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5330 Yates Graham "AKB" State No. 2 682839 51 7 800 22 31 2 
5331 Yates Graham "AKBn State No. 1 682828 51 91 1 3 22 31 2 
5332 Yates Flora "AKF" State No. 2 680200 516400 22 3 1 2 
5333 Pogo State 2 No. 2 680850 51 5250 22 31 2 
5334 Pogo State 2 No. 1 682863 514819 22 3 1 2 
5335 Blyon McKnigtrt & Tmpom Campana No. 1 657463 51 761 5 22 31 6 

7 

5336 Yates Llama "ALL" Federal No. 1 657789 509389 22 3 1 7 
1149 DOE 2 1 667317 509876 22 31 8 
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5385 P O ~ O  Prize Federal No. 4 709089 497007 22 32 27 
5386 Pogo Prize Federal No. 5 7091 76 498222 22 32 27 
5387 Pogo Exxon Federal 27-2 70921 2 494256 22 32 27 
5216 Pogo Red Tank 28 Federal No. 3 702247 498452 22 32 28 
5389 Pogo Red Tank "28" Federal No. 1 704225 498483 22 32 28 
5217 Bass Penv Federal No. 1 692059 492737 22 32 3 1 

5236 Dual Hudson Federal No. 1 731 330 51 421 3 22 33 9 
1632 Getty Oil Company Getty Federal 15 No. 1 739420 50641 4 22 33 15 
5399 Getty Federal 15 No. 1 739333 506351 22 33 15 
5400 Getty Federal 15 Corn "6" No. 1 738013 508991 22 33 15 
5237 Pogo EBR Federal No. 1 7261 23 506282 22 33 17 
5234 Pogo State NBR No. 2 7221 46 507594 22 33 18 
5235 Pogo State NBR No. 1 723492 506273 22 33 18 
5233 Santa Fe Bootleg ~ i d g e  19 State No. 1 721 31 3 503308 22 33 19 
5401 Collins 8 Ware White Lightning Federal No. 1 724872 500986 22 33 19 
1633 Davis and Collins Conoco Federal #1 72624& 502380 22 33 20 
5232 Davis & Collins Conoco Federal No. 1 7261 70 502337 22 33 1 20 
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Dennis W. 'POWers, Ph.D. 
Consulting Ged@st 

Task 1, AP-088 April 17,2002 

UTM Coordinates from Corpscon for Selected Dnllhola Compared to UTM Coordinates 
in Gonzales (1989) 

Input File: Source Data h m  Gonzales (1 9891, Table.3-6 

Drillhole name State X StateY 
H-0 1 666500 49799 1 
H - 5 ~  677878 508 198 
H-7c 648766 475035 
H-12 678079 477535 

Output file from Corpscon 

SOFTWARE: Cotpsconfur Windows 5.1 1.08 
Horizontal Datum: UTM, NAD27 
Horizontal Zone: 13 
Horizontd Units: Meters 

Drillhole name UTM X UTMY 
H-0 1 613455.71451 3581670.49190 
H - 5 ~  616903.65952 3584802.58362 
H-7~ 608095.03789 3574641.2&770 
H-12 617023.10812 3575458.69646 

UTM Data fiom Gonzales (1 9&9), Table 3 -7 

- Drillhole name m X  UTMY 
M-0 1 613423 3581684 
H - 5 ~  6 1 6903 3 584802 
H - 7 ~  608095 3 574640 
H-12 6 17023 3575452 
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Dennis W. Powers, Ph.D. 
Consulting Geologist 

Task 1, AP488 

Appendix D 
List of Electronic Files Submitted 
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Dennis W. Powers, Ph-D. 
Cwrsufling GeoIwst 

Task 4, AP-088 mril 17, 2002 

The folowing electronic files have been submitted for Task 1 : 

Main report file: Task J An Jysis Report for AP-088 rwised.doc wotd 97) 

Data source table: Task1 Source Data.xls (Excel 97) 
(Separate worksheets for Source Table A and Source Table B) 

Data source table: RustlerHdite.xIs (Excel 97) 
(includes data on position of halite relative to Culebra Dolonnite Member) 

Large format map 5les: Drillhole a) Numbers.pdf (Acrobat 3 .a) 
CuIebra Stmcture.pdf (Acrobat 3.0) 
Salada Dissolution and CulVT Thichess.pdf (Acrobat 3.0) 
Rustler Halite Margins. pdf (Ambat 3.0) 

Information Only 



bnnis W. Powers, Ph.D. 
Consulting Geologist 

Task 1, AP-088 

Appendix E 
User's instructions for Corpscon for Windows 5.11.08 
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September 1997 

U. S. Army Corps of Engineers 
Topographic Engrneering Center 
Alexandria, Virginia 223 1 5 -3 864 



Internal Software Documentation 
and Report 

September 1997 

Version 5.x 

Technical hcumentation 
and 

Operating Instructions 

Geodetic Applications Division 
Topographic Applications Laboratory 

U.S. Army Topographic Engineering Center 
7701 Telegraph Road 

Alexandria, Virginia 22315-3864 
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1~e')l.l Background 

* The National Geodetic Survey has developed three programs called Nadcon (North American 
l%i.tum Conversion), Vertmn (Vertical Conversion) and Geoid96. Nadcon prqvides consi-t 
resilts when coflvert~ng to and &om theNorth ~ t n k i c a n ~ a t u m  OF I 683 ( ~ ~ 9 8 3 )  and  the^ orih 
American Vertical Datum of 1988 (NAW88). Nadcon converts coordinates between NAD83 
and the foI1owing datums; YADZT, Old Hawaiian Datum, herto Rico Datum, St. George 1 sland 
(dash) ~ a h u n ,  St. Padlsland (Alaska) natum and St. hwrencelsland {daska)Daturn. For 
organizational purposes, the latter six datums are referred to as NAD27 within the program. 
yqrtwn converts orthometric heights between National Geodetic Vertical Dahun of 1929 
lJ&VI.l29) and KAW&~. -dgd ddstes ihe separat;on between ihe Geoid and the 
Geodetic Reference System of 1980 (GRS80) ellipsoid. Nadcon, Vertcon, and Geoid96 work 
exclusively in geographical ,coordinates (LatituddLongitude). For information on the accuracies 
o$vertcon rder to Appendh A For more infomflon on the accuracies of &d96 refer to 
Appendix B. 

