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PRIEFACE

The work doscribod in this usor's manual was sponsored by the Field Command,
C,'fo:r.o Fpocial Wo.i•/,ri.; AQmncy (D1'WA). Fundinq wa!; providud under MIPfls
HOt 102-4-124A01, d.ited 17 May, 1994, and HO 1102-6-D45H02, dated 5 Docombor,
1095. Dr. George Baladi was :he DSWA Projoct Manager.

This s-tudy was conductod by the Goomochanics and Explosion Effects Division

(GEED), Stucturos Laboratoiy (SL), U.S. Army En•innor Waterways Experiment
Station kWES), V:cksburg. MS. Dr. Howard G. White, GEED, was the pnncipal
invostiq.itor. Numerous persons assistod in various aspects of the software
developmrnrt. "Itior, included Msst-;. John Boa and Brian Greon, Concroet arc
Materials Division, WES, who assembled data and providd technical assislanLo,
respictively. and Mr. Jonathan Ashley, a contractor to the GEED, who populated the
database. During this investi,(atiun, Dr. Jimmy P. Balsara was Chief, GEED, and
Mr. Bryant Mather was Diroclor, SL.

At the time of publication of this report, Director of WES was Dr. Roboil W.
Whalin. Commander wrs COL Bruce K. Howard, EN.

The NTS DB software and accompanying database may be obtained by sending
a wntten request to Directur, USAE Waterways Experiment Station, ATTN: Engineering
Compoter Programs Library (CLWES-IM-DS), 3909 HaIls Ferry Road, Vicksburg, MS
39180-6199.
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"ELCT:CN 1

INTR ODUICTION

I., IN'TRODUCTION.

hoConcrnto and Materials Division of the U.S. Army Enqinoor Wateriways
Exparirierrit Station developed, tostod, and fioldocd a wide varioity of concroto, grout, and
qroatc,-Pto mixtures- in support o0 Lndorqround nuclear wnapons effeocts lenting
programs at tho Nevada Test Silo. Detailod informa~on on mixtuio dnsiqris, I.-iboraitory
d.ila such as unconlinnd conipressive !stre'qlh, nonic velocity, density, and modulus,
enfd simnilar results for actual as-pkicod mixtures 1'avo b ion archived in a user-friendly

Windows-based computorited database.

The database file maiy be quorior,' u.nq the NTS-DE3 sottwhro. This softwaroe
has been ogani7zod with two primary users In minid:

Mixture dosignorC: someono developinq 3 Mi~turo th-it has a cortain
roquirement. For example, the mixhir 'o rniAs athain 3000-4000 psi1 (20.7-
27.6 MIFa) at 14 days and must cont-vin stiol fibers. Tho user would cpec:ty a

Pi operty/Componorit query (so,~ Chapter 3).

NTS oxperimonters: somoluno who would like informatiun about a specificI
mixture or tost. This user must know the name of thu mixture or test, and would
oxeculo a Name query (see Chapter 3),

Tho available data are divided into two maorr categories:

Laboratory Data: data obtainod from specimens prepared in the lab. These
data are unique for a given mixto.re, i.e., no matter how many different fiold tests
used the mixture, only one set of laboratory data exists.

Field Data: data obtained from specimens propl 4 In thro field, A mixture may
ha3ve boon used on several tests, Data may be viowed for all tests using the
mixture, for a single lost, or for a single location on a single test.

Thareara 20U4 mIx-Ature designs included in tho N-TS-DB database that were
fielded at 2,132 locations on 48 underground nuclear tests between February, 1970,
and September, 1992. Thero arc, cvor G7,000 data eitirios in the database, including:

*140 grouts, 48 conciotos, 69 groutcrotos. 7 unclassified materials.

The English system of units is usec in tho NTS-DB software. This syntemn was chosen
at !he sponsor's (DSWA) requost and because the data were orginally recorded in the
English system. SI units are provided In this manua; for convenience.



# unconrf!ncd compres-ave strernrIi bpMl.'on 25 ar.1 15,3'25 psi.
P sorzC voI-cit"Os iff1twxPon 1,.10O and IAX.3G ftt/"c.
* dor!--lIcs t",twt'on 54 and I ýQ2 ItkCU ft.

1.2 SCOPE.

This ieport clocumrnnts tf, N-3-09 SOftWiro .nd it-, use. Chapte~r 2 piesents
insta I.1tion irformation aind do~sciibes chanqos madeo to your romp~iter system upon
insta.lation. Chaptec 3 documorntz the NTS-08 solwm'ro by previding gonnraI
inform.-ton on how to initiate 3 que.-y tnd viewl the results. Chapter 4 states
conclusions 3nd re-ommondations.

2



INSTALLING NTS-DB

21 S Y'S- FMk RECUiREMENTS.

Tho m~nirnurn recommended svstom requirements for using NTS-DB are:

Comgrutor: A 486 class processor. 8 MB RAM.
Disk Space: 10 Mbytes r --ee disk space.
Monitor: VGA (640 x 48( jraphics, adaptor.

j Mouse: because some NTS-DB features are not accessible from the keyboard, a
mouse is recommended.

2.2 INSTALLATION.

NTS-DB files are in compressed format on the distribution disks, therefore you
must use thu SETUP file included on Disk 1. To install NTS-DB on youjr hard disk,

1. Insert Disk 1 into drive A (or drive Pl).
2. Choose RUN from tho FILE menu ýn the Windows Program Manager.
3. Type a -setup (or b:setup), then choo:, OK.
4. Accept the default, or type the location for SETUP to install NTS-DB, then

choose OK.

2.3 CHANGES TO YOUR SYSTEM.

The files listed below, which require appruximatvl7 5.5~ r~¶bytes disk space, are
copied to your hard drive to the \WINDOWS\SYSTEM c1'rjciurl during the installation
procedure. Many of those files may already reside on your hatu, drive. In thesce cases,
the files are not recopied to your system.

The following files are copied to the \WINP)OWS'.SYSTEM directory:

CHART2FX.VBX D0A251 6.OLL OLE2CONV.DLL THREEDi 6.OCX
COMDLG1 6.OCX MSAJT200.DLL OLE2DISP.DLL TRUEGRID.VBX
COMPOBJ.3DLL MnS4JET-1EmR R. -L L OLE2NLS.DLL TYPELIB.DLL
CSCMD.VBX MSJETINT.DLL OLE2PROX.DLL VAEN2I .OLB
CSCOMBO.VBX 0C25.DLL SCP.DLL VB40016.DLL
CSTEXT.VBX OLE2.DLL STDOLE.TLB VBAJET.DLL
CTL3DV2,DLL rjLE2.REG STORAGEODLL VBDB16.DLL

3



71hw following fius are copiod to the \NTSDLB dlrcctory. Thcio Ilde requiro
approximately 4.3 Mbytos disk spaco:

Filonamo Function
DATAPCP.MCB Databaso of mixtuios
NTSDB.EXE NTSDB .x.,utab1e 1l0u
HTSDB.HLP NTSDB online help file
G,,M.HLP Grout User's Manual

The file DATAPOP.MD,3 is in Microsoft Access format. Thu contents of this file
cannot Do changed with the NTS-DB software. However, it is possible to alter the data
contained in the DATAPOP.MDB3 database using other database software, e.g.,
Micro3oft Access. It is recommended that the data in DATAPOP.MDB not be altered.
The USAE Waterways Experiment Station will maintain the dataL...;e and provido
periodic updates as additional data become available.

2.4 GROUT USER'S MANUAL.

The file GUM.HLP is a Windows Help-liko document and is not required to run
NTS-DB. The main pijrposo of the Grout User's Manual is to provide guidance to those
who are not knowledgeable in the area of grout mixture proportioning, materials, mixing,
and placing. It is intended to provide very basic, elementary information and to impart a
working knowledge of what is impolant to insure a :;uccossful grout placement near
instruments used to monitor explosive events.

The Gi out User's "nual discusses the proportioning or designing of a mixture
(how to make it), actual r. .,ng (how to mix it) and placement (how to get it in place).
These three phases are the backbone of a successful grouting operation. The
information presented is neither limiting nor all inclusive but is intended primarily for
familiarization. To access the Grout User's Manual, simply double-click the GUM icon
in the NTS-DB program group.

2,5 TECHNICAL SUFPORT, BUIG REPORTS, AND COMMENTS,

"Every effort has boon make to rid the NTS-DB software of bugs. Before
reporting any suspected bugs, It is important that you be able to reproduce the
circumstances that led to an error. Please includ6 the full varsion number of the code
In any correspondence. Attempt to recreate the error by performing the same functions
that ied to it previously. A iuii description of the circumrntan-es leading to the error
shoud be addressed to: USAE Waterways Experiment Station, ATTN: CEWES-SD-R
(H. G'. White), 3909 Halls Ferry Road, Vicksburg, MS 39130-6199. Technical questions
aboit mixture design or the data presented by NTS-DB should be addressed ;o USAE
Waterways Experiment Station, ATTN: CEWES-SC-CA (B. H. Green), 3909 Halls
Ferry Road, Vicksburg, MS 39180-6199

4



SECTION 3

USEFLS MANUAL FOR NTS-D[3

3.1 GE;TT'ING STARTED.

"To launch the NTS-DD software, open the NTS-DB Program Group within
Windows and simply double-click the NTD-DB icon (a c,-ncrote truck). An alternative
method of launching the software would be to:

1. Choose RUN from the FILE menu in the Windows Program Manager.
2. Type path.lntsdb whore path, is the location of the NTS-Dl3 software on your

hard dnve, e.g., c:Vntsdb.
3. Click OK.

