

: U. S. Department of Energy . 
- Idaho Operations .Office 
' 550 Second Street 

Idaho Fa l l s , ID 63401 ' 

.A t tn : R. Eldon Bray, Program Mgr. 
Energy & Technology Division 

At tn : Elizabeth M. .Hyster 
• . Contracts Management Div. 

At tn : E. .G. Jones, Director , 
Financial Management D iv . . 

- U. S. Department of Energy 
•Forrestal Bldg.,. CE-'524 . 
1000 Independence Ave, S.W. '̂ • . 
Washington, DC .20585 . 

A t t n : Ron. Toms . 

University of Utah Res.eerch Inst i tu te 
:-: Earth Science Laboratory . • . 
.391 Chi'Dete. Way, Suite C 
Salt Lake C i ty , UT • 84108 

A t tn : .Duncan' Foley . 

. U. S. Department of Energy 
Technical Information Center 

• P.'.-O. Box 52-
1 "Oak- Ridoe. TK."37830 -

Special Instructiorts 
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ASQC STANDARD C1-T968 

( jcncra l Requirements For 

. A Qual i fy Program ,, 

1. DEF IN IT ION O F T E R M S 

1.1 Cuaiiry Pro^r jm. The system of ac t i v i i i n esiablis^itd 

to preside > Qualiiy of producl or serxice ihat rr.eeTi the 

rwr^S of u ier i . 

1.2 Contr»cior. A term \j\ed herem.to dfsignate the in-

OivKJual or organisation on «<.hom this Start<2ard IS irrp>ove<f. 

1.3 Suyer. A term uieO herein lo designate the ifvdividual 

or O' jani ia t ion. that iir.poies thiS Sia 'x ia 'd on a controcior. 

NOTE 

•AT.en this Star>d3rd n used tntKrvally, the 

"cont rac tor " may be a ti.->glf jhop or pro 

duct ion group ar«d thi- " b o y w " may be a 

man>3e'Tient or staf^ 9roup em-cy»efed to 

specify the uiC of t.Tj Standard. 

1.4 Inv?»c.ion. T.he procetj ot .-neisurin^.-examining, • 

l(rt..'>3. j i i . n . ^ . 01 ot.^e'>"«•c^^^,parlnJ one or more units of 

prcxTjc; * i ! h t^e appi ic j - ' i * 'e<; i - | 'ement i . 

2. SCOPE 

2.1 Appf icabi l i ry; Wt,eo :h i j Standard n p f«c r i b *d c>f 

K>?c;(-*d \jy cont;act or >5.'«rment. -t p rov ide ia specifica­

tion of the 5<nef3l reouirerrents to be met by the quali ty 

prcg.' im of i contractoi Or other oroani iai .on. ,411 there-

C)-ji(emerit» iDpiy to ? given contract except to the extent 

tr.at they are Vi>ecificai;y deleted, supplemented, or jm.en-

d«C ;n IT.* contr K t . 

2.2 • t l»na- j i ?-jr;gypi. This i ;»r<;»fd require* the »n»b-

;is .̂•T•,w t̂ ond mJl^t^(v»rlcr of i q-jai i iy pro-y im by ti".e con­

tractor arvrt h i i tobcontractof t le tt«ure compl tyxa with 

the requirem.entj p i the contract. Th«, qualiry p c y v ^ . in­

cludirg ils pfocodurei and opwat icx i i . : *u l l t * doai.mw-.ted 

by the con t rK to f i n d s^.ili b« Jobject to r»vi<y. by r * buy-

t f 's tep'cventi t ive. 

The program j>.«!! >pply to the control "̂ f Q j j l i t> ;*voi.>5h-

out all j r e « of contract pcrfocmarrci •rx.'.-.jii^r^, a ippfoo 

nate. the procurr r .eot , i dwt i f i ca t ion . jtoc'-.:. '^ v»d ir»L-i of 

mAtefial:-the tn t i re procea of mmotact- j re; y w th* pack­

aging, j t f v ing . arvd ih ippmq of matwia l . 

'7'ne pf ogram ihal l p fOKi« that. » e v l y a p o & b U . div 

crepanciet (defec' j and p r c ^ a m def»cier<j«l i.Sal! b« dis­

covered arvJ corrective action t3k»n. 

1 REQL'IREME.STS 

3.1 Q-isiity V.ir.-.5»-r*fn. 

3.1.1, '. Q^tr*r^. Th*f.e s^,sl! t^- idsquate /'sr,^.::'*^ ?:=Ttr-jl 

direction, and control in the j *n j« of f '.isLi'•rrritrr.'. xx j 

va l ua t i on of :he etfectr»#r.ea of *.h« ^usl ir t ' P'ogram. 

3.1.2 Or^ar\\LT6on. A< jminr j t r i t iooof tf^-i ^u j f i r f jv-sgram 

shall ! x vened in a t K ^ n u t l t , x i t h o r i u t r v i ;--jrr.«it cf Tie 

or jamrat ion. w i th a d s * / accfu to .r*-.•:';.arr,.»nt. T>.:s or-

. janlzat ion shall b< i ta Had by t i tSnical ly - X ' ^ r - r i n t ; * r s<v 

nel w i th freedom, to m i k e dscisiooj i » i { N x ; ->ii"'t cf >-T3urt 

Of b iM. It ihai l Jl40 hsve lu^ ic ian t xjuh-xity tc Tmutn 5 " ^ 

Qoaiity recuirerrveflU y » <»riiJit»ntly ma>i'J>('i*d. 

3.1.3 , ?rz-r.Mi>.im. Wrirtao qu i l i r y • s ^ i t r d , "sit. yxj \r\-

•iC-«ciion procad-w.-n •..--all be U2«cl 'or >! - - * r ; r j n t Cv-»"»-

Iic*>s. TN«« pfocxjurt-s. shall, b^.'tept ojf 'srw .*id >^1 be 

jsaiiikile at i l l | .> i j t i cm wKef* ih»Y ^l.' l >^ •j;»d. 

file:///j/ed


3 2 J>w^jn In fo f fn r t i oo . 

, ^ 1 C»r>»»»J. 0 « i 9 n in lo rm i t i on foi i pioOuC! (uich at 

.jv»inij >(.*t<l>caiionj. arHJstanJaros) shall be nnamiaineO 

. lu t ' -v i ie ' ' h * ! liems are ' i bucs ted . in ip«^;rd. «rvj ;M;ed t o ' 

i h ^ U i « i afpi icaaie ret;uirerr.enti. In i.ke manner, tasn 

l ieImit ions for a.iervice ihal l be mamtair^ed to tnv j r c that 

the ier>icps are per for meo and inspecteO to the latest appli-

catjie requnement i 

3.2.2 .Ch3r>9a.Control. AM cha.->9M to design in format ion 

w i j s k - d e l i m l i o r i iha l l be procttsed m a m.anrier that iivill 

ensure.«ccoir.i>li ihfr.ent-Ji ipec i f i fd , arx3 a record of actual 

inco 'porat ion points (by date, batch, lot. unit , or other 

specific ident i f icat ion) shall be mainta.ned 

3.3 ?rocufem«f i t . 

3.3.1 , Ger>«rBl. Ade<3uate control over; proc-jrem.eni 

.•jCyicfi ihai l be maintained lo ensure that services ar>d 

luppiies con fo rm tp, specified requifemenij, i rKludmg this 

' ^pecit 'Caiioa Purchase orders (or contrKts l shall be con-

;ro:'t!d :o env-re incorporat ion of pertinent technical arid 

c j - j l . ty requirements. irKludmg auihori;ed changes Ade-

TLi te reco 'd i of inspections j rv j tetts pertoimed on pur 

ch i^ -d material ihal l be maintained. 

#~^.i._^^Sogrea ln jp#c : (cn . The buyer arK) his auih^t*f?<j 

%pfr*ent r t»v< i rr jerve the right to in$pect^^_^l-t-fVeiOurce, 

y i y vuppiiei {urnt jh« l^or services ren^*f€3^nde< this con-

.:r«:t . Inspection at the"iOt)»cs<*?r3Tl nor r iecri iari ly con j t j . 

• t-wt' .Kceptance. nor sh^U-<Telieye"Th*vii5|^r of his responsi-

bui ty to furni ih,. .ac€^tabie product. A'heffStjs not practi-

u l o r !^prrb;» to determine quality conforniar i?t^>^ pur-

. temi i inspection at :^e loufce is a u t h o r i : e d . : ^ ^ 

k3 .3 F! j>f ic: t«d Material. A!^purc.^Jsed material i.'".air 

.>< rHIuated to auure conform.anct *r>th .he requirem,|Atj 

3f ippiici<^^le starMJardj arxJ specif^caiicni. When re^C^red. 

iMpT-.ent of^?r^tef ia i i shall be •ccompanied by ceyi-.eti test 

r-su-sns that denVqnitraie the confiifmar»ce cp-?aw m.aterial, 

; ' i i i ' >? . etc., to tn^srecjuirem^enij: j tatK*-Vi the purchase: 

> r e f or product VpecX(Cation.' ' . V h e p ^ b m i j i c n of, certi 

? ' « lett reports is not » 

•hai! be >ccc.mpanie^ by a c 

y e s to all requirements h 

••3t:ve data reports are oi 

- * ! i ! b« f-jfr,ish»d p n / i ^ u e s t . 

vi^all b« verifiedyjSeriodically 

f icaih t y ^ u i i e t i , every vhipn-.ant 

ate staling that - lonlorm-

ascertained, that Quanti. 

le, and l \ ^ copies of test resui i i 

The .aUb(ty of cer t idca 'ons 

Provisio.-irViil be made 'or. 

rit'-.h^il^iing h 6 m ^ i e ail .ncom.K-vg sup.p!.«-b^^irvg com. 

!.)tiv> o f > ^ h reouirsd inspection jrvj test o r \ ^ - e i p i of 

t n t repons. Jhe ieller :hall be notif .e^s^hen-, 

S-ery^iorKonform.rvj maiefiaU are received. arM co.-re«.we 

-;->i v'-_iil bo ini t iated -rthjn Aarrjnted. 

3 . 3 > - - - . 5 ^ .'vtat»fi»i»., H a ^ m*:? , , , ! ^.3,1 r x x r ^ V ' b r t e n 

ed tOA.'ele"i>uo«contorm»/>:t tc H.Clici$iJ*<p^itKJtH30i. 

Un l fM Otherv, i« r e y u j ^ b y th^ p ^ j ^ i i , CC j^ Of l.S« pro-

certif7e^-H>>r<poni .deni i l , * t i» w.th tr>« 

> i t u j c h . l « u . '.Vh^-n ;-n.ii. 

basisrlbf -.ccfpt>fit» t^e ; « t '« i . i t s 
shall bt comp*<63 w i t h speci f ic j t 'onrequirefTven^.Fui ;:>«?. 
mpre^>>Tf^l .dHy of cer i i f icat ionsVia l l be p*Tiod.cjHv^tr i . 
t iet fby lr^deper^dent testif>q. ... . 

. j^atarial Cont ro l . Ade«3uate methods V>d 

duel snecilication 

rr.i ierial rr>a/ Ue i c c t p t 

f i ca t io r j are yved 

shall be el-

ling, and stof*9e 

fication shall include 1 

the material. TI%eM ci 

time of receipt o l 

tome*, in 

te-r'^j^fTon, l o u , or substi tut ion 

3.5 Minufacture. 

f 'cat 

for cohtrollir>g ih.« ident]l>eriipn..h*nd 

tefial. The identi 

the inspection status of 

J t̂>« mimi j i f ^ed from th« 

hvery to Î >« Cus. 

lai. irorfr>Cifr;S9e. de-ma l o t t r - ^ ^ t g e 

3.5.1 General. Sufficient control .'shall b« m.ji.-tii.-sed 

Over manu.'act'jrmg procevjM to pr?\-ent e icns ive pfodu-ct 

defec:ivene« and variabi l i ty, and toaMure cootorm^rvrt of 

the characteristics of product, which con b« ** f i f :ad only at 

the time and pom i of marvjfdcture. 

fc;<i^?rcc-»«n. Adequate .methods ar^J je r f r r^s 

l iha l lbe p.'Cv^3e?f-'+o..^jajre cof i fof.ma(^,t>»rtTr??^ 

for. specal p r u : e u ip^THS^s^y^rTCJclTa frek:in<j. ^iatii.-^ 

jnodi.'irvg, nuiviestrucj;>«'''tertirtg7>rt«-4tflI,,•^q. u::,:if:'>9. 

and, testing of^jjvrreTiali, Cer t i f i c j t ion i . joc?r~ji-i::^>e ) y 

personne^-orocedures. and »quipment. shall b* maii^tiT?!*c. 

a^-f^quired. . 

3.is Afc5»pt>oe«. 

3 S,1 G»r>»f»|. Inspection a^d testing of cpmp:»:9d,,-at^ 

rial i-'-aii be ^-trformed at nf»ceu*fv to >**ui» that ccntr-jci 

rrqu.rem.entj h rv f b-rtn m t i . SuMicient !iur.->»ii:>-« ^.»ii 

bem.jir^air.e^ over p r« i r va t i on , m y i i n q . p.-jctirv; ;r<; :.>:p-

,p.ng.pper.ii,ons,toavsur< compi.»ncj -.Vlth ' j q u i r t - . i , - , ; : xx3 

to ?r?»eni d j r r j ge , - i i i i no ra t i on , ^ot i , -jf x fcs t i t v ' . -v . i . 

, A n y j j i i ^ t j r ^ ^ - i r - .p ; ; -^ p<-0. 

i « j f w that -Jifler [ f ^ f T v = r N H » I ^ ired by ;.S» v.>-.t.'<l 

si'.all a f ' o rd ,>deq - ^ t i nisuranct that~lh;»-<}u^, iy ~-vra 

5t;Te!^•.«^s. >rx3 ihail be +pprcveo by th« t ^ y V - - ^ ^ 



3,tfr3.^Noiw»olormir>9 MaUoai. P iocedor^s^rx^ 'K i l i l i * * 

f o ;h<'~lfr»od:.'-ig ul noncunlCKming i>»tffTal jhall leouiie 

p<;)rr:,neni ,dT^Trr+<,al^rv^^ prompt f« 

movai f 'oo i thv , *o r><5?«<\Un ie i i olherwis*'pfCfvKJed m 

the pfOduci__>>e€Trcaiioo, i h e ^ U c r m a y . , at his opt ion, 

scrap \ f i f r n 7 \ t u * l Ol rwiuesi OispositioPr->mtruCtit>ns from 

j y e f 

3.7 M««s*jrir>9 l»Mtrurr>«nti. Validity of measurements 

arxSte^ts shall t>e assured, through the. us* of suitable m 

spection me»sunr>g and jest equipment of the range, valid 

t ty, and type r<cesi»ry to determirve cohformance of art.clesi 

to contract r(iquifefT»ents. A l intervals est»blish«d lo ensure 

continued val^ l i ty . measuring devices shall be verified or 

calibrated »^ inst certified standards that have a kr^own, 

valtd relationship to naiior-.al starxJards. Tooling used as s 

m*diB of invpectioo shall be included in this .program. 

F-jrther.more, jvery dr/ ice so.vended shall b«*r an indica­

t ion attesting :o the current sUtus and ihowinig the date 

(pf other t*s.'s! oh which inspection or rxa l ib fJ t ion is r o t t 

r rqui rad. 

3.3 Cuaiiry lrrtorrTvrt.>o«». 

3.3.1 Q t r i t n i . Information from contr.)! a rea detc.'ib*d 

in ?>ra9r»phs 3.1 through 3.7 of this ipecif ic j t joo rfuail bo 

lystemalically u i i l i /ed for the pr '>ent ion, detection, ar¥j 
. correction ol deficiencies in [he p i i ^ / a f n that a'.'et; quality. 

. . ' • . . 

3.8.2 Oualiry Contrc4 f»«cfTH. For j " i rnoect.om *xJ 

tests, t tc '^t . t i that include data oo both conforminq KKJ 

rvorKOolofmir>9 product shall b t mamtairsed. A cxviiiruiir^j 

f»vie>*ol thesaiecoftjjshall t «made, and l u m m i r y informa­

t ion shall be reported periodically to respcxisiblc m.j 

fT>*nt. 

3.8.3 C5rr>cti*« Act ion. Proimpt action rfvi!tb« t i i j n to 

correct corxj i t icoi that causa :l«factrve rnatariaii. t ' n ^ ^ 1 

b«mid« of feedback datajeoeraiad by the ainofrver a a ^ \ 

* j data 5er>eratBd internally. 

4. CUAL ITYPaCCr ! . i . ; j 1 . \UD ITS 

Ouj i i ry pfCiyjfTd wi l l b i audi l fd by / ^ bi:"?iw !or «--?-irrrh 

jncs to t f x in t tn t of C îs 5pac:r>e*r.von. C:-.v';c=C^o^ of ? » 

ptocrvr\ or .major port ioru r^.Jn^of. .mjy b i v3t-o» for *n3v 

holdi.->g sccs^XifKa of product. 



MONTANA TECH 
Butte, Montana 59701 ^ /> A J A / 

(406)496-4101 •"=- ^ ^ ^ 

December 2 1 , 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-FG07-
84ID 12525, "Geophysical Research on Geothermal Resources in Moritana. 

Yours, 

y 
W. R. Sill, Chair 
Department of Physics and Geophysical 
Engineering 

WRS/rm 
Enclosure 
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Butte, Montana 59701 
(406)496-4101 

October 13, 1987 

I 

Ms. Peggy Brookshier 
Energy & Technology Division 
U.S. Department of Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, ID 83401 

Dear Ms. Brookshier: 

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

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. 

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

Engineering 

WRS/rm 

h 

Ron King 
Howard Ross 
John Dunstan 

I 
i 

K E C Ir f V E D 

OCT I 5 J98? 

RfiAiMCH 
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MONTANA TECH! 
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 

Dear Ms. Brookshier: 

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

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. 

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

Engineering 

WRS/rm 

xc: Ron King 
^/Howard Ross 

John Dunstan 

V 
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— ^ — MONTANA TECH! 
ĝ  Butte, Montana 59701 

(406)496-4101 

October 13, 1987 

H 

" i ; i 

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. 

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

WRS/rm 

xc: Ron King 
i/Howard Ross 
John Dunstan 

V 
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UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 

391 CHIPETA WAY, SUITE C 
SALT LAKE CITY, UTAH 84108-1295 

TELEPHONE 801-524-3422 

M E M O R A N D U M 

TO: Pegay Brookshier 

FROM: Howard Ross y ^ l ^ 

SUBJECT: Review o-f Dra-ft Final Report by Montana Team, 
"Geophysical Research on Geothermal Resources in 
Montana" 

DATE: February 13, 1987 

The subject dra-ft report is an excellent summary o-f 
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-D-f-the—art in the use o-f inversion techniques. The 
mathematics and computer programs and modeling output a r e 
presented in detail in appendicies. Thus the report -ful-fills 
Tasks 4 and 5 in good -fashion. 

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

Although the technical content o-f most o-f the report is 
excellent, the organization o-f the report re-flects its dra-ft 
status and hence could be improved. At its present stage o-f 
completion the report does not have: Table of Contents; Abstract; 
Acknowledgement o-f DOE -funding; List o-f Illustrations; 
pagination. There is almost no hierarchy o-f topic titles. The 
report should be organized into chapters and subsections. The 
reproduction o-f 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 o-f 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 i n the first person, generally by 
the student, should be clearly indicated. Most of theselare 
minor problems in the r e p o r t 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 integration 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. 



REVIEW BY GEOCHEMISTS 

1. Chemical geothermometers can be applied to any geothermal 
water, not just surface or near-surface waters. 

2. 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. 

3. 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 t|ie top of Model B the fluids appear to 
move vertically through a unit that is not an aquifer. What 
does this represent? I believe that this figure is 
illustrative and is taken from a paper by Foumier. If so 
it should be deleted. 

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

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

6. The choice is between silica polymorphs, not silica' 
mineraIs. 

7. 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. 

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



9. 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). 

10. 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 90"" C indicates 
that the possibility should be explored. The variation of 
pH from neutral up to >8 indicates that some boiling may 
have occurred. 

11. 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. 

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

13. 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). 

14. 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. 

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

16. 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 the 
geothermometers. The silica polymorph is probably! quartz, 
as indicated by the high cation temperature, and the fact 
that the quartz temperature is lower. The difference in 
predicted temperatures between the cation and quartz 
geothermometers indicate that the silica has precipitated 
out of solution during a slow ascent, which is consistent 
with the more rapid rate of equilibration of silica than 
cations shown by Foumier and several other researjchers. 
All this implies that little mixing is taking place, and 
that the deep temperature is between 160° and 170°|c, but 
that an aquifer of 140° to 150°C may be the most accessible. 



UNIVERSITY OF UTAH RESEARCH INSTITUTE 

UURI 
EARTH SCIENCE LABORATORY 

391 CHIPETA WAY, SUITE C 
SALT LAKE CITY, UTAH 84108-1295 

TELEPHONE 801-524-3422 

February 13, 198"^ 

Dr. C. J. Wideman 
Dr. W. R. Sill 
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 I ?) 
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. Peggy 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 MCMS&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, 

Howard P. Ross 
Section Head/Geophysics 

ortc/ . 
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MONTANA COLLEGE OF MINERAL SCIENCE AND TECHNOLOGY 
BUTTE, MONTANA 59701 

4061496-4101 

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'. r-DE-FG07-841D12525 

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, 

Charles y . Wideman 
Professor 
Department of Physics and 

Geophysical Engineering 

cc: Ron King 
Howard Ross 
John Dunstan 

CJW:wi' 

THE Wb;NrA'rii, CtiLt%GE 'diF M W E W A L SCIENCE A N D T E C H N O L O G Y IS A U N I T OF T H E MONTANA UNIVERSITY SYSTEM, THE OTHER COMPONET INSTITUTIONS OF WHICH ARE 
' O N I W R S ' I T V D'F MoHt'XiNA AfWlSSgWillA, MONTANA STATE UNIVERSITY AT BOZEMAN. WESTERN MONTANA COLLEGE AT DILLON EASTERN MONTANA COLLEGE AT BILLINGS AND 

NORTHERN MONTANA COLLEGE AT HAVRE. 
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APPENDIX B 

CODE FOR PROGRAMS 

GRAVEL 

AND 

GINDEP 

AND 

3D 

I 



PROGRAM GRAVEL: 

A 3-D FOWARD GRAVITY MODELING PROGRAM 

USING BLOCKS (MAX=100) OF EARTH 



c 
C . . . BRAyBL IS A FORyARD GRAVITY PROGRAM THAT MODELS THE EARTH 
Cv»» BY USING BLOCKS (UP TO 500) OF VARIABLE DENSITY. 
C 
c •' - J . - - • \ . r M ^ ^ ^ Y y 

\^^.f.if.iftJ}.zji.tf. J f i . . ' i i ^^ i f i ^^^ tT^.^ . fL^ l f . . f i f . ^. Jfk^/f.^}f^^Jf,Jfi/^ 

c 
C VARIABLE LIST 
C 
C 
C». GEOMETRY VARIABLES **•ALL DISTANCE UNITS IN METERS * * 
C _ 
c 
C». NBLKS = NUMBER OF BLOCKS IN MODEL J=lvNBLKS 
C XL(J) = LEFT (OR MIHf X) EDGE OF BLOCK J 
C . XR(J) = RIGHT (OR MAX. X) EDGE OF BLOCK J 
C*. ZU(J) = TOP (OR MIN. I , 1 POS. DOWN) EDGE OF BLOCK J 
C 2 D ( J ) = BOTTOM (OR MAX. 2 ? Z P O B . DOWN) EDGE OF BLOCK J 
C -WHERE ZU AND ZD ARE THE POSITIVE DISTANCE DOWN FROM THE 
C DATUM ELEVATION CONSIDERING THE DATUM ELEVATION ZERO 
C 
C . LAMNUM(J) = NUMBER OF LAMINAE USED TO FORM BLOCK J 
C . Y d J J) = Y POSITION OF LAMINAE I ON BLOCK J 
C . I = 1JLAMNUM(J ) 

C . DEN(J) = DENSITY OF BLOCK J 
C 
C 
C . GRID VARIABLES (PREDICTED GRAVITY AS OBSERVED FROM GRID) 
C 
c 
C XSIZE = SIZE OF GRID IN X-DIRECTION 
C Y3IZE = SIZE OF GRID IN Y-DIRECTION 
C . COLS = NUMBER OF COLUMNS IN GRID 
C . ROUS = NUMBER OF ROWS IN GRID 
C ELEV(I) = ELEVATION OF GRID POINT I — READ IN FROM SURFII SAVED FILE 
C . DATELV = DATUM ELEVATION 
C XPOSJYPOS - CURRENT X?Y POSITION OF OBSERVATION ON GRID 
C 
C 
C . CALCULATION VARIABLES 
C 
C 
C . ANOM(I.J) = ANOMALY CALCULATED FOR LAMINAE I OF BLOCK J 
C . V(J) = ANOMALY OF BLOCK J RESULTING FROM A QUADRITURE FORMULA 
C SUMMATION OF THE CONTRIBUTIONS OF EACH LAMINAE IN BLOCK J 
C 
C . TANOM(J) = VARIABLE USED FOR THE SUMMATION OF THE CONTRIBUTIONS 
C OF EACH BLOCK IN THE MODEL AT OBERSERVATION POINT 
C XPOSJYPOS ON THE GRID. TANOM(NBLKB) IS THEREFORE 
C THE TOTAL ANOMALY OF THE PRESENT MODEL AT OBSERVATION 
C POINT XPOS»YPOS ON THE GRID. 
C 
C 
C . MISCELLANEOUS VARIABLES 
C 

C 
C . MP = PERCENTAGE VALUE THE CONTROLS HOU MANY LAMINAE WILL 
C BE USED TO DEFINE A BLOCK. FOR EXAMPLE IF MP=5 THEN 



C ENOUGH LAMINAE UILL BE INSERTED SUCH THAT THE GRAVITATIONAL 
C ANOMALY BETWEEN ADJACENT LAMIAE IS NOT GREATER THEN 5 
C PERCENT. 
1^ 

COMMON /GRAV/MP,XSIZEjYSIZErC0LS,R0US,XL(500),XR(500).' 
SZD (500)f ZU (500)f DEN < 500)»Y(500 y 500)/ELEV(500)»LAMNUM(500)» 
SV(500)»ANOM(500?500)>NBLKSJXPOSJYPOSJTANOM(500)J 
SMlrYMAX(500) 

C 
REALMS ANOMjXLfXRjZUjZDfY 
CHARACTER*20 FILENAME 

C 
C... MODEL INPUT 
C 

OPEN{22»FILE='GRAVEL.DAT',STATUS='OLD') 
0PEN(23..FILE='GBL.DAT'5STATUS='NEU') 
QPEN(24»FILE='GE0M.DAT'.STATUS='NEU') 

C 
WRITE(24>'(" BLOCK XL XR ZU ZD 

g YMIN YMAX DEN")') 
WRITE(24J ' (" 

I " )') 
READ(22J*)NBLK3 
DO J=lfNBLKS 
READ(22»*)XL(J)JXR(J)»ZU(J)JZD(J)»Y(1JJ)JY(2JJ)» 

SDEN(J) 
C 

YMAX(J)=Y(2JJ) 
URITE(24y'(I4j7F10.1)')JjXL(J)fXR(J)»ZU(J)jZD(J)jY(l!J)jY(2jJ)j 

8DEN(J) 
END DO 

C 
READ(22J!|:)XSIZE»YSIZEJC0LSJR0WS 
READ(225*)MP 

C 
C... INPUT FOR TOPOGRAPHY: IF WANT TOPOGRAPHY SET LL=1 
C... ELSE SET LL .NE. I 
C 

READ(22J*)LL 
IF(LL.EQ.1)THEN 

C 
C... READ DATUM ELEVATION 
C 

R£AD(22>*)DATELV 
C 
C... ENTER FILENAME OF SAVED SURFII DATA FILE CONTAINING GRID 
C... LOCATIONS AND GRID POINT ELEVATIONS 
C 
C 

C 
READ(22J'(A20)')FILENAHE 

OPEN(27 JFILE=FILENAMEJ STATUS^'OLD'fFORM='UNFORMATTED'J 
SACC£SS='SEQUENTIAL') 

C 
C 
C... READ IN FIRST RECORD 
C 



READ(27)NC0LSjNR0USfIZER0 
C 
C 
C... READ IN SECOND RECORD 
C 

READ(27)IR0US>JC0LS»DIFYjDIFXjXHNi.XHXjYMNfYMXjDUMMY 
C 
C... READ IN ELELVATIONS (METERS) 
C 

DO I=NR0US7lj-i 
IBEG=(I-1)*NC0LS+1 
IEMD=IBEG+NC0LS-1 
READ(27)(ELEV(J)TJ=IBEGfIEND) 
END DO 

C 
DO I=lyNR0US*NC0LS 
ELEV(I)=ELEy(I)-DATELV 
END DO 

C 
C 

DO J=lyNBLKS 
ZU(.J)=ZU(J)+ELEV(1) 
ZD(J)=ZD(J)+EL£V(1) 
END DO 

C 
END IF 

C 
DO I = l!.NBLKS 
CALL REORDER(I) 

C 
C... MAKE SURE LAMNUM(I) IS AN ODD NUMBER SO THAT QUADRITURE 
C... FORMULA UILL WORK 
C 

Ll=LAMNUM(I)/2 
Tl=(LAMNUM(I)/2.)-Ll 
IF(LAMNUM(I).GT.2)THEN 

IF(T1.EQ.0.0)THEN 
Y (LAMNUM (I) +!.»I) =Y (LAMNUM (I) 71) 
Y(LAMNUM(I)jI)=Y(LAMNUM(I)fI)-l. 
CALL FORWARD(LAMNUM(I)>I) 
LAMNUM(I)=LAMNUM(I)+1 
END IF 

END IF 
PRINT %,! , ' LAMNUM='JLAMNUM(I) 
END DO 

C 
M1=0 
M=l 
CHECK=0.0 
XDELTA=XSIZE/(C0LS-1) 
YDELTA=YSI2E/(R0US-1) 
PRINT t , ' 
PRINT *,'GRID INFORMATION (UNITS=METERS)' 
PRINT %,' ' \ 
PRINT *,'XSI2E='TXSIZEf'YSIZE=',YSIZE ' 
PRINT *,COLSr'COLUMNS'J'f'»ROWSj'ROWS' \ 
PRINT *,'DIST. BETWN. C0L3.='JXDELTA = 
PRINT *5'Dr3T. BETWN. ROWS ='fYDELTA v 



PRINT *f' ' 
C 
10 IF(M.EGI.1)THEN 

XPOS=0.0 

ELSE 

YPOS=0,0 
THNOM(1)=0.0 

DO J=2?NBLKS-M 

CALL QUAD(J-i) 
TANOM(J)=TANOM(J-1)+V(((LAMNUM(J-l)-1)/2)+1) 

END DO 
URITE(23»'(3F12.4)')XP0SJYP0SJTAN0M(NBLKS+1) 

M=Mil 
GO TO 10 

DO I=1»C0LS*RQUS-1 
CALL GRID(IJCHECK»XDELTA»YDELTA) 
DO J=2»NBLKS-M 

C 
C... IF CHOSE TOPOGRAPHY LL=1 
C 

IF(LL.EQ.1)THEN 
ZU(J-l)=ZU(J-l)+ELEV(I+l)-ELEy(I) 
ZD(J-l)=ZD(J-l)+ELEV(I+l)-ELEy(I) 

END IF 
C 

CALL F0RWARD(1»J-1) 
DO K=2JLAMNUM(J-1) 

CALL FORUARD(K»J-l) 
END DO 
CALL QUAD(J-l) 
TANOM(J)=TANOM(J-l)+V(((LAMNUM(J-l)-1)/2)+1) 
END DO 

WRITE(23,'(3F12.4)')XPOS»YPOS 
S>TANOM(NBLKSIl) 

END DO 
END IF 

C 
CL0SE(22) 
CL0SE(23) 

C 
PRINT t f ' ' 
PRINT t , ' OUTPUT IN FILE GBL.DAT!' 
PRINT * , ' 
CALL EXIT 
END 

C 
C 

C 
C... SUBROUTINES 
C 
C 
C SUBROUTINE REORDER DETERMINES HOU EACH BLOCK UILL BE CUT UP 
C . IN THE Y-DIRECTION. ENOUGH LAMINAE UILL BE INSERTED SO THAT 
C . THE GRAVITATION ATTRACTION BETWEEN ADJACENT LAMINAE DOES NOT VARY 
C . BY MORE THEN AN INPUT PERCENTAGE (DEFINED BY VARIABLE MP). 



c 
SUBROUTINE REORDER(I) 

C 
COMMON /GRAV/MP,XSIZE.'YSIZE..COLS..ROWS,XL(500)?XR(500)j 

8ZD (500) J ZU (500).- DEN (500).. Y (500 ? 500) i ELEV (500) ? LAMNUM (500) ? 
XV(500)jAN0M(500y500)rNELKS7XP0SjYP0S»TAN0M(500)J 
SMIfYMAX(500) 

C 
REAL:t:8 ANOM»XLJXR,ZU>ZD.-Y 

C 
C . CUT UP EACH BLOCK LAMNUM(I) TIMES 
C 

K1 = DABS(Y(2.'D-Y(1,I)) 
K2=DABS(XR(I-)-XL(I)) 

LAMNUM(I)=(K1*MP*(JMAX0(K1JK2)/JMIN0(K1JK2)))/100 

IF(LAMNUM(I).LT.10)LAMNUM(I)=10 
C 

IF(LAMNUM(I).GT.500)THEN 
PRINT t ? ' MAXIMUM NUMEER OF LAMINA (500) ' 
PRINT *j'FOR BLOCK ' , 1 , ' EXCEEDED.' 
CALL EXIT 
END IF 

C 
YDIST=K1/FL0AT(LAMNUM(I)) 
CALL FORUARDdfl) 
LAMNUM(I)=LAMNUM(I)+1 
DO K=2fLAMNUM(I)+l 
Y(K»I)=Y(K-1»I)+YDIST 
CALL FORWARD(K»I) 
END DO 

C 
RETURN 
END 

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

SUBROUTINE FORUARD(I?J) 
C 

COMMON /6RAV/MPJXSIZE?YSIZEJC0LS»R0US»XL(500)JXR(500)I. 