The U. S. A m y  Topographic Enginemifig Center (TEC) mated a more comprehensive 
program called Cwpscon (Corps Convert), which is based on Nadcon, Vertcun and Geoid96. In 
addition to transformations between NAD83 and NAD27 geographical coordinates, Corpscon 
dso converts between state Rane Coordinates Systems (SP~S),  ~hversd TmnsverseMercator 
0 and geographical mrdinates; thus eliminating several steps in the totd process of 
cony+i,ng between SPCS27, SPCS83, UTM27, and WTM83. Inputs canbe in either geographic 
or SPCSI lhM coordinates ( h i ~ ~ ~ 2 7  k and Y or S i j ~ S 8 3  Northing and ~ a d n ~ ) .  ~ iu ' s  prograin 
can also be used to convert between state plane, geographic, and UTM coordinates on the same 
datum. Corpscon will convert orthometric and ellipsoidal heights in Geagrsphic, State Plane and 
W coordinate systems. 

Corpscan allows conversions based on U.S. Survey and International Feet. As of 1997,19 
states have s p d e d ,  by statute, units of measure for grid coordinates as follows: 

US. Survey Fmt - Califotnia, Colorado, Connecticut, Idaho, Indiana, Kentucky, Maylmd, 
Massachusetts, Mississippi New Mexico, New York North Carolixla, Oklahuma, 
~ e n n s y h h ,  Tennessee,  exa as,  ton and ~ i x o n s & n .  

IntemationaI Survey Foot - Arizona, Michigan, Montana, North Dakota, Oregon, South 
Carolina and Utah. 

Corpscon 5.0 includes conversions based on Ifigh Accuracy Regional Networks (HARRPs). 

The Federal Geodetic Control Subcommittee (FGCS) has adopted NAD83 as the official 

Information Only 



horizontal datum for U. S. surveying and mapping activities performed or financed by the Federal 
Government (Federal Registet I Vol. 54, No. I 13, June 14,1989). The FGCS also statad that 
Nadwn &ti ke the standard conuerdon method for dl' mathematid ~ o r m & o n s  between 
NAD83 and NAD27. For further information reference Engineer Technical Letter No. 
11 10- 1 - 147, Engineehg and Design Conversion to North American Datum of 1983 dated March 
s, 1996. 

* FGCS has &med that NAVD88 shall be the official vertical referenbe datum for the Whited 
States (Federal Register J Vol. 58, No. 120, Jutle 24, 1993). For furthdr information reference 
~ n d n e e r  ~echr;cd h e r  NO. i 3 1 0-1 -1 52, Conversion to the f6orth American ~ d . 4  khlm of 
I 988, dated July 3 1, 1994. 

( 'FC ) 1.2 Coverage 

The current version perfbms NAD27JNAI383 and NAVD881GRS80 conversions for the 
continental U. S. (CONUS), including the 200 mile commercial zone, - _  Alaska, .- . ,  Hawaii, Puerto 
Rico, and t h e ~ : S .  Vinldands. t-t areas ofcowage f o r m s  are Alabama, &on% 
Cal i fha ,  Colorado, Florida, Idaho-Montana, Kentucky, huisiana, Maine, Maryland-Delaware, 
Mississippi, Nebraska, New England (Connecticu~ Massachusetts, New Hampshire, Vermont), 
New ~exico,  Oklahoma, herto kioo-i&@n islands, ?-essee, f exas, &&a, 
Washington-Oregon, Wisconsin and Wyoming. The current version performs 
NGVD29NAVD88 conversions for the continental U.S. only. 

1.3 Accuracy 

Nadcon .and Vertcon transformations between datums ate based on a model of over 250,000 
common stations. Therefore, conversions are approximate and accuracy can vary depending on 
location and proximity to common stations. 

Nadmn-2. I 
The accuracy of  the tsansfomations should be viewed with -some caution. At the, $7 percent 
w&dwce Iwel, thf s method introduces appmimately d. 1 s meter un&ty dtb the 
conterminous United States, 0.50 meter uncertainty within Alaskq 0.20 meter uncertainty within 
Hawaii and 0.05 meter uncertainty *thin Puerto Rico and the U. S. Virgin Islands. Xn areas of - . 
sparse geodetic data coverage7 %doon may yield less accurate rerufts, but seldom h excess oi' i.0 
meter. Transfornations between NAD83 and statedregions with SIigh Amracy Reference 
Networks (HARNs) introduce approximately 0.05 meter uncertainty. Transformations between 
old datums * h 2 ? ,  Cjld Haw& an, i)umo Kim, etc.) and muid d n e  un&Gss 
(i.e. NAD27 to HiWN equals O.15rn + 0.05m = 0.20m). In near ofihore regions, results will be 
less accurate, but seldom in excess of 5 .Q meters, Farther offshore NAD27 undefined. Therefore, 
tjle ~Hdcon computed t ~ s f o m d o n s  are extrapdations and no amracy can be state& 
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Vertcon 2.0 
The Vertcon 2.0 model was computed on May 5,1994 using 38 1,833 datum dffference values. A 
key part ofhe computation procedure was the devilopment ofthe pnd~dlq physical 
components ofthe differences between the NAVD 88 a d  NGVD 29 datums. This included 
models of refraction effects on geodetic leveling, md gravity and elevation influences on the new 
S A ~  Bd datum. Tests ofhe prrdicti've cqi&t1'ity of the modd &ow a 2.0 nn ~2 
agreement at our 38 1,833 data points. For this reason, the Vertcon 2.0 model can be considered 
accurate at the 2 cm (one sigma) level. Since 38 1,833 data values were used to develop the 
corrections to the p B Y ~ c d  model, ~ k o n  2.6 will display even- o v d i  accuracy &an that 
displayed by the uncorrected physical modd. This higher accuracy wiI be particularly noticeable 
in the eastem Waited States: 

2.0 SOURCE OF PROGRAM AND ASSJSTANCE 

To obtaa copies OF& program, contact: 

US. Amy Tqgraphic Engineering Center 
ATIN: CEEC- 
iicii %?-h goad 
Alemciria, Virginia 223 15-3864 
(703) 428-6766 

A go46 [or PE w;th ~S-W?imdowr 5.1, MS-Wmdows95 or %dS-~mdow& and 2 b a  
of hard disk space is required, The CONFIG. SY S N e  must have FILES set to 25. 

4.0 INSTALLATION PROCEDIPRIES 

To install the Corpscon p r o w  from diskette, perform the following steps: 

1. Insert Distribution Disk # 1 in the a: drive of the computer. 
2. Far Windows95, sdect Rzin fiom the St& menu. For Wmdows 3.1, go to the Program 

Manager group box and select File and then Rem. A Run window should appear. 
3.  Snter fa:setup~ in b e  c o d  tine ;tern otthe iiun ~ n d o w .  TiAr shouid idvate  tke 

Corpscon installation window. 
4. Follow the directions on screen to install the program. 
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To install the Corpscon program fiom CD, perform the following steps: 

. .'. . . 
1. insertLminthecomputer. 
2. For Windows95, select Run from the SW menu. For Windows 3.1, go to the Program 

Manager group box and select File and then Rm. A Run window should appear. 
3 .  +Enter 'd:\cwpsca~~hpi in the Command Lime itern oftbe iiun Andow. TGS ihodd 

activate the Corpscon installation window. If the CD-ROM is on a drive other than the 
kl d: ' drive, replace the 'd: ' with the appropriate drive letter. 