The structure of the NTS-D8 program is shown in Figure 3-1. The program
begins by loading the Main Form (see Figure 3-2). Tho type of query is specified on the
Main Form, i.e., either a Property/Component query or a Name query. Also, the About
NTS-DB Form (see Figure 3-3) may be accessed by clicking the I\TS-OB icon on the
Main Form. Hint the animation of the concrete truck may be stopped arid started by
right-clicking the icon.

3.2 BEGINNING A QUERY.

To begin a query:

1. Start on the Main Fornt , Iguwo 3-2).
2. Choose to Query a Pr:,".ry and/or Component2 , or Query a Mixture

Name or Test Name.
3. The query process may ý-e initialized at any time by clicking Cancel.

3.2.1 Tn Query on a Mixture Name or Test Name.

Clicking Query a Mixture Name or Test Name on the Main Form (Figure 3-2)
immediately displays the Name Form (see Figure 3-4), Select a mixture namo from the
Mixture Name List Box oi a test name from the Test Nami List Box.

2 Buttons/boxes available on various NTS-DB forms are shown in bold face type In this

manual. Definitions of the buttons/boxes are contained in the Glossary at the end of
this manual.

5
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• I 3.2.2 To Query on Properties and/or Componernts

Clickinq Query a Proporty and/or Component on the M~ain Form (Figure 3-2)
changes the display of the Main Form so that a quory may be initiated, Pro,ýontod in
Fiqure 3-5 is an example of the Main Form for a query on Properties and/or
Components.

Several proporties of a mixture may be queried. Those include Strngth,
Velocity, Donsity, Static Modulus, Dynamic Modulus, Expansion, Mixture Class, and
Slump (laboratory data only). Also, the user may choose to s'3arch either field data or
laboratory data. Refor to the Glossary at the end of this manual for definit;ons of each
of these terms.

The components used in the various mixtums contained in the database have
boon grouped into six categories. Those include Fine Aggregates, Coarse Aggregates,
Comontitious Materials, Chemical Admixtures, Mineral Admixtures, and Others. Any
one component from each category may be included in a query.

To specify a query criterion:

1. If querying on properties, choose to query either Field Data or Laboratory Data.
If laboratory data are chosen, Slump may be included in the query. The dufault
is field data.

2. Choose any combination of properties on which to query by entering lower
and/or upper bounds for the property. You may select suggested bounds by
clicking the arrow adjace,,t to the lower and upper bound list boxes for 4 ach
property and then clicking the desired value. A more specific bound may be
entered by clicking In the appr'pdate list box and simply lyping the value. Note:
Age may be selected only in combination with another property.

3. If querying on components, the choices for a category are shown by clicking the
arrow adjacent to the associated iist box. Then click the component to be
queried. To clear a component from a query, click the blank line at the top of the
list of choices In the appropriate list box. All categories may be queried;
however, only one component per category may be selected.

4. Click Continue to proceed with the query. If no mixtures meet the specifieo
.riterion, NTS-DB will display a message box indicating a null search, otherwisethe Property! Component Form will be displayed.

9
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Figure 3-5. The Main Form, Property/Component Query Is usbd to develop a query
criterion by allowing the user to specify bounds on properlies and/or
to solecd components to be Included In the query.
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3.3 COMMON FEATURES OF THE PROPERTY/COMPONENT FORM AND NAME
FORM.

The Popurty/ComponGnt Form (sne Figure 3-6) and Name Form (noo
Figure 3-4) have similar formats. At the top of each form are hikt boxes that are used to
display mixture namos and test names. Along the loft edge of the f.rm arc command
buttons that allow the user to view information about ths mixture selected or to begin a
now query. At the bottom of the form are command buttons that invoke NTS-0B online
help or return the user to the Main Form. The operation of NTS-DB in response to user
actions on these forms is described below.

3.3.1 List Boxes.

3.3.1.1 PrcertLQQCmp2Lonet Form. When the user specifies a query on a Property
and/or Compo;. ,nt on the Main Form and clicks Continue, NTS-DB searches the
database to find all mixtures that meet the specified criterion. If no mixtures meet the
criterion, NTS-DB will display a message box indicating a null search, otherwise the
Property/Component Form will be displayed. The results of the query are listed in the
Mixture Name List Box (see the top of Figure 3-6). Click the list box to display the
mixture names. Once a mixture Is selected, NTS.DB searches the database to find all
tests which used the mixture. The results of the search are displayed in the Test Name
List Box.

3.3.1.2 NiM9_E~grrn. If the user specifies a query on a Mixture Namn or Test Name on
the Main Form, NTS-DB Immediately displays the Name Form. NTS-DB searches the
database to find all mixture naumes and test names snd displays the results n. the
MIxtura Name List Box and Test NamA List BoA, respectively. Those list boxes are
shown at the top of Figure 3-4.

The user may select either a mixture namo or test name from one of the list
boxes. If the user selects a mixture name, NTS-DB searches the database for all tests
which used the mixture. Click on the Test Name List Box to see the results of the
search. If the usei selects a test name, NTS-DB searches the database for all mixtures
used on the test. Click on the Mixture Name List Box to see the results of the search.

Each time the mixture name or test name is changed in one of the list boxes,
NTS-DB updates the other list box to reflect the results of the search. To initialize the
query, the user may select the first item In either of the list boxes, 'Initialize Lists', or
click initialize Query Lists (described below).

3.3.2 Command Buttons.

Several command buttons are Included on the Property/ Component Form and
Name Form (see Figures 3-6 and 3-4, respectivoly. The operation of NTS-DB3 In
response to user attions is described below.
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Figumo 3-6. The Property/Component Form, Is diaplayed in response to a query on
properties and/or components.

Figure 3.7. The list of nmatorialt; (or components) usod in the mixture is displayed
after clicking tho Materials List command button on the
Properly/Component Form or Name Form,
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Button Action
Materials List View tho list of materials used to prepare the

mixture (sco Figure 3-7). Two additional command
buttn•ns, Print and Close, are displayed with the
materials list.

Print Print a hard-copy of the matodials list. Available
after clicking Matarlals List.

Close Close the matoeals list display. Available after
clicking Matorials List.

Criteria/Notes View the original critoera for the mixture (if
specified) and any notes recorded.

Mixture and Plastic Display the Mixture and Plastic Data Form (see
Data Figure 3-8).

Lab Test Data Display the Laboratory Data Form. It this button is
shaded than no data are available to plot.

Field Test Data Display the Field Data Plotting Options Form. If
this button is shaded then no data are available to
plot

Query Different Available only on the Property/ Component Form,
Property/Camp click this button to return to the Main Form, whore

the query may be modified (see Figure 3-6).

Initialize Query Available only on the Name Form, click this button
Lists to list all mixture names and test names In the list

boxes (see Figure 3-4).

Help Invoke NTS-DB online help.

Main Return to the Main Form.

3.4 GENERAL INFO FOR DISPLAYING PROPERTY DATA

Property Data is displayed using the Field Data Form and the Laboratory Data
Form. Prior to displaying the Field Data Form, the Field Data Plotting Options Form is
displayed, allowing the user to specify the data to be plotted.

,13
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3.4.1 Field Data Plotting Options Form.

The Field Data Plotting Options Form (son Figure 3-9) is displayed in response
to the user clicking Field Test Data on either tho ir'porty/Componont Form or Narme
Form. This form is displayod pnor lo the Field Dai. Form "nd allows the user to select
which field data to plot. This form is also u.ed to dicplay information specific to a
mixture placement at a given ocation on a field test.

The us;er has the following options:

Select a Field Test: This list box contains the names of all field tnsts which
included the selected mixture. A single test may be selectod from the list or the first
ortry in the list, "View data from all field tests", may be selected to view all the data from
applicable field tests. If the mixture was used on only one field test then the test namo
is automatically placed in the list box.

Select a Location: Available if a single test is selected in the Select a Field Test
List Box. Select the location on a field test to view. A single location may be selected
from the list or the first entry In the list, "View data froin all locations", may be selected
to view all data from a single field test. If the mixture was placed at only one location
for the selected test than the location name is automatically placed In the list box, After
a field location Is soloctod, the Date Cast, Temperature Change, and Notes for the
location are presented (when available)

Select Data to View: The field test data Is divided into two distinct categories,
Prior to Shot Day and Shot Day. Property data determined prior to the date on which
a field test was conducted has an associated Ago, I.e., the age at which the specimen
was tested Is known. On tha contrary, the avp at Shot Day Is unknown. Therefore, for
a history of a propeity, choose to plot Prior to Shot Day, because Shot Day data can
not be plotted versus time.

Several command buttons are included on the Field Data Plotting Options Form.
The operation of NTS-DB in response to user actions Is described below.

Button Action
Continue Display the Field Data Form.

Different Mixture Return to the Property/Component or Name
Form (depending on the typo of query being
performed).

Help Invoke NTS-DB online help.

Main Return to the Main Form.
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3.4.2 Field Data Form and Laboratory Data Form.Ii The Field Data Form (see Figure 3-10) and Laboratory Data Form (see

Figure 3-11) have a similar form.,t. Option buttons allow the user to choose the
property to be plotted on both the x- and y-axes. Any tvo properties may be plotted
against one another, with the following exceptions:

1. Age may not be plotted on the y-axis.
2. A property may not be plotted against itself.
3. If no daLa are available for a given property, the option button is disabled

(appearing gray), preventing the user from selecting it.