8ZD(500)jZU(500)5DEN(500)5Y(500.500)fELEV(500)yLAMNUM(500)f 
SV(500)JANOM(500I-500)JNBLKSJXPOSJYPOSJTANOM(500)J 

8MlfYMAX(500) 
C 

C 
REALMS ANOM»XL»XR ? ZU ? ZD J PER»AO J B»A1»Bl? A2 y B2 J Y 

G0=6.67E-8 
C 
C... START CALCULATIN' 

C 
C... PREVENT DIVIDE BY ZERO 
C 

IF(XR(J).EQ.0.0)XR(J)=lE-20 
IF(XL(J).EQ.0.0)XL(J)=lE-20 
IF(Y(l7j).EQ.0.0)Y(l7j)=lE-20 

C 
A0=(ZD(J)*ZD(J)) + (Y(If J)*Y(If J)) 



P=(ZU(J)!t:ZU(J)) + (Y(IfJ)*Y(IjJ)) 
A1=XL(J)+SQRT((XL(J)*XL(J))+B) 
A2=XR(J)+SGRT((XR(J).*XR(J))+E) 
Bl=XR(J)+SQRT((XR(J)*XR!J))-!-AO) 
B2=XL(J)+SQRT((XL(J)*XL(J))+A0) 

C 

IF((A1.EQ.0.0).0R.(A2.EQ.0.0).0R.(B1.EQ.0.0) 
8.0R.(E2.EO.O.O))M1=M1+1 

C 
C... PREVENT TAKING LOG OF 0.0 OR NEGATIVE NUMBER 
C 

IF(A1.LE.0.0)A1=,001 
IF(A2.LE.0.0)A2=.001 
IF(E1.LE.0.0)B1=,001 
IF(B2.LE.O.O)B2=.001 
IF ((Al. EQ. 0.001). OR. (A2.ECI.0.001). OR. (Bl.EQ. 0.001) 

S.0R.(B2.EQ.0.001))THEN 
PRINT *7'HAVE HIT A ZERO OR NEGATIVE NUMBER? THIS NUMBER HAS BEEN' 
PRINT *y'CHANGED TO .001 SO THAT TAKING ITS LOG IS POSSIBLE.' 
PRINT *»'YOU MAY WANT TO CHANGE THE GEOMETRY OF BLOCK t ' t J 
END IF 

C 
C... THE 100000 IS TO GET THE ANOMALY IN UNITS OF MGALS 
C 

ANOM(I»J)=-100000.*GO*DEN(J)*(DL06(Al)+DLOG(Bi)-DLOG(A2)-DLOG(E2)) 
C 

RETURN 
END 

C 
C 

C... SUBROUTINE GRID GIVES X»Y GRID POSITIONS 
C 
C 

SUBROUTINE 6RID(K0UNT»CHECKJXDELTAJYDELTA) 
C 

COMMON /GRAV/MPJXSIZE5YSIZEJC0LS,R0US»XL(5O0),XR(500)J 

8ZD(500)f2U(500)jDEN(500)>Y(500y500)jELEy(500)jLAHNUM(500)» 
SV(500)jANOH(500j500)»NBLKSyXPOSyYPOS»TANOM(500), 
JMlyYMAX(500) 

C 
REAL*3 ANOMyXLyXRjZUjZD»Y 
NI=KOUNT/COLS 
XPOS=KOUNT*XDELTA-(NI)|!XSIZE+XDELTA*NI) 
IF(AB3(XPOS).LE.1.0E-01)XPOS=O.OOE+00 
YPOS=Nl:*:YDELTA 
IF(XSIZE.GT.CHECK)THEN 

CHECK=CHECK+XDELTA 
DO J=lyNBLKS 
XL(J)=XL(J)-XDELTA 
XR(J)=XR(J)-XDELTA 
END DO 

ELSE 
CHECK=0.0 
DO J=lyNBLK3 

XL(J)=XL(J)-i-XDELTA*(C0L3-l) 
XR(J)=XR(J)+XDELTA*(C0L3-1) 



DO I=lyLAMNUM(J) 
Y(I..J)=Y(IJJ)-YDELTA 

END DO 
END DO 

END IF 
RETURN 
END 

C 
C 
C... SUBROUTINE QUAH CALCULATES THE ANOMALY ASSOCIATED WITH EACH BLOCK 
C... K BY DOING THE INTEGRATION IN THE Y-DIRECTION USING THE QUADRATURE 
C... FORMULA TALWANI USED. 
C 
p 

SUBROUTINE QUAD(K) 
C 

COMMON /GRAV/MP?XSIZE?YSIZEyCOLSyROUSyXL(500)yXR(500)y 
SZD(500)yZU(500)yDEN(500)»Y(500y500)f£LEV(500)yLAMNUM(500)» 
XV(500)yANOM(500y500)yNBLKSyXPOSyYPOSyTANOM(500)y 
8MlyYMAX(500) 

C 
REALMS ANOMyXLyXRyZUyZDyY 
DIMENSION TEMP(500) 

C 
C... FIND THE ANOMALY 
C 

IF(LAMNUM(K)-1,GT.1)THEN 
1 = 1 
V(1)=0.0 

DO J=2;((LAMNUM(K)-l)/2)+l 
C 

A0=AN0M(IyK):*((Y(IyK)-Y(H2yK))/(Y(IyK)-Y(I + lyK))) 
U(3.0*Y(I-flyK)-Y(I+2yK)-2.0*Y(IjK)) 

C 
B=AN0M(I + ljK)*((Y(IjK)-Y(I+2yK))*!|!3)/((Y(I + lyK)-

8Y(I+2yK))*(Y(I+lyK)-Y(IyK))) 
C 

C = AN0M(I+2yK)*((Y(IyK)-Y(H2yK))/(Y(r+2yK)-Y(I + lyK))) 
8* (3. 0*Y (I + l y K) -Y (I y K).-2. *Y (1+2 y K)) 

c 

c 

c 

c 
L » f • 

TEMP(J-l)=(A0+B+C)/6.0 

V(J)=y(J-l)-l-TEHP(J-l) 
I = I-i-2 
END DO 

ELSE 

TRAPEZOIDAL RULE FOR ONE AREA 

V(((LAMNUM(K)-l)/2)+l)=(Y(2yK)-Y(lyK))*,5:*(AN0M(lyK)+AN0M(2yK)) 
END IF 

RETURN 
END 



PROGRAM GINDEP: 

A 3-D GRAVITY MODELING PROGRAM 

THAT INVERTS ON MAXIMUM DEPTHS 

OF BLOCKS INPUT AS OUTPUT FROM 

PROGRAM GRAVEL 



c 
C... PROGRAM GINDEP IS AN INVERSE GRAVITY MODELING PROGRAM 
C... THAT PREDICTS LOUER BLOCK DEPTHS THAT UILL GIVE A BEST FIT 
C... TO OBSERVED GRAVITY DATA BASED ON FORWARD MODELING THAT 
C... USES UP TO 100 RECTANGULAR BLOCKS OF EARTH. RIDGE REGRESSION. 
C... WEIGHTING AND SCALING ARE USED 
C 
C******!t:***!ic**)i:!t:******)|:**-1;)l:*******!):******:******j|:***^************^^ 
C 
C . VARIABLE LIST 
C 
C 
C . GEOMETRY VARIABLES ** ALL DISTANCE UNITS IN METERS ** 
C :~ 
C 
C , NBLKS = NUMBER OF BLOCKS IN MODEL J=1JNBLKS 
C , XL(J) = LEFT (OR MIN. X) EDGE OF BLOCK J 
C . XR(J) = RIGHT (OR MAX. X) EDGE OF BLOCK J 
C . ZU(J) = TOP (OR MIN. Zy Z POS, DOWN) EDGE OF BLOCK J 
C . 2D(J) = BOTTOM (OR MAX. Zy Z POS, DOWN) EDGE OF BLOCK J 
C -WHERE ZU AND ZD ARE THE POSITIVE DISTANCE DOWN FROM THE 
C DATUM ELEVATION CONSIDERING THE DATUM ELEVATION ZERO 
C 
C . LAMNUM(J) = NUMBER OF LAMINAE USED TO FORM BLOCK J 
C . Y(IyJ) = Y POSITION OF LAMINAE I ON BLOCK J 
C . I = lyLAMNUM(J) 
C DEN(J) = DENSITY OF BLOCK J 
C 
r 

C , GRID VARIABLES (PREDICTED GRAVITY AS OBSERVED FROM GRID) 
P ..___«__—«..____«.___. — — — — — — ».._——«_»__-.__ — — ... — — — — »«... — — ...___» — — 

w 

C 
C . XSIZE = SIZE OF GRID IN X-BIRECTION 
C . YSIZE = SIZE OF GRID IN Y-DIRECTION 
C . COLS = NUMBER OF COLUMNS IN GRID 
C . ROUS = NUMBER OF ROUS IN GRID 
C . ELEV(I) = ELEVATION OF GRID POINT I — READ IN FROM SURFII SAVED FILE 
C . DATELV = DATUM ELEVATION 
C . XPOSyYPOS - CURRENT XyY POSITION OF OBSERVATION ON GRID 
C 
C 
C , CALCULATION VARIABLES C 
C 
C , ANQM(IyJ) = ANOMALY CALCULATED FOR LAMINAE I OF BLOCK J 
C . V(J) = ANOMALY OF BLOCK J RESULTING FROM A QUADRITURE FORMULA 
C SUMMATION OF THE CONTRIBUTIONS OF EACH LAMINAE IN BLOCK J 
C 
C . TANOM(J) = VARIABLE USED FOR THE SUMMATION OF THE CONTRIBUTIONS 
C OF EACH BLOCK IN THE MODEL AT OBERSERVATION POINT 
C XPOSyYPOS ON THE GRID. TANOM(NBLKS) IS THEREFORE 
C THE TOTAL ANOMALY OF THE PRESENT MODEL AT OBSERVATION 
C POINT XPOSyYPOS ON THE GRID. 
C 
C 
C . MISCELLANEOUS VARIABLES 
C 
C 



C , MAXPER = VALUE THAT CONTROLS HOU MANY LAMINAE UILL 

C BE USED TO DEFINE A BLOCK, 
C 

COMMON /6RAV/XL(100)y XR(100)y ZD(100 y100)J ZU(100)y 
8DEN(100)?Y(500y500)fNBLK3yXSIZEfYSIZEyNCQLSy 
SNROUS f YMAX(500)y YMIN(500)y MAXPER,LAMNUM(500)? 
8XP0SyYPOSyANOM(500y500)yV(500)yELEV(500) 

C 

C 

C 

C 

COMMON /CBGINV/NDATyNPARMSyKEPTRKylAylBylCyLLyKVAR 

CHARACTER CHAR*1 

DIMENSION A(500 y 500)y DPRED(500 y 500)y DAMP(100) 

DIMENSION UDEP(250y250)yDELT(400>l)yDOBS(400)ySQE(20yl)y 
SUS(250y250)yUKAREA(10500)yC(250y250)yGINV(250f250)yDELTM(250yl)y 
SDELTN(250yl)ySaEN(20yl)yERR(20yl)yCQyM(250y250)ySIGMAM(250) 
8yCA(250y250)yD(250y250)yUSS(250y250)yUERR(250y250) 

C 
CHARACTER*20 FILENAMEyFILNAM 

\jlf^^.^3fll^3lillil(.ll^l^^.lt^}^Jl.f,lliJl.lt^l^lf 

C 
C INPUT MODEL DATA FOR FORUARD PROGRAM 
C DATA IN COMAND FILE G,DAT 
C 

0PEN(26yFILE='G,DAT'ySTATUS='0LD') 
C 
C... READ FILENAME OF SAVED SURFII GRIDFILE 
C 

READ(26y'(A20)')FILENAME 
READ(26y!|:)TDEPL 
READ(26y*)TDEPH 

C 
READ(26y*)NBLKS 
DO J=lyNBLK3 
READ(26yS)XL(J)yXR(J)yZU(J)yZD(Jyl)yY(lyJ)yY(2yJ)yDEN(J) 
YMIN(J)=Y(lyJ) 
YMAX(J)=Y(2yJ) 
END DO 
READ(26y*)MAXPER 

C 
C INPUT DATA FOR INVERSION 
C 

READ (26 y.*) RATIO 
READ(26y!|t)STDDEV 
READ(26y*)ITHAX 

p 

C... IF UANT TOPOGRAPHY SET LL=ly ELSE SET LL .NE. 1 
C 

READ(26y*)LL 
IF(LL.EQ.1)THEN 

C 
C 
C . ^ ^ ^ ^ ^ ^ ^ . ^ ̂  ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ytm ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ll, ^ \|, ̂  ^ ^ ^ ^ * ^ ^ ^ ^ -^ .L, Hx^ ̂  ^ *LF <^ ^ .^ ^ t * .± f ̂  ^ 1^ ^ ^ -^ ^ ^ ^ ^ ^ r ^ \l/ 

c 
C INPUT FOR TOPOGRAPHY 
C 
C... INPUT DATAUM ELEVATION FOR SURVEY 



c 
REHD(26f*)DATELV 

C 
cruttrmtttruutttttttiii.rnttttuttttttttttttrn^^ 
p 

c 
C INPUT - ELEVATION OF OBSERVATION POINTS (GRAVITY 
C STATIONS) FROM SAVED SURFII GRIDFILE 
C 
C... ENTER FILENAME OF SAVED SURFII GRIDFILE 
p 

READ(26y •'(A20)')FILNAH 
C 

OPEN(28 y FILE=FILNAMy STATUS='OLD'»FQRM='UNFORMATTED' 
8yACCES3='SEQUENTIAL') 

C 
C 

C... READ IN FIRST RECORD 
C 

READ(28)NC0LS7NR0WSyIZER0 
C 
C... READ IN SECOND RECORD 
C 

READ(23)IROUS» JCOLS y DIFY y DIPX J XMN J XMX y YMN y YMX,DUMMY 
C 
C... READ IN ELEVATIONS 
C 

DO I=NROWSyly-l 
IBEG=(I-1)*NC0LS+1 
IEND=IBEG+NC0LS-1 
READ(2S)(ELEV(J)yJ=IBEGyIEND) 
END DO 

C 
DO I=lyNCOLS*NROUS 
ELEy(I)=ELEV(I)-DATELV 
END DO 

C 
END IF 

C 
C 
C t t t t t t t t ^ t t ^ ^ t * * t t ^ t * * * ^ . t ^ t * i l . t t t t t t t t ' i ^ t t t t t t t t t t t t t t t ^ t ^ t ^ ^ ^ 
C 

C INPUT-OBSERVED GRAVITY DATA 

C FROM SAVED SURFII GRIDFILE 
C 
C 
C... ENTER FILENAME OF SAVED SURFII DATA FILE IN FILE G.DAT 
r 

OPEN(27>FILE=FILENAMEySTATUS='OLD'yFORM='UNFORMATTED' 
8yACCE33='SEQUENTIAL') 

C 
p 
i., 

C... READ IN FIRST RECORD 
C 

READ(27)NC0LSyNR0WSyIZER0 
C 
C... READ IN SECOND RECORD 
C 



READ(27)IROUSyJCOLSyDIFYyDIFXyXMNyXMXyYMNyYMXyDUMMY 
C 
C... READ IN OBS DATA 
C 

DO I=NROUSyly-l 
IBE6=(I-1)*NC0LS+1 
IEND=IBEG+NC0LS-1 
READ(27)(D0BS(J)yJ=IBEGyIEND) 
END DO 

C 
XSIZE=AES(XMX-XHN) 
YSIZE=ABS(YMX-YMN) 

C 
CLOSE(27) 
NDAT=NCOLS*NROUS 
NPARMS=NBLKS 

C 
C 

OPEN(16yFILE='GINDEP.OUT'ySTATUS='NEW') 
«RITE(16y'(" " ) ' ) 

A .If y^ ^ ^ f ^ ^ ^ ^ ^U ^ 1^ ̂  ^ 4^ «1J 4^ ̂  ^U ̂ U «l# ̂  ^ ^ 1^ ̂ ^ ̂ f ̂ r ^ ^ ^^ ̂ P ̂  ^ ^ ^ ^^ ̂  f ^ \ ^ \ 
^ '^ '1̂  '^ ̂ ^ ̂  ^ ^ ^^ ̂ ^ ̂  ^p ^ ^ ^ 4^ ̂  ^ ^r ' M^ ̂ ^ ̂  ^ ^ ^ ^P ^ ^ ^ ^ ^ ^ ^P ^ ^ ^ / / 

URITE(16y'(" " ) ' ) 
URITE(16y'(" GRID INFO")') 
URITE(16y'(" " ) ' ) 
WRITE(16y' ( " 

I '/)/) 
URITE(16y'("*GRID SIZE IN X DIRECTION 

8(METERS) = "yE12.4)')XSIZE 
URITE(16y'("$GRID SIZE IN Y DIRECTION 

S(METERS) = "yE12,4)')YSIZE 
URITE(16y'("$NUMBER OF COLUMNS=" y 13)' )NCOLS 
WRITE(16y'("$NUMBER OF ROUS=" y 13)' )NROUS 
WRITE(16y'( " 

8 " )') 
URITE(16y'(" " ) ' ) 
WRITE(16y'(" 

S " )') 
URITE(16y'(" " ) ' ) 
URITE(16y'(" INPUT MODEL")') 
WRITE(16y'(" " ) ' ) 
URITE(16y' (" 

I / /) /) 
URITE(16y'(" BLOCK * XMIN XMAX 

8YMIN YMAX ZMIN ZMAX DENSITY")') 
DO J=lyNPARMS 
URITE(16y'(3XyI3y2XyF7.1y2XyF7.1y2XyF7,ly2XyF7.1y2XyF7.1y 

82XyF7,ly2XyF7,l)') 
8JyXL(J)yXR(J)yY(lyJ)»Y(2yJ)»ZU(J)yZD(Jyl)yDEN(J) 

END DO 
WRITE(16y '(,"%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 

A ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ O ^ ^ ^ ^ ^ Of t b ^ / / \ / \ 
^ ^ ^ ^ ^ jjw ̂  ^ ^ j^ ̂  ^ ^ f̂c ̂  ^ ^ ^ ^ ^ ^ V^ *p ^ ^ ^ ^ '^ ̂  '^ 'p *p J^ 'P ̂  / / 

URITE(16y'(" " ) ' ) 

WRITE(16y'(" " ) ' ) 
WRITE(16y' ( "K.%%%%t%%t*%%%t%t%%%%%ii.1i.%%t%%t%*tt%%%%t 

c( ̂  ^ /p .̂  ̂  ^ *̂  j ^ i^ ̂  ^ ip ̂  vjfc ̂  ."̂  .̂  ̂  < ^ ̂  .̂  ̂  jfr i^ *̂  z ^ ̂  ^ .p J^ ̂  ^ ^̂  ̂  j ^ ̂  y y 

URITE(16y'(" " ) ' ) 



WRITE(16y'(" TABLE OF CONVERGENCE")') 
WRITE(16y'(" ")') 
URITE(16y'(" 

/ /) /) 

C 

C 

C 
C 

CL0SE(28) 

IF(LL.EQ.1)THEN 
DO J=lyNBLKS 
ZU(J)=ZU(J)+ELEV(1) 
ZD(Jyl)=ZD(Jyl)+ELEV(l) 
END DO 
END IF 

IA=250 
IB=250 

• IC=250 
CDAMP=,001 

C 

KEPTRK=1 
KOUNT=0 
KVAR=0 

C 
CALL FWRD(AyDPRED) 

C 
5 KDUNT=K0UNT+1 

IF(KOUNT.GT.ITMAX)THEN 
PRINT *y'MAXIMUM NUMBER OF ITERATIONS EXCEEDED -

8 CONVERGENCE NOT OBTAINED' 
GO TO 20 
END IF 

C 

C... FIND A MATRIX 
C 

CALL DERiy(A) 
C 
C... FIND DEPTH WEIGHTING MATRIX 
C 

IF(RATIO,EQ,0,0)RATIO=1E-04 
DO I=lyNPARMS 
DO J=lyNPARMS 
IF(I.EQ.J)THEN 
WDEP(IyJ)=(l./(ABS(ZD(JyKEPTRK))+10E-12))+l. 

IF(ZD(J y KEPTRK).LT.TDEPL)THEN 
ZD(JyKEPTRK)=TDEPL 
DAMP(I)=15E+1 

C UDEP(IyJ)=10E+18*((l./(ABS(ZD(JyKEPTRK))+10E-12))+l.) 
ELSE IF(ZD(JyKEPTRK),6T.TDEPH)THEN 
ZD(JyKEPTRK)=TDEPH 
DAMP(I)=15E+1 

C UDEP(IyJ)=10E+18*((l./(ABS(ZD(JyKEPTRK))+10E-12))+l.) 
C ELSE 1 

END IF . I 
ELSE j 

UDEP(IyJ)=0.0 I 
END IF 
END DO I 



END DO 

C 
C... FIND A*UDEP*A(TRANSPOSE) MATRIX FOR NOISE WEIGHTING 
C 

CALL yMULFF(AyWDEP7NDATyNPARM3yNPARMSy500yIByCyICjIER) 
CALL VMULFP(CyAyNDATyNPARMSyNDATyIAy500yUERRyICyIER) 

C 
DO I=lyNDAT 
DO J=lfNDAT 

IF(I.NE.J)UERR(IyJ)=0.0 
END DO 
END DO 

C . 
CALL yMULF«(AyUERRyNDATyNPARMS>NDATy500yIByCyICyIER) 
CALL yMULFF(CyAyNPARMSyNDATyNPARMSyIAy500yWSyICyIER) 

C 
C . SCALE THE A(TRANSPOSE)UA MATRIX FOR ONES ON THE DIAGONAL 
C 

DO I=1JNPARMS 

DO J=lyNPARMS 
IF(I,EQ.J)THEN 
D(IyJ)=l./(SQRT(US(IyI))) 

ELSE 
D(IyJ)=0.0 
END IF 

END DO 
END DO 

C 
CALL VMULFF(DyUSyNPARMSyNPARMSyNPARMSylAylByCAylCylER) 
CALL VMULFF(CAyDyNPARMSyNPARMSyNPARMSyIAyIByUS3yICyIER) 

C 
C... ADD THE 'NOISE/SIGNAL' RATIO 
C 

DO I=lyNPARMS 
US3(IyI)=USS(IyI)+RATIO*RATIO 
END DO 

C 
DO I=1JNDAT 

DELT(Iyl)=D0B3(I)-DPRED(IyKEPTRK) 
END DO 

C 
C... FIND ERROR 
C 

CALL VMULFM(DELTyDELT7NDATylyly4OQ'40(IySQEy''0yIER) 
WRITEdoy 'C ' l ITERATION # " y 13) ' )KOU>̂ T 
U R I T E d 6 y ' ( " * S T A R T I N 6 DATA ERROR=" y E 1 2 . 4 ) ' ) 

8SQRT(SQEdyl)/(NDAT-NPARMS)) 
C 
C t U U t U U * MARQUARDT LOOP * U t * t t t t U * U * U t U t % t * t U U t U t % M 
C 
10 IF(CDAMP.6E.100000)THEN 

URITE(16y'( "DAMPING FACTOR HAS REACHED 100000 - UILL NOT CONVERGE 
8T0 PRESENT INPUT DATA STD. DEV.")') 

CALL EXIT 
END IF 

C 

DO I=lyNPARMS 
C 



IF {DAMP (I) .NE. 15E-!-l) DAMP(I) =CDAMP 
USS(IyI)=US3(IyI)+DAMP(I) 

C 

IF(ZD(Iy KEPTRK).LT.TDEPL)THEN 
ZD(IyKEPTRK)=TDEPL 
DAHP(I)=15E+1 
ELSE IF(ZD(JyKEPTRK) .(3T.TDEPH)THEN 
ZD(IyKEPTRK)=TDEPH 
DAMP(I)=15E+1 
END IF 

END DO 
C 
C... FIND INVERSE OF US 
C 

CALL LINV2F(USSyNPARMSyIAyCy1yUKAREAyIER) 
C 
C... FIND GENERALIZED INVERSE GINV 
C 

CALL VMULFF(DyCyNPARMSyNPARMSyNPARMSylAylEyCAylCylER) 
CALL VMULFF(CAyDyNPARMSyNPARMSyNFARMSylAylByCylCylER) 
CALL VMULFP(CyAyNPARMSyNPARMSyNDATyIAy500yCAyICyIER) 
CALL VMULFF(CAyUERRyNPARMSyNDATyNDATylAylByGINVylCylER) 

C 
C... DELTM IS THE JUMP HOPEFULLY TOWARD A SOLUTION 
C 

CALL VMULFF(GINVyDELTyNPARMSyNDATylyIAy400yDELTMy250yIER) 
C 

URITE(16y'(" ")') 
URITE(16y'(" BLOCK FARM. JUMP. NEW FARMS.")') 

C 
DO 1=1yNPARMS 

45 ZD(IyKEPTRK+l)=DELTM(Iyl)+ZD(IyKEPTRK) 
C 
C , PRVENT FLAKY MODELS 
C 
C 

IF(ZD(Iy KEPTRK+1),LE .ZU(I))THEN 
DELTM(Iyl)=DELTM(Iyl)/10 
GO TO 45 
END IF 

C 
IF(ZDdyKEPTRK).Ea.TDEPL.AND.DAMP(I).EQ.15E+1)THEN 
IF(DELTM(Iyl).GT.O,0)DAMPd)=CDAMP 

C 

ELSE IF(ZDdyKEPTRK) .M.TJJEf'H.jy'm.IiAMPd) .E0.l5E-i-1 5THFM 
IF(DELTM( I y 1) .LT.O.O)TiAMF(l)=CD(ii'ir̂ "'̂  ̂-̂ ^ *''̂^ • ̂""'̂'-̂  ̂  ''̂''̂* 
END IF 

C 
U R I T E ( 1 6 y ' ( l X y I 3 y 3 X y E 1 2 . 4 y l X y E 1 2 . 4 ) ' ) I y D E L T M d y l ) y Z D d y K E P T R K + l ) 

END DO 
C 

URITE(16y'("$DAMPIN6 (MARQUARDT) VALUE=" yE12.4)') 
8CDAMP 

C 
C... NOU HAVE NEW PARAMS. 
C 

KEPTRK=KEPTRK+1 
CALL FURD(AyDPRED) 



c 
DO I=lyNDAT 
D E L T N ( I y l ) = D O B S ( I ) - D P R E D ( I y K E P T R K ) 
END DO 

C 

C . . . DO NEW PARAMS REDUCE ERROR? 
C 

CALL VMULFM(DELTNyDELTNyNDATyl, lyIAyIBySQENy20yIE^" 
W R I T E d 6 y ' ( " $ N E U DATA E R R O R = " y E 1 2 . 4 ) ' ) 

8 S Q R T ( S Q E N d y l ) / ( N D A T - N P A R M S ) ) 
C 

C 
I F ( S Q E N ( l y l ) . G E . S Q E ( l y l ) ) T H E N 

DO I=lyNPARMS 
ZD(IyKEPTRK)=ZD(IyKEPTRK-1) 
END DO 
CDAHP=10.*CDAMP 
GO TO 10 
ELSE 

12 PERCENT=((SORT(SQE(1y1)/(NDAT-NPARMS))-SORT(SQENd y1) 
8/(NDAT-NPARMS)))/SQRT(SQE(ly1)/(NDAT-NPARMS)))*100. 

C 
C , ERROR MUST BE IMPROVED BY AT LEAST ONE PERCENT FOR 
C . NEW ITERATION 
C 

IF(PERCENT.LT.1.)THEN 
CDAMP=10.*CDAMP 
60 TO 10 

END I F 
C 

S Q E d y l ) = S Q E N d y l ) 
CDAMP=CDAMP/10, 
DO I=lyNDAT 
D E L T d y l ) = D E L T N d y l ) 
END DO 
END IF 

C 
C . CHECK TO SEE I F SOLN. I S UITHIN STD. DEV. OF DATA 
C 

CALL VMULFM(DELTyDELTyNDATylyly400y40'OyERRy20yIER) 
C H I E R R = d . / ( N D A T - N P A R M S ) ) * E R R d y l ) 

C 
C 
C 

IF(SQRT(CHIERR) .LE.STDDEV)GO TO 20 
W R I T E ( 1 6 y ' ( " " ) ' ) 
GO TO 5 

C 
C:>:********* OUTPUT *! | {X. l c ! | : ************* .K****************************** 
C 
20 U R I T E ( 1 6 y ' ( " 

J " ) ' ) 
U R I T E d 6 y ' ( " " ) ' ) 
URITEd6y' ( ' ' U t U t * U t U t t t * * U U t U * t t * t * U t * * * t t t U * t U * U 

a * * * * * * * * * * ' ' ) ' ) 
U R I T E d 6 y ' ( " " ) ' ) 
URITE(16y ' ( ' ' t t ^ U * t t U U t t * t * t t * * * t t t * t U * t * t t * * * * * U * - i r U t t 



W R I T E d 6 y ' ( " " ) ' ) 
U R I T E d 6 y ' ( " OUTPUT-PROGRAM GINDEP")') 
U R I T E d 6 y ' ( " " ) ' ) 
CALL VMULFP(GINyyGINVyNPARMSyNDATyNPARMSylAylByCylCylER) 
DO 1=1yNPARMS 
DO J=l/NPARMS 
C O V M ( I y J ) = C H I E R R * C d y J ) 
END DO 
END DO 

DC 1=1yNPARMS 
3 I G M A M d ) = S Q R T ( C 0 y M ( I y I ) ) 
END DO 

U R I T E d 6 y ' ( " -

U R I T E d 6 y ' ( " • •• 

8 " ) ' ) 
U R I T E d 6 y ' ( " I Z D d ) + / - S T D . D E V , " ) ' ) 
W R I T E d i y ' ( " 

8 " ) ' ) 
DO 1=1yNPARMS 
U R I T E d 6 y ' ( l X y I 2 y 3 X y E 1 0 . 3 y 2 X y E 1 0 . 3 ) ' ) 

8 IyZD(IyKEPTRK)ySIGMAM(I) 
END DO 
W R I T E d 6 y ' ( " 

8 " ) ' ) 

U R I T E ( 1 6 y ' ( " 
8 " ) ' ) 

URITE(16y'("$INPUT STD. DEV, = " yE12,4)' )STDDEV 
URITEd6y'("$CALC, DATA STD, DEV, = " yE12,4)' )SQRT(CHIERR) 

URITEd6y'("-
")') 

WRITE(16y'(" 
8 " ) ' ) 

URITE(16y'(" MODEL RESOLUTION MATRIX")') 
CALL VMULFF(GINVyAyNPARMSyNDATyNPARMSyIAy500yCyICyIER) 
U R I T E d 6 y ' ( " " ) ' ) 

IF(NPARMS.6T.15)THEN 
WRITEd6y'(lXyAlyllXyA10y7XyA5y7XyA10)')'I'y',,.dyI-2),,.'y 

8'(IyI)'y'dyI + 2 ) , , , ' 
W R I T E d 6 y ' d X y I 3 y l X y A l y 2 2 X y 3 F 6 . 2 y l 0 X y A l ) ' ) 

8 1 y ' l ' y ( C ( l y J ) y J = l y 3 ) y ' l ' 
U R I T E ( 1 6 y ' d X y I 3 y l X y A l y l 6 X y 4 F 6 . 2 y l 0 X y A l ) ' ) 

8 2 y ' i ' y ( C ( 2 y J ) » J = l y 4 ) y ' l ' 
DO I=3yNPARMS 
U R I T E d 6 y ' d X y I 3 y l X y A l y l 0 X y 5 F 6 . 2 y l 0 X y A l ) ' ) I y ' i ' y 

8 ( C ( I y J ) y J = I - 2 y I + 2 ) y ' l ' 

I F ( H 2 . E Q . N P A R M S ) T H E N 

U R I T E ( 1 6 y ' d X y I 3 y l X y A l y l 0 X y 4 F 6 . 2 y l 6 X y A l ) ' ) 

8NPARMS-ly'I'y(C(NPARMS-lyJ)yJ=NPARMS-3yNPARMS)y'l' 
URITE(16y'dXyI3ylXyAlyl0Xy3F6.2y22XyAl)') 

SNPARHSy'I'y(C(NPARMSyJ)yJ = NPARMS-2yNPARMS) y ' I ' 
GO TO 21 



c 

c 

END IF 
END DO 

ELSE 

c 

c 

c 

DO 1=1yNPARMS 
WRITE (16 y ' d X y A1 y <NPARMS>F6.2 y 2X y Al) ') ' I ' y (C (I y J) 

8yJ=lyNPARMS)y'l' 
END DO 

END IF 

11 URITEd6y ' ( " 
8 ")') 

URITE(16y ' ( ' ' 
8 ")') 

URITEd6y'(" DATA RESOLUTION MATRIX")') 
WRITEd6y'(" ")') 
CALL yMULFF(AyGINVyNDATyNPARMSrNDATy500yIByCyICTlER) 

IF(NDAT.GT.15)THEN 
U R I T E ( 1 6 y ' d X y A l y l l X y A 1 0 y 7 X y A 5 y 7 X y A 1 0 ) ' ) ' I ' y ' . . . ( I y I - 2 ) . . . ' y 

8 ' ( I y I ) ' y ' ( I y I + 2 ) . . , ' 

U R I T E ( 1 6 y ' ( l X y I 3 y l X y A l y 2 2 X y 3 F 6 . 2 y l 0 X y A l ) ' ) 
8 1 y ' l ' y ( C d y J ) y J = l j 3 ) y ' l ' 

U R I T E d 6 y ' d X y I 3 y l X y A l i l 6 X y 4 F 6 . 2 y " 1 0 X y A l ) ' ) 
8 2 y ' l ' y ( C ( 2 y J ) y J = l y 4 ) y ' l ' 

DO I=3yNDAT 
U R I T E d 6 y ' d X y I 3 y l X y A l y l 0 X y 5 F 6 . 2 y l 0 X y A l ) ' ) I y ' l ' y 

8 ( C ( I y J ) y J = I - 2 y I + 2 ) y ' l ' 
IF ( I+2 ,EQ,NI iAT)THEN 
U R I T E ( 1 6 y ' d X y I 3 y l X y A l y l 0 X y 4 F 6 , 2 y l 6 X y A l ) ' ) 

8 N D A T - l y ' I ' y ( C ( N D A T - 1 y J ) y J = N D A T - 3 y N D A T ) y ' I ' 

W R I T E ( 1 6 y ' ( l X y I 3 y l X y A l y l 0 X y 3 F 6 . 2 y 2 2 X y A l ) ' ) 
8 N D A T y ' l ' y ( C ( N D A T y J ) y J = N D A T - 2 y N D A T ) y ' l ' 

60 TO 22 
END I F 
END DO 

ELSE 

DO I=lyNDAT 
WRITE(16 y ' ( I X y Aly <NDAT>F6.2 y 2X y A l ) ' ) ' I ' y ( C ( I y J ) 

8 y J = l y N D A T ) y ' l ' 
END DO 

C 
END IF 

C 
22 W R I T E d 6 y ' ( " 

8 " ) ' ) 
C 

W R I T E ( 1 6 y ' ( ' " -
8 " ) ' ) 

U R I T E d 6 y ' ( " COVARIANCE M A T R I X " ) ' ) 
U R I T E ( 1 6 y ' ( " " ) ' ) 
IF(NPARMS,GT.15)THEN 
W R I T E ( 1 6 y ' d X y A l y l 2 X y A 1 0 y l 3 X y A 5 y l 9 X y A 1 0 ) ' ) ' I ' y ' . . . ( I y I - 2 ) . . . ' y 

8 ' d y I ) ' y ' ( I y I + 2 ) , , . ' 



U R I T E d 6 y ' ( l X y I 3 y l X y A l y 3 0 X y 3 E i 0 . 2 y l O X y A l ) ' ) 
S l y ' i ' y ( C 0 V M ( l y J ) y J = l f 3 ) y ' l ' 

U R I T E d 6 y ' d X y I 3 y l X y A l y 2 0 X y 4 E 1 0 . 2 j l O X y A l ) ' ) 
8 2 y ' ! ' y ( C 0 y M ( 2 y J ) y J = l y 4 ) y ' l ' 

DO 1=3yNPARMS 

U R I T E ( 1 6 y ' ( l X y I 3 y l X y A l y l O X y 5 E 1 0 . 2 y l O X y A l ) ' ) I y ' l ' y 
8 ( C 0 V M ( I y J ) y J = I - 2 y I + 2 ) y ' l ' 

IF( I+2 .EQ,NPARMS)THEN 
W R I T E d 6 y ' d X y I 3 y l X y A l y l O X y 4 E 1 0 , 2 y 2 0 X y A l ) ' ) 

SNPARMS-1y'! 'y(COVM(NPARMS-1y J ) y J=NPARMS-3 y N P A R M S ) y ' I ' 
W R I T E ( 1 6 y ' ( l X y I 3 p l X y A l y l O X y 3 E 1 0 , 2 y 3 0 X y A l ) ' ) 

SNPARMSy'! 'y(COVM(NPARMSyJ)yJ=NPARhS-2yNPARMS)y' I ' 

GO TO 2 3 
END IF 
END DO 
ELSE 

C 
DO I=lyNPARMS 
U R I T E ( 1 6 y ' d X y A l y < N P A R M S > E 1 0 . 2 y 2 X y A l ) ' ) ' I ' y (COVM( I y J ) 

8 y J = l y N P A R M S ) y ' ! ' 
END DO 

C 
END IF 

C 
23 U R I T E d 6 y ' ( " 

8 " ) ' ) 

C 

C 

U R I T E d 6 y ' ( " 
8 " ) ' ) 

U R I T E ( 1 6 y ' ( " CORRELATION M A T R I X " ) ' ) 
W R I T E d i y ' C " ) ' ) 
DO 1=1yNPARMS 
DO J=lyNPARMS 
C d y J ) = C O V M ( I y J ) / ( S Q R T ( C O V M ( I y I ) ) * S Q R T ( C O y M ( J y J ) ) ) 
END DO 
END DO 

IF(NPARMS,GT,15)THEN 
U R I T E d 6 y ' ( l X y A l y l l X y A 1 0 y 7 X y A 5 y 7 X y A 1 0 ) ' ) ' I ' y ' . . . ( I y I - 2 ) , . 