6. +dlow the diecti'ons on screen to i n d i  the program. 
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5,0 PROGRAM AND DATA FlLES 

Upon hdadon ,  L fbiodng ;ies%oliia'h l o d ' i n  the &&on ~ueetory (c~brpscan iC 
the default installation was used): 

corpswin.exe 
corp win.  cfg 
utrns.hlp 
geoarew.l'st 
corpswin.& 
geoid96.m 
verlcon.txt 
conus.las 
conus.10~ 
?~awaTi.~a.s 
hawaii-10s 
prvi.las 
pd3os 
vertcone.94 
vertconc.94 
vertmnw. 94 
geoid96ne.g~ 
geoid96nc.geo 
gedidG8nw.geo 
geoid96se.g~ 
geoid96sc.geo 
gecjj:d98sw.geo 
haw96, geo 
prvi96,geo 

If the Aiaska Data Files were installed, the following files should be copied to the destination 
directory (c:\corpscon if the default instauation was used): 

5.1 .LAS/,LOS, .94, and .GE0 Files 
Fjje  with . h a n d  ,los~iemamNadcqtadatafile~, Tbese5l~smssedf~r 
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NAD27NAD83MPGN conversions. Files with -94 &ensions are Vertcon data files. These files 
are used for NGVD29JNAVD88 conversions. File with .gee &ensions are W i d 9 6  files. These 
G~es are used for GR~Bdli;jA%5d@ conversions. 

5.2 Corpseon,CFG File 
When Corpscon is run, the corpscon.cfg fie dl be updated. This He will hold dl ofthe 
c ~ l $ ~ u r ~ o n  i r i h m a h  for the most recent conversion. Inhrmation mdntained includes hput 
and output datums, zones, units, and output file names. 

5.3 Corpscon.lllYI File 
The Corpscan.ini file will be created in the Windows directory by the installation program. The 
Corpscon.ini file contains several variables required for program execution. Each variable holds a 
&ctory name as specifiedbeiow. 

programfiles - directory for all program files (corp&n,exe & utms. hlp) 
nadconfiles - directory for all Nadcon (-1% & .los) files 
vertconf;ies - directory for ali ~ e r t c o n  (.94j des 
geoid9396files - directory for all Geoid96 (.gee) files 
tempfiles - directory where temporary files are created 
configfdes - directory where the confinfiguration ae (corpswik.cf& is stored= 

The Corpscon.kii file also contains descriptions and base filenames of HMW areas. This file may 
be modified to include new or updated HARN files. The format of entries in this file is: 

description= basefilename 

For example, the files used to cover MwyIand and Delaware are mdhpgn-las and mdhpgn.10~. 
The corresponding entry in the Carpscon.ini file is: 

The .]as and .los file errtensions should NOT be included in the filename, The Coqscon.ini Sle 
may be modified by hand using any text editor, or entries may be added by using the UtilitiesIAdd 
New P G N  File option described in Section 6.5.5. 

5.4 Georreas.!st File 
The geoareas,lst file contains a list of all Geoid96 data files. This fle must be psesat or 
corpscon wJ1 default to ashg ~ e o i d $ $  data files. 
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Execute the Corpscon program throught the Start Menu for Windows95 or through the Corpscon 
icon for Windows 3.1. This should open the Copscon Main Window. The Corpswn Window 
codsts offbur items: the Main Menu Bar, the hput Pornat &f&don  box, the Output hmt 
information box, and the Send Data information box. All user interaction is performed through 
the use of the main menu bar. The information boxes are included for reference purposes only. 

The basic procedure for performing a conversion is: 
1. Specify input data information using the Input Data Format menu item. 
2. Specify output data idomtion using the Butput Bata Format menu item. 
3. Specify the devicedfiles to which the data should be sent using the Send Data menu item. 
4. Perform the conversion using the Convert menu item. 

The main rneriu bar consists of six menu items: Convert, Input Format, Output Format, Send 
Data, Utilities, and Help. Each menu item will be explained below. 

6.1 Convert 
The convert menu item has three sub-items: Single Point (Manual Input), Corpscon Batch File, 
and User h i b e d  input Ele. 

6.1.1 ConvertlSingle Point 
The single point sub-item is used to convert a siigEe data paint. When this item is selected, a 
window d l  appear prompting the user to $put relevant information. F'or g6d coordinate 
conversions, the user must enter the Northing and Easting or X and Y values. For geographic 
conversions, the user will need to enter the latitude and longitude. If vertical conversions are 
being performed, the user must aiso enter an elevation value. ~n optionai pkt tame may be 
entered. The user should enter in the appropriate information and press the OK button to 
perform the conversion. If data is to be sent to an output and/or priker file, other windows 
will appear which ~ i i i  &w the spec&cation ofthe names of these output des. if data k to be 
sent to an Output Window, the results of the conversion will appear in a separate window. 

6.1.2 Convett/Co+pscon Batch file 
The Corpscon Batch File sub-item is used to convert files, which are in the standard Corpscon 
Batch File Format. Files in this format may be & by using the Utilities/Budd New 
Corpscon g a d  S i c  ((section 6.3. i) menu hem. fie detaiis of this Ble fbrmat are kciuded 
below. 

Wfim this sub-item is selected, a window will appear prompting the user to select the name of 
the input Corpscon Batch File. The user should select an input filename and press the OK 
button to perfarm the convexsion. If data is to be sent to an output ardor printer file, other 
windows will appear which will allow the specification ofthe m e s  ofthese output files. 3 
data is to be sent to an Output Window, the results of the conversion will appear in a separate 
window. 
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I 
I 
I 6.1.3 Corpscon Batch File Format 

I 
A Corpscon Batch File is an ASCII text fie containing three or four comma-delimited fields. 
For geographic coordinates the fields are: 

I 
1. Point Name 
2. Latitude 
3 .  hngitude 

I 4. Elevation (optional) 

Latitude md longitude values may be in decimal degrees, degrees-decimal minutes, ox degrees- 

I minutes-decimal seconds. hngihtde values have a positive west sign convention. Degree, 
minute, and second values must be separated by a space within the latitude or longitude field. 
The point name is not required, but a I' must appear before the latitude value in order to be 

I accepted as a valid line. The fourth field is required only if vertical conversions are to be 
performed. Below are some examples of valid lines for geographic coordinates: 

u Point 1, 38.01 41 35524,77.253656438,20.2 
Second, 35 25.334554,78 10.2,100.33452 
$ 3 3  iO,V 46 26.600, d 

I Four,39 1 14,93945,76 23 15.85347, 15.6778 

For grid coordinates, the fields are: 

I 1. Point Netme 

I 
2. Easting or X value 
3. Northing or Y vahe 
4.. Elevation (optional) 

I Again, the fourth field is required ody if vertical ~onyersions are to be performed. Below are 
some examples of valid lines for grid coordinates: 

I Point A, 500000.0,2600000.0, 1238.4566 
, 500010,2600400.264, 10.66 

I IYTC, 51 2353.23523,2600234.23453,100.6 

Lines beginning with a ';I or '#' characters in Corpscon Batch Files are interpreted as comment 

I lines. No conversion of data wilt be performed for comment fines. 