The user may choose from the following properties (when available): strength,
velocity, density, static modulus, dynamic modulus, expansion, and age (x-axis only).
The default selections are Strength versus Age.

Several command buttons are included on the Field Data Form and Laboratory
Data Form. The operation of NTS-DB in response to user actions is described below.

Button ALtlon
Plot Data Display a scatter plot of the specified data.

Different Mixture Return to the Property/Component or Name
Form (depending on the type of query being
"performed).

Different Options Available only on the Field Data Form. Click
Different Options to return to the Field Data
Plotting Options Form (described above).

Help Invoke NTS-DB online help.

Main Return to the Main Form.

Once the data are displayed, a button bar is presented that allows the user to
alter the display and export the data and/or graph. Exporting options include:

1. Saving ihe data values to a file.
2. Copying the plot image to the clipboard.
3. Copying the data values to the clipboard.

t,.: 4. Printing a hard copy of the pie! image.

The appearance of the display may be altered to:

1. Switch between 2-D and 3-D views of the graph (limited usefulness).

P n r y h 17
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2. Rotato the 3-D imago of the graph (3-D only, limitod usefulness).
3. Sproad the individual data sorios along the z-axi, (3-D only, limited

uselulness).
4. Zoom-in on an area of the plot. Note: the axes aru not viýoble in the zoom

nmoda.
5. Dz.play a logond of the sorios names (Field Data only).
6. D:,ýplaiy vorlical gnd linos.
7. Display honzontal grid ;inos.
8. Change the text diz•playod.
9. Change the font of the litlos.
10.Chango the colors and/or patterns of the display, view the y-valuos of the

data,
I .Open a toolbox that allows the ,jsor many options for altering the display.

Hints:
1. Double-click on a data point to soe its (x,y) data values and series name

(Field Data only).
2. Experiment with the data displ-y using the buttons presented cn the button

bar. The user cannot alter the data contained in the database. To restore
the display defaults simply click Different Mixture or Different Options and
then return once again to the Field Data Form or Laboratory Data Form,

I
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SECTION 4

CONCLUSIONS AND RECOMMENDATIONS

4.1 CONCLUSIONS. /
The U.S. Army Engineer Waterways Experment Station was activoly involved in

the development, tosxing, and fielding of a wide variety of grout and concrote mixtures
in support of underground nuclear weapons effects testing programs at the Nevada
Test Site. Dotailod information on mixture Josigns. laboratory data such as unconfined
compressive strength, sonic velocity, density, and modulus, and similar rusults for
actual as-placed mixtures have been archived in a computerized database. The
• oftwaro, entitled NTS-DB t-Nevada Tosk .ite - [atakase), uaod to query this databane
is a usar-friondly Windows-format code that provider, almost unlimited flexibility in
specifying a query criteron.

Also provided with the NTS-DB software and database is the Windows Help-like
Grout User's Manual. "The manual provides guidance to those who are not
knowledgeable in the aiea of grout mixture proportioning, materials, mixing, and
placing. It presents very basic, elementary information in order to impart a working
krnowledge of what is important to insure a successful grout placement near instruments
used to monitor explosive events.

4.2 RECOMMENDATIONS.

The expertise developed by WES over the many years of service at NTS has
enabled WES to bettor serve other sponsors as well. The Generic Grout Families
study, conducted for the Corps of Enginears, drew heavily upon the experience gained
from WES's participation on the underground nuclear tests at NTS. The mixtures
developed for use at NTS typically contain several exotic ingredients. Those special
Ingredients were used to meet a specific requirement for a particular placement of a
given mixture. It was thought that mixtures based on generic/common Ingredients
would be useful as less complex points-of-depanure for future mixtures. UnJer this
study 13 families of grouts were Identified. Each family was categorized based on the
ingredients in the mixture, e.g., Family 1 is cement and water, Frmily 2 is cement,
water, ,2nd bentoaite; and Family 7 is cement, water, sand, and fly ash. The result of
this study Is a comprehensive matrix of mixtures that can be used by the layman
mixture designer.

It is recommended that the Generic Grout Families database be coupled with the
NTS-DB software. The inclusion of the database could be manifested In one of two
ways. One method would be to create a stand-alone query code, similar to NTS-DB.
The preferred method for including the additional data would be to modify the NTS-DB
software by simply adding an option to query the generic families data. A form similar
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to that available for a Proporty/Componont quory could be used to develop a criterion
foi querying the generic families database.
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APPENDIX

GLOSSARY OF TERMS

Age
Time, in days, at which a specimen was tested.

Air Content
Tha volume of air voids In comont paste, exclusive of pore space in aggrogato particles,
expressed as a percentage of total volume of the mixture: determined acco'iding to
ASTM C 231 or COE CR0 C 41. Available for laboratory data only.

Presented on the Mixture and Plastic Data Form

Bleeding
The autogenous flow of mixing water within, or Its emergence from a newly placed
mixture; caused by the settlement of the solid materials within the mass; determined
according to ASTM C 940 (g'routs) 6.r COE CHD C 613. Available for laboratory data
only.

Presented on the Mixture and Plastic Data Form.

By Weigjht Of
A listing of the cementitious materials used lo calculate the water/cement ratio.
Available for laboratory data onlt,'

Presented on the Mixture Aid Plastic Data Form.

Hint~ Click the Materials List command button for a list of materials used In the mixture.

Cancel
Click Cancel to cancel the specified qucry.

Av'~llable on the Main Form.

Cementitlous Factor
A measure of cementitlious mateflals In the mixture, expressed as bags/cu yd.
Available for laboratory data only.

Presented on the Mixture and Plastic Data Form.
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Close
Click Close to close the Materials List dis- lpy for a mixture.

Available on the Property/Component and Nami Forms after the Materials List button is
click•d.

Component
A material used in the design of a mnixture.

Continue, Field Dnta Plotting Options Form
Click Continuo to display the Fl9ld Data Form.

Continue, Main Form
Click Continue to execute the specified query.

Criterla/Notes
Click Critoria/Notes to view the original criteria 11r the mixture (if specified) and any
notes recorded.

Available on me Property/Component and Name Forms.

Date Cast
The date the mixture was placed at a location on a field test.

Presented on the Field Data Plotting Options Form (when available) after selecting an
Item from the Select a Location List Box.

Density
Mass per unit volume of the mixture, expressed as lb/cu ft; determined according to
ASTM C 642.

Diferent Mixture
Click Different Mixture to return to the Property/Component or Name Form (depending
on the typo of query being performed).

Different Options
Click Different Options to return to the Field Data Plotting Options Form.

Available on the Field Data Form.

Dynamic Modulus
The modulus of olastlcity computed from the size, weight, shape, and fundamental
frequency of vibration of a specimen, or from pulse velocity, according to ASTM C 215.
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Exit

Click Exit to quit NTS-DB.

Available on the Main Form.

Expanolon
Material propeity determined according to ASTM C 878 and C 490. Positive expansion
Indlcotes an incroazo in volume. Negative expansion indicaes a decrease in volume,
i.e., shrinkage.

Fled Date
Data obtained from specimens prepared in the field (Nevada Test Site). A query of field
data searches eli the field data and returns mixtures which meet the specified criterion.

Field Test Data
Click Field Te3t Data to display the Field Data Plotting Options Form. This item is
disabled if there am no data available to plot.

Available on the Property/Component and Namu Forms.

Flow
A measure of the consistency of a grout In which a predetermined volume is permitted
to escape through a precisely sized orifice, the time of efflux being used as the
indication of consistency; determined according to ASTM C 939. Available for
laboratory data only.

Presented on the Mixture and Plastic Data Form.

Groutcrete
A mixture that exhibits properties generally between those typical for grouts or
concretes; similar to mortar.

Help
Click Help to invoke NTS-DB online help.

Inftslize Query Usts
Click Initialize Query Lists to list all mixture names and test names In the list boxes.

Available on the Name Form.
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Lab Test Data
Click Lab Test Datz to display the Laboratory Data Form. This Item is disabled if thoro
am no data available to plot.

Available on the Property/Componorit and Name Forms.

Laboratory Data
Data obtained from specimens prepared In the laboratory. A query of laboratory data
searches all the laboratory data and returns mixtures which meet the specified criterion.

The laboratory data for a given mixture Is unique: i.e., only one set of laboratory data
exists for the mixture, even though it may have been used on numerous tests. A6 a
result the total arnount of laboratory data available for query, while quite large, is
considerably smaller than the sot of field data.

Main
Click Main to retum to the Main Form.

Materials List
Click Materia!s List to view a list of materials used to prepare the mixture,

Available on the Propeoty/Componont and Name Forms.

Mixture and Plastic Data

Click Mixture and Plastic Data to display the Mixture and Plastic Data Form.

Available on the Property/Component and Name Forms.

Mixture Class
Mixtures included In the database are placed into three general classes: Grout,
Concrete, or Groutcrete.

Presented on the Mixture and Plastic Data Form.

Mixture Name
The name of a mixture.