8 ' d y I ) ' y ' ( I y I + 2 ) , . , ' 
U R I T E ( 1 6 y ' d X y I 3 y l X y A l y 2 2 X y 3 F 6 . 2 y l 0 X y A l ) ' ) 

8 1 y ' i ' y ( C d y J ) y J = l y 3 ) y ' l ' 

U R I T E d 6 y ' ( l X y I 3 y l X y A l y l 6 X y 4 F 6 , 2 y l 0 X y A l ) ' ) 
8 2 y ' l ' y ( C ( 2 y J ) y J = l y 4 ) y ' l ' 

DO I=3yNPARMS 
U R I T E d 6 y ' ( l X y I 3 y l X y A l y l 0 X y 5 F 6 , 2 y l O X y A l ) ' ) I y ' l 'y 

8 ( C ( I y J ) y J = I - 2 y I + 2 ) y ' I ' 
IF(I+2.EQ.NPARMS)THEN 
U R I T E d 6 y ' d X y I 3 y l X y A l y l 0 X y 4 F 6 . 2 y l 6 X y A l ) ' ) 

SNPARMS-1.» ' I ' y ( C ( N P A R M S - 1 y J ) y J = N P A R M S - 3 y N P A R M S ) y ' 1 ' 
U R I T E ( 1 6 y ' d X y I 3 y l X y A l y l 0 X y 3 F 6 . 2 y 2 2 X y A l ) ' ) 

SNPARMSy'1 'y(C(NPARMSyJ)yJ=NPARMS-2yNPARMS)y ' I ' 
GO TO 24 
END I F 

END DO 

ELSE 



DO I=lyNPARMS 

URITEd6j'dX>Aly<NPARMS>F6.2y2XyAl)')'l'y(C(IyJ) 
8yJ=lyNPARMS)y'l' 

END DO 

C 
END IF 

24 URITEd6y '(''ttt*tttttttt1;:*ttttttttt*tt%ttttttttttttttt 
A ̂  Of ̂ Or ̂  ̂  ̂ ^ ^ ^ ^ ^ - i V ^ ^ / / v / 1 
4 'f̂  * ^ T^ '^ * ^ ^ * 't^ ^ ^ * '^ '̂  / / 

CLOSEdi) 
PRINT *,' OUTPUT IN FILE GINDEP.OUT.' , 

50 CALL EXIT 
END 

C 
Ĉ  ̂  4 4 >W ̂  ^ 'X' ̂  ^ ^ ^ ^ 4 ^ ^ 1̂̂  Â  ̂  ^^ ̂  ^ ^ ^ îf ̂  ^ ^ ^ ^ 4^ ̂  ^ ^ ^ ^ V̂ ̂  ^^ ̂  ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ X̂' ̂  ^ ^ ^ ^ ^ 4̂  ̂  ^ 4^ ̂  ^ X̂' ̂k ̂  ^ '•i' ̂  ^ 4^ ^ 

C SUBROUTINES 
C . 
C , SUBROUTINE FURD IS A FORWARD GRAVITY PROGRAM THAT MODELS THE EARTH 
C... BY USING BLOCKS (UP TO 100) OF VARIABLE DENSITY. 
C 

SUBROUTINE FURD(AyDPRED) 
C 

COMMON /GRAV/XLdO0)»XRdOO)yZDd00yl00)yZUdOO)y 
8DEN(100)yY(500y500) yNBLKSyXSIZEy YSIZE.-NCOLSy 
8NR0USyYMAX(500)yYMIN(500)yMAXPERyLAMNUM(500)y 
8XP0SyYPOSyANOM(500y500)yV(500)yELEV(500) 

C 
. COMMON /CBGINV/NDATyNPARMSyKEPTRKylAylBylCyLLyKVAR 

DIMENSION A(500y500)yDPRED(500y500)yB(250»l)yG(500y500) 
C 

M 1 = 0 
M = l 
CHECK=0.0 
XDELTA=XSIZE/(NC0LS-1) 
YDELTA=YSIZE/(NR0WS-1) 

C 
IF(KEPTRK.EQ.l.AND.KVAR.NE.20)THEN 
DO I=lyNBLKS 
CALL REORDER(I) 

C 

C... MAKE SURE LAMNUMd) IS AN ODD NUMBER SO THAT QUADRITURE 
C... FORMULA WILL WORK 
C 

Ll=LAMNUM(I)/2 
Tl=(LAMNUM(I)/2.)-Ll 
IF(LAMNUM(I).GT.2)THEN 

IF(T1.EQ,0,0)THEN 
Y(LAMNUMd ) + lyI)=Y(LAMNUMd )y I) 
Y (LAMNUMd) y I )=Y(LAMNUM(I)yI)-l, 
CALL FORUARD(LAMNUM(I)yI) 
LAMNUM(I)=LAMNUMd) + l 
END IF 

C 
10 

END 
END 

IF(M 
XPOS 
YPOS 

IF 
DO 

.EQ.DTHEN 
=0.0 
=0.0 



DO J=2yNBLKS+l 
CALL QUAD(J-l) 

G (1y J-l)=y(((LAMNUM(J-l)-1)/2)+1) 
END DO 
M = 2 
GO TO 10 

ELSE 
30 DO I=iyNCOLS*NROUS-l 

CALL GRID(IyCHECKyXDELTAyYDELTA) 
DO J^2yNBLKS-H 

C 
IF(LL.EQ.l)THEM 
ZU(J-l)=ZU(J-l)+ELEV(I + l)-ELEVd) 
ZD(J-lyKEPTRK)=ZD(J-lyKEPTRK)+ELEV(Ifl)-ELEV(I) 
END IF 

C 
CALL FORUARDdyJ-l) 
DO K=25LAMNUM(J-1) 

CALL FORUARD(KyJ-l) 
END DO 
CALL QUAD(J-l) 
G(I+lyJ-l)=V(((LAMNUM(J-l)-l)/2)+l) 
END DO 

END DO 
C 
C , FIND THE A MATRIX IK KVAR=20 
C 

IF(KVAR.EQ.20)THEN 
DO I=lyNDAT 
DO J=lyNPARMS 

AdyJ)=G(IyJ)*DEN(J) 
IF(AdyJ),EQ,0,0)AdyJ)=lE-10 

END DO 
END DO 
GO TO 7 
END IF 

C 
DO 1=1yNPARMS 
B(Iyl)=DENd) 
END DO 

CALL VMULFF(6 yBy NDATyNPARMSy1y500yIByDPREDy 500yIER) 
C 

C 
DO I=lyNDAT 
DPRED(Iy KEPTRK) = DPRED(Iy1) 
END DO 

C 
7 IF(KEPTRK,EQ.l)THEN 

0PEN(29yFILE='A,DAT'ySTATU3='NEU') 
DO 1=1yNDAT 
DO J=lyNPARMS 
WRITE(29y'(E12.4)')AdyJ) 
END DO 
END DO 
CL0SE(29) 
GO TO 40 
END IF 
IF(KK.EQ.2)G0 TO 40 



c 

c 

END IF 

ELSE 

KK = 1 
20 IF(KK.EQ.1)THEN 

XPOS=0.0 
YPOS=0.0 
DO J=2yNBLKS+l 

C 
IF(LL.EQ.1)THEH 
ZU(J-l)=ZU(J-l)-fELEy(l) 
ZD (J-1 y KEPTRK) =ZD (J-l y KEPTRK) iELE'J (1) 
EMD IF 

C 
CALL FORUARD(lyJ-l) 
DO K=2»LAMNUM(J-1) 

CALL FORWARD(KyJ-l) 
END DO 
CALL QUAD(J-l) 
G(lyJ-l)=V(((LAMNUM(J-l)-l)/2)+l) 
END DO 
KK=2 
GO TO 20 
ELSE 
GO TO 30 
END IF 
END IF 

C 
40 DO J=lyNBLKS 

XL(J)=XL(J)+XSIZE 
XR(J)=XR(J)+XSIZE 
IF(LL.EQ.1)THEN 
ZU(J)=ZU(J)-ELEV(NROUS*NCOLS) 
ZD(JyKEPTRK)=ZD(JyKEPTRK)-ELEV(NROWS*NCOLS) 
END IF 
DO K=lyLAMNUM(J) 
Y(KyJ)=Y(KyJ)+YSIZE 
END DO 
END DO 

C 
RETURN 
END 

C 
C 
C... SUBROUTINES 
C 
C 

SUBROUTINE REORDERd) 
C 

COMMON /GRAV/XL(100)yXR(100)y2D(100ylOO)yZU(100)y 
8DENd00)yY(5O0y 500) yNBLKSyXSIZEyYSIZEyNCOLSy 
8NR0WSyYMAX(500)yYMIN(500)yMAXPERyLAMNUM(500)y 
8XP0SyYPOSyANOM(500y500)yV(500)yELEV(500) 

C 
COMMON /CBGINV/NDATyNPARMSyKEPTRKylAyIBylCyLLyKVAR 

C 

Kl=ABS(Y(2yI)-Y(lyI)) 



c 

c 

K2=ABS(XRd)-XL(I)) 

LAMNUM(I) = (KUMAXPER*(JMAXO(KlyK2)./JMINO(KlyK2)))/100 

IF (LAMNUM (I).LT, 10) LAMNUMd) = 10 

IF(LAMNUM(I).GE.500)THEN 
PRINT *y' MAXIMUM NUMBER OF LAMINAE (500) ' 
PRINT *y'FOR BLOCK 'yly' EXCEEDED.' 
CALL EXIT 
END IF 

C 
YDI3T=K1/FL0AT(LAMNUM(I)) 
CALL FORWARDdyl) 
LAMNUM(I)=LAMNUM(I)+1 
DO K=2yLAMNUM(I)+l 
Y(KyI)=Y(K-lyI)+YDIST 
CALL FORUARD(KyI) 
END DO 

C 
RETURN 
END 

C 
C 
C... SUBROUTINE FORWARD CALCULATES THE GRAVITY ANOMALY/UNIT WIDTH FOR 
C... EACH LAMINAE 
C 

SUBROUTINE FORUARDdyJ) 
C 

COMMON /GRAV/XL(100)yXR(100)yZDd00yl00)yZUd00)y 
8DEN(100)yY(500y500)yNBLKSyXSIZEyYSIZEyNCOLSy 
8NR0USyYMAX(500)yYMIN(500)yMAXPERyLAMNUM(500)y 
8XP0SyYPOSyANOM(500y500)yV(500)yELEV(500) 

C 

C 
COMMON /CBGINV/NDATyNPARMSyKEPTRKylAylBylCyLLyKVAR 

60=0.0000000667 
C 
C... START CALCULATIN' 
C 
C... PREVENT INSTABILITIES 
C 

IF(XR(J).EQ.0.0)XR(J)=1E-10 
IF(XL(J).EQ.0.0)XL(J)=1E-10 
IF(Y(IyJ).EQ,0.0)Y(IyJ)=lE-10 

C 
C . FIND DERIVATIVE OF GRAVITY URT ZD IF KVAR=20 
C 

IF(KyAR.EQ.20)THEN 
C 

Cl=SQRT(XL(J)*XL(J)+ZD(JyKEPTRK)*ZD(JyKEPTRK)+Y(IyJ)*Y(IyJ)) 
C2=SQRT(XR(J)*XR(J)+ZD(JyKEPTRK)*ZD(JyKEPTRK)+Y(IyJ)*Y(IyJ)) 

C 

ANOM(I y J) = ((1./( (XL(J)*C1) + (C1.KC1)))-(1,/((XR(J)*C2) + (C2*C2)))) 
8*ZD(JyKEPTRK)*100000.*G0 

C 
RETURN 
END IF 



AO=ZD(J y KEPTRK)*ZD(J y KEPTRK)+Y(Iy J)*Y(Iy J) 
B=ZU(J)*ZU(J)+Y(IyJ)*Y(IyJ) 
A1=XL(J)+SQRT(XL(J)*XL(J)+B) 
A2=XR(J)+SQRT(XR(J)*XR(J)+B) 
Bl=XR(J)+SQRT(XR(J)*XR(J)+A0) 
B2=XL(J)+SQRT(XL(J)*XL(J)+A0) 
IF((A1.EQ.0.0).0R.(A2.EQ.0.0).0R.(E1,EQ.0.0) 

8.0R.(B2.EQ.0,0))M1=M1+1 
C 
C... PREVENT TAKING LOG QF 0,0 
C 

IF(A1.EQ.0.0)A1=.001 
IF(A2.EQ.0.0)A2=.001 
IF(B1,EQ.0,0)E1=.001 -
IF(B2.EQ.0.0)B2=.001 

C . • 
IF(Al.EQ.0.001.OR.A2,EQ.0.001.OR.Bl.EQ.0.001.OR 

8.B2.EQ.0.001)THEN 
PRINT %,' HAVE HIT A ZERO OR NEGATIVE NUMBERy THIS NUMBER HAS BEEN' 
PRINT *y' CHANGED TO .001 SO THAT TAKING ITS LOG IS POSSIBLE.' 
PRINT * , ' YOU MAY WANT TO CHANGE THE GEOMETRY OF BLOCK J'yJ 
END IF 

C 
C... THE 100000 IS TO GET THE ANOMALY IN UNITS OF MGALS 
C 

ANOMdyJ)=-100000.*G0*(AL0G(A1) 
84-AL0G(Bl)-AL0G(A2)-AL0G(B2)) 

C 
RETURN 
END 

C 
C 
C . SUBROUTINE GRID GIVES XyY GRID POSITIONS 
C 
C 

SUBROUTINE GRID(KNTiCHECKyXDELTAyYDELTA) 
C 

COMMON /GRAV/XL(100)y XR(100)y ZD(100 y100)y ZU(100)y 
8DEN(100)yY(500y500)yNBLKSyXSIZEyYSIZEyNCOLSy 
SNROUSy YMAX(500 )y YMIN (500)yMAXPERy LAMNUM(500) y 
8XPOS»YPOSyANOM(500y5QO)yy(500)yELEV(500) 

C 
COMMON /CBGINV/NDATyNPARMSyKEPTRKylAylBylCyLLyKVAR 

C 
NI=KNT/NCOLS 
XP0S=KNT*XDELTA-(NI*XSI2E+XDELTA*NI) 
IF(ABS(XP03).LE.1.0E-01)XP03=O.OOEiOO 
YPOS=NI*YDELTA 
IF(XSIZE,GT.CHECK)THEN 

CHECK=CHECK+XDELTA 
DO J=lyNBLKS 
XL(J)=XL(J)-XDELTA 
XR(J)=XR(J)-XDELTA 
END DO 

ELSE 
CHECK=0.0 
DO J=lyNBLKS 



XL (J) =XL (J) +XDELTAit;(NCOLS-l) 
XR(J)=XR(J)-FXDELTA*(NC0L3-1) 

C 
DO I=lyLAMNUM(J) 
YdyJ)=Y(IyJ)-YDELTA 
END DO 
END DO 

END IF 
RETURN 
END 

C 
C 
C... SUBROUTINE QUAD CALCULATES THE ANOMALY ASSOCIATED WITH EACH BLOCK 
C... BY DOING THE INTEGRATION IN THE Y-DIRECTION USING TALUNI'S 
C , QUADRITURE FORMULA 
C 
C 

SUBROUTINE QUAD(K) 
C 

COMMON / G R A V / X L ( 1 0 0 ) y X R ( 1 0 0 ) y Z D ( 1 0 0 y l O O ) y Z U d O O ) y 
8 D E N d 0 0 ) y Y ( 5 0 0 y 5 0 0 ) yNBLKSy XSIZEyYSIZEyNCOLSy 
SNROUSyYMAX(500)yYMIN(500)yMAXPERyLAMNUM(500 )y 
SXPOSyYPOSyANOM(500y500)yV(500)yELEV(500) 

C 

C 
COMMON /CBGINV/NDATyNPARMSyKEPTRKylAylBylCyLLyKVAR 

DIMENSION TEMP(500) 
C 
C , FIND THE ANOMALY 
C 

IF{LAHNUM(K)-1.GT.1)THEN 
1 = 1 
V(1)=0.0 

DO J=2y((LAMNUM(K)-l)/2)+l 
C 

Al=AN0M(IyK)*((YdyK)-Y(I+2yK))/(YdyK)-Y(I-M;K))) 
8!|:(3.0*Y(I + lyK)-Y(I+2yK)-2.0*Y(IyK)) 

C 
B=AN0M.d + lyK).1c((Y(IyK)-Y(I+2yK))**3)/((Y(I + lyK)-

8Yd+2yK))*(Y(I + lyK)-YdyK))) 
C 

C = AN0M(I+2yK)*((Y(IyK)-Y(I+2yK))/(Yd + 2yK)-Yd + lyK))) 
8*(3,0*Y( HI yK)-YdyK)-2.*Y(I + 2yK)) 

c 

c 

c 

c 
u « * » 

TEMP(J-l) = <Al-i-B+C)/6.0 

V(J)=V(J-1)+TEMP(J-1) 
1 = 1+2 
END DO 

ELSE 

TRAPEZOIDAL RULE FOR ONE AREA 

V(((LAMNUM(K)-l)/2)+l)=(Y(2yK)-Y(lyK))*.5*(AN0M(lyK)+AN0M(2yK)) 
END IF 



RETURN 

END 
C 
C 
C . SUBROUTINE DERIV IS USED TO SET KVAR TO 20 SO THAT DERIVITIVES 
C . OF GRAVITY URT ZD UILL BE CONTAINED IN THE A MATRIX. THE A 
C . MATRIX IS USED TO LINEARIZE THIS NONLINEAR PROBLEM SO THAT 
C . INCREMENTAL PARAMETER JUMPS TOUARD THE SOLUTION CAN BE FOUND. 
C 

SUBROUTINE DERIV(A) 
C 

COMMON /GRAV/XL(100)yXRdOO)yZDdOOylOO)yZU(100)y 
8DENd00)yY(500y 500) yNBLKSy XSIZEyYSIZEyNCOLSy 
SNROUSy YMAX(500)y YMIN(500)y MAXPERy LAMNUM(500)y 
8XP0SyYPOSyANOM(500y500)yV(500)yELEV(500) 

COMMON /CB6INV/NDATyNPARMSyKEPTRKyIAyIByICyLLyKVAR 

DIMENSION A(500y500)yDPRED(500y500) 
KVAR=20 
CALL FWRD(AyDPRED) 
KVAR=0 
RETURN 
END 

C 

C 



PROGRAM 3D: 

A FORWARD GRAVITY MODELING 

PROGRAM BASED ON TALWANI AND 

EWING'S (1960) ALGORITHM 



COMMON NUMPTS(150)yDENLAM(150)yDEPTH(150)yLAMNUMy 
8X(150fl50)yY(150yl50) 
DIMENSION STAELy(500)?ELEV(500) 

INTEGER COLSyROUS 
CHARACTER*20 FILENAME 

C • 

0PEN(lyFILE='3DGRV.DAT'ySTATUS='0LD') 
C 
^ ,f% Xv'T*' r̂  4^ n<-^ <T« T'i^ O^ <¥̂ 'F'T d^ ̂ 'f^ Ĵ  Y ? 4̂ 'f̂  $ ' ^ 

C MODEL INPUT 
C 
C... FILENAME OF SAVED SURFII FILE CONTAINING STATION ELEVATIONS 
C , UNITS=METERS 
C 
C . IF NUMB=1 THEM INPUT STATION ELEVATIONS FROM SAVED SURFII FILE 

READ(ly*)NUMB 
IF(NUMB.EQ.l)READ(ly'(A20)')FILENAME 

C 
OPEN(10yFILE=FILENAMEySTATUS='OLD'yFGRM='UNFORMATTED'y 
8ACCESS='SEQUENTIAL') 

C 
READ(ly«)yLAMNUM 
Ll=LAMNUM/2 
Tl=(LAMNUM/2.)-Ll 

C 
IF(T1.EQ.0.0.AND.LAMNUM,NE.2)THEN 
PRINT *y'MUST HAVE ODD NUMBER OF LAMINAE FOR PROGRAM 
8T0 UORK - START OVER SLAMEEL!' 
CALL EXIT 
END IF 

C 
READ(ly){c)y(NUMPTS( J) yJ=lyLAMNUM) 
READ(lyJf:)y(DENLAM(J)yJ=ljLAMNUM) 
READ( ly)f:)y(ELEV( J) yj=lyLAMNUM) 
READ(ly*)yXSIZEyYSIZEyCOLSyROUS 
DO 1=1yLAMNUM 

READ(ly*)y(X(JyI)yY(JyI)yJ=lyNUMPTS(I)+l) 
END DO 

C 
C... IF NUMB=1 READ IN ELEVATIONS 
C 

IF(NUMB.EQ.l)THEN 
\ ^ / J \ / { ^^^ \^ iT -n^A '^ ' ^^ 'h '% '^^ ' rh^^ 'X-^ 'h * t ^^ ' ^ 'T^^^ 'T^*h ' f ^ ' t ^ ' ^ 

c 
C... STATION ELEVATION INPUT 
C 
C... READ IN FIRST RECORD 
C 

READ(10)NCOLS y NROUS yIZERO 
C 
C... READ IN SECOND RECORD 
C 

READ(10)IR0W3yJC0LS>DIFYyDIFXyXMN?XMXyYMHyYHXyDUMMY 
C 
C... READ IN ELEVATIONS (METERS) 
C 

DO I=NROUSyly-l 
IBEG=(I-1)*NC0LS+1 



IEHD=IEEG+NC0LS-1 

READ(10)(STAELV(J)yJ=IBEGyIEND) 
END DO 

C 
C t t t t t t t i l ^ t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t t i ^ t t t t t t t t t t t t t t t t t t t t t 
c 
. END IF 

C -
XDELTA=XSIZE/(C0LS-1) 
YDELTA=YSIZE/(R0US-1) 
CHECK=0.0 
XP03=0.0000E+00 
YP0S=0.0000E+00 

C 
•• IF(NUMB.EQ.i)THEN 

DO J=lyLAMNUH 
DEPTH(J)=STAELV(1)-ELEV(J) 
IF(ABS(DEPTH(J)).LT.2,)DEPTH(J)=2. 
END DO 

END IF 
C 

CALL TDCALC(XPOSyYPOS) 
DO I=1.C0LS*R0U3-1 

C 
IF(NUMB.EQ.1)THEN 

DO J=lyLAMNUM 
DEPTH(J)=STAELy(I+l)-ELEy(J) 
IF(ABS(DEPTH(J)).LT.2.)DEPTH(J)=2. 
END DO 

END IF 
C 

NI=I/COLS 
XPOE=I*XDELTA-(NI*XSIZE+XDELTA*NI) 
IF ( ABS(XP03).LE,l,OO00E-01)XPOS=O.0O0OE+O0 
YPOS=NI*YDELTA 
IF (XSIZE,GT.CHECK)THEN 

CHECK=CHECK+XDELTA 
DO J=lyLAMNUM 

DO K=lyNUMPTS(J)+l 
X(KyJ)=X(KyJ)-XDELTA 

END DO 
END DO 

ELSE 
CHECK=0.0 
DO J=lyLAMNUM 

DO K=lyNUMPTS(J)+l 
Y(KyJ)=Y(KyJ)-YDELTA 
X(KyJ)=X(KyJ)+XDELTA!|:(COLS-l) 

END DO 
END DO 

END IF 
CALL TDCALC(XPOSyYPOS) 
END DO 
CALL EXIT 
PRINT *y'OUTPUT IN FILE 3DGRVT,DAT!' 
END 

C 
SUBROUTINE TDCALC(GRiriXyGRIDY) 



C . SUBROUTINE 3DCALC CALCULATES THE GRAVITY ANOMALY 
C... PER UNIT THICKNESS OF HORIZONTAL LAMINAE OF UNIT 
C... THICKNESS(=V). TQ GET THE TOTAL ANOMALY OF THE 3D BODY? 
C... THE AREA UNDERNEATH THE RESULTING V-Z CURVE IS CALCULATED. 
C... THIS PROGRAM IS BASED ON THE 1960 TALWANI AND EWING 
C... PAPER FOUND IN GEOPHYSICSy VOLUME 25? 1960. 
C 
C... SET UP MEMORY 
C 

COMMON NUHPTS(150)yDENLAM(150)yDEPTH(150)yLAMNUMf 
8X(150yl50)yY(150yl50) 

REALMS R(100ylOO)yRl(100ylOO)yR2(100?iOO)yXM<100?100)y ' 
8 P(100ylOO)yQ(100ylOO)yF(100ylOO)y6ANOM(100)y 
8 TEMP(100)yTEMPl(100yi00)yTEMP2(100?100)yV(100) 

REAL*S AyByCyClfC2yC3yC4yC5yC6yC7yCSyC9yC10 
C 
C... OPEN FILE TO WRITE GRAVITY ANOMALY AND SURFACE OBSERVATION 
C , POINTS INTO - IN FORMAT USABLE FOR SURI^ACEII AND DISSPLA 
C . GRAPHICS. FILE CALLED 3DGRVT.DAT. 
C 

0PEN(10yFILE='3DGRyT.DAT'ySTATUS='NEU') 
C 
C... UNIVERSAL GRAVITY CONSTANT IN CGS UNITS 
C 

60=0.0000000667 
C 
C... CALCULATE THE GRAVITY ANOMALY/UNIT THICKNESS FOR EACH LAMINAE 
C 

DO J=lyLAMNUM 
TEMP2(lyJ)=0.0 
IF(NUMPTS(J).EQ,1)G0 TQ 10 
M=2 
DO I=lyNUMPTS(J) 

C 
C . RyRlyR2 CANNOT EQUAL 0.0 (COMPUTER UILL MOT LIKE IT) 
C 

R(IyJ) = (X(IyJ)«2. + Ydy J)«2.) W0.5 
IF(R(IyJ),EQ.O.O)R(IyJ)=0.00000000005 
Rl(I?J) = (X(I+lyJ)«2. + Y(I+lyJ)**2.)«0.5 
IF(R1(IyJ).EQ.0.O)Rl<IyJ)=O.00000000005 
R2(IyJ) = ((X(IyJ)-X(I+lyJ))«2+(Y(IyJ) 

8-Y(I+lyJ))**2)**0.5 
IF(R2(IyJ).E0.0.0)R2(IyJ)=0.00000000005 

C 
Cl=X(I;J)/R(IyJ) 
C2=Y(IyJ)/R(IyJ) 
C3=X(I+lyJ)/Rl(IyJ) 
C4=Y(I+l?J)/Rl(IyJ) 
C5=(X(IyJ)-X(I+lyJ))/R2(I?J) 
C6=(Y(l7J)-Y(I+lyJ))/R2(IyJ) 

C 
XM(IyJ)=C2*C3-C4!i:Cl 

P(IyJ)=(C6*X(IyJ))-(C5*Y(IyJ)) 
C 

IF(P(I?J).GE.O.O)THEN 
S=1.0 

ELSE i 
S=-i.O I 



END IF 

IF(XM(I?J).GE,0.0)THEN 
W=1.0 

ELSE 
U=-1.0 

END IF 
C7=(P(IyJ)*P(I?J)+DEPTH(J)*DEPTH(J))!i:*0.5 

C . 
QdyJ)=C5*Cl+C6*C2 
F(IyJ)=C5:*C3+C6*C4 

C 
CB=Ci*C3+C2*C4 
C9=(DEPTH(J)*Q(IyJ)*3)/C7 
C10=(DEPTH(J)*F(IyJ)*S)/C7 

C 
C... PREVENT ROUNDOFF ERROR IN COMPUTER FROM GIVING NUMBER 
C... G.T. 1.0 OR L.T.-l - COMPUTER UILL NOT LIKE THIS NUMBER (DEALING 
C... WITH SINES AND COSINES) 
C 

IF(C8-1,0.GT,0,0)08=1.0 
IF(C9-1,0,6T,0,0)09=1,0 
IF(C10-1.0.GT,0,0)010=1,0 
IF(CS.LT.-1.0)C3=-1,0 
IF(C9,LT.-1.0)C9=-1.0 
IF(C10.LT.-1.0)C10=-1.0 

C 

C 
TEMPI(IyJ)=W*AC0S(C3)-ASIN(C9)+ASIM(Ci0) 

TEMP2(MyJ)=TEMP2(M-l?J)+TEMPl(IyJ) 
M=M+1 
END DO 

C 
C... THE 100000 IS TO PUT V IN UNITS OF M6ALS/METER 
C 

V(J)=GO)!!DENLAM(J)*TEMP2(NUMPTS{J)+lyJ)*100000.0 
C 

GO TO 20 
10 V(J)=0,0 
20 END DO 
C 
C... FIND THE ANOMALY (AREA UNDER V-Z CURVE) 
C 

IF(LAMNUM-1.GT.1)THEN 
1=1 
GAN0M(1)=0.0 

DO J=2y((LAMNUM-l)/2)+l 
C 



A=V(I)!ic((DEPTH(I)-riEPTH(I+2))/(DEPTH(I)-DEPTH(I+l))) 
8*(3.0*DEPTH(I+l)-DEPTH(I+2)-2.0*DEPTH(I)) 

C 
E=V(!+!)*((DEPTH(I)-DEPTH(1+2))r*3)/((DEPTH(I+l)-
8DEPTH(I+2))*(DEPTH(I+1)-DEPTH(I))) 

C 
C=V(I+2)*((DEPTH(I)-DE?TH(I+2))/(DEPTH(I+2)-DEPTH(I+l))) 
.8*(3.0*DEPTH(I+l)-DEPTH(I)-2,0*DEPTH(I+2)) 

C 
TEMP(J-l)=(A+B+C)/6,0 

C 
C . HAVE TO DIVIDE BY 1000 BECAUSE MULTIPLIED V BY 
C , 1000 EARLIER TO PREVENT ROUNDOFF ERROR 
C 

TEMP(J-1)=TEMP(J-1) 
C 

GAN0M(J)=GAN0M(J-1)+TEMP(J-1) 
1=1+2 

END DO 
C 

ELSE 
C 
C . TRAPEZOIDAL RULE FOR ONE AREA 
C 

GAM0M(((LAMNUM-l)/2)+l)=(DEPTH(2)-DEPTH(l))*0,5*(V(l)+V(2)) 
END IF 

C 
C... PRINT THE 3D ANOMALY TO FILE 3D6RVT.DAT 
C 

WRITE(10y'(E12.4y2XyE12,4y2XyE12.4)')GRIDXy6RIDYy 
8GAN0M(((LAMNUM-l)/2)+l) 
RETURN 
END 



APPENDIX C 

PREPARING OBSERVED GRAVITY DATA FOR USE WITH 

PROGRAMS GRAVEL AND GINDEP 



Preparing Observed Gravity Data 

DSaving gridded data on a file: 

Once an observed data set has been gridded using SURFACE II, grid 

information may be stored in a file of the form FORD .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 FOR015.DAT: 

TITLE SAVING GRID INFORMATION IN FILE FOR015.DAT 
DEVICE 5,'CJWIDEMAN' 
ROUTLINE 39,1,'(2FI2.7)' 
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 F0R015.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 SUEIFII 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 program to read 

the saved SURFII file, output pertinent grid information, and to 

convert latitude and longitude to meters east and meters north based 

on the scale of the Ennis 15 minute quadrangle map. Thip program will 

write the data to a file called GRID.DAT in the following order: 

xpos on grid, ypos on grid, data value 

in 3F12.4 format. GRID.DAT will contain the number of columns (NCOLS) 

times 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,BL0CKFILE*20,OUTPUTFILE*20,CHAR*1 

C 
WRITE(*,•( " $TYPE IN SAVED SURFII FILE> " )') 
READ(*,•(A20)•)TOPOFILE 
0PEN(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 

READ(21)IR0WS,JCOLS,DIFX,DIFY,XMIN,XMAX,YMIN,YMAX,DUMMY 
C 
C CONVERT TO METERS 
C 

WRITE(*,'("$CONVERT TO METERS(Y/N)>" ) ' ) 
READ(*,'(A1)')CHAR 

C 
IF(CHAR.EQ.'Y'.OR.CHAR.EQ.'y')THEN 
DIFY=DIFY*111840. 
D1FX=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.O.O)THEN 
YDELTA=-DIFY 



ELSE 
YDELTA=DIFY 
END IF 
END IF 

PRINT *,' 
PRINT *,' ' 
PRINT *,' MATRIX INFO' 
PRINT *,' ' 
PRINT *,•NCOLS,NROWS',NCOLS,NROWS 

C 
PRINT *,' ' 
PRINT *,'DIFY(METERS)=",DIFY, 
&DIFX(METERS),DIFX 
PRINT *,'XMIN=',XMIN,' XMAX=',XMAX 
PRINT *,'YMIN=',YMIN,' YMAX=',YMAX 

C 
PRINT *,'XSIZE(M)='.XSIZE, 
&' YSIZE(M)=',YSIZE 
PRINT *,' • 

C 
C 
C NOW READ IN THE GRID MATRIX VALUES 
C 

DO I=NR0WS,1,-1 
IBEG=(I-1)*NC0LS+1 
IEND=IBEG+NC0LS-1 
READ(21)(A(J),J=IBEG,IEND) 
END DO 
DO 1=1,NROWS*NC0LS 
IF(A(I).LE.-9.9999E+33)A(I)=0.0 
END DO 

C 
C PRINT GRID VAULES TO FILE GRID.DAT 
C 

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

READ(*,'(A1)')CHAR 
1F(CHAR.EQ.'N')CALL EXIT 
0PEN(10,FILE='GRID.DAT,STATUS='NEW') 
XPOS=0.0 
YPOS=0.0 
WRITE(10,'(3F12.4)')XPOS,YPOS,A(1) 
DO 1=1,NCOLS*NR0WS-1 

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

END DO 
CLOSE(IO) 
CL0SE(21) 
CALL EXIT 
END 



Example of using RSURFILE: 

Say you have used SURFII to create 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 grid information is saved in file 

FOR019.dat. If RSURFILE is used to read F0R019.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>F0R019.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 

XSIZ£=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 
25.0000 
50.0000 
75.0000 
0.0000 
25.0000 
50.0000 
75.0000 
0.0000 
25.0000 
50.0000 
75.0000 

0.0000 
0.0000 
0.0000 
0.0000 
30.0000 
30.0000 
30.0000 
30.0000 
60.0000 
60.0000 
60.0000 
60.0000 

GRID VALUE 1 (mgals) top left of grid 
GRID VALUE 2 

GRID VALUE 12 bottom right of grid 

4) Removal of Topography 

Program 3D (coding is in Appendix 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 topography 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 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. 