6.1.4 ConvedUser Defimed Input File 

I The User D h e d  Input File sub-item is used to convert files in a format which is specified by 

9 

I 
I 
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the user. These files may contain up to six fields and may be comma or space deli-pited. When 
this option is selected, a window will appear prompting the user to specifL the format of the 
input file. At a minimum, the type of data each field will contain and the delimiter of fields 
(comma or space) in the data file must be specified. Ifthe input file contains geographic 
coordinates, the format of these coordinates must also be specified. Geographic coordinates 
may be in decimal degrees, degteesdecimal minutes or degrees-rninutes-decimal seconds. The 
user should specify the format of the input file and press the OK button to continue. The User 
Defined File window and examples of its use are included below. 

After specifidon of the input file fonnat, a window will appear which will allow entry the 
input data file name. The user should enter the name and press the OK button to continue. 

If data is to be sent to an output file, another User Ddned File window will appear which 
allows specification of the format of the output fiIe. The output file may have a different 
format than that ofthe input file. The user should specify the format ofthe output file and 
press the OK button to continue. 

After specification of the output file format, a window will appear which will allow entry of the 
output data file name. The user should enter the name and press the OK button to perForm the 
conversion. If data is to be sent to a printer file, another window will appear which wilI allow 
specification ofthe name of the printer file. If data is to be sent to an Output Window, the 
results of the conversion will appear in a separate window. 

6.1.5 User Defined File Dialog Box 
The User Defined File dialog box consists of two blocks of information: the field 
specifications and other file information, 

The six fields that a user defined file may have are Point Name, NorthinflfLatitude, 
EastingKbngitude, Elevation, Cany Field 1, and Carry Field 2. The Carry Fields act as 
place-holders of extra information which may be induded in the file but is not necessary for the 
conversion. These carry fields can be included in an output file. 

The field delimiter of the file must also be specified. This should be done by selecting commas 
or spaces in the Delimiter drop-down box 

If the input file contains geographic coordinate information, the coordinate fonnat must also be 
specifmi in the Degree Fomat drop down box. V&d formats are decimal degrees, degrees- 
decimal mimes or degrees-minutes-decimal secunds. Geographic coordinates that are in 
degrees-decimal. minutes or degrees-minutes-decimal seconds must have a space between the 
degree-minute and minute-second values in the input file. 

If the user-defined file is to be an output file, header information may be included in the output. 
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Header information wj3l contain data on the output datums, datdtime, and companylproject 
names. These lines will have a ';' sts their leading character which indicates a comment. 

6.2 InputlOlutpnt Format Menu Items 
InputJOutput Format menu items allow the user to select Geographic, UTM, or State Plane 
coordinates on NAD21, NAD83, or WGN. If Geographic coordinates are selected, a window 
will appear which dows the user to specify the vertical datum (NGW29, NAVZ388 or GRSSO) 
and units, 

IfUTM coordinates are selected a window wil appear which prompts the user to inpbt the UTM 
zone, horizontal units, vertical datum (if any) and vertical units. 

If State Plane coordinates are selected, a window will appear which prompts the user to input the 
State Plane zone, horizontal units, vertical datum (ifany) and vertical units. 

If a HPGN conversion is selected a second dialog box will appear prompting the user to selected 
the desired f ~ r  the HPGN qonvmbn! 

A check wiU appear next to the currently selected format. 

6.3 Send Data 
The send data menu items allow the uset to specify where the output data should be sent. Data 
may be sent to an Output Window, Output File, Printer File or to the Printer. Data may be sent to 
more than one device or file. A check will appear next to the sub-item that device or item i s  to 
receive output data. 

6.4 Utilities 
The Utilities menu item has the following sub-items: Bdd Corpscon Batch File, Append Existing 
Corpscon Batch File, View NadmlllVertconlGeoid96 File Status, Degree Conversion and 
Preferences. 

6.4.1 Build Corpscon Batch File 
This sub-item allows the user to create input files in the Corpscon Batch File Famat explained 
in section 6.2.3 above. The user may build geographic or grid files which may or may not 
contain elevation values. 

6.4.2 Append Existing Batch File 
This sub-item allows the user to add points to an existing Corpscon Batch File. 

6.4.3 View Nadcon/Vertcon/Geoid93t96 File Sbtns 
Corpscon requires that w e d  data fles be located and opened srrccessllly in order to 
perform NAI327flrJAIS83 and NGVD2~/NAV1588/GRSgO conversions. This sub-item allows 
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the user to determine which data files have been opened successfully. 

6.4.4 Dkgm Conversion 
This tool allows the user to input a degree value in decimal demes, degrees decimal minutes, 
or degrees minutes decimal seconds. The value is then displayed in an output window in 
decimal degrees, degrtxsdecimal minutes, and degrees-minutes4ecimal seconds. 

6.4.5 Add New HPGN File 
This tool allows the user to add new w updated WGN fles to the program. The user should 
enter the F K ~  description and the base filename. The base filename should NOT Enclude .las or 
-10s extensions. 

6.4.6 ~referencm 
The Preferences dialog box atlows specillcation of a Company and Project name. It also 
allows specification of the Nadcon, Vertcon, and Geoid96 files directories. Grid coordinate 
entry and display may dso be set here. A Northing-Eashg or X-Y display may be selected, 

6.5 Help 
The Help menu item has the following sub-items: WTM Zones, and About The UTM Zones sub- 
item will display information about UTM zones. A diagram displaying approximate UTM zones 
for the continental U. S. is included. The About sub-item will display infomation about the 
program including version number. 
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The following is an excerpt h r n  the Vertcon, Version 2.0, README fik. 

The Vertcon 2-0 Model 
The Vertcon 2.0 model was computed on May 5, 1 994 using 38 I ,833 datum difference valrres. 

A key pat  of the cornpubtion procedure was the development of the predictable, physical 
components of the differences between the NAVD 88 and NGVD 29 datums. 7% included 
models of refraction effects on geodetic leveling, md gravity and elevation influaces on the new 
NAVD 88 datum. Tests of the predictive capability of the physical model show a 2.0 cm RMS 
agreement at our 38 1,833 data points. For this reason, the Vertcon 2.0 model can be considered 
accurate at the 2 cm (one sigma) level. Since 38 1,833 data values were used to develop the 
corrections to the physical model, Vertcon 2.0 will display even better overall accuracy than that 
displayed by the uncorrected physical model. This higher accuracy will be particularly noticeable 
in the eastern United States. 