The names, for the most part, weee assigned by WES personnel. A loosely applied
guide was followed In naming many (not all) of the mixtures. The first two Initials
generally refer to a Test Name, e.g. a mixture developed for the test Diamond Skulls
might begin with DS. Other initials often refer to the type of mixture, e.g., a groutcrete
(gc) or a high strength grout (hsg). Still other initials or numbers may represent
modifications to a mixture through the substitution of a component.
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Mixture Name List Box, Name Form
Initially, this list box contains all the mnix, ire ,iames in the database. If a mixture name
is selected, NTS-DB searches the database for all tos~s which usod the mixture and
displays the r'esults in 'he Test Name List Box.

If a test is selectad from the Test Name List Box, NTS-D8 .,oarchos the database for all
mixtures used on the test and displays the results in the Mixture Name List Box.

Mixture Name LUst Box, Proporiy/Component Form
Click 'kho Mixture Name List Box to display the mixture names that meet the specified
p .porty critodon and/or contai'i the specified component(s). Once a mixture is
selected, NTS-DB searches the database to find all tests which used the mixture. The
results of the search are disolayed in the Test Name List Box, Property/Component
Form.

Notes
Any note recorded for a mixture.

Laboratory notes are presented by clicking the CdreriwaNotos button on the
Proporty/Comprnent or Name FomThs,

Field notes, specific to a location on I, test, are presented on the Field Data Plotting
Oplions Form (when available) after selkcting an Item from the Select a Loration List
Box.

NTS-DB Icon
Click the icon to display the About NTS-DB Form,

Available on the Main Form.

Plot Data

Click Plot Data to display a scatter plot of the specified data.

Available on the Laboratory Data and Field Data Fo, ris.

Plot Display
Visible on the Laboratory or Field Data Forms after clicking the Plot Deta button.

Hint Double-click on a data point to see its (x,y) values. -

Plotting, Display Commands
These buttons nllow the user to ,tter the Plot Display.

Available on the Laboratory or Fiid Data Forms after clicking the Plot Data button,
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Plotting, Exporl Commanes
Those buttons al~ow the user to save the data valuos to a file, copy the plot image to
the clipboard, copy the ddta values to the clipboard, and print a hard copy of the plot
imago.

Available on the Laboratory or Field Data Forms after clicking the Plot Data button.

Print
Click Print to print a hard-copy of the Materials List for a mixture.

Available on the Proporty/Componont and Name Forms %ftor the Materials List button is
clicked.

Prior to Shot Day
Click this option to view property data determinod Prior To Shot Day.
Available on the Field Data Plotting Options Form,

roperty
A maiterial property of a mixture determined from standard test procedures. For
example, unconfined compressive strength, density, or static modulus.

Query
The process by which the database is searched, depending on parameters selected by
the user.

Query a Property and/or Component
Click Query a Property and/or Component to initiate a Property/Component query.

Available initially on the Main Form or after clicking Cancel.

Query a Mixture Name or Test Name
Click Query a Mixture Name or Test Name to initiate a Name query.

Avallabls initially on the Main Form or after clicking Cancel.

Query Different Property/Comp
Click Query Different Property/Comp to return to the Main Form where the query may
be modified.

Available on the Property/Component Form.
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Select a r:old Tout
Select tho field test data to vlow. A single test or all toets using the mixture knay be
selected. If a single test is soloctod, tho Solact a Location List Box is prosontod.

Available on the Fieol Data Plotting Options Form.

Select a Location
Select the location on a field test to view. A single location or all locations cn a test may
be selected.

After a field location is selected, the' Date Cast, Tehmporature Change, and Notes for the
location are presented (when availablo).

Available on the Field Data Plotting Options Form If a single test is selected in the

Select a Field Test List Box.

Select a Mixture
A mixture must be selected from the Mixture Name List Box, Property/Component
Form. Once selected, NTS-DB searches the database for information about the
mi ,dure. I

Available on the Proporty/Cormponent Form.

Select a Mixture arid/or Test Name
Each time the mixture name or test name is changed in Mixture Name List Box or Test
Name List Box on the Namo Form, respectively, NTS-DB updates the other list box to
reflect the results of the search.

__ T,, Initialize the query, the user may select the first item in either of the list boxes
"li,itiallzo Lists", or click the Initialize Query Lists button.

Available on the Name Form.

SSlect Data to View
Choose to view properties determined Prior tc Shot Day or on Shot Day.

Available on the Field Data Plotting Options Form.

Select the X-Axis
Choose the parameter to plot along the x-axl. The default is Age. NTS-DB prevents
the user from making a selection for which there are no data, i.e., the options are
disabled (appearing gray) if there are nn, data available.

Available in the Laboratory Data and Field Data Forms.
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"Solect the Y-Axis
Choo-.o the paramtar to plot along tho y-axi.;. Tho .AJfault is Strength. NTS-0B
piovonts tha u,•or from ma!king a ,;o).-ctiun for whicht• horo aor no data, i.e., tho o:).•ons

are disabled (appearing grayj it Imore aro no dlat:i avikiblro.

Available on iho LaLor.atory Data and Field Data Forms.

Sot
The condition roached by a mixture whor, it hlas lost p!a,;ticily to an arbitrar/ di'groe,
usually moa.sdred ir, ionn% of ro,,ýistancu to ponctration or deformation. Initial sot rofors
t, first stiffening: finae •et re:ors to attainmci,t of signi!icant rinidity; detormined
according to ASTM C 4C'3 (concretes) or ASTM C 953 (.ru'uts). Available for laboratory
dta only. t

Presented on the Mixture and PRastic Data Form.

Shot Day
The day a field test was conducted at ihe Nevada Test Site.

Click this option to view prop,rty data determined on Shot Day. The age at which tho
properties woro determinod ie not available for this option.

Available on the Field Dat., Plotting Options Form. 7.

Slump
A measure of consiLtency of a freshly mixed concrete or groutcrete equal to the
subsidnce measuwed to the nearest 1/4 in. of the molded specimen immediately after
removal of the slump cone; determined according to ASTM C 143. Available for
laboratory d3ta only.

Presented on thOe Mixture and Plastic Data Form.

Static Modulus
The value c' Young'" modulus of elasticity obtained by arbitrarj criteria from measured
stress-strain relationships derived from other than dynamic loading; determinod
according io ASTM C 469.

Strength
Unconfined compressive strength: the measured mavaimum resistance of a mixture to
axial loading, expressed as lbisq. in.; determined according to ASTM C 39.

"Temperature Change

The measured rise in temperature of a mixture; determined according to ASTM D 1064.
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4i Tuat Name
The name of a test conducted at the Nevada Test Site (NTS).

Test Name List Box, Name Form
Initially, this list box contains all the test names in the database. If a test name is
selected, NTS-D3 searches the database for all mixtures used on the test and displays
the results in the Mixture Name List Box.

If a mixture is selected from the Mixture Name List Box, NTS-DB searches the
database for all tests that used the mixture and displays the ro.suits in the Test Name
List Box.

Teot N&me Ust Box, Property/Component Form
Click the Test Name List Box to display the test names that used the mixture selected
in the Mixture Name List Box.

Unit Weight
Weight per unit volume of the mixture, expressed as lb/cu ft; determined according to
ASTM 0 138.

Presonted on the Mixture and Plastic Data Form.

Velocity
Sonic (or pulse) velocity; determined according to ASTM C 597.

Water/Cement Ratio
Z -,:The ratio of the amount of water, exclusive only of that absorbed by the aggregates, to

the amount of cement in a mixture.

Presented on the Mixture and Plastic DMta Fonn.
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ATTN: PUT, D SUNSHINE A"TTN: FCTT-.F J KING
ATMN PMT, KGOERINO AlrN'. FCTTIMAJ JEFF DURAY
AT-TN: PUT, P SENSENY 40 CY ATTN: FCTT, DR SALADI
ATfN:WE AITN: FCTT, J HUGHES
ATTN: WE. C MCFARLAND ATTN: FCTTD LT COL JAMES
ATTN: WEL, OR GW ULLRICH ATTN: FCTTO MAJ P DEREGO
ATTN: WIUAR AE"( AT-TN: FCTTD ,J naoMPSON
ATTN: WEL. 0 RICE AITN: FCTTI
ATTN: WEL. K KIM A-TTN: FCTTS A MARTINEZ
ATTN: WE.. LWIlTWER ATTN: FCTTS 0 SEEMANN
ATTN: WEL, M GILTRUD Al-TN: FCTTS G OOODrELLOW
ATTN: WEEL, W ZAJWSRS ATTH: FCTTS J LEVERETTE

Am 2CY ATTN: WEP, K SCHWARIZ A-TTN: FCTTS LTCOL AULETTA
ATTN: WEP, T KENNEDY ATTN: rCTT$ P RANOIUE
ATTN: XP. LTC KYME ATTN: FCTTS R HENNY

ATTN: FCTTS R MCCRORY
DEMF.SE TECHNICAL INFCRMwATION ATTN: FCTTS DR REINKIE

2CY Al-TN: OTII:=P AT-TN: FCTT3, E MARTINEZ
Al-TN: FCTTS E TREMSA

Dist-
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WU"TA4641 (DL. CO*iN6FNUD)

OFICE OF SPECIAL TECHNOLOGY U S ARMY AVIATION CENTER & rT RUCKER

ATTNL J DAVID ATTN: ATZO-CDO. TORRENCE

DVAR MINT OF THE ARMY U 6 ARMY AVIATION SYSTEMS CUD
ATTN. AMCPEO-4.HX.V (D DCIDL.R)