Saved SURFII file of elevations (i.e. 
FOR032.DAT). 



3 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. 

4 Number of verticies in each laminae of the model 
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 

3 
5 Density of each laminae (gm/cm ) separated by 

a comma. 

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

7 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. 

8 - EOF 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 
8 
9 
10 
11 
12 
13 
14 
15 
16 

Input 
0.0,0.0 
100.0,200.0 
200.0,300.0 
100.0,20.0 
-50.0,20.0 
0.0,0.0 
-100.0,20. 
100.0,20.0 
50.,-20. 



17 
18 
19 
20 
21 

-100.0,20.0 
-40.0,60.0 
50.0,10.0 
-10.0,-10.0 
-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 3F12.4 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 example. 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) 

1 12 
2 15 
3 16 
4 20 
5 7 
6 9 
7 12 
8 17 
9 5 
10 7 
11 10 
12 15 



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 gridded gravity value so that 

the gravity values generated by the modeling program will match the 

observed gravity values. For example, the gravity data that I 

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 program duplicates the relative changes in the gravity data 

(a 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) Grid the gravity and elevation data with SURFII and save 

the gridded data using the SAVE command of SURFII; 

2) 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 3F12.4 format; 

3) Run 3D to remove the topograghy from the highest 

elevation in the modeled area to the lowest station 

elevation; and 

4) 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 



AC; •7^A^KQl-Z T u t v - ' u n l u u i j u 

45.36415363 
45.36066055 
45,36415363 
45.36066055 
45.36415363 
45.36066055 
45.36415363 
45,36066055 
45.36415363 
45.36066055 
45.36415363 
45,36066055 
45,36666107 
45.36066055 
45.36332309 
45.36415363 
45.36098862 
45.36233139 
45.36415363 
45,36098862 
T w • -JUT X WUU^J 

45.36098862 
45,36415363 
45,36098862 
45,36415863 
45.36098862 
45.36415363 
45.36098362 
45.36415363 
45.36098362 
45,36970000 
45.36970000 
45.36970000 
45.36870000 
45.36030000 
45.36920000 
45.36900000 
45.36920000 
45,37020000 
45.37040000 
45.37090000 
45.37140000 
45.37140000 
45.37140000 
45.37140000 
45.37140000 
45.37140000 
45.37140000 
45.37140000 
45.37140000 
45.37140000 
45.37080000 
45.37020000 
45.37020000 
45.37030000 
45.37060000 
45,37120000 

-111.71366119 
-111,71582794 
-111.71665955 
-111.71793706 
-111.71303392 
-111.72016907 
-111.72116852 
-111.72249603 
-111.72332764 
-111,72466273 
-111.72565460 
-111,72693975 
-111.72783661 
-111,72783661 
-111.72993047 
-111.73065943 
-111,73116302 
-111.73149109 
-111.73149109 
-111.73332214 
-111.73365734 
-111.73543389 
-111,73583221 
-111.73733112 
-111.73816681 
-111.73999023 
-111.74032593 
-111.74233246 
-111.74265239 
-111.74466705 
-111.74493749 
-111.72920000 
-111.72300000 
-111.72650000 
-111.72550000 
-111.72400000 
-111.72220000 
-111,72080000 
-111.71950000 
-111.71950000 
-111,71930000 
-111.71950000 
-111.71950000 
-111.72100000 
-111.72230000 
-111.72370000 
-111.72530000 
-111.72670000 
-111.72720000 
-111.72340000 
-111.72930000 
-111.73050000 
-111.73050000 
-111.73050000 
-111.73070000 
-111,72600000 
-111,72630000 
-111.72650000 

-190.32000000 

-189.55000000 
-190,14000000 
-133.60000000 
-1S9.71000000 
-137.22000000 
-189.16000000 
-136,31000000 
-138.40000000 
-135.41000000 
-137.60000000 
-135.02000000 
-136.48000000 
-13-4.32000000 
-135.24000000 
-133.64000000 
-133.82000000 
-132.31000000 
-182.94000000 
-132.17000000 
-131.55000000 
-130.53000000 
-180.65000000 
-179.32000000 
-179.35000000 
-173.58000000 
-178,46000000 
-178.20000000 
-179.07000000 
-177.96000000 
-179,72000000 
-184.01000000 
-184.37000000 
-184.75000000 
-183.95000000 
-137.06000000 
-186,90000000 
-187,64000000' 
-187.71000000 
-138.32000000 
-188.02000000 
-183.29000000 
-188.34000000 
-137,67000000 
-186.93000000 
-186.40000000 
-186.10000000 
-135.63000000 
-185.73000000 
-135.4.3000000 
-184.99000000 
-134.56000000 
-183.93000000 
-134.26000000 
-133.38000000 
-185.07000000 
-185.09000000 
-135.59000000 

1.42 
1,39 
1 10 
1 . U U 
1.39 
1.38 
1,40 
1.3? 
1.41 
1,39 
1,42 
1,40 
1.45 
1.43 
1.40 
1.45 
1.38 
1.39 
1.37 
1.33 
1.42 
1.40 
1.45 
1.44 
1,52 
1,51 
1,55 
1.55 
1,65 
1.63 
1.73 
1,69 
1.38 
1.38 
1.36 
1.37 
H SI 
X . U.i. 

1,44 
1.44 
1,44 
1,44 
1,44 
1.44 
1,43 
1.46 
1.45 
1.44 
1.45 
1,37 
1.39 
1,40 
1.42 
1.42 
1.42 
1.42 
1.40 
1.36 
1.37 
1.37 

J 1493. 
1494. 
1496. 
1494. 
1496. 
1495. 
1496. 
1494. 
1496. 
1495. 
1497, 
1493, 
1497. 
1501, 
1497, 
1501, 
1502. 
1505. 
1504. 
1502. 
1505, 
1502. 
1505, 
1502. 
1504, 
1502, 
1504. 
1502, 
1504, 
1503, 
1509, 
1500,91 
1500,30 
1500,30 
1498,17 
1485,98 
1491,46 
1490.35 
1490.55 
1439.94 
1483.53 
1489.32 
1489.32 
1483.72 
1489.02 
1433.23 
1489.94 
1497.36 
1497.56 
1493.17 
1497.86 
1493,17 
1498,17 
1493.17 
1499.69 
1499,03 
1498.47 
1490.47 



45 
•̂5 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 
45 

37020000 y 
37000000 r 
37000000 
37000000 
36930000 
37000000 
36980000 
36980000 
37000000 
36930000 
36980000 
36930000 
37020000 
37070000 
37120000 
37190000 
37260000 
37330000 
37400000 
37430000 
37500000 
37460000 
37420000 
37400000 
37360000 
37330000 
37270000 
37270000 
37270000 
37270000 
37270000 
37270000 
37320107 
37820107 
37820107 
37820107 
37320000 
37320000 
37820000 
37320000 
37820000 
37820000 
37320000 
37820000 
37820000 
37320000 
37820000 
37320000 
37320000 
37320000 
37820000 
37S20000 
37630000 

37630000 
37630000 

37630000 
37630000 
37630000 

-111.72300000 
-111,72730000 
-111.73170000 
-111,73320000 
-111.73470000 
•111.: 20000 
-111.73750000 
-111.73880000 
-111.74030000 
-111.74170000 
-111.74300000 
-111.74450000 
-111.73320000 
-111,73300000 
-111.73300000 
-111.73320000 
-111.73320000 
-111.73320000 
-111,73320000 
-111.73450000 
-111.73670000 
-111,73730000 
-111.73300000 
-111.73370000 
-111.73920000 
-111.74030000 
-111.74120000 
-111.73950000 
-111.73850000 
-111.73700000 
-111,73550000 
-111.73400000 
-111,73150000 
-111.73000000 
-111.72900000 
-111,72750000 
-111.73010000 
-111.72330000 
-111.72740000 
-111.72610000 
-111.72470000 
-111.72340000 
-111.72200000 
-111.72060000 
-111.71930000 
-111.71790000 
-111.71660000 
-111.71530000 
-111.71390000 
-111.71260000 
-111.71120000 
-111.70990000 
-111.70990000 
-111.71120000 
-111.71260000 
-111.71390000 
-111.71530000 
-111.71660000 

J -184.76000000 
y -134.34000000 
? -183.55000000 
y -133.15000000 
? -182.45000000 
. -131.91000000 
y -131.71000000 
y -181.00000000 
? -130.24000000 
y -179.75000000 
y -179.55000000 
y -179.31000000 
? -183.31000000 • 
y -133.31000000 
y -183.47000000 
y -184.07000000 
? -184.35000000 
y -135.53000000 
y -136.17000000 
y -136.07000000 
y -135.43000000 
y -135.05000000 
y -185.15000000 
y -184.25000000 
y -184.09000000 
y -133.91000000 
y -182.76000000 
y -133.50000000 
y -183.51000000 
y -134.13000000 
y -184.06000000 
y -184.56000000 
y -186.65000000 
y -137.02000000 
y -137,46000000 , 
y -137.87000000 
? -187.21 , 
y -137.16 
y -137,39 , 
y -138,69 
y -188.42 , 
y -133.79 , 
y -189.37 y 
y -139.69 
? -190.09 y 
y -190.45 , 
y -190.84 ) 
y -191,36 
y -191,79 , 
y -192.21 , 
y -192.69 ? 
y -193.11 . 
y -192.83 ) 
y -192.41 
y -191.94 y 
y -191.59 
y -191.13 y 
y -190.72 1 

1.39 
, 1,.37 
• 1,39 
' 1,45 
? 1,44 
- 1,52 
1.53 

' 1.56 
1.61 

r 1,71 
1.69 

. 1.77 
1.45 

• 1.44 
1.45 

y 1.46 
1,47 

. 1,50 
1,52 

t 1,52 
1.58 

r 1.59 
, 1,63 
1.63 
1,63 

f 1,65 
1,64 

r 1,62 
1.60 

t 1.57 
1.53 

r 1,49 
1.50 
1,50 
1.46 
1.45 
1.48 
1.43 
1.47 
1.47 
1.46 
1.46 
1.45 
1.45 
1.44 
1.44 
1.43 
1.43 
1,42 
1,42 
1,41 
1.41 
1.40 
1.40 
1.40 
1.40 
1.40 
1.41 

1499,08 
1500,61 
1500,00 
1500,00 
1499,39 
1498.73 
1499,69 
1499.69 
1499.08 
1493.78 
1499.39 
1500.91 
1499.39 
1493,73 
1497.25 
1496,95 
1496,64 
1495,42 
1494,81 
1494,20 
1495,42 
1496,34 
1495.42 
1495.73 
1496.64 
1496.95 
1497.86 
1496.34 
1496.95 
1496.64 
1496.03 
1496.03 
1492,38 
1491.16 
1492.3S 
1491.77 
1491.92 
1492,02 
1491.97 
1484.85 
1484.85 
1434.80 
1484.44 
1484.34 
1484.55 
1434.50 
1484,50 
1434.50 
1484.14 
1434.04 
1483.63 
1433.22 
1484.50 
1484.75 
1485.16 
1435.31 
1485.36 
1435.77 



45.37630 000 
45,37630000 
45.37630000 
45.3763C 
45.37630 
45.37630 
45.37630 

000 
000 
000 
000 

45.37630000 
45.37630 
45.37630 
45.3782 
45,3792 
45.3803 

45.3325 
45.3826 
(IP I Q I J L 
TU . WUjuiJ 

45.3827 
45.3324 
45.3807 
45.3790 
45.3772 
45,3754 
45.3750 
45,3749 
45,3766 
45,3734 
45,3676 
45,3676 
45.3676 
45.3641 
45.3606 
45.3569 
45.3533 
45.3494 
45.3493 
45.3494 
45.3491 
45.3532 
45.3568 
45.3604 
45.3639 
45.3644 

000 
000 

, -111.71790000 
y -111.71930000 
? -111,72060000 
y -111,72200000 
, -111.72340000 
? -111.72470000 
. -111.72610000 
r -111.72740000 
-111.72830000 

t -111.73010000 
-111,7311 

y -111,6332 
-111.6832 

r -111,6331 
-111,6357 

F -111,6832 
-111.6908 

r -111.6935 
-111.6943 1 

f -111.6944 
-111,6943 ! 

r -111.6943 
-111.6922 1 

r -111,6897 
-111,6863 

r -111.6863 
-111.6942 

r -111.6979 
-111.7013 

, -111.7027 
-111.7033 ! 

f -111.7033 
-111.7046 
-111.7046 
-111.6992 ) 
-111,6944 
-111.6887 i 
-111.6837 
-111.6834 ! 
-111.6333 
-111.6890 ? 
-111.6936 

. -190.69 

, -189,91 
r -139.55 
y -189.08 
- -138.30 
y -188.40 
f -188.18 
f -187.13 
-187.71 

r -137,13 
-186.65 

f -196.22 
-195.30 

f -195.44 
-194.52 

f -193,32 
-192.95 

r -192.54 
-193.01 

f -193.19 
-193.51 
-193.95 
-194.14 

r -194.65 
-195.06 

r -195.16 
-196.55 

- -195.90 
-195,22 

r -194.95 
-195.12 

r -195.51 
-196.06 
-196.36 
-193.66 

- -200.06 
-201,80 
-200,98 
-199,00 
-193,34 
-197,65 
-196,93 

y 1,42 
y 1.42 
? 1.43 
y 1.43 
y 1.44 
y 1,44 
y 1,45 
y 1.45 
y 1,46 
y 1.47 
y 1.48 
y 1.57 
y 1.58 

y 1.59 
y 1.57 
y 1,55 
y 1,51 
y 1,47 
? 1,46 • 
y 1.46 
y 1.45 
y 1,44 
y 1,46 
y 1,50 
y 1.55 
y 1,55 
y 1,38 
y 1,35 
y 1,30 
y 1,27 
? 1.24 
y 1.26 
y 1.30 1 
y 1.33 
y 1.37 ! 
y 1,44 
y 1.50 ! 
y 1.50 
y 1.50 i 
y 1,46 
y 1.46 y 
y 1.40 

y 1435.31 
y 1485.41 
. 1485.77 
7 1486,07 
• 1486,07 
? 1486,07 
- 1492,07 
' 1491.62 
1491.62 

i 1492.22 
1492.59 

. 1493.32 
1494.01 

r 1496,33 
1497,99 

, 1499,76 
1500.52 

. 1499.97 
1499.15 

, 1493.57 
- 1497.67 
- 1497.06 
1495,63 

F 1494,36 
1494,69 

' 1494,37 
1491,38 

F 1492,41 
1491,57 

, 1494,54 
1497,16 

, 1499,41 
1501,54 

- 1503,35 
1504,95 

, 1505,55 
1505,00 

- 1501,62 
1498,06 
1495,67 
1493,89 
1493,66 



B 

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 0,0000 -6,2456 
307,3571 0,0000 -7.0016 
614.7143 0,0000 -B.6B86 
922,0715 0.0000 -8.9612 
1229.4286 0.0000 -10.0066 
1536,7853 0.0000 -11,0436 
1844,1429 0.0000 -12.1878 
2151,5000 0,0000 -13.4277 
2453.3572 0.0000 -14.6772 
2766.2144 0.0000 -14.3303 
3073.5715 0.0000 -14,9301 
3330.9237 0.0000 -15,2296 
3688.2859 0.0000 -15,1491 
3995.6428 0,0000 -15,0607 
4303.0000 0.0000 -16.9155 

0.0000 301.1429 -5,3193 
307.3574 301.1429 -6.9799 
614.7144 301.1429 -7.9930 
922.071S 301.1429 -9.0803 
1229.4237 301.1429 -9.8372 
1536.7861 301.1429 -10.9372 
1344.1431 301,1429 -12.0887 
2151.5005 301,1429 -13.2235 
2453,8574 301.1429 -14,4745 
2766.2148 301.1429 -14,8325 
3073.5713 301,1429 -14,3991 
3380.9287 301.1429 -15.5044 
3633.2856 301,1429 -15,5643 
3995,6431 301.1429 -16,0091 

4303,0005 301.1429 -17.0441 
0.0000 602.2857 -5.3093 

307.3574 602,2857 -6,8343 
614,7148 602.2857 -8,0630 
922.0723 602.2357 -3.5213 
1229.4287 602.2857 -9.4780 
1536.7361 602.2357 -10.5596 
1344.1436 602.2857 -11.9487 
2151.5010 602.2357 -13.2372 
2458.8574 602.2857 -14,3983 
2766,2148 602.2357 -14.7033 
3073.5723 602.2857 -15.7713 
3330.9237 602.2357 -16.0971 
3688.2861 602.2857 -15.9077 
3995.6436 602.2857 -16.1846 
4303.0010 602.2857 -16.7656 

0.0000 903.4236 -3.2598 
307,3574 903.4286 -5.2534 
614.7143 903,4236 -6.1512 
922,0723 903.4286 -6.5455 
1229.4287 903.4236 -7.6636 
1536.7861 903,4286 -3.9017 
1844,1436 903.4236 -10.2731 
2151.5000 903.4286 -10.8911 
2453.3574 903.4286 -14.2811 
2766.2139 903.4286 -14.3713 
3073^5713 903.4236 -17.1438 
3380.9287 903.4286 -17.4496 
3688.2361 903.4236 -17.0677 



3995.6436 
4303.0010 

0.0000 
307.3574 

614.7148 
922.0723 
1229.4297 
1536. .'73 71 
1844.1445 
2151.5020 
2453.8574 
2766.2148 
3073.5723 
3330.9297 
3688'.2371 
3995.6445 
4303.0020 

0.0000 
307.3574 
614,7143 
922.0723 
1229.4297 
1536.7871 
1344.1445 
2151.5000 
2458.8574 
2766,2148 
3073,5723 
3380,9297 
3638,2371 
3995,6445 
4303,0000 

0.0000 
307.3574 
614.7148 
922.0723 

1229.4297 
1536,7371 
1844,1445 
2151,5000 
2458,8574 
2766.2143 
3073.5723 
3330.9297 
3688,2371 
3995.6445 
4303.0000 

0.0000 
307.3574 
614.7143 
922.0703 
1229.4297 
1536.7852 
1844.1445 
2151.5000 
2453.3594 
2766,2148 
3073.5703 

903. 
903 

1204 
1204 
1204 
1204 
1204 
1204 
1204 
1204 
1204 
1204 
1204 
1204 
1204 
1204 
1204 
1505 
1505 
1505 
1505 
1505 
1505 
1505 
1505 
1505 
1505 
1505 
1505 
1505 
1505 
1505 
1306 
1806 
1306 
1306 
1806 
1306 
1806 
1906 
1306. 
1306 
1806 
1306 
1806. 
1306 
1306. 
2108 
2103, 
2108-
2103. 
2108 
2103. 
2103. 
2103. 
2103. 
2103. 
2103. 

4236 
4286 
5714 
»5714 
5714 
,5714 
5714 
• 5714 
5714 
.5714 
5714 
,5714 
.5714 
.5714 
.5714 
.5714 
.5714 
.7142 
.7142 
.7142 
.7142 
.7142 
,7142 
.7142 
.7142 
.7142 
.7142 
.7142 
,7142 
,7142 
.7142 
.7142 
,8572 
,8572 
8572 
.8572 
8572 
,8572 
8572 
.8572 
3572 
3572 
8572 
8572 
8572 
3572 
8572 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 
0000 

-16.5722 
-16.7407 
-1.7076 
-3.2491 
-4.6244 
-5.7017 
-6,5639 
-S.90S4 
-9.3071 
-10,5374 
-12,5361 
-16,4002 
-17,2346 
-17.6333 
-18,3562 
-18,4422 
-13,5923 
-0,3980 
-1,3524 
-3.4130 
-5.7634 
-6.4776 
-8.2832 
-10.0133 
-11.7385 
-12.1449 
-16.2952 
-17.0943 
-17.5983 
-18,4901 
-18.9499 
-19.5933 
-0.2381 
-1,2580 
-3.3230 
-5,6154 
-7.0394 
-3,3272 

-10,2566 
-11,7504 
-12.2137 
-16,4700 
-16.9637 
-17.3787 
-13.3211 
-19.2724 
-19.7176 
-1.0497 
-1.3476 
-3.4017 
-6.6133 
-9,1166 

-10.2946 
-11.7094 
-11.9322 
-12.2939 
-16.9908 
-17.1202 



3330.9297 
U C U U t 4lUW4^ 

3995.6445 
4303.0000 

2103.0000 
2103,0000 
2108.0000 
2103.0000 

i / « JHUOW 

-18,9562 
-19.9944 
-20.3214 



GRAVITY CONTRIBUTION FROM TOPOGRAPHY 

(OUTPUT OF PROGRAM 3D) - TOPOGRAPHY 

WAS REMOVED DOWN TO AN ELEVATION OF 

1475 METERS ABOVE SEA LEVEL 



0.0000 
307.4000 
614,7000 
922.1000 
1229,0000 
1537,0000 
1844.0000 
2152,0000 
2459.0000 
2766.0000 
3074,0000 
3331.0000 
3688.0000 
3996.0000 
4303.0000 

0.0000 
307.4000 
614.7000 
922.1000 
1229,0000 
1537,0000 
1844,0000 
2152,0000 
2,459,0000 
2766.0000 
3074.0000 
3331.0000 
3688.0000 
3996.0000 

4303.0000 
0.0000 

307,4000 
614.7000 
922,1000 
1229.0000 
1537.0000 
1344.0000 
2152.0000 
2459.0000 
2766.0000 
3074.0000 
3331.0000 
3688.0000 
3996.0000 
4303.0000 

0.0000 
307.4000 
614.7000 
922.1000 
1229,0000 
1537,0000 
1844,0000 
2152.0000 
2459.0000 

2766.0000 
3074.0000 
3381.0000 
3633,0000 

0,0000 
0,0000 
0,0000 
0,0000 
0,0000 
0,0000 
0.0000 
O.OQOO 
0,0.000 
0,0000 
0.0000 
0,0000 
0.0000 
0.0000 
0,0000 

301,1000 
301,1000 
301,1000 
301.1000 
301.1000 
301.1000 
301.1000 
301,1000 
301A000 
301.1000 
301.1000 
301.1000 
301,1000 
301,1000 

301,1000 
602,3000 
602,3000 
602.3000 
602,3000 
602,3000 
602,3000 
602.3000 
602.3000 
602.3000 
602.3000 
602.3000 
602.3000 
602.3000 
602.3000 
602.3000 
903,4000 
903.4000 
903.4000 
903.4000 
903,4000 
903,4000 
903.4000 
903.4000 
903.4000 

903.4000 
903.4000 
903.4000 
903.4000 

-0,3499 
-0.3549 
-0.3558 
-0.4243 
-0.0796 
-0.0776 
-0.0779 
-0,0730 
-0,0779 
-0,0773 
0,0103 
-0.0903 
-0.0904 
-0.0951 

-0.4204 
-0.3544 
-0.3567 
-0,4269 
-0,4243 
-0,0323 
-0,0137 
0,0033 
0,0047 
-0,0779 
-0.0776 
-0.0775 
-0.0305 
-0.0303 
-0,0838 

-0.4200 
-0.3566 
-0.3528 
-0.4265 
-0.4258 
-0.4230 
-0.0313 
-0.0161 
-0.0011 

- -0.0777 
-0.0773 
-0.0509 
-0.0329 
-0.0835 
-0.0345 
-0.4190 
-0.3787 
-0.4265 
-0.4266 
-0,3888 
-0,4252 
-0.4170 
-0.4232 
-0.0562 
-0.0769 

0.0059 
-0.4219 
-0.4211 
-0.4139 



3996.0000 
4303.0000 

0.0000 
307,4000 
614.7000 
922.1000 
1229.0000 
1537.0000 
1844.0000 
2152.0000 
2459,0000 
2766,0000 
3074.0000 
3381.0000 
3633.0000 
3996.0000 
4303,0000 

0.0000 
307.4000 
614,7000 
922.1000 
1229.0000 
1537.0000 
1844.0000 
2152.0000 
2459.0000 
2766.0000 
ZQ7A,0000 
3331.0000 
3633.0000 
5996.0000 
4303.0000 

0.0000 
307,4000 
614.7000 
922.1000 
1229.0000 
1537.0000 
1344.0000 
2152.0000 
2459.0000 
2766.0000 
3074.0000 
3331.0000 
3683.0000 
3996.0000 
4303.0000 

0.0000 
307,4000 
61^,7000 
922.1000 
1229,0000 
1537,0000 
1344.0000 
2152.0000 
2459.0000 
2766.0000 
3074,0000 

903,4000 
903,4000 
1205.0000 
1205.0000 
1205.0000 
1205.0000 
1205.0000 
1205.0000 
1205,0000 
1205,0000 
1205.0000 
1205,0000 
1205,0000 
1205,0000 
1205.0000 
1205.0000 
1205,0000 
1506,0000 
1506.0000 
1506.0000 
1506.0000 
1506.0000 
1506,0000 
1506,0000 
1506,0000 
1506,0000 
1506,0000 
1506.0000 
1506,0000 
1506,0000 
1506,0000 
1506,0000 
1807.0000 
1307.0000 
1307.0000 
1807.0000 
1807.0000 
1307.0000 
1807.0000 
1307.0000 
1807.0000 
1807.0000 
1807.0000 
1307.0000 
1807.0000 
1307.0000 
1807.0000 
2108,0000 
2108,0000 
2108,0000 
2108.0000 
2103.0000 
2108.0000 
2108.0000 
2108.0000 
2108.0000 
2108.0000 
2103.0000 

-0.4183 
-0.4215 
-0.3798 
-0,3733 
-0.3794 
-0.3749 
-0.4024 
-0.4276 
-0.4275 
-0.426T-
-0.2005 
-0.103i 
-0.4253. 
-0.4254 
-0.4249 
-0.4239 
-0.4223 
-0.3617 
-0.3615 
-0,3609 
-0,3675 
-0,3933 
-0,4274 
-0,4270 
-0,4251 
-0,0375 
-0,4163 
-0,4256 
-0,4258 
-0,4250 
-0,4233 
-0,4213 
-0,3610 
-0,3603 
-0.3602 
-0.4262 
-0.4281 
-0.4277 
-0.4272 
-0.4263 
-0.4235 
-0,4248 
-0.4259 
-0.4257 
-0.4249 
-0.4235 
-0.4212 
-0,3615 
-0,3603 
-0,4124 
-0,3974 
-0,4276 
-0,4276 
-0,4272 
-0,4269 
-0.4263 
-0.4261 
-0.4259 



5381.0000 

3996.0000 

2103,0000 
2108.0000 
2108.0000 
2103.0000 

-0.4254 
-0.4247 
-0.4231 
-0.4204 



THE GRIDDED OBSERVED GRAVITY DATA OF PART E 

WITH THE TOPOGRAPHY CORRECTION VALUES OF PART 

C REMOVED - THIS DATA IS THE DATA USED AS 

THE GRIDDED OBSERVED GRAVITY DATA FOR PRO­

GRAMS GRAVEL AND GINDEP 



0,0000 0,0000 
307,4000 0.0000 -6.6467 
614.7000 0.0000 -3.3323 
922.1000 0.0000 -8.5569 
1229.0000 0.0000 -9.9270 
1537.0000 0.0000 -10.9660 
1344.0000 0.0000 -12.1099 
2152.0000 0.0000 -13.3497 
2459.0000 0.0000 -14.5993 
2766.0000 0,0000 -14,3025 
3074.0000 0.0000 -14.9404 
3331.0000 0.0000 -15.1393 
3683,0000 0.0000 -15.0587 
3996.0000 0.0000 -14.9656 
4303.0000 0.0000 -16.4951 

0.0000 301.1000 -5.4649 
307.4000 301.1000 -6.6232 
614.7000 301.1000 -7.5661 
922.1000 301.1000 -8,6560 
1229,0000 301,1000 -9,7549 
1537,0000 301,1000 -10,9235 
1344,0000 301.1000 -12.0920 
2152.0000 301.1000 -13.2232 
2459.0000 301,1000 -14,3966 
2766.0000 301.1000 -14.7549 
3074.0000 301.1000 -14.3216 
3381.0000 301.1000 -15.4239 
3633,0000 301.1000 -15,4835 
3996.0000 301.1000 -15.9253 

4303.0000 301.1000 -16,6241 
0.0000 602.3000 -4.9527 

307.4000 602.3000 -6.4815 
614.7000 602.3000 -7.6415 
922.1000 602.3000 -8.0960 
1229.0000 602,3000 -9,0550 
1537,0000 602,3000 -10,5233 
1844.0000 602.3000 -11.9326 
2152.0000 602.3000 -13.2361 
2459.0000 602.3000 -14.3206 
2766,0000 602,3000 -14,6310 
3074,0000 602.3000 -15.7209 
3331.0000 602,3000 -16.0142 
3688.0000 602.3000 -15,3242 
3996.0000 602,3000 -16.1001 
4303.0000 602.3000 -16.3466 

0.0000 903,4000 -2,8311 
307.4000 903.4000 -4.3269 
614.7000 903.4000 -5.7246 
922.1000 903.4000 -6.1567 
1229.0000 903,4000 -7.2434 
1537,0000 903.4000 -8.4847 
1844.0000 903.4000 -9.3549 
2152.0000 903.4000 -10.8349 
2459.0000 903.4000 -14.2042 
2766.0000 903.4000 -14.8772 
3074.0000 903,4000 -16.7219 
3331,0000 903.4000 -17.0285 
3633.0000 903,4000 -16.6433 



3996.0000 903.4000 -16.1539 
4303.0000 903.4000 -16.3192 

0.0000 1205.0000 -1.3273 
307.4000 1205.0000 -2.3703 
614.7000 1205.0000 -4.2450 
922.1000 1205.0000 -5.3268 
1229,0000 1205,0000 -6.1615 
1537.0000 1205.0000 -8.4803 
1844.0000 1205.0000 -9.3796 
2152.0000 1205,0000 -10,1106 
2459.0000 1205.0000 -12,3356 
2766.0000 1205.0000 -16.2966 
3074.0000 1205.0000 -16.8093 
3331.0000 1205.0000 -17.2084 
3630.0000 1205.0000 -17.9313 
3996.0000 1205.0000 -13.0133 
4303,0000 1205.0000 -13.1700 

0.0000 1506.0000 -0.0363 
307.4000 1506.0000 -0.9909 
614.7000 1506.0000 -3.0521 
922,1000 1506.0000 -5.3959 
1229.0000 1506.0000 -6.0793 
1537.0000 1506.0000 -7.8558 
1344,0000 1506,0000 -9,5363 
2152.0000 1506,0000 -11.3134 
2459.0000 1506.0000 -12.0574 
2766,0000 1506,0000 -15.8789 
3074,0000 1506.0000 -16.6637 
3381,0000 1506.0000 -17.1725 
3638.0000 1506.0000 -18.0651 
3996.0000 1506.0000 -18.5261 
4303.0000 1506.0000 -19.1765 

0.0000 1807,0000 0.1229 
307.4000 1807.0000 -0.3977 
614,7000 1807,0000 -2.9623 
922.1000 1307.0000 -5.1392 
1229.0000 1807.0000 -6.6613 
1537,0000 1807,0000 -7,8995 
1844.0000 1807.0000 -9.3294 
2152.0000 1807.0000 -11.3241 
2459.0000 1807.0000 -11.7902 
2766.0000 1307.0000 -16.0452 
3074.0000 1807.0000 -16.5423 
3331,0000 1807.0000 -16.9530 
3633,0000 1807.0000 -18,3962 
3996,0000 1807,0000 -18.3439 
4303.0000 1807.0000 -19.2964 

0.0000 2103,0000 -0,6882 
307,4000 2108.0000 -0.9873 
614,7000 2103.0000 -2.9393 
922,1000 2103.0000 -6.2159 
1229,0000 2108,0000 -8.6390 
1537,0000 2108.0000 -9.8670 
1344.0000 2108.0000 -11.2322 
2152.0000 2108.0000 -11.5553 
2459.0000 2108.0000 -11,3721 
2766.0000 2103.0000 -16.5647 
3074.0000 2108.0000 -16.6943 



3381.0000 2108.0000 -16.8109 
363S.0000 2108.0000 -13.5315 
3996.0000 2103.0000 -19.5713 
4303.0000 2103.0000 -19.9010 

$ 



APPENDIX E 

INPUT TO AND OUTPUT OF PROGRAMS GRAVBL AND GINDEP 



Input to and output of program GRAVBL: 

Dinput: 

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

up to 100 rectangular blocks of earth may be used. GRAVBL reads input 

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

GRAVBL.DAT must be ordered as follows: 

Line 

1 

2 

3 

4 

Input 

Number of blocks in the model (max=100) 

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

where: 

XL(1) = minimum X-edge of block 1 
XR(1) = maximum X-edge of block 1 
ZU(1) = Upper edge of block 1 (Z pos. down) 
ZD(1) = Lower edge of block 1 
YMIN(l) = minimum Y-edge of block 1 
YMAX(l) = maximum Y-edge of block 1 
DEN(l) = 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),ZU(3),ZD(3),YMIN(3),YMAX(3),DEN(3) 

NBLKS + 1 

NBLKS + 2 

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

XSIZE,YSIZE,NCOLS,NROWS 

Where: 
XSIZE 
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 



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: If 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: 

I) 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 as the input model for 

program GINDEP. In 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 

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

2 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 fill. 
The program will constrain the parameter 
jumps so that each block's maximum depth 
will not exceed this value in the inversion 
process. 