Using Vertcon 2.0 
It shoutd be emphasized that V&mn 2.0 is a datum transformation model, md can nut maintain 

the fdt vertical control accuracy of geodetic tevel i .  Ideally, one should process level data using 
the latest reduction software and adjust it to established NAVD 88 control. However, Vertcon 
2.0 accuracy is suitable for s variety of mapping and cming purposes. 

The Vertcon 2.0 model expresses datum diff;etetlces between NAMT 88 and NGVD 29 due to 
ternoval of distortions in the level data, as well as due to the physical differences in the height 
systems. In some rare cases, these local NGVD 29 distortions d d  be 20 cm or more. If both 
ends of your old vertical nmq were tied to one of these "problem" hes, then the datum 
difference of the problem line is appropriate to use to transform the survey data. If both ends of a 
vertical survey are tied to "undistorted lines'" f i t h e n  it is appropriate to use a slightly distant p i n t  
to compute the tramfomation, no matter how dose your m e y  data may approach +@ven 
problem line. The possible presmce of a problem NGVD 29 line in the vicinity of your s u m  
will become evident if dramatically different datum transformation values are computed within n 
small area. 

It must dso be emphasiized that Vertcon 2.0 is not to be considered reliable beyond the 
boundaries of the lower 48 United States. The Vertcon program will interpalate values in 
Canada, Mexico, or -h the o c e q  due to the grid structure of the model. Those values do not 
contain important model components present in the conterminous U.S. model. Future versions of 
Vertcun may be extended into neighboring countries. 

The Defense Mapping Agency 
The Defense Mapping Agency @MA) has been of immense help in this endeavor. DMA has 

provided a major portion of the NGS land gravity data set. D m  has dso been instrumental in 
the creation of the various 30" elevation grids in existence. Although the work ofthe DMA 
generally predudes public recognition, their cooperation in this work is gratefully 
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Other Future Plans: 
A continuing development effort is underway to imprave Vertcon results. NGVD 29 normal 

orthometric heights are being analyzed for l o d i d  monument andor crustal motion effects, for 
inconsistent adjustments, and other &ects. Computed height differences that are si@cantIy 
influenced by such effects wifl be flagged and rated for reliability in future versions. 

For More Information 

For Products Available From the National Geodetic Survey: 

National Geodetic hfomtion Center 
NNGS 12, SSMC3-9450 
National Geodetic Survey, NOAA 
13 1 5 East-West Highway 
Silver Spring, MZ3 20910-3282 
Telephone: 301-713-3242 

For Lnfonnation on Vertcon 2.0, and Future Research: 

David B. Zilkoski 
Spatial Reference Systems Division 
NMGSZ, SSMC3-8752 
13 15 East-West Highway 
Silver Spring, MD 2097 0-3282 
Telephone: 3 03 -7 1 3 -3 191 
Fax  302-713-4324 
Internet: daveg@ngs. noaa. gov 
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I 
I 

The fbllowing is an excerpt fiom the GEOD96, Version 3.00, README file. 

I The GEOID96 Modd 
----------- 

I The GEOID% model was computed on October 1,1996 using over 1.8 
million tenrestrid and marine gravity values. The method of computation 

I 
uses a Fast Fourier Transform (FFT) technique to compute the detailed geoid 
structure, which Is then comb'med with an underlying EGM96 geopotentid model. 
The result is a pvirnetrjc geoid height grid with a 2' X 2' spacing in latitude 

I and Iongitude (2' x 4 in Alaska], referred to the Geodetic Reference System 
1980 (GRS 80) normal ellipsoid in an International Terrestrial Reference System 
1 994 (TTW94) *me. Then, by means of NAD 83 GPS ellipsoidal heights on 

I NAW 88 benchmark data, plus known retationships between NAD 83 and the ITRF94 
reference frames, a conversion is applied to generate the h a 1  GE0D96 geoid 
model. This conversion causes the GE0D96 model to be biased relative to a 

I geocentric dipsoid; but, this bias is deliberate. The GEOD96 model was 
developed to support direct conversion between NAD 83 GPS ellipsoidal heights a 
nd NAVD 88 orthometric heights. 

I When camparing the GEOJ1396 model with GPS ellipsoidal heights in the NAD 83 
reference frame and leveling in the NAVD 88 datum, it is seen that GEOID96 has 

I roughly a 3-cm accuracy (one sigma) in the regions of GPS benchmark coverage. 
In those states with sparse (1SOkm-f-1 GPS benchmark coverage, less point accuracy 

I 
may be evident; but relative accuracy at about a 1 to 2 part-per-million Eevd, 
or better, should stdl be obtained. For users with less stringent accuracy 
requirements, simple height conversions with GEOID96 in the conterminous United 

I 
States can be sufficient. For users with more stringent accuracy requirements, 
please see the d o n  entitled "Deriving Orthometric Heights From GPS", later 
in this document. Usem should be awa* that GPS ellipsoid height error, by 

I 
itself, can be significantly greater than e m  in geoid height differences. 

States with Sparse GPS Benchmark Coverage 

I 
" " ~ I ~ I I " - - - I _ _ U C U - - - I - - -  

As of the date of computation of GEOa396, the states with sparse GPS 
benchmark coverage are: Arkansas, IlIinois, Indiana, Iowa, Kansas, Mrmesota, 

I Missouri, North Dakota, South Dakota, and West Virginia. This does not mean 
that the GEOID96 model can not be used in these states. It does menn that 
users may not see the same absolute accuracy when compared to other parts of the 

I United States with denser GPS benchark coverage. As stated above, relative 
accuracy may reach 1-2 PPM, Even so, the major components of the datum 
re1ationships between NAD 83 and NAVD 88 in dl of the lower 48 states have been 

I incorporated into the GEOID96 geoid model, As a rule, one can expect better 
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I 
I 

resuIts with GEOID96, relative to GEOID93, in any part of the United States. 

I 
I 

Alaska, Hawaii, Puer~o Rico and the V~rgin Islands - -- 
It must be emphasized that the GEOID96 models in Alaska, Htwrtii, Puerto 

I 
Rico, and the Virgin Islands were NOT, repeat, NOT computed by incorporating 
a conversion surface based on GPS benchmarks. This was due to a shortage of 
reliable NAD 83 GPS ellipsoidal heights on NAVD 88 benchmarks in these regions. 

I The GEOID96 geoid models provided in these areas are dative to a geocentric, 
GRS80 ellipsoid; as were earlier GEOID93 and GEOD90 models. For this reason, 
users should refer to the section entitled "Deriving Orthometric Heights From 

I GPS'" later in this document. 