ADVANCCD RESEARCH PROJECT AGENCY

ATTN: DLR (AEROSPACE & STRATEGIC U S ARMY CORP OF ENGINEERS

TECHNOLOGY OFC) ATTN: CERD-L

ATTN: DIRECTOR ATrN: DAEN-RDL

ATTN: LIRARY
U S ARMY CORPS OF ENGINEERS

ARMY REMAARCH LASORATORIES ATTN: C.MWRO-ED-,8WNV GAUE

ATTN: (TECH US)
ATTN: AMSRL-OP4D.TL U S ARMY ENGINEER DIV HUNTSVILLE

ATTN: AMSRL-SL.-CN E FIORAVANTE ATTN: HNDED.4Y

ATTN: ANSRL.r-NS.MARY ABE

ATTN: DELkD.TA4.1 TECH US U S ARMY ENGR WATERWAYS EXPER STATION

2 CY ATTN: 8 H GREEN

U $ ARMY C AS OF ENGINEERS ATTN: 8 PHILLPS (CEWES-SO)

ATTN: W GAUSE ATTN: CEWES-SD-R a ROH'ANI
ATTN: CEWES-SO-R C WELCH

U S ARMY DEP CH OF STAFF FOR OPS & PLANS ATTN: CEWES-SC S NEELEY

ATTN: DAMO-NCN ATTN: CEWES-SC. D WALLEY

ATTN OAMO.SWN ATTN: CEWESSO

ATTN: CEWES4o n. R MOXLEY

U A ARMY WAR COLUEOE 22 CY ATTN: CEWES-D-R HOWARD WHITE

ATN: LIBRARY ATrN: CEWES-S4-Rq ROHORRI
ATTN: CEWES-SE (MR L K DAVIS)

U G ARMY DEPUTY COMMANDER MOSTC ATTN: CEWESS-E. 0 COLTHARP

ATTN: CSS-SI.-L ATTN: CEWES.SS-R (W HUFF)

ATTN: CSSO.WD ATTN: CEWESS-SS.RE, RANDY HOLMES
ATTN: D FULLER. CEWES-SE1R

USS-.". DEFESIE & SPACE TECHNOLOGY CTR ATTN: 0 RIC1AAN. GEWES-SE-R

ATTN: CS3-TC-IR ATTN: D TI=ON
ATTN: E JACKSON, CEWEB8SD-R

NATICK R A D CENTER ATTN: F DALLRIVA. CEWES-" R

ATTN: 8 DICRISTAFANO ATTN: F LEAXE

ATTN: 0 CALARELLA ATTN: CEWES-SOR J WINDHAM
ATTN: J ZELASKO, CEWES-SO.

U S ARMY NATIONAL RANGE METEOROLOGY 3 CY ATTN: M HOSVL.EY, CEI"IE-SSI

MANCH ATTN: MARK GREEN

ATTN: STEWS.NRO-DA4-T C ,AMI."ON ATTN: MR 8 SCOTT
ATTN: WESSE-R R WELCH

NUCLEAR LFFECTS DIVISION ATTN: S WOODSON, CEWES4S-E

ATTl- STEWSNE J LUNDSFORD ATTN: T SLAW$ON

ATTN: STEW.-NE J MEASON ATTN: TECHNICAL UBRARY

ATTN STEWS NE-A J OWUMA,
ATTN: STEWS-NR.O0 C HORN U 8 ARMY MISSILE COMMAND

ATTN: AMSVA-RD-CS4R DOC CAT

SD41-2
.4
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U I ARMY NATIONAL GROUND INTELUJGENCE NAVAL SURFACE WARFARE CENTER

ACE NCNTEX 2 CY AT'IN; CODE WWT MICHAEL SWISDAKATrN: C WARD_

ATTN: DOCUMENT COt(rROL NAVAL PLANT REPRESENTATIVE OFFICE

AT"TN: UAFSTC-MT ATTN: R R fILS

US• ARMY NUCLEAR & CNIEiMWa AGENCY NAVAL POSI GRADUATE SCHOOL
ATTN; MONA-AD ISRiOARY AT lN: CODE 562tJBRARY

ATTN: MS 6. X MARUYAMA

U U ARMY RESEARCH DEV & ENGRO CTR ATTN: PROF DONALD L WALTER&

ATTU: C~•,,"E T Qfw•gw~ .. , SUPE-RINTENDENT

ATTN: STRNC-TSC J ROACH

NAVAL RESEARCH LAS
U S ARMY RESEARCH LAB ATTN: CODE 4040 000K

ATTN: 0 DUNAWAY (AT.WS) ATTN: CODE. 4= 0 OOK

ATTN: J1 DAVIS kAT4J) ATTN; CODE 5W7 RESEARCH REPORT

ATTN: SLCAS-AE.T MR SAUETER ATTN: JACOB GRUN (CODE OW

ATTNM SLCWF

NAVAL 8UR7ACE WARFARE CENTER
U S ARMY REAUACH LAS ATTN: CODE H-21

ATTN: AMSRL.OP.,I-C, TECH UBRARY ATTIN: TECHNICAL UBRARY

ATTN: AMSRL.L-B (OR In.OPCC)

ATTN: AMSRL.WT-NC (LOTTERO) NAVAL UNDERSFA WARFARE CENTER

ATTN: AMSRI.-WR-NC J PI X ATTN: TECH US

AMlN: AMSRL.WT-NC. J SULUVAN

ATTN: AM.NL.WT-TA(O BULLAHW NAWC-WAD

2 CY ATTN: SLCBR.DO.T (TECH US) ATTN: CODE 2M C AUSTIN

ATTN: SLCBR-9S-T (TWCH UL) ATTN: CODE 343

ATTN: IL& -TS, P MUILLER ATTN: CODE 473=Z 0 I.RIQSTAD

ATTN: L JOSEPH.SON
U S ARMY TEST AND EVALUATION COMMAND ATTN: UStARY

ATTN: TECHNICAL UBRARY A. AITT: VX4 LT OVERSON

U I ARMY AVIATION AND TROOP COMMAND WFE •

ATTK AMCPEO-U4X-TV (MARK SMITH) ATTN: CODE L.84 LORY

U I ARMY MATERIEL SYS ANALYSIS ACTIVITY NUWC, DETATCHMENT NLON

ATTN: AMXS.Y-CR ATTN. CODE 021

U I ARMY tANK AUTOMOTIVE COMMAND OFFICE OF CHIEF NAVAL OPERATIONS

ATTN: A MTA-JSK (ARMOR END BR) ATMAJ: NUC AFFAIRS A INTl NEGOT BR (N514)

U a ARMY CMi. I BIOLOG4CALY DEFENSE CMO OFFICE OF NAVAL RESEARCH
ATTN: AMSCS-11DUJ CANNAUATO ATTN: CODE 334

OWATMEfT OF THE NAVY USAAVNC S,

ATTN: MR TORRANCE

OAVIO TAYLOR RESEARCH CENTER

ATTN: CODE 173,2 MR BARTLETT

AITN: M CRITCMFIELD, CODE 17302

\ S
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SOF THE AIR FORCE WRIGHT iABOfATORY
ATTN: MAJ FRA31ER

AF CENT-FOR STUOIEG A ANALYSIS ATTN: MAJ GANS WLUNMW

ATN AFUMISM. RM IV=3 THE PENTAGON ATTN- MNMW, A WEIMORTS
ATTN: ,NSA MR PilNGE

AIR UNIVERMITY UBRARY
ATTN: LDS WRIGHT LABORATORY

AiTN: AUL.LSE ATTN: WL.•I.-OA 0 VICIKRS
ATTN: WL.FrVC-OL UBRARY

UIAF DET I. 11TH WMG ATTN: WL.FIVCS (S STRICKLAND)

ATTNX CPT VAN DE BERRY
ATTN: LT COL BELL WRIGHT LABORTORY

ATTN: MAlJ DOLSON ATTN: WL MNMF. D HAYLES
ATTN: WL MNMP. r rEEL

UaAF DET 2 AFOTECWTF
ATTN MJ H WHITMNG XORCdBD

ATTN: LTCOL BISHOP

USA? 0 ACCJCRPW ATTN: MAJ BREWER

ATTN LT COL LEWIS ......

USAF HO ACCANAA ATTN: MAJOR KREGER

ATTN: MAJ CRONE
U3SA 40Th TEST SQUADRON

USAFrN ATTN: IDOA, T HARTSOE

ATTN: IN RM 4A ATTN: DOUb, R IKIOWLES

HO 497 o"OT USAF 47'TH WING

ATTN: INT ATTN: CPT NEWMAN
ATTN: LTC SMITH

NATIONAL AIR INTEWIGENCE CENTER
ATTN: wDIDOA.S SPRING USAF 49TH TESTSXIO

ATTN: SQDEI MR SONDERGELT ATTN: LT ELMORT
ATTN: LT ,OLLORS

PHILLUPS LABORATORY ATrN: LTCOL VILWNES.