3 Number of blocks in the model (NBLKS). 

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

where: 

XL(i) = Minimum X edge of block 1 
XR(1) = Maximum X edge of block 1 
ZU(1) = Upper edge of block 1 (Z positive down) 
ZD(1) = Lower edge of block 1 
YMIN(l) = Minimum Y edge of block 1 
YMAX(l) = Maximum edge of block 1 
DEN(l) = Density of block 1 

Distances in meters, Density in gm/cm 



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

NBLKS + 3 

NBLKS + 4 

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. 

NBLKS + 5 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). 

NBLKS + 6 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. 

NBLKS + 7 Maximum number of iterations allowed (i.e. 10) 

Last three lines: 

NUMB 

where: 

If NUMB = 1, then topography is included in the 
model. If NUMB is not equal to I, the data is 
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 GRAVEL AND GINDEP 

BASED ON MODELS OF THE ENNIS GEOTHERMAL SYSTEM 



PROGRAM GRAVEL RESULTS 



MODEL USED IN PROGRAM GRAVEL FOR THE ENNIS GEOTHERMAL AREA 



BLOCK XL 

1 
2 
7 u 

4 
5 
6 
7 
3 , 
r 
7 

10 
11 
12: 
13 
14-
15 
16 
17 
13 
19 
20 
21 
22 
23 
24 
25 
26 
27 

2S 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 
52 
53 
54 
55 
56 

0.0 
500.0 

1000.0 
1500,0 
2000,0 
2500.0 
3000.0 
3500,0 
4000,0 

0,0 
500.0 

1000.0 
1500,0 
2000,0 
2500,0 
3000,0 
3500.0 
4000.0 

0,0 
500.0 

1000.0 
1500.0 
2000.0 
2500.0 
3000.0 
3500,0 
4000.0 

0,0 
500,0 

1000,0 
1500,0 
2000,0 
2500.0 
3000.0 
3500.0 
4000.0 

0.0 
500,0 

1000.0 
1500.0 
2000.0 
2500,0 
3000,0 
3500,0 
4000,0 

0,0-
500,0 

1000,0 
1500.0 
2000.0 
2500.0 
3000.0 
3500.0 
4000.0 

0.0 
1000.0 

500,0 
1000,0 
1500,0 
2000,0 
2500,0 
3000,0 
3500,0 
4000,0 
4500,0 

500,0 
1000.0 
1500.0 
2000.0 
2500,0 
3000,0 
3500,0 
4000,0 
4500,0 
500,0 

1000,0 
1500.0 
2000,0 
2500.0 
3000.0 
3500.0 
4000,0 
4500,0 

500,0 
1000,0 
1500,0 
2000,0 
2500,0 
3000,0 
3500,0 
4000,0 
4500,0 
500,0 

1000.0 
1500.0 
2000,0 
2500.0 
3000.0 
3500,0 
4000,0 
4500,0 

500,0 
1000,0 
1500.0 
2000.0 
2500,0 
3000,0 
3500.0 
4000.0 
4500.0 
1000.0 
2000.0 

ZU 

0.0 
0.0 
0.0 
0,0 
0.0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0 ,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0.0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0 ,0 
0.0 
0.0 
0,0 
0.0 
0,0 
0.0 
0.0 
0.0 
0,0 
0.0 
0,0 
0,0 
0,0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

zn 

320.0 
450,0 
500,0 
700,0 
850.0 
300,0 
900,0 
900,0 

1000,0 
125,0 
400,0 
450,0 
600,0 
300,0 
750,0 
950,0 

1000.0 
900,0 
125,0 
100,0 
210.0 
230,0 
700.0 
950.0 
900.0 

1100,0 
1100.0 

30.0 
100,0 
200,0 
230.0 
400,0 

1050,0 
900,0 

1200,0 
1200,0 

10.0 
200.0 
230.0 
500.0 
525.0 

1000.0 
900,0 

1250,0 
1300.0 

40,0 
230,0 
525,0 
600,0 
600,0 

1000,0 
900,0 

1250,0 
1400,0 
425,0 
550,0 

YMIN 

0,0 
0,0 
0,0 
0.0 
0,0 
0,0 
0.0 ' 
0,0 
0,0 

400,0 
400,0 
400,0 
400,0 . 
400,0 
400,0 
400,0 
400,0 
400,0 
300,0 
300,0 
800,0 
800,0 
300,0 
300.0 
300,0 
300,0 
800.0 

1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1200.0 
1600,0 
1600,0 
1600,0 
1600,0 
1600.0 
1600.0 
1600.0 
1600.0 
1600,0 
2000.0 
2000.0 
2000.0 
2000.0 
2000,0 
2000,0 
2000,0 
2000,0 
2000,0 
-300.0 
-300.0 

YHA.X 

400.0 
400,0 
400,0 
400.0 
400,0 
400,0 
400,0 
400,0 
400,0 
300,0 
800,0 
800.0 
300.0 
300.0 
800.0 
300.0 
800.0 
300.0 

1200.0 
1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1600,0 
1600,0 
1600,0 
1600.0 
1600.0 
1600,0 
1600,0 
1600,0 
1600,0 
2000.0 
2000.0 
2000.0 
2000,0 
2000,0 
2000,0 
2000,0 
2000,0 
2000,0 
2400,0 
2400,0 
2400,0 
2400,0 
2400.0 
2400.0 
2400.0 
2400.0 
2400,0 

0,0 
0,0 

DEN 

- 0 . 
-0 
-0 
••IJ 

- 0 . 
-0 
- 0 . 
-0 
-0 
i'l 

u 
-0 
-0 
-0 
-0 
,'1 
V 

-0 

- y 

->J 
-0 
-0 
-0 
-0 
-rt 
-0 
-0 
-0 

5 

5 
IT 
•u 

<=: 

5 
u 

•u 

5 
c 
u 
C 

c: 

5 
»5 
s 

.5 

,U 
.5 
t u 

,5 
.5 
=; 

.5 

.5 

.5 
-0.5 
-0.5 
-0.5 
-0,5 
-0,5 
-0,5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0,5 
-0 
- 0 , 
- 0 . 
-0 
-0 
-0 
-0 
-0 
- 0 , 
-0 
-0 
-0 
-0 
-0 
-0 
-0 
-0 
-0 

5 
5 
5 
5 
>=: 
5 
c; 

c 
t u 

=: 
v/ 

.5 
u 

5 
5 
5 
5 
5 
5 



57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
63 
69 
70 
71 
72 
73 
74 
75 
76 
77 
73 
79 
30 

2000,0 
3000,0 
4000,0 
4500.0 
4500,0 
4500,0 
4000,0 
3000,0 
2000,0 
1000,0 

0,0 
-1000,0-
-1000.0 
-1000,0 
1000,0 
•3000,0 
5500,0 
5500,0 
5500,0 
5500,0 
5500,0 
3000,0 
1000,0 
-1000,0 

3000.0 
4000,0 
5500.0 
5500,0 
5500,0 
5500.0 
5500.0 
4000.0 
3000.0 
2000.0 
1000.0 

0.0 
0.0 

1000.0 
3000.0 
5500,0 
7500,0 
7500,0 
7500,0 
7500,0 
7500,0 
5500,0 
3000.0 
1000,0 

0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0,0 
0,0 
0,0 
0,0 
0,0 

800,0 
350,0 
950.0 
955,0 
1000,0 
1000,0 
1000,0 
900,0 
600,0 
400,0 
200,0 
200.0 
350.0 
200.0 
600.0 
600,0 
1500,0 
1100,0 
1250.0 
1400,0 
1350,0 
1100.0 
700.0 
300,0 

-800.0 
-300.0 
-800.0 

0.0 
800,0 
1600,0 
2400,0 
2400,0 
2400,0 
2400,0 
2400,0 

0,0 
-800.0 
-2400.0 
-2400.0 
-2400.0 
-2400.0 
-800.0 

0.0 
1600,0 
3200,0 
3200,0 
3200,0 
3200,0 

0,0 
0,0 
0,0 

:300,0 
1600,0 
2400,0 
3200,0 
3200.0 
3200.0 
3200,0 
3200.0 
300,0 
0,0 

-300,0 
-800.0 
-300,0 
-800,0 

0.0 
1600,0 
3200,0 
4600,0 
4600,0 
4600,0 
4600.0 

-0,5 
-0,5 
-0,5 
-0,5 
-0,5 
-0,5 
-0,5 
-0,5 
-0,5 
-0,5 
-0,5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0,5 
-0,5 
-0,5 
-0,5 
-0.5 
-0,5 



B 

INPUT FILE (GRAVBL.DAT) FOR PROGRAM GRAVBL BASED ON THE MODEL 

INDICATED IN PART A 



so 
0,?500.?0,?320.?0,y400.?-.5 
500,yl000,y0,y450,y0,y400,y-.5 
lOOO.ylSOO.yO, 
1500.y2000.y0. 
2000.y2500.yO. 
2500.y3000.?0. 
3000.y3500.yO. 
3500,?4000,yO. 
4000,?4500.?0. 
0,y500,y0,yl25 
500,ylOOO,?0,?400,y400.?800.?-.5 
1000.f1500.yO, 
1500.?2000.?0. 
2000.y2500.yO. 
2500,y3000.yO. 
3000.f3500.yO. 
3500.J 4000.JO. 
4000,y4500,yO, 
O.y500,.»0,yl25 

500,?1000,y0,?100,y300,yl200,y-,5 
1000.?1500.70. 
1500.?2000.yO. 
2000.?2500.y0. 
2500.y3000,y0, 
3000.?3500.y0. 
3500.y4000.y0. 
4000.?4500.?0. 
0.7500.y0.y30. 
500.?1000.y0.? 
1000,?1500.yO, 
1500.?2000.?0. 
2000.y2500,?0, 
2500,? 3000,1-0, 
3000,?3500,yO. 
3500.?4000.70. 
4000..4500.yO, 
O.y500,?0,yl0. 
500,yl000,y0,.-
1000.yl500.?0. 
1500,y2000,y0, 
2000.y2500.?0. 
2500.y3000.y0. 
3000.y3500.70. 
3500,?4000.y0. 
4000.?4500.yO. 
0,y500,?0,y40, 
500,yl000,?0.? 
1000,?1500..0. 
1500,72000.yO, 
2000,y2500,?0, 
2500.J 3000.yO. 
3000.y3500.yO. 
3500.y4000.70. 
4000.y4500.70. 
0.7l000.y0,742 
1000.72000.yO, 
2000,7 3000,70. 

500. 
700. 
850. 
SOO. 
900. 
900, 
1000 
y400 

450. 
600. 
800, 
750, 
950, 
1000 
900, 
y800 

210, 
230, 
700, 
950, 
900. 
1100 
1100 
1200 
00, y 
200, 
230. 
400, 
1050 
900, 
1200 
1200 
1600 
!00,y 
230, 
500, 
525, 
1000 
900. 
1250 
1300 
2000 
:30,y 
525. 
600. 
600. 
1000 
900. 
1250 
1400 

0,y400.y-.5 
0,y400.y-.5 
0.>400.?-,5 
0,?400,y-,5 
0.y400.7-,5 

?400. 
rSOO. 

400.?S00,7-,5 
400,?e00.?-,5 
400.7300.7-.5 
400.?800,y-.5 
400,yS00.7-.5 
?400.?8Q0.y-.5 
400.?S00.7-.5 
yl200,y-.5 

800.?1200.y-.5 
800.yl200.y-.5 
300.yl200,y-,5 
800.yl200.y-.5 
800.yl200.y-.5 
y800.yl200.y-.5 
y800.yl200.y-.5 
yl600,y-,5 
200,yl600,y-,5 
1200.?1600.y-.5 
1200.71600.?-.5 
1200.71600.?-.5 
?1200,71600,7-,5 
1200,71600,7-,5 
71200.?1600,y-.5 
71200,71600,y-,5 
?200O,7-.5-

1600,72000.?-.5 
1600.72000.?-.5 
1600.72000,?-,5 
1600.72000.?-.5 
?1600.?2000.7-.5 
1600.?2000.7-.5 
7l600.?2000.7-.5 
?1600.?2000.?-,5 
72400.?-.5 
:000.?2400.?-.5 
2000.72400.?-.5 
2000.72400.?-.5 
2000.72400,7-,5 
72000,72400,?-.5 
2000,?2400,?-.5 
72000.72400.7-.5 
72000.72400.y-,5 

5.?-300.?0,7-,5 
550, 
300.7-800.70.?-.5 

http://y800.yl200.y
http://y800.yl200.y


.3000.7 4000.7 
4000.7 5500.7 
4500.7 5500. 
4500.75500. 
4500.7 5500. 
4000.?5500. 
3000.7 4000. 
2000.7 3000. 
1000.72000. 
0.yl000.70. 
-1000.70.;0 
-1000.?0.70 
-1000,71000 
1000.7 3000. 
3000..'5500. 
5500.77500. 
5500.7 7500. 
5500.7 7500. 
5500.77500. 
5500.7 7500. 
3000.75500. 
1000.7 3000. 
-1000.7 1000 
4303.72108. 
5 
1 

1475. 
F0F;012.DAT 

0,7350,7-300,yO,?-.5 
0.?950,?-SOO,70.?-.5 
0,7955,70,7800,?-.5 
0,7lOOO.yS00.7l600.7-.5 
0.71000.?1600.72400.7-.5 
0.71000.72400.73200.y-.5 
0,y900,y2400,?3200.7-.5 
0.?600.?2400.?3200.?-.5 
0.?400.?2400.73200.7-.5 
200.7 2400.7 3200.?-.5 
7200.70,7300,?-.5 
?350.7-S00,?0,y-,5 
y0.?200.7-2400,y-SOO,y-,= 
0,y600.7-2400.7-300.7-.5 
0,7600,7-2400,7-300,?-,5 
0.?1500.7-2400,7-300.7-.S 
0,7ll00,7-300,y0.?-,5 
0,?1250,?0,yl600.y-.5 
0.71400.fl600.73200.7-,5 
0,?1350,73200,74600,7-,5 
0,71100,73200,74600,7-,5 
0,y700.y3200.y4600.?-.5 
yO.7300,73200,74600,7-,5 
1573 



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 



0.0000 
307.3571 
614,7143 
922.0715 
1229,4286 
1536.7353 
1344.1429 
2151.5000 
2453.3572 
2766,2144 
3073,5715 
3330,9237 
3688,2859 
3995.6423 
4303.0000 

0,0000 
307,3574 
614.7144 
922,0718 
1229,4237 
1536,7861 
1844,1431 
2151,5005 
2458.3574 
2766.2148 
3073.5713 
3380.9287 
3633.2856 
3995.6431 
4303.0005 

0.0000 
307.3574 
614.7148 
922.0723 
1229.4287 
1536.7361 
1844.1436 
2151.5010 
2453.3574 
2766.2143 
3073.5723 
3380.9287 
3638.2861 
3995.6436 
4303.0010 

0.0000 
307.3574 
614.7143 
922.0723 
1229.4287 
1536.7861 
1344.1436 
2151.5000 
2453.8574 
2766.2139 
3073.5713 
3330.9237 
3638.2361 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0,0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

301.1429 
301.1429 
301.1429 
301.1429 
301.1429 
301.1429 
301.1429 
301.1429 
301.1429-
301.1429 
301.1429 
301.1429 
301,1429 
301.1429 
301.1429 
602.2357 
602.2357 
602.2357 
602.2357 
602.2857 
602.2357 
602.2357 
602.2357 
602.2857 
602.2357 
602.2857 
602.2357 
602.2357 
602.2357 
602,2357 
903.4286 
903.4286 
903.4236 
903.4236 
903.4286 
903.4236 
903.4236 
903.4286 
903.4236 
903.4286 
903.4236 
903.4236 
903,4236 

-6.6192 
-7,4935 
-8.3830 
-9.2930 
-10.2627 
-11.2571 
-12.2625 
-13.2273 
-14.0482 
-14.7135 
-15.2845 
-15.7356 
-16.1916 
-16.6071 
-17.0156 
-5.7212 
-6.6192 
-7.3590 
-8.9517 
-9.9492 

-11.0608 
-12.2014 
-13.2857 
-14.2237 
-15.0034 
-15.6633 
-16.1615 
-16.6620 

-17.0966 
-17.4792 
-4.6266 
-5.1739 
-6.8308 
-8.0727 
-9.1446 
-10.3027 
-11.6051 
-12.9799 
-14.1582 
-15.1042 
-15.8820 
-16.5026 
-17.0437 
-17.4391 
-17.8500 
-3.0331 
-4,3154 
-5,1062 
-6,2344 
-7.7572 
-8.9315 
-10.5032 
-12.4333 
-14.0141 
-15.1945 
-16.0709 
-16.3018 
-17,3824 



3995.6436 
4303.0010 

0.0000 
307.3574 
614.7143 
922.0723 
1229.4297 
1536.7371 
1844.1445 
2151.5020 
2453.8574 
2766,2143 
3073,5723 
3330,9297 
3688.2371 
3995,6445 
4303.0020 

0,0000 
307,3574 
614.7143 
922.0723 
1229.4297 
1536.7871 
1844.1445 
2151.5000 
2453.8574 
2766.2148 
3073.5723 
3380.9297 
3638.2371 
3995.6445 
4303.0000 

0.0000 
307,3574 
614.7148 
922.0723 
1229.4297 
1536.7371 
1844.1445 
2151.5000 
2458.8574 
2766.2148 
3073.5723 
3330.9297 
3683.2871 
3995.6445 
4303.0000 

0.0000 
307.3574 
614.7148 
922.0703 
1229.4297 
1536.7352 
1844.1445 
2151.5000 
2453.3594 
2766,2143 
3073.5703 

903.4236 
903.4236 
1204.5714 
1204.5714 
1204,5714 
1204.5714 
1204.5714 
1204.5714 
1204,5714 
1204.5714 
1204.5714 
1204,5714 
1204.5714 
1204,5714 
1204.5714 
1204,5714 
1204,5714 
1505.7142 
1505.7142 
1505,7142 
1505,7142 
1505,7142 
1505,7142 
1505,7142 
1505,7142 
1505.7142 
1505.7142 
1505.7142 
1505.7142 
1505.7142 
1505.7142 
1505,7142 
1306,8572 
1806,3572 
1306,3572 
1306,8572 
1806,3572 
1806,3572 
1806,3572 
1306,3572 
1806.3572 
1306.3572 
1306.8572 
1806.3572 
1306.8572 
1806.3572 
1806.8572 
2108,0000 
2108.0000 
2103.0000 
2108.0000 
2103.0000 
2103.0000 
2103.0000 
2108.0000 
2103.0000 
2108.0000 
2108.0000 

-17.3380 
-18.1390 
-2.1519 
-3.2093 
-4.2023 
-5.3093 
-6.920S 
-3,1771 
-9.7731 
-11.8831 
-13.6944 
-15,1236 
-16.1831 
-16.9894 
-17,6306 
-18.1160 
-18.4585 
-1.6647 
-2.4687 
-4.1433 
-5.3634 
-6.9174 
-8.3269 
-9.9377 
-11.8114 
-13.575S 
-15.0943 
-16.2350 
-17.0993 
-17.7809 
-18.2916 
-13.6448 
-1.4736 
-2.2407 
-4.8097 
-6.1934 
-7.5442 
-9.1130 
-10.6751 
-12.1429 
-13.6557 
-15.0613 
-16.1936 
-17.0320 
-17.7968 
-13.3346 
-18.7081 
-1.3152 
-2.8952 
-5.2239 
-6.8298 
-3.4123 
-9,3129 
-11.1049 
-12,3659 
-13.6373 
-14.9502 
-16.0459 



3380,9297 2108.0000 -16.9557 
3633.2352 2108.0000 -17.7057 
3995.6445 2108.0000 -13.2583 
4303.0000 2103.0000 -13.6547 



PROGRAM GINDEP RESULTS 



INPUT FILE FOR PROGRAM GINDEP (FILE G.DAT) 



FOROIS.DAT 

2100. 

SO 

0.7500.70.7320.70.7400.?-. 5 

500.71000.70.7450.?0.7400.?-.5 
1000.3 1500 

1500.7 2000 

2000.7 2500 

2500.7 3000 

3000...3500 

3500.7 4000 

4000.7 4500 

0,7500.?0, 

500,71000, 

1000,7 1500 

1500,y2000 

2000,7 2500 

2500.7 3000 

5000.7 3500 

3500.7 4000 

4000.-4500 

0.7500.y0, 

500.71000, 

1000.7 1500 

1500.72000 

2000,7 2500 

500. 7 3000 

3000.7 3500 

3500,7 4000 

4000.74500 

0.7500,yO, 

500,?1000, 

1000,7 1500 

1500.7 2000 

.2000.7 2500 

2500.7 3000 

•3000.73500 

3500.7 4000 

4000.7 4500 

0.?500.70. 

500.71000. 

1000.y1500 

1500.7 2000 

2000.72500 

2500.73000 

3000,7 3500 

3500.7 4000 

4000.7 4500 

0.y500.y0. 

500.y1000. 

1000.y1500 

1500,7 2000 

2000.y2500 

2500.73000 

3000.7 3500 

3500.? 4000 

4000,7 4500 

yO. 

yO, 

yO, 

yO, 

?0, 

?0, 

?0, 

125 

0.7-̂  

70, 

70. 

70. 

70. 

yO. 

yO. 

yO, 

125 

0,>100,y300.71200, 

yO, 

yO, 

yO, 

?0, 

yO. 

?0. 

yO. 

30. 

O.y 

yO, 

yO, 

yO, 

yO. 

70. 

yO, 
70, 
10, 
0,7 
yO. 

70. 

?0. 

?0. 

?0, 

?0, 

yO, 

500. 

700. 

850. 

300. 

900. 

900, 

1000 

7400 

00.7400.7800,?-,5 

450,7400,7300,?-,5 

600,7400,7300.?-.5 

SOO,7400,7300,?-,5 

750.y400.?300.y-.5 

950.?400.?300.?-.5 

1000,!400,7 800 

900,y400,y800, 

y800,?1200,y-.5 

210. 

230. 

700. 

950. 

900. 
1100 
1100 
1200 

00,7 

200, 

230. 

400. 

1050 

900. 

1200 

1200 

1600 

100.7 

230, 

500. 

525. 

1000 

900. 

1250 

1300 

40,7 2000 

0.7230.7 

70.?525. 

70,?600, 

70,7600. 

7 0.71000 

y0.y900. 

70.71400 

0.7400.7-.5 

0.7400.7-.5 

0.7400.7-.5 

0.7400.7-.5 

0.y400.y-.5 

0.7400.7-.5 

70.y400.y-.5 

800.y-.5 

300.71200 

300.yl200 

800.71200 

300.?1200 

800,y1200 

-.5 

y-.5 

7-.5 

y-.5 

7-.5 

?-.5 

1600, 

1600. 

1600. 

7 1600 

1600. 

7 1600 

7 1600 

72400 

2000,7 

2000. 

2000, 

2000, 

?2000 

2000. 
7 2000 
7 2000 

1200.?-.5 

1200.?-.5 

7-.5 

600.7-.5 

1600.y-.5 

1600.y-,5 

1600.7-.5 

yl600.?-.5 

1600.?-.5 

7l600,?-.5 

7 800. 

7 300, 

7 1600 

200,7 

1200, 

1200, 

1200, 

71200 

1200. 

71200 

71200 

7 2000 

1600.?2000.y-.5 
y-.:3 

2000.?-,5 

2000,y-,5 

2000.?-.5 

72000.?-.5 

2000.7-.5 

y2000.y-.5 

72000,?-.5 

7-.5 

400.?-.5 

2400.?-.5 

2400.?-.5 

2400.?-.5 

?2400.7-.5 

2400.?-.5 

72400.?-.5 

72400,?-,5 



0.71000.70. 
1000.7 2000. 
2000.7 3000. 
3000.7 4000. 
4000.7 5500. 
4500.7 5500. 
4500.7 5500. 
4500.75500. 
4000.7 5500. 
3000.7 4000. 
2000.7 3000. 
1000.7 2000. 
0.71000.?0. 
-1000.?0,yO 
-1000,70,?0 
-1000,7 1000 
1000,7 3000. 
3000.7 5500. 
5500.77500. 
5500.7 7500. 
5500.7 7500. 
5500.7 7500. 
5500.y7500. 
3000.75500. 
1000.7 3000. 
-1000.y1000 
5 

0 
8'7'=: 

15 
1 
1475. 
F0R012.DAT 
$ 

425.7-800.yO.?-.5 
0.y550.f-800.y0.y-.5 
0.y800.y-B0a.70.?-.5 
0.7350.7-300.70,7-,5 
0,7950.?-SOO.?0,7-.5 
0,7955,70,7300.7-.5 
0.71000,7800.71600.?-.5 
0.71000,71600.72400,?-.5 
0.71000,72400.73200.7-.5 
0.7 900.7 2400.7 3200.y-.5 
0.y600.72400.y3200.y-,5 
0,y400.y2400.y3200.y-.5 
200.y2400.y3200.y-,5 
?200,70.?300.7-.5 
7350.7-800.yO.y-,5 
?0.y200,?-2400.y-300.?-.5 
0,?600.y-2400.7-300.7-.5 
0.7600.7-2400.7-300.?-.5 
0.71500.7-2400.7-800.7-.5 
0,71100,7-300,70.?-,5 
0,71250,70,71600.?-,5 
0.71400,71600,73200,7-.5 
0,yl350.?3200,?4600.7-.5 
0,?1100,73200,74600,7-,5 
0,7700.73200,74600,7-,5 
70,7300,73200,74600.7-.5 



OUTPUT OF PROGRAM GINDEP (FILE GINDEP.OUT) 



tttttt*%%tt%%ttt%t%%utttttt%%ttt%tm%tt%ttttt$^tttt-k^^^^^^ 

GRID 3] 
GRID S] 
NUMBER 
NUHBEF; 

GRID LNFO 

ZE IN .X 
ZE IN Y 

DIRECTION 
DIRECTION 

OF COLUHNS= 15 
OF ROUS= 8 

(METERS)= 
(METERS)= 

0.4305E-F04 
0.2108E-I-04 

INPUT MOBEL 

BLOCK 
1 
o 
7 

4 
5 
6 
7 
3 
9 

10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
^ i 

23 
24 
25 
26 
27 
23 
29 
30 
31 
32 
33 
34 
35 
36 
37 
TO 
U U 

39 
40 

* XHIN 
0,0 

500,0 
1000,0 
1500,0 
2000,0 
2500,0 
3000.0 
3500.0 
4000.0 

0.0 
500.0 
1000.0 
1500.0 
2000.0 
2500,0 
3000,0 
3500,0 
4000.0 

0.0 
500.0 
1000.0 
1500.0 
2000.0 
2500.0 
3000.0 
3500.0 
4000.0 

0.0 
500.0 
1000,0 
1500.0 
2000.0 
2500.0 
3000.0 
3500.0 
4000.0 

0.0 
500,0 
1000.0 
1500,0 

XMAX 
500.0 
1000.0 
1500.0 
2000.0 
2500.0 
3000,0 
3500.0 
4000.0 
4500.0 
500.0 

1000.0 
1500.0 
2000.0 
2500.0 
3000.0 
3500.0 
4000.0 
4500.0 
500,0 
1000.0 
1500.0 
2000,0 
2500.0 
3000.0 
3500.0 
4000.0 
4500.0 
500.0 
1000.0 
1500.0 
2000.0 
2500.0 
5000.0 
3500.0 
4000.0 
4500.0 
500.0 
1000.0 
1500.0 
2000.0 

YMIN 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 

400,0 

400,0 
400,0 
400,0 
400,0 
400,0 
400.0 
400.0 
400.0 
800.0 
300.0 
800.0 
800.0 
800.0 
300,0 
300,0 
800,0 
800,0 
1200,0 
1200.0 
1200.0 
1200.0 
1200.0 
1200.0 
1200.0 
1200,0 
1200,0 
1600,0 
1600,0 
1600.0 
1600.0 

YMAX 
400.0 
400.0 
400.0 
400.0 
400.0 
400.0 
400.0 
400.0 
400.0 
800.0 

800.0 
300.0 

eoo.o 
800,0 
800,0 
300,0 
800,0 
800,0 
1200.0 
1200.fl 
1200.0 
1200,0 
1200.0 
1200.0 
1200.0 
1200.0 
1200.0 
1600.0 
1600.0 
1600.0 
1600.0 
1600,0 
1600,0 
1600,0 
1600,0 
1600.0 
2000.0 
2000.0 
2000.0 
2000.0 

ZMIN 
0.0 
0,0 
0,0 
0,0 
0,0 
0.0 
0.0 
0.0 
0.0 
0,0 

0,0 
0.0 
0,0 
0.0 
0,0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0.0 

ZMAX 
320,0 
450,0 
500,0 
700,0 
850.0 . 
300.0 
900.0 
900.0 
1000.0 
125,0 

400.0 
450.0 
600.0 
300.0 
750.0 
950.0 
1000.0 
900.0 
125.0 
100.0 
210.0 
230.0 
700.0 
950.0 
900.0 
1100.0 
1100.0 
30.0 
100.0 
200.0 
230.0 
400.0 
1050.0 
900.0 
1200.0 
1200.0 
10.0 
200.0 
230.0 
500.0 

DENSITY 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 

-0.5 
-0,5 

-0,5 
-0,5 
-0,5 
-0,5 
-0.5 
-0.5 
-0.5 
-0.5 
-0,5 
-0,5 
-0,5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0,5 
-0,5 
- A <=: 
V • U 
-0,5 
-0.5 
-0.5 
-0.5 

-0.5 
-0.5 
-0.5 



41 
42 
43 
44 
45 
46 
47 
4B 
49 
50 
51 
52 
53 
54 
55 
56 
57 
53 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
73 
79 
30 

««**)( 

2000.0 
2500,0 
3000.0 
3500.0 
4000.0 

0.0 
500.0 
1000.0 
1500.0 
2000.0 
2500.0 
3000.0 
3500.0 
4000.0 

0.0 
1000.0 
2000.0 
3000.0 
4000.0 
4500.0 
4500.0 
4500.0 
4000,0 
3000.0 
2000.0 
1000.0 

0.0 
-1000.0 
-1000.0 
-1000.0 
1000.0 
3000.0 
5500.0 
5500,0 
5500.0 
5500.0 
5500.0 
3000.0 
1000.0 
-1000.0 
ff % jip. 'T*-1^ ̂ - 'P ̂  'p < 

2500.0 
3000,0 
3500.0 
4000.0 
4500.0 
500.0 

1000.0 
1500.0 
2000,0 
2500.0 
3000,0 
5500.0 
4000.0 
4500.0 
1000.0 
2000.0 
3000.0 
4000.0 
5500.0 
5500,0 
5500.0 
5500,0 
5500,0 
4000,0 
3000,0 
2000,0 
1000.0 

0,0 
0.0 

1000.0 
3000.0 
5500,0 
7500.0 
7500,0 
7500,0 
7500,0 
7500.0 
5500.0 
3000.0 
1000.0 

:t%t*ttn 

1600.0 
1600.0 
1600.0 
1600.0 
1600.0 
2000.0 
2000.0 
2000,0 
2000,0 
2000,0 
2000,0 
2000,0 
2000,0 
2000,0 
-800,0 
-800,0 
-300,0 
-300,0 
-800,0 

0,0 
800,0 
1600,0 
2400,0 
2400,0 
2400.0 
2400.0 
2400.0 

0,0 
-800.0 
2400.0 
2400.0 
2400.0 
2400.0 
-300.0 

0.0 
1600.0 
3200.0 
3200.0 
3200,0 
3200.0 

2000.0 
2000,0 
2000.0 
2000.0 
2000.0 
2400.0 
2400.0 
2400.0 
2400.0 
2400.0 
2400.0 
2400.0 
2400.0 
2400.0 