Due to poorer data coverage, error estimates for GEOID96 in these regions are 

I larger. Long-wavelength errors may be as large as 4-5 parts-per-million in some 
areas. Particular care must be used in computing heights in the tactoni;cally 
active areas in southern Alaska. Crustal motion may ex& 1 meter even after 

I accounting for the shift of the 1964 Prince William Sound Earthquake. 

The National Imagery and Mapping Agency 

I ----------..ll---IC------I-I 

The National Imagery and Mapping Agency (NIMA), which incorporates the 
formet Defense Mapping Agency @MA), has k e n  of immense help in this 

I endeavor. has provided a major portion of the NGS land gravity data 
set. NIMA has also beem instrumental in the creation of the various 30" and 3" 

I 
elevation grids in existence. And, NIMA was a partner in the joint project 
to compute the new global geopotentid model, EGM96. Atthough the work of the 
N M A  generally precludes public recognition, their cooperation is gratefully 

i ackmow1edgd. 

GSFC/NIMA Geopotentid Model, EGM96 

I 
------LI-I-IIII-llll_I 

The Goddand Space Flight Center (GSFC) md the National Imagery and Mapping 
Agency (NIh4.A) have been engaged in a joint project to compute an improved global ' spherical harmonic model of the Earth's geopotential. This model incorporates 
the latest satellite trackng dab, as well as altimeter data h m  
TOPEXPoseidon, ERS- 1, and the Geosat Geodetic Mission. Em96 dso incorporates 

I new surface and marine gravity data covering the globe, including the former 
Soviet Union. I 

I EGM96 is a global geopotentid model expressed as spherica1 harmonic 
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co&icients complete to degree and order 360. Therefore, the shortest 
wavelength this model can exhibit is one degree, and its resolution is one-half 
degree (about 50 km). Although this model does not reproduce geoid struche 
at very fine resolution, it is global. We thank the many members of the project 
team, for making this model available. 

Deriving Orthometric Heights From GPS 
---------W---------- 

One key problem is deciding which orthometric height datum to use. 
NGVD 29 is not a sea-level datum, and the heights are not true orthometric 
heights. The datum of NAVD 88 is selected to maintain reasonable confomance 
with existing height datwns, and its Hdmert heights are good appraximations 
of true orthometric heights. And, while differentid ellipsoidal heights 
obtained from GPS are precise, they are often expressed in the NAD 83 datum, 
which is not exactly geocentrjc. h addition, GEOID96 rests upon an underlying 
EGM96 global geopotential model, and EGM96 does possess some error of 
commission. 

This leads to a warning: 
Do not expect the dierence of a GPS ellipsoidal height at a point and 

the associated GEOID96 height to exactly match the vertical datum you need. 
The results wit1 be close when converting NAD 83 GPS ellipsoidal heights into 
NAVD 88 elevations; but, maybe not accurate enough for your requirement. 

However, one can combine the precision of differatid carrier phase GPS with 
the precision of GEOID96 height differences, to approach that of leveling. 

Inchsde at least one existing benchmark in your GPS survey (preferably many 
benchmarks). The difference between the published elevation(s) and the 
height obtained from differencing your adopted GPS ellipsoidal height and 
the GEOD96 model, could be considered a 'local orthometric height datum 
correction." If you are surveying an extensive area (1 OW km), and you 
occupy a lot of benchmarks, then you might detect a trend in the comedons 
up to a one part-per-milkon level;. This may be error in the GEOD96 model. 

We do not wrrently consider geoid-corrected GPS orthometric heights as a 
substitute for geodetic leveling in meeting the Federal Geodetic Control 
Subcofnmittee(FGCS) standards for vertical control networks. Studies are 
underway, and many less stringent requirements can be satisfied by geoid 
modeling. Widespread success has been achieved with the p r d i n g  models, 
GEOID93 and GEOID90. 
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Future Plans 
----------- 

A research e&rt is underway to improve gmid height estimates in the 
future, perhaps at the 1 -cm accuracy level. One important direction is 
integrating gravity data with GPS and geodetic leveling measurements, and the 
study of error in GPS ellipsoid heights and in the NAVD88 vertical datum. 
It is likely that this research, in conjunction with the completion of  the 
state upgrade GPS surveys, will yield a signiilcant improvement to our geoid 
model in 1999. 

For More Information 
,,,-,-,-,,,L,,,--, 

For Products Adable  From the National Geodetic Survey: 

Information Services Bmch 
National Geodetic Survey, NOAA, NIPJGS12 
13 1 5 --West Highway, SSMC3, Station 9202 
Silver Spring, MD 2091 0-3282 
301-713-3242 f a  301-7134172 

For Information on GEOD96 and Future Research: 

Dr. Dennis G. Mlbert 
National Geodetic Suney, N O W  N/NGS5 
13 1 5 East-West Sghway, SSIWC3, Station 9349 
Silver Spring, MD 2091 0-3282 
301-713-3202 
Internet: dennis@gs.noaa.gov 

Dr. Dru A Smith 
National Geodetic Survey, NOAA, NINGS5 
1 3 1 5 East-West IFrghway, S SMC3, Station 93 1 6 
Silver Spring, MD 209 1 0-3 282 
301-713-3202 
Internet: dru@ngs.noaa.gov 
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The following is an excerpt from the GEOID96, Version 3.00, README 
file . 

The GEOID96 Model ----------------- 
The GEbID96 model was computed on October 3, 1996 using over 1, 

8 
million t e r res t r ia l  and marine g rav i t y  values. The method of comp 
utation 
uses a Fast Fourier  Transform (FFT) technique to compute the detai 
led geoid 
structure, which is then combined with an underlying EGM96 geopote 
n t i a l  model. 
The r e s u l t  is a gravimetric geoid height grid with a 2 '  X 2 '  spaci 
ng in latitude 
and longitude (2' x 4 ' in Alaska) , ref erred to the  Geodetic Refere 
nce System 
1980 (GRS 80) normal e l l ipso id  in an International Terrestrial Ref 
erence System 
1994 (ITRF94) frame. Then, by means of NAD 83  GPS ellipsoidal hei 
ghts on 
NAVD 88 benchmark data, plus known relationships between NAD 8 3  an 
d the ITRF94 
reference frames, a conversion is applied to generate the final GE 
OID96 geoid 
model. This conversion causes the GEOID96 model to be biased rela 
t i v e  to a 
geocentric ell ipsoid:  but, this bias is deliberate.   he GEOID96 m 
ode1 was 
developed to support direct conversion between,NAD 83 GPS ellipsoi 
dal heights a 
nd NAVD 8 8  orthometric heights. 