ATTN: OR SUV.NSKY PtNTS ATTN: MAJ SAWYER

ATTN: JO FFkISSIE. PLOWS ATTN: MAJ WHITE

ATTN: OLAS ATTN: ILT RU3IH4rO

ATTN: PIUUL
USAF 5rTG/TOSD

SN ANTONIO AIR LOGISTICE CTR ATTM: B CARLSON

ATTN: ALC43.V MR F CRISTADORO ATTN: 8 NETARDUS

USAF AM AlCJQLA DWPARTMENIT OF ENERGY

4 CV ATTN: M SKADOW
NEVADA OPERATIONS OFI=E

US AM I ORCE/ FSiC 2 CY ATTN: O N BURGESS

ATTN: CAPT WHITWORTH 2 CY ATTN: 0 L WINTERGE&T

U I SPACE COMMAND DEPARTMENT OF ENERGY

ATTN: LT COIL G E RITCHIE ArTN: M DE.JNY

DIa-4
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DNA.TW49,S6 (DI. CONINU.D)

WEAPCNS PROOLCTIN DMVISJO ATTN: 0 BEUTLERAI4S 1179

ATTN: OUM.'•2 ATTN: 0 HIGGENS•SS 0847
ATTN: 0 VEIHAR

LAWRENCE UVERPJO NATIOf.XAI. LAS ATTN: DIV 9322. GARBIW• 1100

ATTN ALLEN IJHL AT.N: DR R SHAGAM
ATTN: C E ROSENIX.OL ATTN: 0 LOCKWOrAOOS 115
ATTN: DAVID 3TANFEL ATTN: J M MCGLAUN38 03%9
ATTIN F Ht=GU ATTN: L HIII.A 5 1345
ATTN: Q MARA ATTN: M FORRESTALIMS 0312
ATT'J EbE. (L-.316) ATTN: MIKE FURNISHiMS 02
AT'NN: L-2=WJ RAMBO ATTN: MR BONAGUIDIMS 1306
ATTN: -30J WHIT ATTN: ORG 0311IR E PEPPINGAMS If1)
ATTN: L.2400W C MOSS ATTIN. R LUNGREN, MS 0312
ATTN: L40, 0 B .ARKE ATTN, R SPEIMANMS 1194
ATTN: L-41 J MORGAN ATTN: T K BERGSTRESSERM.S 1100

ATTN: L.43 R BENJAMIN 2 CY ATTN: TECH US
ATTN. L.81 R PERRETT ATTN: TECH US&IS 00M
ATMN: L4540 POMYKAL ATTN: W BALADRM$S 1179
ATTN: 1,86 H CABAYAN
ATTM: M TOBN. L-40M OTh IOVWIMIIEfT
ATTN: REPORT9 ULRARY
ATTIC TECH LIBRARY BUREAU OF ALCOHOL TABACCO & FIREAHMS

ATTN: 0 NEIMAN
LOS ALAMOB NATIONAL LASORATOY 3 CY AT•N: 0 SHA17ER

ATTNI 0 HOLDEN ATTN: P HORBERT
ATTN: 02151 MP M HENDERSON
ATTIC INC-?, MS J514 A MASON CENTRAL INTELLIGENCE AGENCY
ATTN: M BUCHWALD WS 0436 ATTN: OSVIRINED 5SO NHS
ATTN: MS C335 TOM WEAVER
ATTN: MS D400T MGKVCN DEPARTMENT OF THE INTERIOR
ATTN: MS FOS. R SWIFT ATTN. 0 ROODY
ATTN: MS J5,14A S MASON
ATTN: MS JG7•J FRITZ FEDERAL EMERGENCY MANAGEMENT AGENCY
ATTN: MS J,7WVC MORRIS ATTN: OFC OF CVL DEFENSE

2 CY A'~r 1: MS P364 REPORT ULRARY ATTN: OFC OF RSCH
ATTN: M5342,•J N JOHNSON
ATTN:. MS•LFb", R IGRBY NATIONAL INSTITUTE OF STANDARDS £
ATTN: M AS21 P WHALEN TECHNOLOGY
ATTN: R IAQAN. M13-D4 ATTN: R LEVINE

ATTN: AI WHWITAKER
ATTNt REPORT UBRARY U S GEOLOGI.CAL SURVEY
ATTN: 5 5 HECKER ATTN: DR RODDY
ATTN: SUNG HAN
ATTNI WX-.IIR SHARP DEPARTMENT OF DEFENSE CONTRACTOR-

SANDIA NATIONAL LABORATORIES APPUED RESEARCH ASSOLATE$
ATTN: I ZAKA& 07M ATTN: H COOPER
ATINI BRAD PARKS
ATTIC 0 A LANDAMS 0•72 APPUED RESEARCH ASSOCIATES, INC.

ATTN: C J HIGGINS

- I-
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ONA4-TN464 (Ut. COtTWULD)

ATN. D COLE ATTN: E E O'WNNELL
ATM.N K SELL ATTN: R MILLER

ATTN. M PAMONDON
ATTN: N SkUM SUMNER ASSOCIATES
ATTN: P ROUPAS ATTN; A S MASON

UNAMRSITY OF AMIZONA WvERDRUP TECHNOLOGY INC
ATTN: UBRARY ATTN: M BABINEAU

ATIN: V KENYON
ENSCO N

ATTN: COLLIN SHELLUM TECH REPS. INC.
ATTN: DOGUN 5OUk4WDT ATTN: F MCMULLJAN
ATTN: P FISHER ATTN. J LUND
ATTI: A HIAMRICK

TITAN CORPORATION
KAMAN SCIENCES CORP ATTN: C SCHEFFIELD

ATTN: DASIAC 8 BOUIARD ATTN. J ROCCO
ATTN: J THOMSEN

KAMAN SCIENCES C910 ATTN: S BABCOCK
2 CY ATTN: DASIAC

D"MMTORY OF OTHlM SlURAAY AND
LOCIKIEED MARTIN CCArORATION IIVEhJ

ATTN: 8 MEENDERING

ALABAMA MM UNIVERSITY
LOGICON R AND D ASSOCIATES AT"N: UBRARY

AT•N: 8 GOULD

ATTN: R GOLSCRT ALABAMA, UNIVERSITY OF
ATTN: DIRECTOR OF UBRARIES

LOGICON R AND D ASIOCIAl ES

ATTN: E FURBEE ALASKA. UNiVERSITY Oft
ATTN: DIRECTOR OF UBRARIEB

LOGICON RAND D ASSOCIATES ATTN: UBRARY, 2= BUTROVICH BLDG
ATYN: 0 QANONO

ATiN: J RENICK ALASKA, UNVERSITY OF
ATTN: GOVERNMENT PI.BUCATION

MASSACHUSETTS INSTITUTE OF TE(AINOLOGY UBRARIAN
ATTN: UBRARY

ALCORN STA rE UNIVERSITY
MAXWELL TIECHNO'.OGIJES ATTKt UIRARY

ATNT JOHN RAUCH
AMERICAN INDIAN HIGHER EDUCATION

PHYIC,8 INTERNATIONAL CO. ATTN: UBRARY
ATTN; R L SCHNEIDER
ATTN: , L WONG ARIZONA STAT! UNIVERSITY

SCIENCE APPLICATIONS INTERNATIONAL CORP

ATTN: C HNIAO ARIZONA UNIVERSITY
ATTN: L SCOTT ATTN: UBRARIAN

SCIENCE APPLICATIONS INTERNATIONAL CORP ARIZONA, UNIVERHSTY OF

DIo-
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ATTN4: GOV DOC. DEPT CALIFORNIA AT SAN DIEGO 4JNfvERSrrY
ATTN: DOCUMENTS DEPARTMENT

ARKANSAS STATE UNIVERSITY
ATTN. LZRItRY CALIFORNIA INSTITUTE OF TECH4NOLOGY

ATTN: E LEWIS
ARKANSAS, UNIVERSITY OF ATTN: Rt CHR13TY

ATTN; GOVERNMENT DCCLIMENTS DIV
ATTN. UBRARY, 42 ADMIN BLDG CALIFORNLA. UNIVE&SI1Y CF

ATTN; L SADASKDEPT OF HISTORY
AUBURN UNIV AT MONTGUMERY LhBRARY

ATTN: UIBRARLAN CASE WESTERN R~ESERVE UNIVERSITY
ATTN: UIRARY

AUBURN UNIVERSITY
ATTN:L4 ROSE CENTRAL FLORIDA UNIV OF

ATTN: UIBRIARY DOCS DEPT
AUJURN UNIVERSITY

ATTN.LUDRARY CENTRAL WYOMING COLLEGE LIBRARY
ATTN; UIBRARL'.N

BAY L41LL COMMUNITY COLLEGE
ATTN: UBRARY CHICAGO, UNIVERSITY OF

ATTN: P MEIER
ALACWMILT COMM~UNITY CC'LLEGE

ATTN: U13RARY CLEMSON UNIVERSITY
ATTN: DIRECTOR OF LIBRARIES

BOSTON U1l1VERSITY
ATTN; MSCHAr- MENDILLO COLORADO CTATE UNIV UISE

ATTN: LIBRARY
5OWDOIN COLLEGE

ATTN. UDRARIAN COLORADO, UNIVFRSIITY LIBRARIES
ATTN: DIRECTOR OF UIBRARIES

5SOWUNO GREEN STATE UN;V ATMN:J SIRKS
ATTN. UA GOVT DOCS SERVICES ATTN: R SCHNELL CAMPUS BOX 440

BRIGHAM YOUNG UNIVERSITY CONNECTICUT AG EXPERIMENT STATION
ATTN4: DOCUMENTS COLLECTION ATTN: USRARY

6ROWN UNVERSITY CONNECTICUT UNfIVERSITY OF
ATTN: LIR~A ATTN: GOVERNMENT OF CONNECTICUT

BUCIQ4LLL UNIVERSITY CORNELL UNIVERSITY
ATTN: 0 ANDERSON TNWEER
ATTN: REFERENCE CEPT

CORNELL UNIVERSITY

CALUPORNA AT Pr.!SNO STATE UNIV LID ATTN: LIRARY
ATTM: LBRARY

CORNELL UNIVERSITY
CALIFORNIA AT LOS ANGELES, UNIVERSITY Of ATTN: USRARLAN

ATTIC J MACKENZIE
ATTN: T FARLEY D4 UN4IVERSITY (LOWER DMION)