0.0 
0.0 
0.0 
0.0 
0.0 

300.0 
1600.0 
2400,0 
3200,0 
3200,0 
3200.0 
3200.0 
3200.0 
800,0 
0.0 

-300.0 
-800.0 
-800.0 
-800.0 

0,0 
1600.0 
3200.0 
4600.0 
4600,0 
4600.0 
4600.0 

0.0 
0.0 
0,0 
0,0 
0,0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 

525,0 
1000,0 
.900.0 
1250.0 
1300.0 

40.0 
250,0 
525.0 
600.0 
600.0 

1000.0 
900.0 

1250.0 
1400.0 
425.0 
550.0 
800.0 
350.0 
950.0 
955.0 

1000.0 
1000.0 
1000.0 . 
.900,0 
600,0 
400,0 
200,0 
200.0 
350,0 
200,0 
600,0 
600.0 

1500.0 
1100.0 
1250,0 
1400.0 
1350.0 
1100,0 
700,0 
300 c 0 

-0.5 
-0,5 
-0,5 
-0,5 
-0,5 
-0.5 
-0.5 
-0,5 
-0.5 
-0,5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0,5 
-0.5 
-0.5 
-0.5 
-0.5 
-0.5 
-0,5 
-0,5 
-0.5 
-0,5 
-0,5 
-0,5 
-0,5 
-0,5 
-0,5 
-0,5 
-0.5 
-0.5 
-0.5 

^;:^)f:!i{***:K*S:*********************;ft*********S**3):*!|:***!|:****M********** 

TABLE OF CONyERGENCE 

ITERATION * 1 
STARTING DATA ERROR= 

BLOCK FARM. JUMP. 
1 0.4782E+02 
2 -0.1536E+03 
3 0.1749E+03 
4 -0.1117E+03 
5 -0.6717Ei03 
6 -0.34S9EI02 

0.1513Ei01 

NEW FARMS. 
0.3678E-I-05 
0.2914E+03 
0.6749E+03 
0.5S33E+05 
0.1785E-I-03 
0.7151£fO3 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
27 
.-\T 

24 
25 
26 
27 
n n 
iO 

29 
30 
31 
7'J 

33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
53 
59 
60 
61 
62 
63 
64 

0.35S3E:-i-03 

-0.1659E+03 
0.1109E-f04 
0.1703E•^03 
0,3S94E+03 
-0.4013E•^02 
0.1151Ei-04 
0.21S1E•^04 

-0.4727Er03 
-0.13i5E-F05 
0,lS6eE-f03 
-0.4166E-f03 
0.9471E-t02 
0,5785E-J-02 

-0.6077E+02 
-0,9440E-h01 
-0.3035E-f03 
0.3543E-i-04 
0.1881E-1-04 
0.43S0E+02 

-0.2132E-f03 
-0.2886E-f02 
0.6557E+02 
0.7110E+02 
0.3397E-f03 
-0.2112E+03 
0.9427E-f03 
0,9805E+03 

-0,5846E-f02 
0,4354E+04 
0,4269E+01 
-0,7973E-f02 
-0,1141E-f05 
-0,1127E+03 
0,7825E+03 
-0.1507Ef03 
-0.1431E+03 
-0,2224E^03 
0,5384E-f04 
0.4534E-F01 

-0.7161E+02 
0.1324Ef04 
0.2210E-f04 
-0.3115E-f03 
0.1717E-f04 
-0.2363E-f02 
-0.2223E-i-03 
0.2569E^-04 
0.6111E+03 
0.2542E-f03 
0.1014E+04 
0.3501E+03 
0.3142E+03 
0.1803E-I-04 

-0.6611E-f02 
0.1377E+04 
0.2947E-f04 
0.1225E-f04 

0.125SEi-04 
0,7341Ei03 
0,2109E-f04 
0,2953Ef03 
0,7894Ei03 
0,4099EI03 
0,1751Ei04 
0,29S1EHM 
0,2773E-!-03 
0,7655EI05 
0,1137EJ-04 
0,4354E-f05 
0.2197E-f03 
0.1579E-!-03 
0.1492Ei05 
0.2206Ei05 
0.3965E•^03 
0,4298Ef04 
0,2781Ei04 
0,1144E+04 
0,3863Ei03 
0,1144E+01 
0,1656E-i-05 
0,2711E-i-03 
0,5697E+03 
0,i888Ei05 
0,1993E-f04 
0.13S1E+04 
0.1162Ei04 
0,5534E+04 
0,1427Et02 
0,1202Ei03 
0,1159E+03 
0,3S73E+03 
0,1308E-}04 
0,S493E-fO3 
0,7569Ei03 
0,1023E-f04 
0,4684E-!-04 
0,4453E-f02 
0,1584Ef03 
0,1349E-i-04 
0,2B10E-f04 
0,2385Ef03 
0,2717E+04 
0,3764E^03 
0,1023E-f04 
0,3969Ei04 
0,1036Ei04 
O.S042Ei03 
0.1314EiO4 
0.1200Ei04 
0.1764E-i-04 
0.2763ET04 

0,9339E+05 
0,2377EI04 

0,3947E+04 
0,2125ET04 



65 
66 
67 
63 
69 
70 
71 
72 
73 
74 
75 
76 
77 
73 
79 
SO 

0,2223E-^04 
0,2956E+03 

-0,7961E+02 
0,3909E-f02 
0,4300E+03 
-0,5457EI02 
-0,2098E-f03 
-0.9041E+02 
-0,4255E+03 
0,3050ET04 

-0.5868Ei03 
-0.2196E-F03 
-0.3739E+03 
-0.1164Ef03 
-0.33S6E-!-03 
-0.3630EI02 

DAMPING (MARQUARDT) 
NEW 

BLOC 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19-
20 
21 
22 
23 
24 
-It; 

26 
27 
23 
29 
30 
31 

33 
34 
35 
36 
37 
38 

0.2823Ei04 
0.6956E+03 
0,1204Et03 
0.2591Ei03 
0.7300E-i-03 
0,1454EI03 
0.3902E-^03 
0,5096E-!-03 
0,1074E-h04 
0,4150ET04 

0,6632ET03 

0,1130Ei04 
0,4761EI03 

0.9S36E-!-03 

0,3614E-?03 
0,2637Ei03 

VALUE= 0,1000E-02 
DATA ERRGR= 0.3737E+01 

K FARM. JUMP 
-0.2594E+01 
-0.3160E-i-02 
-0,1937E+02 
-0.3771E+02 
0.3250E-f03 
0.4784E-f02 
-0,3678E-f03 
-0,6134E+03 
0,1613Ef03 
0.1457E+03 
0.1973E+05 

-0.S268E+01 
0,4524E+05 
0.2422E-f02 
-0.1023Ef02 
-0,7755E+02 
-0.7214E+03 
-0.1468E+03 
0.5429E+02 
0.4220E402 
-0,3291E+02 
-0,1020E+02 
-0,1235E+03 
0,6545E+03 
0.1257E+04 

-0,3S40E+03 
-0.1310E+05 
-0.5395E+01 
0.3535E+02 
0.2518E+02 
0.2207Ef03 

-0.3034E+03 
0.4778E-f05 
0.7297E-f03 
-0.1431E+03 
0.3566E+03 
-0.1306EI01 
-0.1174E-f03 

, NEW FARMS. 
0.5174Ef05 
0.4184E403 
0,4301E-!-03 
0.6123Ei03 
0,1175E+04 
0,3478E-f-03 
0,5322Ei03 
0,2866E+03 
0,1161E+04 
0,2707E+03 
0,597SE+05 
0.4417E+05 
0.1052E-F04 
0.8242E-h05 
0.7398E+03 
0.8725E-i-03 
0,2786E-!-03 
0.7532Ei03 
0,1795E+03 
0,1422E403 
0,1271E+03 
0.2198E-f05 
0,5765E+03 
0.1604Ei04 
0,2157E+04 
0,7160E-l-03 
0,9690E+03 
0,2461E-!-02 
0.1353Ef03 
0.2252Ei-03 
0,4507EI03 
0,9656E-!-02 
0,1528E+04 

0,1630E404 
0,1057Ef04 
0,1557E+04 
0,3694E+01 
0,S255E402 



39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
SO 

DAMP 
NEU 

-0,1099E+03 

-0.5282E+02 
-0.4541E-i-01 
0.5659E-f03' 
-0.4690E-f03 
-0.3784E403 
0.9773E-^03 
0.5950ET01 

-0.S5S2E-F02 
0.7234Ei03 
0.5546Ei03 

-0.1145E+03 
0.3301E-f03 

-0.4111E+02 
-0.3340EI05 
Q.1038E-f04 
0.S433E-F02 

-0.4475E-f02 
0.3176E+03 

-0.6687E+02 
0.3492E-F03 
0.2875E+03 
-0.1252E-!-03 
0.8529E+03 . 
0.7611E+03 
0.2592E-fC3 
0.3951E-f03 
0.5814E+03 
-0.2753E+02 
-0.2185E-i-02 
0.1643E-F02 

-0.1176E+05 
-0.1024E-F05 
-0.7330E+02 
-0.9103EI03 
0.4240EI03 
-0.1259E+03 
-0.2784E-f03 
-0.1703E-I-03 
-0.2797E-f03 
-0,7308E-f02 
-0.2046E-f05 

ING (MARQUARDT) 
DATA ERROR= 0.: 

BLOCK FARM, JUMP 
1 
' • ) 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

0.1571E+02 
0.3317E-!-01 

-0.4953E+02 
0,3058E-f-02 
0.2224E+03 
0.1374E+03 

-0,1929E+03 
-0.4469E-^03 
-0,2328E+03 
0.1193Ef03 
0.1465E+05 
-0.4366E+01 

0.1201E+03 

0.4472E403 
0.5205E+03 
0.1566EI04 
0,4310E403 
0,3716Ei03 
0,2278E404 
0,4593Ef02 
0,1442EI03 
0,1248E+04 
0,9346E-r03 
0,4855Et05 
0,1330Ei04 
0,3539EI03 
0,9160E-F03 
0,243SE404 
0,5098E-F05 
0,5052Er05 
0,lllSE-i-04 
0,7831Ei03 
0,1299Ei04 
0,1242E+04 
0,374SE+03 
0,1853E404 
0,1761E+04 
0,1159Ei04 
0,9951E+03 
0.9814ET-03 
0,1725E+03 
0,17SlEi03 
0,3665E+03 
0,8243E+02 
0,4976E+03 
0,5217E+03 
0,5392E+03 
0,1524E+04 
0,1124E404 
0.1122E-I-04 
0.1179EI04 
0.S203E+03 
0.6219E+03 
0.9537E+02 
yAUJE= O.lOOOE-01 
2396E+01 

. NEW FARMS. 
0.3357E+03 
0.4583E+03 
0.4505E+03 
0.7806E+03 
0,1072E+04 
0,9874E-F05 
0,7071E+03 
0,4531E+03 
0,7672E+03 
0.2448Ef03 
0.5465E+03 
0.4456E+03 



14 
15 
16 
17 
13 
19 
20 
21 

n t 
j L . i J 

24 
ne. 

26 
?7 

28 
29 
30 
31 
32 
U U 

34 

33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 
52 
53 
54 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

0.5648E-f02 
-0.6112E-f02 
0.1032E-f03 
-0.2532E-f02 
-0.4842E+03 
-0.6975E-f03 
0.3S69E-I-02 
0,3468E402 

-0.559SE-f02 
-0.5273E-f01 
-0.3774E4-03 
0.3463E-f02 
0.3794E-I-03 
-0.2647E-f03 
-0.6367E+05 
-0.6054E-t-0I 
0.1784E-f02 
-0.3335E+01 
0.9852E+02 
-0.2607E-f03 
0,4234E-f02 
0.4593E-fO3 
0.1055E-f02 
-0.6331E-f02 
-0.2760E+01 
-0,1198E-)-05 
-0.5502E+02 
-0.1451E+05 
-0,2576E-f05 
0.8211E+02 
0.2S08E+03 
0.1661E-f03 
0.3947E-I-03 
-0.2623E-I-02 
-0.7893Ef02 
0.2933Ef03 
0.1274E+03 
-0.3206E+03 
0.7945E+02 
0.2334E+03 
0.2751Ei03 
0.6243E-f03 

-0.3309E-f02 
-0.3438E-i-02 
0.1248E-f03 
-0v6359E-l-02 
0.9384E-f02 
-0.5040E-f02 
-0.9840E-f02 
0.3703E+03 
0.3612E+03 
0.1092E-f03 
0.2019E+02 
0.2513E+03 

-0.2925E+02 
-0,2335Ef02 
-0.7575E+02 
-0.4195E+02 

0.6565ET05 

0.7339Ef03 
0,S552E+03 

0,9242Ef03 
0,5158Ei03 
0,2025Ef03 
0,1637E-l-03 
0,1547Er05 
0,1540Ei03 
0.2247E-f03 
0,3226ET05 

0,1055E-f04 
0,1279E-i-04 
0,3353E-f-03 
0,4633E705 

0,2395ET02 

0,117SE+03 
0,1962E-F03 
0,32S5ET03 

0,1393EI05 
0,1092E+04 
0,1560E-f04 
0,1211Ei04 
0.1132E+04 
0,7240Ei01 
0,3020E-f02 
0,1750E-!-03 
0,3549E+03 
0,2874Ei03 
0,10S2E-f04 
0,1181E-f04 
0,1416E+04 
0.1695E-i-04 
0,1577E+02 
0,1511Ei03 
0,3133E-F03 
0,7274Et03 
0,2794Ef05 
0.1079Ei04 
0,1138E+04 
0,1525E+04 
0,2025E-!-04 
0,3919Et03 
0,5156E-f05 
0,924SE-fO5 
0,7314E+03 
0.1044E-f04 
0,9046E+03 
0,9016E+03 
0,1371E+04 
0,1361E-f04 
0,1009EI04 
0,6202E+03 
0,6513E-f03 
0.1708E+03 
0,1762E+03 
0,2743E+03 
0,1531E-f03 



71 
72 
73 
74 
75 
76 
77 
73 
79 
30 

DAMP I 

-0.4904E-f02 
-0.9763E+00 
-0.3044E+03 
-0.6372E+02 
-0.S157E+02 
-0.2669E+02 
-0.3S35E+03 
-0.7503E+02 
-0.3144E+03 
-0.1161E+03 

HQ (MARQUARDT) 
NEU DATA ERROR= 0,1 

ITERATION # 2 
START 

BLOCK 
1 
2 
3 
4 
5 
6 
7 
3 
9 
10 
11 
12 
13 
14 
15 
16 
17 
13 
19 
20 
21 
7'T 

23 
24 
25 
26 
27 
23 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 

ING DATA ERROR= 

FARM. JUMP 
-0.4484E-f02 
0,3745E+01 
0.9875Ei01 
-0,3442E+03 
-0,4601E+03 
-0,4904E+03 
-0,3060E-f03 
-0,15S3E+02 
0,5025E-f03 
0,1141E-f05 

-0,7767E+02 
0,4395Ei02 
0,2495E-f05 
0,7507EI05 
0,5833E+05 
0,2249E+02 
0,5087E+02 
0,S301E+02 
0,3225E-i-01 
0,1269E-f02 

-0,2734E-f02 
-0,5033E+02 
-0,3459E+02 
0.7111E+03 
0.5240E+03 
0.48S6E+03 

-0.5395E-f02 
-0.5613E401 
0.3410E+00 
-0,4023E+02 
0.2121E+03 
0,1032E+03 

-0,4602E+03 
0.2865EI02 
0.3872E-i-03 
0.3515E+03 

-0.2124E-f01 
0.4604E+01 

-0.5035E-f02 
-0..3773E+02 
0.1160E+03 

0.5510E+03 
0.5990E+03 
0.1196Ei04 
0.1036Ef04 
0,116SE-i-04 
0,1373E+04 
0,9615EK'3 
0,1025Ef04 
0.3856E+03 
0.1359E-f05 

UALUE= O.lOOOEi 
.070E401 

= 0.1070E+01 

NEU FARMS. 
0.2909E-f05 
0,4621E+03 
0.4603E-!-03 
0,4364E+03 
0,6122Ei05 
0,4970E405 
0,4011E+03 
0.4575E+05 
0.1270E-I-04 
0,35S9Ei03 
0,46S9E+03 
0,4946E•^03 
0,9059E+03 
0,1470Ei04 
0,1237E+04 
0,9467E403 
0,5667Et03 
0.2905Ei03 
0,1669Et03 
0,1474E403 
0,1267E403 
0,1744E-l-05 
0,2SS0E-f03 
0,1746E+04 
0,1805E-f04 
0,1524E404 
0,4094E+05 
0,1353Ei02 
0,1187E+03 
0.1559E-F03 
0.5406E403 
0,2425E+03 
0,6321E+03 
0,1588Ef04 
0,1598E+04 
0,1985E+04 
0.5115E-i-01 
0,3430E-l-02 
0.1246E-f05 
0.5171Ef03 
0,4034E+03 

•00 



42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
53 
59 
60 
61 
62 
63 
64 
65 
66 
67 
63 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
30 

-0.1103E-f03 
-0.2336ET03 

-0.5449E+03 
-0.1917E403 
0.2383Ef02 
0.6000ET01 

0.4637E+03 
0,.7620E-r05 
-0.2515E+03 
-0.6263E+03 
-0.9306Ef02 
-0.7706E+05 
-0.1947E+04 
0.1535E+03 
0.3124E+02 
0.1724E-f03 
0.9415EJ-02 
0.5933E+01 
0.3434E+03 
0.3213E+03 
0.5213E+05 
0.3606E+03 
0.2380E+05 
0.5407E-f03 
0.4214E+03 

-0.3937E+02 
-0.9606E-f01 
0.1423Ei03 
-0.1874Ef02 
-0.3598E+02 
-0.1948Ef03 
-0.8635E+05 
0.1834E+03 
0.9714E+02 
-0.7256E-f-02 
-0.1415E+03 
-0.1517Ei05 
-0,4655E-t02 
-0.2396E-f02 

DAMPING (MARQUARDT) 
NEW DATA ERROR= 0. 

BLOCK 
1 
T 

3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 

FARM. JUMP 
-0.2353E-f02 
-0.9726E+01 
-0.3734E-f01 
0.3342E+01 
0.1194E+02 
0,512SE+02 
-0.3310E-f02 
-0.6587E-fOO 
0.2790E-F03 
0,6704E+02 
-0,5474EI02 
0,3759E+01 
0,4566EI02 
0,1139E-l-03 
0,1332E+03 

0,971SE+03 
0.9472E403 
0.1071Ef04 
0.1503Et04 
0,3760E402 
0,1571E-l-03 
0.12S7ET04 

0.1439Et04 
0.2790E-I-02 
0,4552Ei-03 
0.1040E-f04 
0,7545E-!-03 
0,7750E402 
0,5303E403 
0,5469E-f03 
0,1097Ei04 
0,3756E+05 
0,1050EJ-04 
0.1253EI04 
0,1223E->04 
0,1S92E-F04 
0,1722E4-04 
0,1297E-F04 
0-,1161E+04 
0,1073E+04 
0,1314Ei03 
0,1665E+03 
0,4166E-F03 
0,1393Ei03 
0,5150E+03 
0,4042E+03 
0,3324E403 
0,1220E-F04 
0.1266E-F04 
0.1301E+04 
0,S202E-l-03 
0,3752Ei03 
0,3391E+03 
0,1549E-F03 

VALUE= O.IOOOE-
1731E+01 

, NEU FARMS. 
0,3121E+03 
0.4486Ei05 
0.4467E+03 
0.7839EI03 
0.1034E404 
0.1039E-i-04 
0.6240E+03 
0.4525E+03 
0.1046E+04 
0.3118E+03 
0.4913E+03 

0,4494Ei03 
0,7021E+03 
0.S577E+03 
0.9914Ef03 

-01 



16 
17 
13 
19 
20 
71 

24 
25 
26 
o-y 

29 
30 
31 

33 
34 
-jcr 

uU 

36 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

77 

0.9939Ei02 

0.3735Ef02 
0.8131E+02 
-0.1046E-f02 
0.6752Ei01 
-0,1712EI02 
-0.9771E+01 
-0.1702E-f03 
0.4838E-f02 
0.7026E-h02 
0.1357E-f03 
-0.1577E-F03 
-0.58e3E-f01 
-0,6210E-f01 
-0,2992E+02 
0,3268ET02 

0,7623E-f02 
-0,8701E-f02 
-0,4083E-f02 
0,1403E-f03 
0.2545E-F03 
-0,3176E-f01 
0,2165E+01 
-0.1201E-f02 
-0,7017E+02 
0,5903E+02 
-0,1561E+03 
-0,7155E-f02 
0,3777E+02 
0.103SE-f03 
-0.9560E+01 
-0.3363E+01 
0.138SE+02 
0.2516E-f03 
-0.5933E-f02 
-0.1413E-f03 
-0.7761E+02 
-0.7831E+02 
-0.5313Ei03 
0.3164E-f01 
-0.1581E-f02 
0.2301E-f02 
-0.390SE-f02 
0.5653E-f02 
0.1487E+03 
0.9613E-f02 
0.1851E+03 
0,1032E+03 
0,2722E-f02 
0,6083E+02 
0,9665E-f02 
-0.2471E+02 
-0.1522E-f02 
0.9263E+01 
-0.4850E-f02 

-0.8252E-t-02 
-0.6349E-f02 
-0.1452E+03 

0.1024Ei04 
0.6037ET03 

0.2838E-i-05 
0.1532EI03 
0.1414E+03 
0.1369E+05 
0,2150E+03 
0,1524E-f03 
0,1083EK'4 
0,1350Ei04 
0,9710Er03 
0,3056E-f03 
0,1806E+02 
0.1116E+03 
0,1662E-i-0"3 
0,4112Ei03 
0,2155E405 
6.1005Ei04 
0.1319E-i-04 
0.1351E404 
0.1386E+04 
0,4064E-f01 
0,8236E+02 
0,1630E-F05 
0,2S47ET03 

0,3464Ei03 
0,9260E+03 
0,1109E-f04 
0,1454E+04 
0,1799E-f04 
0,4214E-i-01 
0.1422E+03 
0.S322E+03 
0,9789E+05 
0,2200Ei03 
0,9381E+03 
0,1061E+04 
0,1446E-i-04 
0,1644E-f04 
0,4001E•̂ 03 
0.5018E-f03 
0,9473E+05 
0,7423E+03 
0,1100E+04 
0,1053E+04 
0,9973E+03 
0,1556E+04 
0,1464E+04 
0.1056E-f04 
0.6810E-f05 
0,7484E+05 
0,1460E-f03 
0,1609E+03 
0,2835E+03 
0,1096E+05 
0.4634E+03 
0,5355EI03 
0,1050E•̂ 04 



74 

79 
80 

DAMP 
NEU 

0.1455E-FQ3 
0,6604E-f-02 
0.8557E+01 
-0.3S93Ei03 
-0.9078E-f02 
-0.2531E-F03 
-0.1501E-fO3 

0.11S2E-f04 
0,1234E404 
0,1332Ei04 
0,5716Ei03 
0.9341E403 
0,1325ET03 

0,5377E-fO2 
ING (MARQUARDT) VALUE-^ O.lOOOE-rOO 
DATA ERROR= 0.9227E+00 

ITERATION t 
START] 

BLOCK 
1 

n 

3 
4 
5 
6 
7 
3 
9 
10 
11 
12 
13 
14 
15 
16 
17 
13 
19 
20 
21 
22 
23 
24 
25 
26 
27 
23 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 

NG DATA ERROR= 

FARM. JUMP. 
0.3095E+01 
0.4135E-I-02 
0.3043E-I-02 
-0,2674E-r03 
-0.5976EiO3 
-0.4510E+03 
-0.3695E+03 
-0.3456E+01 
0.4052E+03 
0.7993E-f02 

-0.6942E+02 
0.1085E-f03 

-0.7567E+02 
0.6462E+03 
0.3468E+05 
-0,2752E+05 
-0,7625E+02 
-0,5513E+01 
0.2415E+02 
0.1670E-F02 
0.2464E+00 
-0,5735E+02 
-0,3626Ei02 
0,1221E-f04 

-0.136BE+03 
0,3037E-f03 

-0,2254E+03 
-0,4161E-f01 
0,1634E+02 
-0,6140E+01 
0,1279E-}-03 
-0,3569E-f02 
0,3190E+03 
-0.2577E-F03 
-0.8444E+02 
0.3757E+03 

-0.8101E-01 
0.1359E+02 

-0.1213E+02 
-0,1770E+03 
0,5995E-t02 
-0,361lE+03 
-0.2611E+03 
-0.5976E-F03 

0.9227E-700 

NEy FARMS. 
0.3202E703 
0,4904E+05 
0,4771Ei03 
0,5215E+03 
0.4867E+03 
0,5377E+03 
0.2545E+03 
0.4490E-F05 
0.1451E-i-04 
0,391SE+03 
0.4224EiO3 
0.5579E+03 
0.6265E-i-03 
0.1504E+04 
0,1838E-f04 
0,74S4E+03 
0.5274E+03 
0.2805EfO5 
0.1774E+03 
0,15SlE+03 
0,1371E+03 
0,1576E+03 
0,1162Ei03 
0,2304E+04 
0,1213E-!-04 
0,1275E+04 
0,S014E+02 
0,1390E+02 
0,i280E+03 
0.1601E-f03 
0.5391Ei03 
0,1813E+03 
0.1324E+04 
0.1061E+04 
0,1266E-!-04 
0,2262E+04 
0,4919E+01 
0.9596E+02 
0,1508E+03 
0,1077E+03 
0,4064E+03 
0.6435E+02 
0,8481E+03 
0,3563E+03 



45 
46 
47 
43 
49 
50 
51 
Ui,-. 

53 
54 
55 
56 
57 
53 
59 
60 
61 
62 
63 
64 
65 
66 
67 
63 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
30 

-0.1075E+04 
0.2839E-01 

-0.4621E+02 
-0,2276E-!-03 
0,6465E+03 
-0.1130E•^05 
-0,6026E-f05 
0,1244E+03 

-0,52S4E-f03 
0,1250E+03 
0,23Q5E+03 
0,1244Ei03 
0,16S2E+03 
0.2337E-f-03 
0.3880E+02 
0.4S44Et03 
0.6293E-i-03 
0.6184E-1-05 
0,4935E+03 
0,4263E+03 
0,5712E-i-03 
0,4896E-F03 
0,3975E+03 
0.1S50E+02 
0.2197E+03 
-0,4070E+02 
-0,1714E+03 
-0,1557Ei03 
-0.1864E-f03 
-0,4430E403 
0,1107E+02 
-0.2250E+03 
-0.3425E+03 
-0.3105E+03 
-0.1521E+02 
-0.1423E-h02 

DAMPING (MARQUARDT) 
NEU DATA ERROR- 0, 

BLOCK 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
IS 

FARM. JUMP 
0.3063E+01 
0.2053E402 
0.2996E+02 

-0.4761E+02 
-0.4109E+02 
0.7346E-f02 
-0,1020E-f03 
0,4823E+01 
0.1484E+03 
0,2571E+02 
-0.5100E+02 
0.1239E+02 
-0.3273E+02 
0.1672E+03 
0.2359E+03 
0,6247E-f02 
-0,5391E-f02 
0.3139E+02 

0.7233E-f03 
0,5023EI01 
0,9600E402 
0,6046EI03 
0.1625E+04 
0.1070Ef03 
0,3355£403 
0,1185E+04 
0,9179E+03 
0,1769E-i-04 
0.6305E403 
0,6262E+05 
0,1116Ef04 
0,9810E+05 
0,llS9E+04 
0,1558Ef04 
0,1627EI04 
0.2174E-F04 
0,195SEi04 
0,1465E+04 
0,1252E404 
0.123SEi04 
0,5436E+03 
0.1794E+03 
0,5033EW3 
0,6836E-F02 
0,2970E-!-03 
0,3799EI03 
0,8640E+05 
0,7388Ei03 
0.1246Ei04 
0.1157Ef04 
0,2292E+03 
0,6236E-l-03 
0,1173E+03 
0,1954E+02 

VALUE= 0,1000E-01 
1799E+01 

. NEU FARMS. 

0,3152E+05 
0.4691E+03 
0,4767E-f03 
0,7413E+03 
0,1043E+04 
0.1112E+04 
0.5220E-i-03 
0.4573E+05 
0,1195E+04 
0,5376E+03 
0,440SE+03 
0,4618ET03 

0,6694E+03 
0,1025E+04 
0,1277E+04 
0,1086E+04 
0.5498E+03 
0,3152ET03 



19 
20 
21 
77 

23 
24 

26 
77 

28 
">0 
4L / 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

54 

58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

0,3452Ei01 
0.1035E-F02 
0.3542E-f01 

-0.19SSE-f02 
0.4529E-01 
0.2433ET03 

0.9859Ef01 
0.5144E-f02 
-0.3550E+02 
-0.4S17EI01 
0.4766E-f01 

-0,461SE-r00 
0.3152Ef02 

-0.5439E+01 
0.9253E+02 

-0.2304E-f02 
0.6688E+02 
0,2913E+03 
-0.7720E-01 
0,4594E+01 
0.1870E+02 

-0.1772E-f02 
0,2408E-f02 

-0,7475E-f02 
-0,1209E-f02 
0.3522E+01 
-0.1195E-f03 
0,3557E-01 
0.1926E-f02 

-0.1708E+03 
0,3444E+02 
0,1593E+02 

-0.5413E+02 
0.1946E-f02 
-0.1770E-f02 
0,1124E+03 
0.2589E+02 
0.1388E-f02 
0'.1354E-i-01 
0.1056E+02 
0.3193E-f02 
0.1080E-f03 
0,1652E+03 
0.1670E-f03 
0.6627E-fO2 
0.4560E+02 
0,9355E-f02 
0.1710E-f02 
-0.1412E+03 
0,1702E+01 
0,2021Ef02 

-0,9175E-f02 
-0.1131EI03 
-0.5699E-f02 
-0.4274E+03 
-0.1287E+03 
0.9401E+01 

-0.5459E+02 

0.1567E+03 
0.1518E+03 
0.1404E-f03 
0,1951E-!-03 
0,1525Ei03 
Q,1326E-f04 
0,1360EI04 
0,lC22E-i-04 
0,2201E-f05 
0.1325Ei02 
0,1164E-f03 
0,1658EI03 
0,4427EI03 
0,2101Ei05 
0,1093E404 
0,1296E-f04 
0,1418Ei04 
0,1678E404 
0,4923E-f01 
0,8696E+02 
0.1317E+03 
0.2670E-i-03 
0.3705E-F03 
0,S5i2E-f03 
0.1097E-!-04 
0,1457E-i-04 
0.1679Ei04 
0.5036E-f01 
0,1615E403 
0,6613Et03 
0,1013E-f04 
0,2360E+03 
0,3340E-f03 
0.1080E404 
0,1429E+04 
0,1756E+04 
0.4260E403 
0.5157Ei03 
0,9492E-i-03 
0.7529E+03 
0,1132E-f04 
0,1161E+04 
0,1163E+04 
0,1723E-f04 
0,1531E+04 
0.1082Ei04 
0,7796E-F03 
0,7655E+03 
0,4S10E+01 
0,1626E+03 
0,3037E-f03 
0,1780E+02 
0,3503E+03 
0,4785E+03 
0,6250E-f03 
0.1053E+04 
0,1244E+04 
0.1527E-f04 



79 
80 

-0.1039E-F03 0,4677Ei03 

-0.1566E-f03 0,7775E-f03 
-0,S960E-F02 0,4291EJ-02 
-0.6425E-}-01 0,2735E-!-02 

DAMPING (MARQUARDT) VALUE= 0,1000E-fOO 
NEU DATA £RROR= 0.9463E-f00 

BLOCK 
1 
2 
3 
4 
5 
6 
7 
3 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
7 7 

23 
24 
25 
26 
27 
23 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 

FARM. JUMP. 
-0.ie90E-!-01 
-0.7734EI01 
0,2151E+01 
-0,17S2E+02 
-0,lS15E-f02 
0,2974E-f02 

-0,1095E+01 
0,2368E-F01 
0,5432E-!-02 
-0.2965E+01 
-0,5114E-l-02 
-0,5427E-f-01 
-0.6773E-t01 
0.4157E+02 
0.7459E+02 
0.5251Ef02 
0.1498E+02 
0.1697E+02 

-0,1426E+02 
0,2633E+01 
0,1909E+01 
-0,6340E-F00 
0,8439E+01 
0,6299Ei02 
0.2S22E+02 
0.6036E+02 . 

-0.5227E+01 
-0.2S05E+01 
-0.6244E+01 
0,2497E+01 
0,8746E+01 
0,7749E-f01 
0,5037E+02 
0.291SE+02 
0,5920E+02 
0,9157E+02 

-0,3040E-01 
-0,3005E+01 
0.9769E+01 
0,8706E-i-01 
0.2336E-f02 
0.3289E+02 
0.5564E+02 
0.2681E-f02 

-0.6076E-I02 
-0,S6S0E-01 
-0.1638E+02 
-0.1790E-f03 
-0.1201E+03 
0.1932E+02 

NEU FARMS. 
0.3102E+03 
0.4403Ei03 
0.448SEf03 
0,7711Ei03 
0,1066E-i-04 
0,106BEI04 
0,6229E403 
0,4553E-!-03 
0,1101E+04 
0,3039EI03 
0,4607E+03 
0.4460E+03 
0,6954Ei03 
0,3993Ei03 
0,1066E404 
0,1076E-l-04 
0,61S7E+03 
0,3008E+03 
0,1390E-!-03 
0,1441E+03 
0,1388E-i-03 
0,2143EI03 
0,1609E+03 
0.1146E+04 
0.137SE-i-04 
0.1031EI04 
0,3003E403 
0,1526E+02 
0.1054E405 
0,1637E+03 
0,4199E+03 
0,2233E+03 
0,1056E-i-04 
0,1348E+04 
0.1410E+04 
0.147SEf04 
0.4920E+01 
0,7936E+02 
0.1727E+05 
0,2934E+05 
0,5698E+05 
0,9589E+05 
0,1165E+04 
0,1431E+04 
0,1738E+04 
0,4913E-f-01 
0,1258E+03 
0,6552E+03 
0,3588E403 
0,2399E+03 



51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
30 

DAMPI 

0.1791Ei-02 
0.4524E-f02 

-0.9487E-i-01 
-0.3104E-F02 
-0.4293E-f01 
-0.2557E+01 
-0.7106E+01 
-0.1229Er01 
0.3001EI01 
0,3015E-f02 
0,4075E402 
0.1774E-i-02 

-0.2085E+02 
-0.3663E+01 
-0.1074Ef01 
-0.3643E+02 
-0.1676E+02 
-0.2544E-f01 
-0.1819E+02 
-0.3226E+02 
-0.5318E+02 
-0.2291E+02 
-0.1399E+03 
-0,5799Ef02 
-0,8339E+01 
-0,4703E+02 
-0.4901E+03 
-0.8736E+02 
-0.6205E+02 
-0.2615E-f02 

NG (MARQUARDT) 

0.9561E+03 
0.1106E+04 
0.1437ET04 

0.1612E+04 
0.3958E-i-03 
0.4993Ef03 
0,9407E-!-03 

0.7411E+03 
0,1108Ei04 
0,10S3Ei04 
0,1039E404 
0,1574E-l-04 
0,1444E404 
0.1033EI04 
0,6799E->03 '• 
0,6619E-i-03 
0.1293Ef03 
0,1534EI03 
0.2653E403 
0.7730E-i-02 
0,4155Ei05 
0,5126E+05 
0.9105E+05 
0.1124E+04 
0.1226Ei04 
0.1335E+04 
0.3157E+02 
0,8463E-i-03 
0,7048E+02 
0,7619E401 

VALUE= O.lOOOE+01 
NEW DATA ERROR= 0,8540E+00 

ITERATION # 4 
STARTING DATA ERROR= 

SLOCK 
1 
2 
3 
4 
5 
6 
7 
3 
o 
1 

10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 

FARM. JUMP 
0.6761E+01 
0,3015E+02 
0,3265E-f02 
-0,2959E+02 
-0,2424E-f02 
0,6656E-f02 

-0,1012E-f03 
0,3142E-f01 
0,1326E-!-03 
0,3032E-f02 

-0,2024E+02 
0,1402E-F02 

-0.3379E+02 
0.1421E+03 
0.2224E+03 
0,33S3E+02 

-0,8329E+02 
0.1653E+02 
0.1616E+02 
0.9137E+01 
0.2176E-f01 

= 0.S540E+00 

NEU FARMS. 
0,3170E-i-03 
0,4710E-l-03 
0,4S15Ei03 
0,7415E+03 
0,1042E-!-04 
0.1135E-i-04 
0.5218E+03 
0.4535Ei03 
0,1233E+04 
0,3397E405 
0,4404E-f03 
0,4600E-F03 
0.6616E+03 
0,1041E+04 
0,1288E+04 
0,1110E+04 

0,5354E-F03 
0,3173EI03 
0.1551E+03 
0,1535E403 
0,1410Ef03 



22 
or? 