When comparing the GEOID96 model with CPS ellipsoidal heights i 
n t h e  NAD 83 
reference frame and leveling in the NAVD 88  datum, it is seen that 
GEOID96 has 
roughly a 3-cm accuracy (one sigma) in the regions of GPS benchmas 
k coverage. 
In those states with sparse (150km+) GPS benchmark coverage, less 
point accuracy 
may be evident; but relative accuracy at about a 1 to 2 part-per-m 
illion level, 
er better, should still be obtained. For users with less stringen 
t accuracy 
requirements, simple height conversions with GEOID96 in the canter 
minous United 
States can be sufficient, For users with more stringent accuracy 
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requiements, 
please see the section entitled "Deriving Orthometric Heights From 

GPSn, l a t e r  
in this document. Users should-be aware that GPS ellipsoid height 

erlforr by 
itself, can be significantly greater than error in geoid height di 

States with Sparse GPS Benchmark Coverage 
----I------------------------------------ 

As of t he  date of computation of GEQID96, the sta tes  with spars 
e GPS 
benchmark coverage are: Arkansas, Illinois, Indiana, Iowa, Kansas 
, Minnesota? 
Missouri, N o ~ t h  Dakota, South Dakota, and West Virginia. This doe 
s not mean 
that the GEOfD96 model can not be used in these states. It does m 
ean that 
users may not see the same absolute accuracy when compared to othe 
r parts of the  
United States with denser GPS benchmark coverage. As stated above 
, relative 
accuracy may reach 1-2 PPM, Even so, the major components of the  
datum 
relationships between NAD 83 and NAVD 88 i n  a l l  of the lower 4 8  st 
ates have been 
incorporated i n t o  the  GEOID96 geoid model. As a rule, one can exp 
ect better 
results with GEOID96, relative to GEOID93, in any par t  of the Uni t  
ed S t a t e s .  

Alaska, Hawaii, Puerto Rico and the Virgin Islands 
_--1_-1__-_1_1_-_-_----------------d-------------d 

Tt must be emphasized that the 'GEOID96 models in Alaska, Rawaii 
, Puerto 
Rico, and the Virgin Islands were NOT, repeat, NOT computed by inc 
orpowating 
a conversion surface based on GBS benchmarks. This was due to a s 
hostage of 
rel iable  NAD 83 GPS ellipsoidal heights on MATO 88 benchmarks in t 
hese regions. 
The GEOID96 geoid models provided in these areas are relative to a 
geocentric, 

GRS80 e l l i p s o i d :  as were earlier GEOID93 and GEOID90 models. For 
t h i s  reason, 
users should refer to the section entitled *Deriving Orthometric H 
eights From 
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GPS", later in this document. 

Due to poorer data coverage, error estimates f a r  GEOID96 in the  
se regions are 
larger. Long-wavelength errors may be as large as 4-5 parts-pkr-rn 
illion in some 
areas. Particular care must be used in computing heights in the t 
ectonically 
active areas in southern AIaska. Crusta l  motion may exceed 1 mete 
r even a f t e r  I 

,accounting f o r  t h e  shift of the 1964 Prince William Sound Earthqua 
ke . 
The National Imagery and Mapping Agency 
-I----l_____t_h-&l-----------d--------- 

The National Imagery and Mapping Agency (NIMA), which incorpora 
t e s  the  
former Defense Mapping Agency (DMA) ,  has been of immense help in t 
his  
endeavor. NIMA has provided a major portion of the NGS land gravi 
ty data 
s e t .  NIMA has also been instrumental in the creation of the vario 
us 30" and 3" 
elevation grids in existence, And, NIMA was a partner in the join 
t project 
to compute the new global geopotential model, EGM96, Although t h e  

work of the 
NTMA generally precludes public recognitlon, their cooperation is 
gratefully 
acknowledged. 

GSFC/NLm Geopotential Model, EGM96 
h-_lll--______l___---->--dd-----.-_-- 

The Goddard Space F l i g h t  Center (GSFC) and the National Xmagery 
and Mapping 

Agericy (NINA) have been engaged in a joint project  to compute an i 
mproved global 
spherical harmonic model of the Earth's geopotential. This model 
incorporates 
the la test  satellite tracking data, as well as altimeter data from 

TOPEX/Peseidon, ERS-1, and the Geosat Geodetic Mission. Em96 als 
o incorporates 
new surface and marine gravity data covering the globe, including 
the  former 
Soviet Union. 

E m 9 6  is a global geopotential model expressed as spherical har 
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monic 
coefficients complete to degree and order 360, Therefore, the sho 
r t e s t  
wavelength this model can exhibi t  is one degree, and its resolutia 
n is one-half 
degree (about 50 hi). Although this model does not reproduce geoi 
d structure 
at very f ine  resolution, it is global. We thank t he  many members 
of the project 
team f o r  making this model available. 

Deriving Orthometric Heights From GPS 
---lll-----lll--l-ll_l----d------------- 

One key problem is deciding which orthometric height datum to u 
se. 
NGVD 29 is not a sea-level datum, and the heights are not true ort 
hometric 
heights. The datum of NAVD 88 is selected to maintain reasonable 
confomance 
with existing height  datums, and its Helmert heights are good appr 
oximations 
of true oxthometric heights. And, while differential ellipsoidal 
heights 
obtained f r o m  GPS are precise, they are often expressed in the  NAD 

83 datum, 
which is not exactly geocentric. In addition, GEOID96 rests upon 
an underlying 
Em96 global geopotentf a1 model, and EGM96 does possess some error 

of 
commission. . 

This leads ta a warning: 
Do not expect the difference of a GPS ellipsoidal height at a p 

oink and 
the  associated GEOID96 height to exactly match the vertical datum 
you need. 
The results will be close when converting NAD 83 GPS ellipsoidal h 
eights into 
NAVD 8 8  elevations; but, maybe not accurate enough for your requir  
ement . 

However, one can combine t he  precision of differential carrier 
phase GPS with 
the precision of GEOID96 height differences, to approach that of 1 

Include at least one existing benchmark in your GPS survey (pre 
ferably  many 
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benchmarks). The difference between the published elevation(s) an 
d the 
height  obtained from differencing your adopted GPS ellipsoidal hei 
ght and 
the GEOID96 model, could be considered a "local oxthometric height 
datum 
correction." If you are surveying an extensive area /1OO+ ha), an 
d you 
occupy a lot of benchmarks, then you might detect a trend in the c 
orrections 
up to a one part-per-million level. This may be error in the GEOI 
D96 model. 

We do not currently consider geoid-corrected GPS orthometric he 
ights as a 
substitute for geodetic leveling in meeting t h e  Federal Geodetic !2 
ontrol 
Subcommittee(FGCS) standards f o r  vertical control networks. Studi 
es are 
underway, and many less stringent requirements can be sa t i s f i ed  by 

geoid 
modeling, Widespread success has been achieved with the preceedin 
g models, 
GEOID93 and GEOIDSO. 