ATTN:UBRARY

7,,
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DARTMOUTH COLLEGE
ATTN: UBRARIAN ATTlN: OR JOHN ENDICOTT

DAYTON, UNIVERSIfY OF GEORGIA. UNIVERSITY OF
ATTN: UBRARIAN ATTN; ULIBARY

ATTN: LUSTRAT HOUJS-[IBRARY
DELAWARE STATE UNVTERBI"Y

ATTN. LIBRARY HARVARD COLLEGE ULRARY
At'TN: DIRECTOR OF LIBRARIES

DULL KNIwE COMMUNITY COLLEGE ATTN: W PRESS
ATTN. LIBRARY

HARVARD UNIVERSITY
FLORIDA A A M UNIV ATTN: 0 CARRIER

ATTN. LIBRARY RM 4A0 LEE HALL ATTN UBRAflY
ATTN: M MCELROY

FLORIDA INSTITUE OF TECH US ATTN: SECURITY OFFICER
ATTN: GOVT' DOCUMENTA DEPT

HASKELL INDIAN NATIONS UNIVERSITY
FLORIDA STATE LIBRARY ATTN: UBRARY

A nrN: DOCUMENTS STROZIER R-1 13
IDAHO STATE UNIVERSITY

FLORIDA STATE UNIVERSITY ATTN: DOCURMENTS DEPARTMEerT
ATTN: DOCUMENTS DEPARTMENT

MDAHO, UNIVERSITY OF
FORT VALLEY STATE COLLEGE ATTN: LIBRARY

ATTN: UBRARY
ILLNOIS STATE LIBRARY (REGIONAl

FT BELXNAP COMMUNITY Cý.--FGE ATTN: GOVERNMENT DG, '": 5 a
ATTN; LIBRARY BRANCH

FT BETHOLD COMMUNI'Y COLLEGE INDIANA STATE LIBRARY (REGIONAL)
ATTN: LIBRARY ATTN: SERIAL SECTION

7t PECK COMMUNITY COLLEGE INDIANA STATE UNVERSITY
ATTN: UIBRARY ATTN: DOCUMENTS LIBRARIES

GEORGE MASON UNIVERSITY INSTITUTE OF AMERICAN INDIAN AND ALAS(KA
ATTN: R EHRUCH NATIVE CULTURE AND AREA DEVELOPMENT

ATTN: UBRARY

GEORCA WASHINGTON UNIVERSITY
ATTN: R GOULARD IOWA STATE UNIVER31TY LIBRARY

ATTN: GOVERNMENT DOCUMENT

GEORGETOWN UNIV LIBRARY DEPAIRTMENT
ATTN: GOVT DOCS ROOM

IOWA UNIVERSrTY LIBRARY
GEORGIA INT OF TECH ATTN: GOVERNMENT DOCUMENTS DEPT

ATTNt I PATTERSON
ATTN: UBRARIAN JOHN HOPIONS UNIVERSITY

ATTN: DOCUMENTS LIBRARY
GEORGIA TECHNOLOGICAL INSTITUTIE

Dig-a
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JOHN HopImts UNfVERsJT ATTN: UBRAAý AN
ATTN: A KIMDALL

kWCHIAN UNrvER5ITV OF
KAN$"S STATE UNIVRSIT LIBRARY ATTN: ACO SEC DOCUMENTS UNIT

ATTN* DO' U1KN78 DEPARTMENT
MICHIGAN. UNIVERSIT OF

KANSAS, UNIVER&ITY OF ATTNI: It CORNELL

ATTNIRIIOROF BRAIESMINNESOTA. UNIVERSMT OF
KENTUCKY DEPT Oil LiRARY & ARCHIVES ATTN: J BEAR)MN

ATTN; DOCUkNTtM SE=TM ATTN: L SCHUIAAN

kINTUCKY STATE1 IN'VERW1Y 164SSISSIPPI STATE Ut4IVRSITY
ATM LIBRARY ATTN: LIBRARIAN

KENTUCKY, UNIVERSIY OF MISSISSIPPI STATE UNIVERSIT
ATTIC CIECTOR OF LIORARIES ATTN: LIBRARY

LAO CCAJRIE ORELLES OJISWA MI3SIS8IPPI. UNIVERS~fTY OF
ATTN: LIBRARY ATTN: DIRECTOR OF UPRARIEN

LANGSTON UNIVERSMT MISSOURI UNtV AT KANSAS CITY GE.N

ATTN: UIBRARY ATTN: LBRARIA

LINCOLN UNIVERSIT MISSOURI. UNIVERSITY UIBRARY
ATTNJ: LIBRARY ATTN: GOVERNMENT FX'CUMENTS

UrUL SI4 HORN COLLEGE MONTANA STATE LIBRARY
ATiN: LBRARY ATTN: LIBRARIAN

LITTLE HOOP COMIAUNIY COLLEGE MONTANA STATE UNIVERSIT US
ATTN! WiBARY ATTN: LIBRARIAN

LOUSIANA STATE UWIVERSIT SYTEMS MONTANA STATE1 UNIKVRSTY US
ATMTN IRARY ATTN; LIBRARY

pLOUIWAD4A TECH UNIVERSITY NATRONA COUNTY PUBLIC LiBRARY
ATTN: GOVERNMENT cocumamNT DEPT ATTN: LIBRARIAN

1L ASMCHU:ITTI UNIV O NAVAJO COMIJUNITY COLLEGE
ATIN: GOVERNMENT 000CS COLLEGE ATTN LiBRARY

MEPISIMS1 STATE UNIV LIBRARY NEBRASKA INDIAN COMaJUNITY COULLE'3
ATTN: LiBRAIAN ATTN: LIBRARY

PSiAM USrARY uNIVRamTy OF NZM~*.AEQMAUA* iWYOF

ATTN C CONVRY ATTN: UIRAR&AN
ATTN. QONvEANMENT PusucATIoNs

NEVADO LIBRARY UNIV OF
MICHIGAN STATt UNVIVRUNI LBRAITY ATTN: LIBRARY

L - ..- ~--~-------.. - .- _ ____ __-
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"ATTN: GOVT ,."U1 ICATIONS DEPT

NEVADA. UNIVERSITY AT LkL %'EGA%

ATTN: DIRE•TOR OF U8RA' -S NOTRE DAME. UNIVEP.ýSTY OF

ATTN: DOCUAIENT CENTER
NEW dE.XICO STAT]E UWIARAY

ATTN: USRARIAN OGLALA LAKOTA .OU.EGE

SATTN: UURARY

NEW ME TAT! UNIVERSITY

ATrN: UBRARY OHIO STATE UBRARYS~~ATN: U5RPAR iA

NEW MEXICO. UNIV OF SCHOOL OF MEDICINE

ATTN. C PZY OHIO STATE, U4IVERSMYI

ATTN: R ANDERSON ATTN: IbBRARIES DOZUMENTS DIVISION

NEW YORK STATE UNIV AT S tONY PROOK OHIO STATE UNIIVERSrTY

ATTN: MAIN US DOCUMENTS SECTiON ATTN: UBRARY

NEW N ORK STATE UNIV COL AT CORTLAND OKLAHOMA STATE UNIV UBRARY

ATMN: UBRARIAN ATTN: DOCUMENTS DEPT

NEW YORK SIAT! UNIVERSITY OKLAHCOAA STATE UNIV USRARY

ATTN: DOCUMENTS CENTER ATrN: UBRARY

NZW YORK UNIVERSITY DEPARTMENTOF OI.AHOMA. UNIVERSIYY OF SCHOOL OF

ENVK*NMENTAL MEDICINE PIIBLIC 4EALTH
ATTN: A UPTON ATTN. P ANDERSON

ATT1t UBRARY
-- ORP.GtN STATE 118SRARY

NORTH CAROLINA A&T STATE UNIVERSITY 
AOTY: S IBRARIAN

ATTN: LIIRAAIA-• ATTlt UBRARY

OREGON STATE UNIVERSITY

NORTH CAROLINA STATE UNIVERSrTY A'TN: UBRARY

ATTN: LUIRARIAN
OREGON. UNIVERSTY OF DIWUON OF

NOR CAROLINA STATE UNIVERSITY MMUNOLOGY. ALLERGY A RHE.4ATCLOGY

ATTNM ULRARY ATTN: I PIROFSKY

NORTH CAROLINA. UNIVERSITY Or PENNSYLVANIA STAT9 UBRARY

ATTN: UINRARY FOR M4AN ATTN: OOVWRNMENT PUBI.CATIONS
SECTION

NORTH DAKOTA STATE UNIVFRSITY

ATTN: UNRARY PENNSYLVANIA STATE UNIVERSI"Y
ATTN: UPIHARY

NORTH DAKOTA UNIVERSITY OF

ATTN: IURARLAX PENNSYLVANIA, UNIERSITY OF SCHOOL OF
ME[DICINIE

NORTHWEST INDIAN COLLEOE ATTN: P NOWEU.
ATTt LIBRARY

PENNSYLVANIA, UNIVERSITY OF

NORWTHWSTERN U RSITY US ATTN: DIRECTOR OF UBRARIES

/

*~ -h~i ~ 1 w~I~'~4~ ~ ~4 ~Zvt ~ ~ *~r*~''N/



.D -TR( 0 CONTINUED)