•n A 

26 

77 

70 

50 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 

56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
63 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
70 

-0.1999E-f02 
-0.6657E+01 
0.1570E-f03 
-0.6415E-f02 
0.2474E-f02 
-0.9194Ei02 
-0,4460EI01 
0,9544E-f01 
-0,2417E-f01 
0.1644E+02 
-0,1385EI02 
0,5876ET02 

-0,9453E-i-02 
0,1607E+01 
0,2336E403 
-0,1531E-f00 
0,6231E+01 
0,3375E+01 
-0,4556ET02 

0.7956E+01 
-0,1005E+05 
-0,5087E-f02 
-0.3431E+02 
-0,1077E+02 
0,4020E-01 
0,2807E-f02 
0,1805E-}-03 
0.1759E-f03 
-0.2249E-01 
-0.6594E+02 
0.142SE+02 
0.2408E-f02 
0.2488E+03 
0,5411E+02 
0,2173E+02 
0,1724E-f02 
0,2195E-}-02 
0,3724E+02 
0,1090E+03 
0,1788E-}-03 
0,1917E+03 
0,llB7E+03 
0,7796E-f02 
0,9867E-f02 
0,3199E-f02 
-0,1167E-f03 
0,4339E-f01 
0.4519E-f02 
-0,1260E+02 
-0,10S9E+05 
-0,4624E-f02 
-0.4753E-f03 
-0,1211E-f03 
0,1247E-f02 
-0,2860E-F02 
-0.6198E-f02 
-0.1573E-f03 
-0.1656E-i-02 

0.1943E-f03 
0.1542E-I-03 
0,1303EK!4 
0.1314E404 
0,1056E404 
0.2084E-f03 
0,1080E-f02 
0,1149EI03 
0,1663E-f05 
0.4364ET03 

0.2094E-f03 
0.1094Ei04 
0.1254Ef04 
0,1412ETO4 

0,1711Ei04 
0,4842E401 
0,3564E-fO2 
0,1761Ei03 
0,247SE+03 
0,3777E-f03 
0,3584E-{-03 
0,1114Ei04 
0,1446E-F04 
0,1727Ei04 
0,5040E-F01 
0,1539E+03 
0,3337E-f03 
0,1055E+04 
0,2393E-f03 
0,8901E+05 
0,1120E+04 
0,1461E+04 
0,1361E+04 
0,4299Ei03 
0,5210E-!-03 
0,9579E403 
0.7630E+03 
0,1146E-f04 
0.1192E+04 
0,1217E-!-04 
0.1765Ef04 
0,1562E+04 
0,llllE-f04 
0,7786E+03 
0,7439E+03 
0.1263E402 
0,1627E-F03 
0,3085E+03 
0.6469E402 
0.5065E+05 
0,4664E+03 
0.4352E+03 
0.1003E-fO4 
0,1239E+04 
0,1306E404 
0.1959E402 
0.7039E+03 
0,5393E402 



30 -0,1154E+01 0,6465E401 
DAMPING (MARQUARDT) yALUE= O.lOOOE-fOO 
NEU DATA ERROR= 0,9629E+00 

BLOCK 
1 
7 

3 
4 
ET 

6 
7 
8 
o 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
-7=: 

26 
27 
23 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
59 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 

FARM. JUMP 
0.2633E+01 
0.2936E+01 
0.9562E+01 

-0.4997E-f01 
-0.1375E+02 
0.13S6E+02 
-0.4135E-I-01 
0.1461E+01 
0.3833E+02 
0.5951E+01 
-0.1069E-F02 
0.2000E+01 
-O.ftllSErOl 
0.2051E+02 
0.3493E-fO2 
0,2237E-f02 
0,9676E+00 
0.1013E+02 
-0,4815E-f01 
0,4266E+01 
0,1632E+01 

-0.2488E401 
0,329SE+01 
0.1826E-f02 
-0.9132Ef01 
0.3669E-f02 
-0.9803E+01 
-0.2543E+01 
-0.1519Ei01 
0.3169E+01 
0.3266E+01 

-0.3954E-01 
0.1295E-f02 

-0.5941E+01 
0.2747E-f02 
0.6301E+02 
-0.1209E+00 
0.7680E+00 
0.1411E-f02 
0.3S96E-f01 
0.1347E+02 
0.7245E+01 
0.2591E+02 
0.1368E+02 
-0.1777E-f02 
-0.8423E-01 
0.4435E+00 

-0.3152E+02 
-0,2772E+02 
0.1646E-f02 
0.4130E+01 
0.3061E+02 
0.1116Ef02 

NEU FARMS. 
0.3129E-f05 
0.4437E+03 
0..4534E403 
0.7661Et03 
0,1052E404 
0,1082Et04 
0,6183E405 
0,4563Ei03 
0,1139E404 
0,3148E403 
0,4500Ei03 
0.4480E+03 
0,6392E+05 
0.9198E705 
0.1101Ei04 
0,1098E+04 
0,6196E+05 
0,3109E-!-03 
0,1342E+03 
0,14S3Ef03 
0,1404Ei03 
0.2118EI03 
0,1642E-!-05 
0.1164E404 
0,1369E+04 
0,106SE-!-04 
0.2905E-f03 
0,1271E+02 
0.1039E-f03 
0.1719E403 
0,4232E+03 
0,2232E+03 
0,1069Et04 
0,1342E+04 
0,1438E-f04 
0,1541E+04 
0,4879E-I-01 
0,8013E+02 
0,1868E+03 
0,3023E+03 
0,3833EI05 
0,9661E+03 
0.1191E+04 
0,1494E+04 
0,1720E+04 
0,4916E-i-01 
0,1263E+05 
0,6217E+03 
0,3311E+03 
0,2563E+03 
0,9602E+03 
0,1137EI04 
0,1448E+04 



54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

0,2106E402 
0.i265E400 
0,2952E-f01 
-0,1673Er01 
0.1371E+01 
0.7050E-f01 
0,235SEt02 
0,3722E+02 
0,2460E+02 
-0.3964Ef00 
0.7238Ei01 
0,3313E+01 

-0.4408Ei02 
-0,1575Ef02 
-0.1712E-fOO 
-0.7060E-I-01 
-0.3519E+02 
-0.402SE-1-02 
-0.1695E+02 
-0.1350E+05 
-0.5193E-I-02 
-0.7297E-F01 
-0.3253E-J-02 
-0.2507E+02 
-0.6891E+02 
-0.8716E-)-01 
-0.4227E+01 

DAMPING (MARQUARDT) 
NEU DATA ERROR= 0. 

BLOCK 
1 
2 
3 
4 
U 

6 
7 
3 
9 
10 
11 
12 
13 
14 
15 
16 
17 
13 
19 
20 
21 

23 
24 
25 
26 
27 

FARM. JUMP 
-0.2547E+01 
-0.56S8E-f01 
-0.2901E+01 
-0.1029E+02 
-0.1684E+02 
-0.7355E-f01 
0.2551E-f01 
0.2733E+01 
0.7783E-f01 
-0.4157E+01 
-0.1007E+02 
-0.4263Ef01 
-0.6945E+01 
-0.4119E401 
-0.5162E+01 
0.1021E+01 
0.524SE-f01 
0.5161E-F01 

-0.3691E+01 
-0.9977E-F00 
-0.7333E-01 
0.3122E-01 
0.1294E-}-01 
-0,3237E+01 
-0,1534E+02 
0.7931E-f01 
0.1225Et01 

0.1654E404 
0.5959E-F03 
0.5022E+03 
0.9390E+03 
0.7425Ef03 
0.1115Ei04 
0.1107Ef04 
0,1076E->-04 
0,1598ET04 

0,1443E-F04 
0,1040E+04 
0,6838E405 
0,6179E+05 
0,1135E-f03 
0,1582Ei03 
0,25S3E+03 
0,4210E4-02 
0,3750EI05 
0,4957E-i-03 
0,7755Ef03 
0,1072E+04 
0,1219E-i-04 
0,1302E+04 
0,5650E+02 
0,7774E405 
0,6177EM2 
0,3391E+01 
VALUE= O.lOOOE+01 
3459E+00 

. NEU FARMS, 
0,3103E+03 
0,4381E-!-03 
0,4555E+03 
0,7558Ei05 
0,1056E404 
0,1075E+04 
0,6213EM3 
0,4595Ef05 
0,1147E+04 
0,3106E-l-03 
0,4599E+03 
0.4437E-!-03 
0,6823E+03 
0.9157E+03 
0.1098E+04 
0,1099E+04 
0,6249E403 
0,3141E-!-05 
0,1305E+03 
0,1473E+05 
0.1404E+03 
0,2119E+03 
0,1655E+03 
0,1156E+04 
0,1353E-r04 
0,1076E-f04 
0.2913E+03 



29 -0,2495E+01 
30 -0,7600E+00 
31 -0,1956E-f01 
32 0,1139E+01 
35 -0.7959E-f01 
54 -0.1321E-f02 
35 -0.9721E-i-01 
36 -0,4174E-f01 
37 -0,1148E-f00 
53 -0,2057E-f01 
39 -0,3717E-i-00 
40 -0,9634E+00 
41 0.1745E-I-01 
42 -0.9540E+01 
43 -0.1267E+02 
44 -0.2499E-f02 
45 -0.4270E-f02 
46 -0.2400E•^00 
47 -0.6346E-f01 
48 -0,3481E+02 
49 -0,3750E-f02 
50 0,1705Ef01 
51 -0,1853E+02 
52 -0,2017E+02 
53 -0,3B36E-f02 
54 -0,4810E-f02 
55 -0,2625E-f01 
56 -0,2032E-f01 
57 -0,4728E+01 
53 0,3500E-f00 
59 0.6794E-01 
60 0.3570E-r01 
61 0.5047E-f01 
62 -0.9584E-f01 
63 -0.1779E+02 
64 -0,1369E+02 
65 -0,1119E-!-02 
66 -0,2659E+02 
67 -0.4359E+02 
68 -0.1596E-F01 
69 -0,6225E-f01 
70 -0.1065E+02 
71 -0.1630E-f02 
72 -0.6151E-f01 
75 -0.4247E+02 
74 -0.2311E•^02 
75 -0.7129E-f01 
76 -0.1993E+02 
77 -0.9354E-f01 
73 -0.3122E+02 
79 -0.2906E+02 
30 -0,9779E+00 

DAMPING (MARQUARDT) 
NEU DATA ERROR= 0. 

0,7575E+01 
0.1014Ei05 
0.1712E-I-03 
0,4213E+03 
0.2243E+03 
0.1061E-f04 
0.1324EI04 
0,1428Ei04 ; 
0.1537ET04 
0.4885E-f01 
0.7S07E-F02 
0,1865E-V03 
0,3015E-f05 
0,3850Ei03 
0,9566E-f05 
0,117SE+04 
0,1469E+04 
0,1677E-f04 
0,4760E+01 
0,1199E+05 
0,5369E+05 
0.7956E403 
0.2580E+03 
0,9417Ei03 
0,1116E+04 
0,1410E404 
0.1535E+04 
0.3933E+03 
0,5002E+03 
0,9343E+03 
0,7428ET03 
0,1115E+04 
0,llllE+04 
0.1081E+04 
0,1589E-f04 
0,1425E-f04 
0,1026E-f04 
0,6726E+03 
0.5913E+03 
0,6995E+02 
0,1566E+03 
0.2521E+03 
0.3145E+02 
0,3587E+03 
0,4895E-f03 
0,7330E-f03 
0.1049E-f04 
0.1212E+04 
0,1232E+04 
0,4715E+02 
0,7461E+03 
0,3271E+02 
0.4022E+01 

yALUE= O.lOOOE+02 
8425Ei-00 

ITERATION * 5 
STARTING DATA ERROR= 0.8425E-f00 



BLOCK 

1 
7 

3 
4 
5 
6 
7 
3 
9 
10 
11 
12 
13 
14 
15 
16 
17 
IS 
19 
20 
21 
22 
23 
24 
25 
26 
27 
23 
29 
30 
31 
32 
33 
34 
35 
56 
57 
38 
59 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 
52 
53 
54 
55 
56 

FARM. JUMP. 
0.7676E+01 
0.1067E+02 
0.1720E+02 
0.9361E+01 
0.2431E+01 
0.2206EI02 
0.5S51E-f00 
0.2630E-F01 
0.4067E-f02 
0.9325Ef01 

-0.5207E-F01 
0.5524E+01 

-0.6647E+00 
0.2051E402 
0.2898Ei02 
0.1966E-f02 

-0,543SE+01 
0.6159E+01 
0,S610E+00 
0.5017E-f01 
0.1713E+01 
-0.9317E+00 
0.2032E+01 
0,1012E+02 

-0.988SE+01 
0,339SE+02 

-0.1185E+02 
-0.2241E-f01 
-0.3086E+00 
0.2255E-I-01 
0.2335Et01 
-0.1697E-F01 
0,S506E+01 
-0,5030E+00 
0.3375E+02 
.0,6752E+02 
-0.2655E+00 
0,4316E-}-00 
0,1768E+02 
0.1252E-f02 
0.1466E-f02 
0.il76E-f02 
0.3963E+02 
0.39S5E-f-02 
0.3647E+02 
-O.lOSOE-fOO 
0.5141E+01 
0.4196E+01 
0.5764E+00 
0.2170E+02 
0.1955E-I-02 
0.5949E+02 
0.627SE+02 
0.3434E+02 
0.4S21E+01 
0.3733E-f01 

NEU FARMS. 

0,31S0E-i-03 
0,4437E+03 
0.4727E-f-05 
.0,7652E+05 
0,1033ET04 

0.1097Et04 
0.6219Ei03 

• 0.4622E403 
0.11S7E-i-04 
0,3200E-!-03 
0,4367EK'3 
0,4492E-f03 
•0.6816Ei03 
0,9360E+03 
0,1127E-l-04 
0.1119E-i-04 
0,6194E+03 
0.3202Ei03 
0,1313E-!-03 
0,1524E+03 
0,1421E-i-Q3 
0.2109E+03 
0.1675E403 
0.1166E-f04 
0.1344E-i-04 
0,1115E-i-04 
0,2799Ei03 
0.5333E-I-01 
0,1011E-!-03 
0,1734E+05 
0,4236E+03 
0,2226E403 
0,1069E+04 
0.1323E-F04 
0.1462Ei04 
0,1604E-F04 
0.4737E+01 
0,7S50E+02 
0.2042E+05 
0.3139E-F03 
0.3997E-i-03 
0.9633E-)-03 
0,1218EI04 
0,1509EfO4 
0.1714E+04 
0,4892E+01 
0,1251E+03 
0,5910E+03 
0,7942E+03 
0,2797E+05 
0,9612E403 
0,1176E+04 
0,1472E+04 
0,1670E+04 
0,5981E+05 
0,5090EI03 



57 
53 
59 
60 
61 
62 
63 
64 
65 
66 
67 
63 
69 
70 
71 
72 
73 
74 
75 
76 
77 
73 
79 
80 

0,6254E-f01 
0,6562E-F01 
0,1018E+02 
0,2553E-F02 
0,4447E-f02 
0,3653E-f02 
0,1641E+02 
0,2419E402 
0,8900E+01 
-0,3534E+02 
-0,2870E+02 
0.1029Ef01 
0,2017E+01 
-0,7656E+01 
-0,5685E-f02 
-0.1260E+02 
-0,1712E+03 
-0,5409E-f02 
-0.7079E+01 
-0.2S36E-f02 
-0.4770E+01 
-0.721SE+02 
-0.1B56E+02 
-0,3364E+01 

DAMPING (MARQUARDT) 
NEU 

BLOC 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

DATA ERROR= 0, 

K FARM. JUMP 
-0,4762E+00 
-0,1287E+01 
0,1021E+01 

-0,1452E+01 
-0,3919E+01 
0,1300E+01 
0,3629E+01 
0.2402E+01 
0.3037E-I-01 

-0.14S5E+01 
-0.4296E+01 
-0.6467E-f00 
-0.1287E+01 
0.1012Et01 
0.2236E+01 
0.4913E-f01 
0.3349E+01 
0.2087E-f01 
-0.1319E+01 
-0.1496E+00 
0,3513E+00 
0.5598E+00 
0,1027E-f01 

-0,1325E+01 
-0,3S12E+01 
0,9075E+01 
0.3441EI00 

-0,4023E+01 
-0.1370E+01 
0.5633E-01 

0,9406Ei03 
0,7494ET03 

0,1126Er04 
0,1136Ef04 
0,1125E-i-04 
0,1625E+04 
0,1442E+04 
0,1051E-l-04 
0,6815E+03 
0,55-54E403 
0,4125E~02 
0,1576EI03 
0,2541Et03 
0.23SOEf02 
0.321SE-r03 
0,4769Ei05 
0,5618E+03 
0.9946Ei03 
0.1205E+04 
0,1254E+04 
0,4238E+02 
0,6740E+03 
0.1415E+02 
0,1136E+01 

VALUE= O.lOOOE+01 
3343E+00 

, NEW FARMS. 
0,3175E+03 
0,4474E-i-03 
0.4737E+03 
0.7637E+03 
0.1034E+04 
0.1098E+04 
0,6255E+03 
0,4646E+05 
0,1195E+04 
0,5185E-i-05 
0.4324E+03 
0,4486E-f03 
0,6805E+05 
0,9370E403 
0,1129E-F04 
0,1124E-!-04 
0,6235E+03 
0,3223E-l-03 
0,1295E+03 
0,1522E+03 
0,1424E+03 
0,2115E+03 
0,16S5E+03 
0,1165E+04 
0,1340E+04 

0,1124E+04 
0,2S02E+03 
0,1311E+01 
0,9970E+02 
0.1735E+03 



31 
32 
35 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
73 
79 
80 

0,1S10EI00 
0,9683E+00 
-0,1174E+01 
-0.4815E+01 
0.1093E-i-00 
0.2733E401 
-0.1629EI00 
-0.1178E+01 
0.9877E+00 
0.1097E-f01 
0,2740E401 

-0.1589E+01 
-0,1125E+01 
-0,6545E+01 
-0,1252E+02 
-0,ll42E-i-00 
-0,3579E401 
-0,1679EI02 
-0.1756E+02 
0,2622E+01 
-0,5395Ei01 
-0.4331E+01 
-0.1134E+02 
-0.152SE+02 
-0,7849E-!-00 
0.3233E+00 
-0.6056E+00 
0,1433E+01 
0,1157E+01 
0.3724E+01 
0,5600Ei01 

-0,2512E+01 
-0,7S96E+01 
-0,5124E+01 
-0,5568Ei01 
-0.1706E402 
-0.5407E-f01 
-0.6848E-f00 
-0.2930E401 
-0.1532E+02 
-0.9701E+01 
-0.2998E+01 
-0.3373E+02 
-0.1389E+02 
-0.3759E-f-01 
-0.1180E+02 
-0.1102Ef02 
-0,2201E+02 
-0.3960E+01 
-0.3472E+01 

DAMPING (MARQUARDT) 
NEU DATA ERROR= 0. 

0.4233E+03 
0.2236E+05 
0.1068E404 
0.1319E+04 
0,1462E-F04 
0,1607E-i-04 
0,4837E401 
0,7752E+02 
0,2051E-f05 
0,5150E+03 
0,4024EI03 
0,9667Ei03 
0,1217E404 
0,1503E-f04 
0,1701E+04 
0,48S6Ei01 
0,1215E+03 
0,5743Ei03 
0,7766E+05 
0,2825Et03 
0.9554E+03 
0.1172E+04 
0,1461E-f04 
0.1654E+04 
0.3973E+03 
0,5093E+03 
0,9399E+03 
0,7508E+03 
0.1127E+04 
0,1140E+04 
0.1131E+04 
0,1623E+04 
0,1434Ei04 
0,1045E+04 
0,6759E-f03 
0,5384E-i-03 
0,3585EI02 
0,1570E+03 
0.2511E+03 
0,S476E-i-01 
0,5121E+05 
0,4739EI03 
0,5230EI03 
0,9807E+03 
0,1201E+04 
0,1242E+04 
0,3136E+02 
0.'6519E+03 
0,1019E-f02 
0,1523E+01 
VALUE= 0,1000E+02 
B330E+00 

' p ^ z^ ^ ^ ^ t f i Jf. t ^ ^ / ^ t ^ ifk jfb 7^ jy i ifk j ^ tf^ ^ / ^ vf% ^ j ^ f f i jf^ ^ ^ ^ j ^ j ^ ^ J ^ i ^ j j ^ ^ \ ^ ^fv 4^ ijk t ^ j ^ f ^ ^ / ^ jfv J ^ ^ / p ^jk i ^ jf^ ^ ^ i j ^ ^ tf^ 

t t t ^ t t t t t t t t t t t t t ^ t t t t t t t l l l i t t t t t t t t t t t t t t t t l l i t t t t t t t t t t t t t t 



OUTPUT-PROGRAM GINDEP 

ZDd) +/- STD.DEV, 

1 
7 
7 u 

4 

3 
9 
10 
11 
12 
15 
14 
15 
16 
17 
18 
19 
20 
21 
77 

25 
24 
25 
26 
0"7 

28 
29 
50 
31 
77 

33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

0,313E+03 
0,447EiO5 
0,474E+03 
0.764E-F03 
0.103EI04 
0.110£Ki4 
0.626E+03 
0.465E+03 
0.120Ef04 
0.318E-i-03 
0.432EI03 
0.449E+03 
0,680E-f-03 
0,937E+03 
0,113E-fO4 
0.112E-I-04 
0,623E-fO3 
0,322E+03 
0,130E403 
0,152E+03 
0,142E+03 
0.211E+03 
0,169E-f03 
0.116E+04 
0.134E-f04 
0.112E+04 
0,230E+03 
0,131Ei01 
0,997E+02 
0,175E+05 
0,424E+05 
0.224E405 
0.107E+04 
0.132E+04 
0.146E+04 
0.161E+04 
0,434Ef01 
0,773E-f02 
0.205E-f03 
0.515E+05 
0.402E+03 
0.967E+03 
0.122E+04 
0.150E+04 
0.170E404 
0,489E+01 
0.121E+03 
0.574E+03 
0,777EI03 
0.2S2Ei03 
0.955E+03 
0.117E+04 

0,315EI01 
O.lOOE+02 
0,102E+02 
0.153E-f02 
0.205E-f02 
0.198Ei02 
0.135EI02 
0.101E-f02 
0,244E-f02 
0.882E-701 
0.112EI02 
0.113E-f02 
0,137E-f02 
0,181E-!-02 
0,200E*02 
0.157E-!-02 
0.115E+02 
O.SllEIOl 
0,546E-i-01 
0.499E+01 
0,516E+01 
0.589Ei01 
0,517Ei01 
0,205E+02 
0,185E+02 
0.157E+02 
0,313E+01 
0,327E+01 
0,431E+01 
0.567E+01 
0,S45E+01 
0,627E+01 
0,134E+02' 
0,186E+02 
0,130E+02 
0,260E+02 
0,138E+00 
0.390E401 
0.609E+01 
0.745E+01 
0.863E+01 
0.171E+02 
0.130E+02 
0.213E+02 
0,312E+02 
0.136EI00 
0,547E-F01 
0,200E+02 
0,215E+02 
0,899E+01 
0,212E+02 
0,221EI02 



56 

59 
60 
61 
62 

66 
67 
68 
69 
70 
71 
77 

75 
74 
75 
76 
77 
73 
79 
80 

0.146E+04 
0.165E+04 
0,397EiO3 
0.509EI03 
0,940EJ-03 
0,751E403 
0,113E-f04 
0.114E-1-04 
0.113E404 
0.162Ef04 
0,143E-f04 
0.105E-I-04 
0.676E+05 
0,538E+03 
0.353EI02 
0.157E-i-03 
0.251E-f03 
0.848E-r01 
0,312E+03 
0,474E+03 
0.52SE+03 
0.981E+03 
0,120E+04 
0.124E-!-04 
0.314E+02 
0.652E+03 
0.102E+02 
0.153E-f01 

0.263E-f-02 
0.360ET02 

0.559E-f01 
0.594E401 
0.690E-I-01 
0,655E'r01 
0,319E+01 
0.109E+02 
0.109E+02 
0,131E402 
0,121E+02 
0,103EK'2 
0,101E402 
0.145E-f02 
0.402E+02 
0.536E4-01 
0.133Ei02 
0,128E-i-03 
0,127E+02 
0.380E401 
0,519E+02 
0.266E4-02 
0,987E-f01 
0,132E+02 
0.718E+03 
0,162E+02 
0,242Ei03 
0,137E+02 

INPUT STD. DEV, =- 0.8350E-f00 
CALC, DATA STD. DEV, = 0,3350E+00 
NUMEER OF ITERATIONS FOR SOLUTION = 

MODEL 

I 
1 1 
2 1 
3 1 
4 1 
5 1 
6 1 
7 1 
8 1 
9 1 
10 1 
11 1 
12 1 
13 1 
14 i 
15 i 
16 1 
17 1 
IS 1 
19 1 
20 1 

RESOLUTION MATRI 

,..(l7l-2) 

0.02 
0.04 
0.06 
0.04 
0.01 
0.01 
0,05 
0,00 
0,00 
0,02 
0,03 
0,05 
0,05 
0,03 
0.01 
0,00 
0,00 
0.00 

X 

0.06 
0.04 
0.07 
0.06 
0.04 
0.02 
0.02 
0,11 
0.00 
0.06 
0.04 
0.06 
0.05 
0.05 
0.03 
0.01 
0,01 
0,00 
0,05 

(I?I) 
0,06 
0,06 
0,06 
0,05 
0,04 
0,04 
0,05 
0,05 
0,04 
0.07 
0,06 
0.06 
0,05 
0,04 
0.03 
0,03 
0,04 
0,06 
0.08 
0.07 

0,02 
0,03 
0.02 
0.02 
0.03 
0.05 
0.05 
0,01 
-0,01 
0.03 
0.03 
0.02 
0.02 
0.02 
0.02 
0.05 
0.07 

-0.01 
0.02 
0.02 

,(I?I-F2).., 
0,00 1 
0,01 1 
0,01 1 
0,01 1 
0,02 1 
0,03 1 
0,01 ! 
0,00 1 
-0,01 1 
0,01 1 
0,01 1 
0.01 1 
0.01 ! 
0.01 1 
0,02 1 
0,04 1 
-0,02 1 
-0,01 1 
0,00 1 
0.00 1 



21 
22 
23 
24 
25 
26 
27 
23 
70 

33 
54 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
55 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
75 
74 
75 
76 
77 
78 

1 0,00 
1 0,00 
1 0,00 
1 0,13 
1 0,22 
1 0.02 
1 0.00 
1 • 0.00 
1 0.00 
1 0,00 
1 0.02 
1 . 0.00 
1 0,08 
1 0,16 
1 " 0,03 
1 0,03 
1 0,00 
1 0,00 
1 0,00 
! 0,01 
i 0,00 
1 0.08 
1 0.10 
1 0.04 
! 0.04 
1 0,00 
1 0,00 
1 0,19 
1 0,12 
1 0,00 
1 0,04 
1 0,13 
1 0,05 
1 0,04 
1 0,00 
1 0,00 
1 0,02 
1 0.01 
i 0.01 
1 0.04 
1 0.03 
1 0.04 
i 0.03 
1 0.01 
1 0.01 
1 0.01 
i 0.01 
1 0.00 
i 0,00 
I 1,10 
1 0,05 
1 0,00 
1 0,05 
1 0,09 
1 0,01 
1 0.01 
1 0.98 
1 0.02 

0.02 
0.05 
0.02 
0.27 
0,04 
0.02 
0,01 
0,00 
0,05 
0,04 
0,03 
0,02 
0,18 
0.04 
0,05 
0.05 
0.00 
0.02 
0.05 
0.06 
0.04 
0.11 
0.04 
0.04 
0,04 
0,00 
0,05 
0,16 
0,07 
0,01 
0.15 
0,05 
0,04 
0,04 
0,00 
0.04 
0.05 
0.02 
0,05 
0,04 
0,05 
0,05 
0,02 
0,02 
0,02 
0,02 
0,05 
0,00 
0.12 
0,54 
0,00 
0,02 
0.11 
0.05 
0.01 
0.04 
0.95 
0.00 

0.07 
0.07 
0.07 
0.03 
0,03 
0.03 
0.06 
0.08 
0.03 
0,07 
0,05 
0,06 
0,03 
0,03 
0.03 
0,03 
0,00 
0,03 
0,07 
0.06 
0.05 
0.04 
0,03 
0.03 
0,03 
0,00 
0.07 
0,05 
0,04 
0,07 
0.04 
0,03 
0,03 
0,03 
0,06 
0,06 
0,04 
0.05 
0.04 
0.04 
0.04 
0,03 
0,03 
0,04 
0,04 
0,05 
0,07 
0,07 
0,07 
0,05 
0,04 
0,04 
0,03 
0,03 
0,03 
0,03 
0.03 
0.03 

0,01 
0,03 
0.00 
0,02 
0,03 
0.12 

-0.02 
0.00 
0,01 
0,01 
0,04 
0.00 
0,02 
0,02 
0,02 
0,06 
0,00 
0.01 
0.01 
0.02 
0.01 
0.02 
0.02 
0.02 
0.18 
0,00 
0,01 
0,02 
«,06 
0,01 
0,02 
0,02 
0,02 
0,02 
0,02 
0.02 
0.03 
0.02 
0.05 
0.03 
0,02 
0.04 
0,04 
0,05 
0,04 
0,03 
0,00 
0.02 
0,00 
0.17 
0,02 
0,01 
0.04 
0.08 
0.02 
0.00 
1.18 
0.00 

0.00 1 
0.00 1 
0.00 1 
0.01 1 
0.04 1 

-0.05 1 
-0.01 1 
0.00 1 
0.00 1 
0.00 ! 
0.01 1 
0,00 1 
0,01 1 
0,01 1 
0,06 1 
0,03 ! 
0,00 i 
0,00 ! 
0.00 ! 
0,00 1 
0.00 1 
0.01 1 
0.01 1 
0,10 1 
0,06 1 
0,00 1 
0,00 1 
0,01 1 
0.01 1 
0,00 1 
0,01 1 
0.01 1 
0,01 1 
0.03 1 
0.00 1 
0.00 1 
0,01 1 

,0,01 1 
0,02 1 
0,01 1 
0.02 i 
0,03 1 
0,05 1 
0,04 1 
0,01 1 
0,00 1 
0,00 I 
0,00 1 
0,01 1 
0,04 1 
0.00 1 
0,01 i 
0,03 1 
0.04 1 
0.00 1 
0.05 1 
0.14 1 
0.00 ! 