Future Plans 

A research effort is underway to improve geoid height estimates 
in the 

fu ture ,  perhaps at the 1-cm accuracy level, One important directi 
on is 
integrating gravity data with GBS and geodetic leveling measuremen 
ts, and the 
study of error in GPS ellipsoid heights and in the NAVD88 vertical 
datum, 
It is l i k e l y  t h a t  t h i s  research, in conjunction with the completio 
n of the 
state upgrade GPS surveys, will yield a significant improvement to 
our geoid 

model in 1999. 

For More Information .................... 
For Products Available Prom the National Geodetic Survey: 

Information Services Branch 
National Geodetic Survey, NOAA, NSNGS12 
1315 East-West Highway, SSMCJ, Station 9202 
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Silver Spring, MD 20910-3282 
301-713-3242 fax: 301-713-4172 

For Information on GEOID96 and Future Research: 

Dr. Dennis G. Milbert 
National Geodetic Survey, NOAA, M/NGS5 
1315 East-West Highway, SSMC3, Station 9349 
Silver Spring, MD 20910-3282 
301-713-3202 
Internet: dennis@ngs,noaa.gov 

Dr. Dru A. Smith 
National, Geodetic Survey, NOAA, N/MGSS 
1315 East-West Highway, SSKC3, Station 9326 
Silver Spring, MD 20910-3282 
301-713-3202 
Internet: dru@ngs.noaa.gov 

Visit our  web site: 
http://nww,ngs.noaa.gov/GEOID/geoid,html 

B e s t  Wishes! 

README file 9-oct-96 dgm/das 
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Vertcon . 

The following is an excerpt from the VERTCON, Version 2.00, README 
file. 

The VERTCON 2.0 Model 
The VERTCON 2.0 model was computed on May 5, 1994 using 381,833 

da turn 
difference values. A key part of the computation procedure was th 
e 
development of the predictable, physical components of the differe 
nces 
between the NAVD 88 and NGVD 29 datums. This included models of r 
ef raction 
effects on geodetic leveling, and gravity and elevation influences 
on the 
new NAVD 88 datum. Tests of the predictive capability of the phys 
ical 
model show a 2.0 km RMS agreement at our 381,833 data points. For 
this 
reason, the VERTCON 2.0 model can be considered accurate at the 2 

. cm 
* ,  {one sigma) level. Since 381,833 data values were used to develop 

the 
corrections to the physical model, VERTCON 2.0 will display even b . 

etter 
overall accuracy than that displayed by the uncorrected physical m 
odel. This 
higher accuracy will be particularly noticable in the eastern Unit 
ed States. 

Using VERTCON 2.0 
It should be emphasized that VERTCON 2.0 is a datum transformati 

on model, 
and can not maintain the full vertical control accuracy of geodeti 
c leveling. 
Ideally, one should process level data using the latest reduction 
software 
and adjust it to established NAVD 88 control. However, VERTCON 2. 
0 accuracy 
is suitable for a variety of mapping and charting purposes. 

The VERTCON 2.0 model expresses datum differences between NAVD 8 
8 and NGVD 
29 due to removal of distortions in the level data, as well as due 
to the 
physical differences in the height systems. In some rare cases, t 
hese local 
NGVD 29 distortions.could be 20 cm or more. If both ends of your 
old 
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Verteon 

vertical survey were tied to one of these "problemw lines, then th 
e datum 
difference of the problem line is appropriate to use to transform 
the survey 
data. 12 both ends of a vertical survey are tied to "undistorted 
linesn, 
then it is appropriate to use a slightly distant point to compute 
the 
transformation, no matter bow close your survey data may approach 
a given 
problem line. The possible presense of a problem NGVD 29 line in 
t h e  
vicinity of your survey will become evident if dramatically d i f f e r  
ent datum 
transformation values are computed within a small area. 

It must also be emphasized that VERTCON 2.0 is not to be conside 
red 
reliable beyond the boundaries of the lower 48 United States. The 

VERTCON 
program will interpolate values in Canada, Mexico, or in the ocean 
, due 
t o  the grid structure of the model. Those values do not contain i 
mportant 
model components present in the conterminous U,S. model. Future v 
ersions 
of VERTCON may be extended into neighboring countries. 

The Defense Mapping Agency 
The Defense Mapping Agency (Dm) has been of immense help i.n th 

is 
endeavor. gMA has provided a major portion of the NGS land gravit 
y data 
s e t ,  DMA has also been instrumental in the creation of t he  variou 
s 30" 
elevation grids in existence, Although the work of the DMA genera 
1 1 ~  
precludes public recognition, their cooperation in this work is gr 
a t e f u l l y  
acknowledged. 

O t h e r  F'uture Plans: 
A continuing development effort is underway to improve VERTCON 

results. 
NGVD 29 normal orthometric heights are being analyzed for  localize 
d monument 
and/or crustal motion effects, for inconsistent adjustments, and o 
ther effects. 
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Computed height  differences which are significantly influenced by 
such effects 
will be flagged and rated.for reliability in future versions. 

For More Information 

For Products Available From the National Geodetic Survey: 

National Geodetic Information Center 
N/NGS12, SSMC3-9450 
National Geodetic Survey, NOAA 
1315 East-West Highway 
Silver Spring, MD 20910-3282 
Telephone: 301-713-3242 

For Information on VERTCON 2.0, and Future Research: 

David B. Z i l k o s k i  
Spa t i a l  Reference System Division 
N/NGS2, SSMC3-8752 
1335 East-West Highway 
Silver Spring, MD 20910-3282 
Telephone: 301-713-3191 
Fax: 301-713-4324 
Internet: daveg@ngs.noaa.gov 
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UTM zones occur at every 6" of longitude. Below are the boundaries of WIM zones 
for the U.S. and a diagram with the approximate boundaries for the continental U.S. 

LONGITUDE ZONE 
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Prepared by Dennis W. Powers, Ph.D., Consulting Geologist
for Task 1, AP-088
Location and other data for drillholes are available in Source
Tables A and B included in the analysis report.
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Information for the elevation is included in Source Table B
Individual drillholes are identified on map Drillhole ID Numbers.
Location and other data are provided in Source Tables A and B.

Prepared by Dennis W. Powers, Ph.D.,  Consulting Geologist
for Task 1, AP-088.

April 2002

Gridlines are UTM Coordinates (meters) (NAD 27, Zone 13)
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Gridlines are UTM Coordinates (meters) (NAD 27, Zone 13)

Information for the thickness is included in Source Table B.
Individual drillholes are identified on map Drillhole ID Numbers
and location and other data are provided in Source Tables A and B.
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Gridlines are UTM coordinates (meters) (NAD27, Zone 13)

Drillhole ID Numbers are from Source Table A.
Halite margin data from several sources: Holt and Powers 
(1988), Powers and Holt (1995), basic data reports for WIPP
drillholes, and geologic logs of potash drillholes (see Table 
Halite Depth Relative to Culebra in Potash Drillholes).
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