PiTTSOURqI4. UNIV OF SOUTH DAKOTA STATEUNIVERSITY
ATTrN: E NADORO ATTN: UIBRARY
ATTIN LIBRARY

SOUTH DAKOTA. UNIVCRSMY OF
PRAMIIII VMEW A&M UNIVERSTY ATTN; DOCUNAENTS LJURAR&N

ATTN. LWtIARY
80UTHEA&.T WS•SOURI STATE UNrVCR,•I'MPRINCETON UNIVERSITY ATTN: KENT LIBRARY "

ATTN: R M"ANK VON HIPPLE
SOUTHERN CAUIFORNIA UNIV LIBRARY

PURDUE UNIVERSITY IBORARY ATi N: DOCUMENTS DEPARTMENT
ATTN LIBRANtP

SOUTHERN CAUFORNIA, UNIV OF
RHODE ISLAND. UNIVERS.TY OF ATTN' J BIRREN

ATTN: DIRECTOR OF UBRAR:ES
SOUTHERN IU1N01S UNIVERSITY

LIRARY OF SCWA..IE A MEWiN RL'TOGU. ATTN: LOVEJOY MEM LIBRARY
UNIVERSITY

ATTN: GOVERNMENT DOCUMENTS DEPT. SOUTHERN METHOOIST UN•..RSMY
ATTN: 9 STUM•P

RUTGERS UNIVERSITY ATTN: FONDREN UBRARY
ATTN. LIBRARIAN

SOUTHERN MISSISSIPPI UNIV OF
MUSH KOOTENAI COLLEGE ATTN: LIBRARY

ATTN: lW4ARY
SOUT•iERN UNIVERSITY SY3TEM

&AMFORD UNIVERSITY ATTN: UBRARY
ATTN: LIBRARY

S1WUTHWEST INDIAN POLYTECHNIC INSTITUTE
SAN DIEGO STATE UNIV UBRARY ATTN: LIBRARY

ATTt GOV PUSS DEPT
STANDING ROCK COLLEGE

SAN JOSE STATE COLLEGE LIBRARY ATTN: LIBRARY
ATTN: DOCUMENTS DEPT

STANFORD UiS'ERSITY
AINTE GLESKA UNIVERSITY ATTN: L MuSES

ATTN: LIBARY
STANFORD UNIVERSITY LISRAR,

SISSCTON WArPCTON COMMUNTY COLLEGE ATTN: GOVT DOCUMENTS DEPT
A'ATMN LIBRARY

STONE CHILD .COLEOE
SOUTH CAROLINA STATE LIBRARY ATTN: UBRARY

ATT LIBRARY
ISARACUSE UNIVERSITY LIBRARY

SOUTH CARO,'NA STATE UNIVERIITY ATTN: DOCUMENTS DIVISION
ATTN: LIRARY

TEMPLE UNIVERSITY
SOUTH CAROLNA, UNIVERSIlTY OF ATTN: DOCUMENTS DEPT

ATTN: GOVERNMENT$ DOCUMENTS
TENNESSEE STATE UNIVERSITY

-1 I
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SATTN: LIBRARY UNIVERSITY OF DELAWARE ULIRARY
ATTN: UBRAILAN

T•ENNESSEE UNIVERMITY OF
AT7N: K FOX UNIVERSITY OF FLORIDA

ATrN: ULIBRARY

TEXAS A & u UNIVERSITY LIBRARY
ATTN: UBRARY UNIVERSITY OF HAWAII

ATTN: LIBRARY

TEXAS. AT Al ISTIN, UNIV OF
ATTN: H SUTTON UNIVERSITY OF ILLNOIS

ATTN: DOCUMENTS LIBRARY

TEXAS TECH UNIVWRSSTY UBRARY
ATTN: GOVERNMENT DOCUMENTS DEPT UNIVERSITY OF ILLINOIS

ATTN UBRARY

TEXAS. UNIVERSITY OF
ATTN CS COOK UNIVERSITY OF MAINE

. ATTN: UBRARY

TULANE UNIVERSITY
ATTN: DOCUMENTS DEPT UNIVERSITY OF MARYLAND

ATTN: GEORGE QUESTER

TURTLE MOUNTAIN COMMUNITY COLLEGE

ATTN: UBRARY UNIVERSITY OF MARYLAND EASTERN SHORE
ATTN: LIBRARY

TUSKEGEE UNIVERSITY
ATTN: LIBRARY UNIVERSITY OF MASUACHUSETT3

ATTN: IBRARY

UCLA RSEARCH LIBRARY
ATTN: PUWJC AFFAIRS SERVICEIUS DOC3 UNIVERSITY OF MINNESOTA

ATTN: U1BRARY

UNITED TRISES TECHNICAL COLLEGE
ATTN: LIBRARY UNIVERSITY OF MISSOURI SYSTEMS

ATTN: UBRARY

UNIVERSITY OF ARIZONA
ATMl: HYATT GIBBS UNIVERSITY OF NEBRASKA

ATTN: UBRARY

UNIVERS"Y OF ARKANSAS PINE BLUFF
ATTN: LBRARY UNIVERSITY OF NEW HAM4I1RE

ATTN: LIBRARY

UNIVERSITY OF CALIFORNIA SYSTEM
ATTN: UBRARY UNIVERSITY OF OREGON LIBRARY

ATTN: DOCUMENTS SECTION

UNIVERSITY OF CALFORNIA. SAN DIEGO
ATTN: DR HERBERT YORK. UNIVERSITY OF PUERTO RICO

-I ATTN: LING LEE 0407 ATTN: UBRARY

UNIERSITY OF CONNECTICUT UNIVERSITY OF RHODE ISLAND

ATTN: LJBRARY ATTN: URRARY

UNIVERSITY OF DELAWARE UNIVERSITY OF SANTA CLARA

ATTN: LIBRARY ATIN: DOCUMENTS DIV - ORRACRE US
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UfTRr,4TY OF SOUTH CARLINA VIRGINIA POLYTrCNC INSTmJE
AYTN: TS .UCA=tjl.A" ATTN; DOCUMENTS OEPARTMEN f

UIJNVERSITY OF SOUTH FLORIDA VIPFINLA S•TATE UNIVEIRSITY
ATT.4. . YiNQ ATTN: UBAARY

UNNV OF SOU'IERN C %LIFORNIA VIRGINIA, UI4IVEr-SF(lY OF
"ATTN: ARMCIJ' TANGUAY ATTN PUBL•C• DOCUIAE"NTi,

UNVERSITY Pe sorUTHERN CALIFORNIA SCHOOL WASHINnTON STAIE LIBRARY ,
- -OF INLIRNATIONAL RELATIONS ATTN: DOCUM.1ENTS SECT.ON

ATTN: RONALD 3TCAL
WASHINGTON ST,"TE UNIV

UNIVZRSITY OF TENNESSEC ATTN: .X2 DOCUMENTS S.CTION

ATTN: UMRARY
WSHlINGTON, STATE UNI'r. R SiTY

UNIVERSITY OF THE OISTRIC OF COLUMOIA ATYN: MICHAEL KW. WONG
ATTN: LIBRARY. RU 30 ATTN: Y M GUPTA

UNIV.RS.'TY OF THE VinGIN IS'ANDS WASHINGTON STATE UNIVERSITY

Aim'ATTUBRARY ATTN: LIBRARY

UNIVERSITY OF WASHINGTON WASI4INGTON UNIVERSITY OF
ATTN: C LEO\' ATTN: DOCUMENTS DIVSION
ATTN: L RAOKE
ATTN: P HO511S WASHINGTON ,UNIVERSITY OF SCHOCL OF

PUBLIC HFLATH

UNIVERSITY OF WISCONSIN-MADISON ATTN: 0 THOA.SPGN

ATTN: KURT F WENDT
WILLIA4 AND MARY COLLEGE

UNNERSIlY OF 'lSCOh3IN.MADISON ATTN: DOCS DE."T

ATTN: ULRARY
WISCONSIN UNIVERSITY OF GREEN SAY

UNIVERSITY OF WNCONSIN-OPHKOSH LIBRARY

ATTN: DOCI,,ENTS DrFT ATTN. GOV PUBS DEPT

UNIVERSITY CF WYOMING WISCONSIN, UNIVERSITY OF
AITN. UBRARY ATTN: J CROW

UTAH STATE UNPrPzRSITY YALE UNIVERSITY

A T,4: LIPARY AT(N: COUNCIL OF ENGINEERING
ATTN: O SCHULTZ

""YAN, ut•iw;SnTY or ATTN: V HUGHES

ATTN: SPECIAL COLLZCTIONS ATTN W RAITH

VANDERBIL' UNIVERSITY
ATTN: R QUINN

t-IRGINIA MILITARY INSTITJTE
ATTN: DOCUMENTS DEPARTMENT
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