79 
SO 

0.00 
0.00 

0.14 
0.00 

0.04 
0.00 

0,02 

DATA RESOLUTION MATRIX 

1 
7 
7 w 

4 

9 
10 
11 
12 
15 
14 
15 
16 
17 
18 
19 
20 
21 
77 

23 
24 

28 
29 
50 
31 
32 
33 
34 
35 
36 
57 
58 
59 
40 
41 
42 
45 
44 
45 
46 
47 
48 
49 
50 
51 

.,(171-2) 

0,04 
0.05 
0.03 
0.03 
0.03 
0.03 
0.02 
0,02 
0,01 
0.02 
0,02 
0 ,03 
0,04 
0,00 
0,00 
0.03 
0,02 
0,01 
0,01 
0,01 
0.01 
0,01 
0,01 
0,01 
0,01 
0,01 
0,02 
0 ,03 
0,00 
0.00 
0,02 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0,01 
0,02 
0.00 
0,00 
0.01 
0,02 
0.02 
0.02 

0.06 
0.04 
0.04 
0.03 
0.04 
0.04 
0,03 
0,02 
0,02 
0,02 
0,03 
0,04 
0.04 
0.04 
0.00 
0.05 
0.02 
0,02 
0,02 
0.02 
0,02 
0,01 
0.01 
0.01 
0,01 
0.02 
0,02 
0,03 
0,03 
0,00 
0.04 
0.02 
0,01 
0,01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0,02 
0,05 
0,00 
0.02 
0.03 
0.04 
0.03 
0.06 

( I ? I ) 
0.09 
0.05 
0.05 
0,04 
0,04 
0,04 
0,03 
0,02 
0,02 
0,02 
0,03 
0,04 
0,05 
0,04 
0,04 
0,07 
0,03 
0,02 
0.02 
0.02 
0,02 
0,01 
0,01 
0,01 
0,01 
0,02 
0,03 
0.04 
0.04 
0.04 
0,05 
0,02 
0,01 
0,01 
0,02 
0,01 
0,01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.02 
0.04 
0.09 
0,01 
0,06 
0,05 
0,04 
0,08 
0.04 

0,05 
0,04 
0,03 
0,03 
0,04 
0,05 
0,02 
0,01 
0,02 
0.02 
0,05 
0,04 
0,04 
0.03 
0.00 
0,02 
0,02 
0,02 
0.02 
0,02 
0,01 
0,01 
0,01 
0.01 
0.01 
0.02 
0.03 
0.03 
0.03 
0.00 
0,02 
0.01 
0,01 
0,01 
0,01 
0,01 
0,01 
0,01 
0,01 
0,01 
0,01 
0.02 
0.04 
0.07 
0.00 
0.04 
0.03 
0.04 
0.04 
0.03 
0.04 

(I?I-f2): 
0,03 
0,02 
0,02 
0,03 
0,02 
0,01 
0.01 
0,01 
0,02 
0,03 
0.03 
0.03 
0 .03 
0.00 
0.00 
0.01 
0.01 
0.01 
0.01 
0,01 
0,01 
0,01 
0,01 
0.01 
0.02 
0.02 
0,03 
0,03 
0,00 
0,00 

. 0 , 0 1 
0.01 
0,01 
0,01 
0,01 
0,01 
0,00 
0,00 
0,01 
0,01 
0,01 
0,03 
0,04 
0,00 
0,00 
0.01 
0.01 
0.02 
0.02 
0.02 
0.03 



52 1 
53 
54 ! 
55 
56 1 
57 
58 
59 
60 
61 
62 
65 
64 
65 
66 
67 
68 
69 
70 
71 
72 
75 
74 
75 
76 
77 
78 
79 
30 
31 
82 
85 
84 
35 
86 
37 
88 
39 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
107 
108 
109 

0.03 
0.02 
0.03 
0.05 
0,04 
0,00 
0,00 
0.01 
0,01 
0,00 
0,00 
0.00 
0.02 
0.01 
0.02 

i 0.02 
0.02 
0.02 
0.04 

i 0.03 
0.01 

1 0.00 
0,01 

i 0.01 
1 0.00 
1 0,00 
1 0,00 
1 0,03 
1 0,01 
1 0,02 
! 0.02 
1 0.01 

0.01 
1 0,03 

0,03 
1 0,01 
1 0,01 
1 0,01 
I 0,01 
1 0,00 
1 0,00 
1 0,01 
1 0,05 
1 0,03 
1 0,05 
1 0,03 
1 0,02 
1 0,02 

0.02 
1 0.02 
1 0.01 
1 0,01 

0,01 
1 0,01 
1 0,00 
1 0,00 
1 0,02 
! 0.10 

0.04 
0.04 
0,08 
0,04 
0,01 
0,01 
0,01 
0.01 
0.04 
0.00 
0.01 
0.03 
0.03 
0.02 
0.05 
0.05 
0.02 
0,06 
0,05 
0,01 
0,00 
0,01 
0,01 
0,03 
0,00 
0,01 
0,03 
0,04 
0.03 
0.04 
0.02 
0.02 
0,05 
0,03 
0.01 
0.01 
0.01 
0.01 
0,01 
0,00 
0,01 
0.04 
0.06 
0.06 
0,05 
0,04 
0,03 
0.03 
0.02 
0.01 
0.01 
0.01 
0.01 
0.01 

0.00 
0.01 
0.10 
0.06 

0,05 
0.03 
0,05 
0.01 
0.01 
0,01 
0,01 
0,04 
0,10 
0.01 
0.05 
0.03 
0,03 
0.05 
0.02 
0.03 
0.06 
0.04 
0.01 
0.00 
0,01 
0,01 
0,02 
0,05 
0,01 
0,03 
0,04 
0,04 
0,05 
0,02 
0.02 
0.06 
0,04 
0,01 
0,01 
0,01 
0.01 
0.01 
0,02 
0,00 
0,03 
0,06 
0,07 
0,06 
0.04 
0.04 
0.03 
0,02 
0,01 
0.01 
0.01 
0.01 
0,01 
0,02 

0,01 
0,08 
0.06 
0,06 

0.05 
0.04 
0.00 
0.00 
Q.Ol 
0,01 
0.03 
0.08 
0,00 
0.03 
0,01 
0,03 
0.02 
0,02 
0,02 
0,04 
0,03 
0,00 
0.00 
0.01 
0.01 
0.02 
0.04 
0.01 
0.04 
0.01 
0,03 
0,02 
0,02 
0,01 
0.04 
0.03 
0.01 
0.01 
0.01 
0.01 
0,01 
0.02 
0.01 
0.02 
0.01 
0.05 
0.03 
0.03 
0.03 
0.05 
0.02 
0,01 
0,01 
0,01 
0,01 
0,01 
0,02 
0,01 

0,05 
0,02 
0,05 
0.01 

0.02 1 
0.00 1 
0,00 ! 
0.01 1 
0.01 1 
0.02 1 
0,05 ! 
0,00 i 
0,01 I 
0,01 1 
0,01 1 
0,01 1 
0,01 1 
0,01 1 
0,02 ! 
0,02 1 
0,00 ! 
0,00 1 
0,00 1 
0.01 1 
0.02 1 
0,03 1 
0,01 1 
0,05 1 
0,00 1 
0,01 1 
0,01 1 
0,01 1 
0,01 1 
0.02 1 
0.02 1 
0.00 i 
0,00 1 
0,01 1 
0,01 1 
0,01 ! 
0,01 1 
0,01 1 
0.05 1 
0,01 1 
0.01 1 
0,01 1 
0,01 1 
0,01 1 
0.02 1 
0.01 1 
0.01 ! 
0,01 i 
0.01 i 
0.01 1 
0.01 1 
0.02 1 
0,01 1 
0,05 1 

0,01 1 
0,02 1 
0,01 1 
0.01 1 



no 1 
ill i 
112 I 
113'i 
114 I 
115 I 
116 I 
117 I 
lis I 
119 1 
120 1 

0.03 
0,04 
0,01 
0,01 
0,02 
0,05 
0,04 
0,02 
0,02 
0,02 
0,02 

0.04 
0.01 
0.02 
0.02 
0.03 
0.05 
0.02 
0.02 
0.02 
0.02 
0.02 

0.01 
0.02 
0.02 
0.03 
0.06 
0.02 
0.02 
0.02 
0.02 
0.02 
0.03 

0,01 
0.02 
0.05 
0,06 
0,02 
0,02 
0,02 
0,02 
0,02 
0,03 

0,01 1 
0,03 1 
0,03 1 
0,01 1 
0.01 1 
0.01 1 
0.02 1 
0.02 1 
0.02 1 

COVARIANCE MATRIX 

1 I 
2 1 
3 I 
4 I 
5 I 
6 I 
7 I 
8.1 
9 I 

10 I 
1 1 I 
12 I 
13 I 
14 I 
15 I 
16 I 
17 I 
18 1 
19 I 
20 I 
21 I 
77 I 

23 I 
24 1 
25 I 
26 I 
27 I 
28 I 
29 I 
30 I 
31 I 
32 1 
33 I 
34 I 
35 I 
36 I 
37 I 
38 I 
39 I 
40 I 
41 ( 
42 I 

...(l7l-2) 

0.17E+01 
0 , 4 1 E T 0 2 

0,72EI02 
0,17E-f03 
0,15E+02 
0.74E+01 
O.lOE+03 

-0,60E+01 
-0.23E+02 
0,10Ef02 
0,46Ef02 
0,60E+02 
0,17E+03 
0,16E+03 
-0,22E-F02 
0.69E+01 
-0,54E-f01 
-0,15E+01 
-0,14E+01 
-0,17E-f01 
-0,28E401 
0,43E•^02 
0.55E-f02 
0.32E+02 
-0.15E+01 
-0.59E+01 
-0.23E+01 
-0.43E+00 
0.23E+01 

-0.32E+01 
0.74E-f02 
0.55E+02 
0.16E-f03 
0.19E+03 
0.30E+00 
0.41E+01 

-0.43E-01 
~0.74EIOO 
-0.34E+01 
0.35E+02 

0,39Ei02 
0,57E-F02 
0,llEi05 
0,26Ei03 
0,35E+03 
0,12E+05 
0,S6Ei02 
0,16E+05 

-O.llE+02 
0,59E-f02 
0,76EI02 
0,11E-F03 
0.20E-!-03 
0,34E+03 
0,25E+03 
0,31E+02 
0,54E-l-02 

-0,21E-f01 
0,74E401 
0,48Ef01 
0.6SE-F01 
0.75Ef01 
0.77E+02 
0.34E-f05 
0.12E+05 
O.S3E-f02 
-0.21E+01 
0.34E-F01 
0.68E-F01 
0.24E+02 
0.20E+02 
0.76E+02 
0.31E+03 
0.25E+03 
0.42E+03 
0,31E+00 
0,74E-01 
0,30E+01 
0,17E+02 
0,27EI02 
0.11Ei03 

(17 I) 
0.66Ei02 
O.IOEK'3 
O.lOE-i-03 
0,23E+03 
0,42E-)-05 
0,59E403 
0,13E+03 
0.10E403 
0,60E-f03 
0.78E+02 
0.13E+03 
0,15E+03 
0,19E+03 
0,35E+03 
0,40E+03 
0,25E-l-03 
0,13E-f03 
0,66E+02 
0,30E-f02 
0.25Ei02 
0,27E-f02 
0,35E-i-02 
0,27E+02 
0,41E-f03 
0,34E-f03 
0.25E+03 
0.66E+02 
O.llE+02 
0 . 1 9 E T 0 2 

0.32E-f02 
0.71E-f02 
0.39E402 
0.34E+05 
0.35E-f03 
0.32E-I-03 
0.63E+03 
0.19E-01 
0,15EI02 
0.37E+02 
0.56E-f02 
0.75E-f02 
0.29E+03 

0.39E-f02 
0.57E402 
O.llE-i-03 
0,26E+03 
0,35E+03 
0,12E-f03 
0,S6E+02 
0,16E+03 
-0,llE+02 
0.59E+02 
0.76E+02 
0,llE+03 
0,20Ei03 
0,34E+03 
0,25E+03 
0,SlE+02 
0,54E+02 
•0.21E+01 
0.74E4-01 
0.48E+01 
0.63EI01 
0.75E-I-01 
0.77E+02 
0.34E+03 
0.12E+03 
0.83E+02 
-0.21E-f01 
0.34E401 
0.68E-i-01 
0.24E-f02 
0,20E+02 
0,76E-f02 
0,31E-!-03 
0,25E+03 
0,42E-f05 
0.51Ef00 
0,74E-01 
0,S0E+01 
0,17E+02 
0,27E+02 
0,llE+03 
0,2SE+03 

0,17E-!-01 
0,41Ei02 
0,72E402 
0,17E-F03 
0,15E-f02 
0,74E401 
0,10E-F03 

-0,60E-f01 
-0,23E-l-02 
0,10Ei02 
0.46E+02 
0,60E4-02 
0.17Ei03 
0,16E-i-03 

-0,22E+02 
0,69E+01 
-0,54E-f01 
-0.15E+01 
-0.14E-F01 
-O.nEiOl 
-0.28EI01 
0,43E-!-02 
0,55E-F02 
0,32E402 
-0.15E+01 
-0,59E-f01 
-0,23E+01 
-0.43E400 
0.23E+01 

-0.32E+01 
0.74E-i-02 
0.55E+02 
0.i6E-F03 
0.19E+05 
0.50Ef00 
0.41E+01 
-0.43E-01 
-0.74E400 
-0.34E-i-01 
0.35E+02 
0.77E+02 
0.19E-f03 



43 I 
44 1 
45 I 
46 i 
47 I 
48 ! 
49 I 
50 I 
51 I 
•52 I 
53 I 
54 I 
55 ! 
56 I 
57 I 
58 I 
59 i 
60 ! 
61 I 
62 I 
63 1 
64 I 
65 I 
66 I 
67 i 
68 I 
69 I 
70 1 
71 I 
72 I 
73 I 
74 I 
75 I 
76 I 
77 I 
78 I 
79 I 
80 I 

0.77E-f02 
0.19E-1-03 
0.2SE-i-03 
0.49E-f00 
0.23E-F02 
0.96E+00 
0.4SE+02 
-0,52E-!-02 
0,24Ei05 
0,76E-i-02 
0,35EI03 
0,47Ei03 
-0,14E400 
-0,25E401 
0,40Ei01 
-0,10E-i-01 
0,52E+01 
0.17E+02 
0,41E-l-02 
0.78Ei02 
0,37E+02 
0.53E-f02 
0,56E+02 
0,S6E+02 
0,14E-f03 
0,13E-f01 
0,17E-!-02 
0.34EI03 
0.44E+02 
0,21E+03 
0,17E-i-03 
0.15E+03 
0.25E+03 
0,25E+03 
0,37E-l-04 
0,16E+03 
0.16E+06 
0.25E+03 

0.2SE+03 
0.50E-i-05 
0.61E-f03 
O.S3E-fOO 
0.25E-f00 
0.63E+02 
0.38E+03 
0.22E-i-02 
0.12E-F03 
0.42E-f05 
0,50E-f03 
0,39E403 
0,31Ef01 
0,11E402 
0,22E-f02 
0,16E402 
0,33E-f02 
0.73E-!-02 
0,10E-!-03 
O.llE+03 
0,13E+03 
0,96E-f02 
0.33E+02 
0,90E-i-02 
0,45E+03 
0,15E+01 
0,40E+02 
0,12E+04 
0,llE+04 
0,42E402 
0,21E-f03 
0,79E+03 
0,24E-F03 
0,llE+03 
0,S3Ef04 
0,11EI05 
0.36E-f04 
0.43E404 

0.32E+03 
0.45E403 
0.97E+03 
0.19E-01 
0.30E+02 
0.40E-f03 
0 . 4 6 E T 0 3 

O.SlEi02 
0,45E403 
0 , 4 9 E T 0 3 

0.72E+03 
0,13E-}-04 
0.31E402 
0,35E+02 
0,48E-fO2 
0,43E-f02 
0,67E402 
0,12E403 
0,12E+03 
0.17E+03 
0,15E+03 
O.llE-i-03 
0,10E-l-03 
0,21E+03 
0.16E-f04 
0,29E-f02 
0,18E-f03 
0,16E-i-05 
0,16E-f03 
0,77E+02 
0,10E+04 
0,71E+03 
0,97E+02 
0,17E+05 
0,52E-!-06 
0,26E+03 
0,59E+05 
0,35E+03 

0,30Ei03 
0,61E-J-05 
0,33E+00 
0,25E-f00 
0,68E.-f02 
0.38E-f03 
0.22E402 
0.12E+03 
0.42E-f03 
0,50E-^Q3 
0.39E+03 
0.31E401 
0.11Ei02 
0,22E+02 
0,16E•^02 
0.33E+02 
0.73E-f02 
0.10E-t03 
O.llE+03 
0.13Ei03 
0,96E-l-02 
0,83E+02 
0.90E+02 
0.45Ei03 
0,15E+01 
0,40E+02 
0.12E-f04 
0,11EI04 
0,42E402 
0,21E-f03 
0,79E+03 
0,24E+03 
O.llE+03 
0,83E404 
O.llE+05 
0,36E+04 
0,43E-f04 

0,2SE-!-05 
0,49EK'0 
0,28Ei02 
0,96Ei00 
0,43E-f02 

-0,32Ef02 
0.24E-1-03 
0,76E+02 
0,35E403 
0,47E-l-03 
-0,14E-f00 
-0.25Ei01 
0.40E+01 

-O.lOE+01 
0.32E+01 
0.17E-f02 
0.41E+02 
0,78E+Q2 
0,37E+02 
0,58E+02 
0,56E-f02 
0,36E+02 
0,14E-f03 
0.13E+01 
0,17E-f02 
0,34E+03 
0,44E+02 
0,21E+03 
0.17E-1-03 
0,15E-!-03 
0,25Ei03 
0,25E+03 
0,37E+04 
0,16E-!-03 
0,16E-f06 
0,25E+03 

CORRELATION MATRIX 

1 I 
2 1 
3 I 
4 i 
5 I 
6 I 
7 I 
8 1 
9 I 
10 I 
1 1 I 
12 I 
13 I 
14 I 
15 I 

?I-2) 

0,02 
0.26 
0.34 
0,55 
0,05 
0.04 
0,31 
0.07 
0.09 
0.10 
0,30 
0,30 
0,61 

0,48 
0,56 
0.69 
0.34 
0.37 
0.46 
0.63 
0,67 

-0 ,05 
0,60 
0,60 
0,69 
0,31 
0,93 

( I ? I ) 
1,00 
1,00 
1.00 
1.00 
1,00 
1,00 
1,00 
1,00 
1,00 
1,00 
1,00 
1.00 
1.00 
1.00 
1.00 

0.48 
0.56 
0.69 
0.34 
0.37 
0.46 
0.65 
0.67 

-0 .05 
0.60 
0.60 
0,69 
0.31 
0.95 
0.79 

( l 7 l + 2 ) , . . 
0,02 1 
0,26 1 
0,54 1 
0.55 1 
0.05 1 
0.04 i 
0.31 1 

-0 .07 1 
-0 ,09 i 

0,10 1 
0,30 i 
0.30 1 
0.61 1 
0.58 1 

-0 .09 1 



16 
17 
18 
19 
20 
21 
22 
25 
i. . 

25 
26 
27 
28 
29 
50 
51 
32 
53 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

56 
57 
53 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 

0,58 
•0,09 
0.05 
•0.09 
0.04 
•0.05 
0.06 
•0.10 
6,Z6 
0.53 
0.10 

•0.01 
•0,11 
•0,06 
•0,02 
0,06 

•0,09 
0,47 
0,47 
0,47 
0.40 
0.12 
0.04 

-0.05 
•0.03 
•0.06 
0.28 
0.49 
0.52 
0,51 
0,17 
0,16 
0,35 
0.41 
0.18 
0.52 
0.38 
0.61 
0.59 
0.00 
0,01 
0,10 
0 ,03 
0.06 
0,23 
0,46 
0.54 
0,23 
0,43 
0,46 
0 ,53 
0,54 
0,02 
0,03 
0,50 
0,26 
0.19 
0.43 

0.79 
0.45 
0.53 

-0,0Z 
0.27 
0,19 
0,22 
0,25 
0.74 
0.91 
0.42 
0.65 

-0 .08 
0.24 
0.28 
0.50 
0.37 
0.66 
0.91 
0.75 
0.89 
0.09 
0.14 
0..34 
0.38 
0.43 
0.73 
0.90 
0.80 
0.92 
0.21 
0.34 
0.62 
0.88 
0.11 
0.62 
0.90 
0.34 
0,93 
0.02 
0.33 
0.54 
0.35 
0.62 
0.31 
0.35 
0.74 
0.34 
0.77 
0.79 
0.61 
0.78 
0.01 
0.57 
0.73 
0.68 
0.33 
0.75 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1,00 
1,00 
1,00 
1,00 
1,00 
1,00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1.00 
1,00 
1,00 
1.00 
1.00 
1.00 
1.00 
1,00 
1,00 
1,00 
1,00 
1,00 

0,45 
0,53 

-0 ,05 
0.27 
0.19 
0.22 
0.25 
0.74 
0.91 
0.42 
0.65 

-0 ,03 
0,24 
0,23 
0,50 
0,37 
0,66 
0,91 
0.75 
0,89 
0,09 
0,14 
0,34 
0,33 
0,43 
0.73 
0.90 
0.80 
0.92 
0.21 
0.34 
0.62 
0.38 
0.11 
0.62 
0.90 
0.84 
0.93 
0.02 
0.33 
0.54 
0.35 
0.62 
0.81 
0.85 
0.74 
0.84 
0.77 
0.79 
0.61 
0.78 
0.01 
0.57 
0.73 
0.68 
0.38 
0,75 
0.93 

0.05 1 
-0 .09 1 
-0 .04 1 
-0 .05 1 
-0 .06 1 
-0 .10 1 
0.36 1 
0,58 1 
.0.10 1 

-0 ,01 1 
- 0 , 1 1 1 
-0 ,06 1 
-0 ,02 1 

0,06 1 
-0 ,09 1 

0,47 1 
0,47 1 
0,47 1 
0,40 1 
0,12 1 
0,04 1 

- 0 , 0 5 I 
- 0 , 0 3 1 
-0 ,06 1 

0.28 1 
0.49 1 
0,52 1 
0 ,51 1 
0,17 1 
0,16 1 
0,35 1 
0,41 1 

-0 ,18 1 
0,52 1 
0,38 1 
0 ,61 1 
0.59 1 

. 0 .00 I 
-0 ,01 ! 

0,10 1 
- 0 . 0 3 1 

0.06 1 
0.23 1 
0.46 i 
0.54 1 
0.28 I 
0.43 i 
0.46 1 
0.58 1 
0,34 1 
0,02 1 
0 ,03 I 
0,50 1 
0.26 1 
0.19 1 
0.43 1 
0.66 1 
0,31 1 



74 

76 

79 I 
80 I 

0.66 
0.31 
0.71 
0.53 
0.74 
0,89 
0.84 

0.93 
0.93 
0.33 
0.37 
0.95 
0,92 
0.96 

1,00 
1,00 
1,00 
1,00 
1,00 
1,00 
1,00 

0,93 
0,33 
0.37 
0,95 
0,92 
0,96 

0,71 1 
0,53 1 
0,74 1 
0,39 i 
0,34 1 



GRAVITY MODEL RESULTING FROM PROGRAM GINDEP 



BLOCK XL XR ZD YMIN YMAX DEN 

1 
2 
u 

4 
5 
6 
7 
3 

10 
11 
12 
13 
14 
15 
16 
17 
13 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
33 
39 
40 
41 
42 
43 
44 
45 
46 
47 
43 
49 
50 
51 
52 
53 
54 
55 
56 

0,0 
500.0 

1000.0 
1500.0 
2000.0 
2500.0 
3000,0 
3500,0 
4000,0 

0,0 
500,0 

1000,0 
1500,0 
2000,0 
2500.0 
3000.0 
3500.0 
4000.0 

0.0 
500.0 

1000.0 
1500.0 
2000.0 
2500.0 
3000,0 
3500,0 
4000,0 

0,0 
500,0 

1000,0 
1500,0 
2000.0 
2500.0 
3000.0 
3500.0 
4000.0 

0 ,6 
500,0 

1000.0 
1500.0 
2000.0 
2500.0 
3000.0 
3500,0 
4000,0 

0 ,0 
500.0 

1000,0 
1500,0 
2000.0 
2500.0 
3000.0 
5500.0 
4000.0 

0 .0 
1000.0 

500.0 
1000,0 
1500.0 
2000.0 
2500.0 
5000.0 
3500.0 
4000,0 
4500.0 

500.0 
1000.0 
1500.0 
2000.0 
2500.0 
3000.0 
3500.0 
4000.0 
4500.0 
500.0 

1000,0 
1500,0 
2000,0 
2500,0 
3000.0 
3500.0 
4000.0 
4500.0 

500.0 
1000.0 
1500.0 
2000.0 
2500.0 
3000.0 
3500.0 
4000.0 
4500.0 
500.0 

1000,0 
1500,0 
2000,0 
2500,0 
3000,0 
3500.0 
4000,0 
4500.0 

500.0 
1000.0 
1500.0 
2000,0 
2500,0 
3000,0 
3500,0 
4000,0 
4500,0 
1000.0 
2000.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0 .0 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0,0 
0,0 
0.0 
0.0 
0 .0 
0 ,0 
0.0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

317.0 
447.0 
474.0 
764.0 

1034.0 
1093.0 
626.0 
465.0 

1195.0 
313.0 
433.0 
449,0 
681,0 
937,0 

1130,0 
1124,0 
655,0 
522,0 
130.0 
152.0 
142.0 
212.0 
169.0 

1165,0 
1540,0 
1124,0 

280,0 
1,0 

100,0 
174,0 
423,0 
224,0 

1068,0 
1319,0 
1462.0 
1607.0 

5.0 
79.0 

205.0 
315.0 
402.0 
967.0 

1217.0 
1503,0 
1701.0 

5.0 
122.0 
574.0 
777.0 
282.0 
955.0 

1172.0 
1461.0 
1654.0 
397.0 
509.0 

0.0 
0,0 
0.0 
0 .0 
0.0 
0.0 
0.0 
0.0 
0.0 

400.0 
400.0 
400.0 
400,0 
400,0 
400,0 
400,0 
400.0 
400,0 
SOO.O 
800.0 
800,0 
800.0 
800.0 
800.0 
800.0 
800.0 

800.0 
1200.0 
1200,0 
1200,0 
1200.0 
1200.0 
1200.0 
1200.0 
1200.0 
1200.0 
1600.0 
1600.0 
1600.0 
1600.0 
1600.0 
1600.0 
1600.0 
1600.0 
1600.0 
2000.0 
2000.0 
2000.0 
2000.0 
2000.0 
2000.0 
2000.0 
2000.0 
2000.0 
-800.0 
-SOO.O 

400.0 
400.0 
400.0 
400.0 
400.0 
400.0 
400,0 
400,0 
400,0 
800,0 
800,0 
800,0 
800,0 
800,0 
300,0 
800,0 
300,0 
300,0 

1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1200,0 
1200,0 

1200,0 
1600,0 
1600,0 
1600,0 
1600,0 
1600,0 
1600.0 
1600.0 
1600.0 
1600.0 
2000.0 
2000.0 
2000.0 
2000.0 
2000.0 
2000.0 
2000.0 
2000,0 
2000,0 
2400,0 
2400,0 
2400,0 
2400,0 
2400,0 
2400,0 
2400,0 
2400,0 
2400.0 

0,0 
0.0 

- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 . 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 , 5 
- 0 , 5 
- 0 . 5 
- 0 . 5 
- 0 , 5 

- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 . 5 
- 0 , 5 
- 0 , 5 
- 0 , 5 
- 0 , 5 
- 0 , 5 
- 0 , 5 
- 0 , 5 
- 0 , 5 
- 0 , 5 
- 0 , 5 
- 0 , 5 
- 0 . 5 
- 0 , 5 



57 
53 
59 
60 
61 
62 
63 
64 
65 
66 

63 
69 
70 
71 
72 
75 
74 
75 
76 
77 
73 
79 
80 

2000.0-
5000.0 
4000.0 
4500.0 
4500.0 
4500.0 
4000.0 
3000,0' 
2000,0 , 
1000.0 ' 

0.0 
-1000.0 
-1000.0 
-1000.0 
1000..0. 
3000,0 
5500.0 
5500.0 
5500.0 
5500.0 
5500,0 
3000,0 
1000,0 
-1000,0 

3000,0 
4000,0 
5500,0 
5500,0 
5500,0 
5500,0 
5500,0 
4000,0 
3000,0 
2000,0 
1000,0 

0,0 
0,0 

1000.0 
3000.0 
5500.0 
7500.0 
7500.0 
7500.0 
7500.0 
7500,0 
5500,0 
3000,0 
1000,0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0,0 
0.0 
0.0 
0.0 
0,0 
0.0 
0.0 
0.0 
0.0 
0,0 
0.0 

940.0 
751.0 
1127.0 
1140.0 
1131.0 
1623.0 
1434.0 
1045.0 
676.0 
533.0 
359.0 
157.0 
251.0 
8.0 

312,0 
474.0 
528.0 
980.0 
1201.0 
1242.0 
31.0 
651.0 
10.0 
2,0 

-800,0 
-300,0 
-800,0 

0,0 
800,0 
1600,0 
2400.0 
2400.0 
2400.0 
2400.0 
2400,0 

0.0 
-800.0 
-2400.0 
-2400.0 
-2400.0 
-2400.0 
-300.0 

0.0 
1600.0 
3200,0 
3200,0 
3200,0 
3200.0 

0,0 
0,0 
0,0 

800,0 
1600,0 
2400,0 
3200,0 
3200,0 
3200,0 
3200,0 
3200,0 
300,0 
0,0 

-800,0 
-300,0 
-300,0 
-800,0 

0,0 
1600,0 
3200,0 
4600,0 
4600,0 
4600,0 
4600,0 

-0,5 
-0 ,5 
-0.5 
-0 ,5 
-0,5 
-0 ,5 
-0.5 
-0 ,5 
-0.5 
-0 ,5 
-0.5 
-0 .5 
-0.5 
-0 .5 
-0,5 
-0 ,5 
-0 .5 
-0 .5 
-0.5 
-0 .5 
-0 .5 



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 



0.0000 
307.3571 
614.7143 
922.0715 
1229.4286 
1536.7853 
1844.1429 
2151.5000 
245S.8572 
2766.2144 
3073.5715 
3380.9237 
3638.2859 
3995.6423 
4303.0000 

0.0000 
307.3574 
614.7144 
922,0713 
1229.4287 
1536.7361 
1344,1431 
2151,5005 
2453.3574 
2766.2148 
3073.5713 
3330.9287 
3633.2856 
3995.6431 
4303.0005 

0.0000 
307.3574 
614.7148 
922.0723 
1229.4287 
1536.7861 
1344.1436 
2151.5010 
2453.8574 
2766.2143 
3073.5723 
3330.9237 
3683.2861 
3995.6436 
4303.0010 

0.0000 
307.3574 
614.7143 
922.0725 
1229.4237 
1556.7861 
1344.1436 
2151.5000 
2453.3574 
2766.2139 
3073.5713 
3330,9237 
3633.2361 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0,0000 
0.0000 
0.0000 

. 0.0000 
0.0000 

- O.GOOO 
0.0000 

. 0.0000 
301.1429 
301.1429 
301.1429 
301.1429 
301.1429 
301.1429 
301.1429 
301.1429 
301.1429 
301.1429 
301,1429 
301,1429 
301,1429 
301.1429 
301,1429 
602.2357 
602,2357 
602,2857 
602.2357 
602.2857 
602.2357 
602.2857 
602,2857 
602.2857 
602.2857 
602.2857 
602.2357 
602.2857 
602.2357 
602.2857 
903.4236 
903.4286 
903.4286 
903.4286 
903.4236 
903.4286 
903.4236 
903.4286 
903,4286 
903,4286 
903.4286 
903.4286 
903.4236 

-5.8740 
-7.0459 
-7.9690 
-3.3553 
-9.3378 
-10.9447 
-12.1266 
-13.2644 
-14.1541 
-14.6827 
-14.3982 
-14,9224 
-15,1024 
-15,5397 
-16,1702 
-5,4494 
-6,7381 
-7.3544 
-8.7737 
-9.7521 

-10.9729 
-12.2527 
-13.4486 
-14.4725 
-15.1894 
-15,5249 
-15.5128 
-15.5607 
-15.7398 
-16.3271 
-4.9503 
-6.2159 
-7,1967 
-8,0655 
-8.9996 
-10.2136 
-11.5176 
-12.7377 
-14.1458 
-15.5385 
-15.9946 
-16.1334 
-16,1754 
-16,0446 
-16.5169 
-3.1602 
-4.7537 
-5.6535 
-6.4016 
-7.2627 
-8.6379 
-10.0039 
-11,1852 
-15.1592 

-15.5021 
-16.5761 
-16.8767 
-16.9591 



3995.6436 
4503.0010 

0.0000 
307.3574 
614.7148 
922.0723 

1229.4297 
1536.7371 
1344.1445 
2151.5020 
2458.3574 
2766.2143 
3073.5723 
3530,9297 
3633,2371 
3995,6445 
4303,0020 

0,0000 
307,5574 
614,7143 
922.0725 

1229,4297 
1556,7871 
1344.1445 
2151.5000 
2453.8574 
2766.2143 
5073.5723 
3330.9297 
3633.2871 
3995.6445 
4303.0000 

0.0000 
307.5574 
614.7148 
922.0725 

1229.4297 
1-556.7371 
1344.1445 
2151.5000 
2453.8574 
2766.2143 
3073.5725 
5530.9297 
3688.2871 
5995,6445 
4303,0000 

0,0000 
507.5574 
614.7143 
922.0705 

1229.4297 
1556.7852 
1344.1445 
2151.5000 
2453.3594 
2766.2143 
5073.5703 

903.4286 
903.4236 

1204.5714 
1204.5714 
1204.5714 
1204.5714 
1204.5714 
1204,5714 
1204.5714 
1204.5714 
1204.5714 
1204.5714 
1204.5714 
1204.5714 
1204.5714 
1204.5714 
1204.5714 
1505.7142 
1505.7142 
1505.7142 
1505.7142 
1505.7142 
1505.7142 
1505.7142 
1505,7142 
1505,7142 
1505.7142 
1505.7142 
1505.7142 
1505.7142 
1505.7142 
1505,7142 
1806.3572 
1806.3572 
1806.8572 
1306.3572 
1806,8572 
1806.8572 
1306.8572 
1306.3572 
1806.8572 
1806.3572 
1306.8572 
1306.8572 
1806.8572 
1806.3572 
1806.8572 
2108.0000 
2108.0000 
2108.0000 
2108.0000 
2103.0000 
2103.0000 
2103.0000 
2108.0000 
2103.0000 
2103.0000 
2103.0000 

-16.6535 
-16.7412 
- l i 9 4 3 3 
- 1 OTO-l 
.. , / w > J. 

-4 .3366 
-5.2510 
-6.4444 
-3 .0153 
-9 .4425 

-10.5078 
-12.6557 
-15.1534 
-16,6148 
-17,3890 
-17.7050 
-17.6635 
-17.7936 

-1.2910 
-1 .3008 
-3.6760 
-4.3477 
-6.4975 
-8 .2033 
-9.'6740 

-10.7895 
-12.7936 
-15.1373 
-16.7176 
-17.6990 
-13.2715 
-18.5825 
-18,3564 
-1 ,2738 
-1.8190 
-3.5592 
-4.9820 
-7.0657 
-3.6319 
-9 .9561 

-11.2059 
-13.0137 
-15.0599 
-16.6315 
-17.7198 
-13.4659 
-13.9664 
-19.3214 

-1.4570 
-2.1694 
-4.2976 
-5.9754 
-8.1765 
-9.5257 

-10.4637 
-11.3290 
-12.3944 
-14.8028 
-16.3243 



3380,9297 2108.0000 -17.4607 
3638.2852 2108.0000 -13.3123 
3995.6445 2108.0000 -18.8927 
4303.0000 2103.0000 -19.2907 


