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FOREWORD

This document, the Final Technical Report, was prepared under Contract No.

F19628-79-C-0081 for the Air Force Geophysics Laboratory (AFGL) of the

Electronic Systems Division of the Air Force Systems Command. It was gener-

ated by the Physical Science Laboratory (PSL) at New Mexico State University

(NMSU) as a documentary summary of the work accompliqhed and the information

gained in the performance of the contract for "Engineering, Instrumentation,

Systems Integration & Flight Support for Balloon Operations". This document

is submitted in direct response to the requirements of the Contract Data

Requirements List (CDRL), Sequence Nos. 103 end 104.
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1. CONTRACT OBJECTIVE

The major objective of this work effort was to collect particula•.' and gaoenus

samples in the stratosphere by integrating electrical and mechanical hardware

into a balloon-borne sampling system; then, launch the system into the strat-

osphere, collect the desired samples, recover the system, reduce the data, and

prepare summary reports.

2. INTRODUCTION

The work effort under Air Force Contract No. F19628-79-C-0081 was an on-going

stratospheric measurement program in which the Physical Science Laboratory

(PSL) of NMSU has been involved since 1 October 1976, when PSL assumed this

effort under contract No. F19628-77-C-0031. The first contract ended 31

January 1979, when the present one, No. F19628-79-C-0081, came into being.

This report covers the period 31 January 1979 to 20 October 1981. Although

the basic effort is in support of the Ash Can Program, PSL had an expanded

role in conducting other efforts in the Atmospheric Measurement Program.

During this period, PSL was more deeply involved in instrumentation development

and fabrication and in the evolution of the Cassette Sampling System.

3. SCOPE

The PSL/NMSU supplied the necessary personnel, services, specified materials

and engineering support for 63 balloon research flights conducted at Holloman

AFB, NM, Albrook AAF, CZ, Howard AFB, CZ and Eielson AFB, AK. In support of

this effort, PSL:

3.1 Operated and maintained (GFE) telemetry and command stations, per-

P formed payload preparation and integration, and acquired real-time recorded

data.

3.2 Interfaced CGFE) flight safety and scientific tracking devices,

parachute recovery systems, and command/control systems into the balloon

, -1-



flight systems. Provided for the design, fabrication, testing, and in-

stallation of subsystems necessary to insure proper operation of the

balloon flight systems.

3.3 Coordinated balloon flight instrumentation requirements for each

operation. Manintained and calibrated scientific and command/control

equipment, Provided technical interface between the AFGL contractor and

government operational facilities, Completed flight documentation and

facility-use agreements, Acted as a technical representative of AFGL

when coordinating scientific experimentation and data acquisition with

the scientists and engineers concerned.

4. TECHNICAL PROGRESS

During the contract period PSL conducted 63 flights and provided technical

assistance for one other flight in support of the Atmospheric Measurements

Program. Of the 63 flights, eight were conducted from Eielson AFB, AK, five

were conducted from Albrook AAF, CZ and three from Howard AFB, CZ. The remain-

ing 47 were conducted at Holloman AFB, NM. To accomplish these flights, PSL

calibrated equipment, provided technical interface, assembled payloads, rigged

parachutes, conducted flight operations, directed aerial-catch recovery missions,

monitorod ground recovery activities, provided coordination between participat-

ing agencies, collected real-time data, made data reductions, packed and

shipped equipment, set up remote operational sites, performed site coordination

and completed flight documentation and reports. The flights flown, analyses

of failures, and samples collected are logged in Tables I, II, III and IV. In

addition to the no.'mal flight operations, PSL was involved in several other

work and development efforts related to the Atmospheric Measurements Program:

0 First, duringthe February -AprI1 1979 period, new cables were manufac-

tured and parts procured for additional SCADS-2 units. Because of a

change in direction, no more units were built as SCADS-2 was to
* evolve into SCADS-3.
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Table I - Contract rlIght Loj - 09rebruary 79 to 02 November S1

Alt, Bin Kime

.ill. Fits t o.5 IlOtl 1 (KI't 1 II ltI " ) y'YlJi Hilllehr I 11 , it lrl m ,,i lE,.,m rks

1. W79-06111-143X 9 Feb 79 65 0,504 MCAR gondola, Chlorine success

2. H79-0/IH-I44X 23 Feb 79 97 2,010 SCAR Cassette, MCL success

3. H79-10/P-1S8 14 Mar 71 S0 0.516 Dual DFS & C-14, Radioactive Nuclides success

4. 1179-I 1S Nilr 791 65 0.274 APOL Cryugenic sampler, Wiole Air Sul-Celi

S. H79-12jP-159 16 Har 79 105 1.840 -Air 9jector & C-14, Radioactive Nuclides success

6. H79-13/P-160 19 Mar 79 70 01274 Dual DFI & C-14, Radioactive Nuclides success

7. H79-14 20 Her 79 98 2,900 AFO1 Cryogenic Sampler, Whole Air success

S. N79-16/N-145 6 Apr 79 70 0,351 Dual D01 & C-14, Radioactive Nuclides Success

9, 679-17/6-146 17 Apr 79 50 0.626 Dual 016 A C-14, Radioactive Nuclides Succels

10. H79-18/H-147 21 Arr 79 105 1.840 Air aetor & C-14, Radloartive Nurlidcd Suctelss

11, H?9-19/H-l4AX 24 Apr 79 115 4,590 NCAN Cassette, HCL Success

12, M79-22/A-147 9 Jun 79 s0 0.516 Dual 076 & C-14, Radioactive Nuelidoo Success

13. H79-23/A-16 14 Jin 79 105 1,840 Air Kjector & C-14, Radioactive Nuclides Succeas

14, H S9-25/A-149 1s Jun 12 70 0.274 Dual DFI & C-14, Radioactive Nuclides Sln failed in Launch Are

15. H79-26/A-150 16 Jun 79 70 0,274 Dual Drl I C-14, Radioactive Nuclides success
• 16, 19-2S/A- S1X 15 Jun 79 135 10,600 RUV3N, Radioactive Nuelides Sues

17. 679-29 19 Jun 79 135 10,600 Isulsion Pleate, Cosaic Rays success

18. 679-35/H-149 17 Jun 79 70 0,274 Dual DF0 & C-14, Radioactive Nuclides Surceas

p-r 19., 679-36/6-150 24 Jul 79 s0 0.628 Dual Oft & C-14, Radioactive Nuclides success

20, N?9-37/H-151 26 Jul 79 105 1,540 Air 1jector & C-14, Radioactive Nuclides Partial, PR-3 railed

I11 H?9-3S/H-152X 26 Jul 79 115 4.690 HOAR Cesett.e, Atmospheric ConsLtituents Prtial, Caeasette Iid

Not seat Filter

22, M79-40 21 Aug 79 107 3,690 U of Denver CrandoLa, It Baler spectrum success

23. H79-44 13 Sep 79 123 3,020 U of Wyominx Condole, sun Photometer Success, Condola

Measurements Destroyed

24, H79-47/N-tS3X 27 Sap 79 115 4.690 HCAR Cassette, stratospheric Constituents Partial, Cassette Did

No ,1 a lt Vilki- r

25 II'9-401t- IS4 O I l'l 0I 90I I.ii0 itu Coosit,', %%, C- 14, tatllunt tivi, Not s-I se-' Si,vi-hso I, I-t hai F, lhd

C-14 & UlS/Caseette, IntercomparLson

"26, H79-51 10 Oct 79 107 5.030 U of Denver 0ondole, I1 Soler Spectrum Success

27. H79-32/H-155 16 Oct 79 70 0.274 Dual DFA L C-14, Radioactive Nuclidme success

26. H79-54/H-156 19 Oct 79 10 0.516 Dual D01 & C-14, Radioactive Nuclides aurcele

29. T79-SIIH-15?X 6 Noy 79 35 0145 Aerial Recovery Test of MM-S Parachute System Sue'rasa
30, K(79-59I/-SBX" 10 Nov 79 35 0.145 Aerial Recovery Teat of -3 Paeraechute system success

31. K60-06 10 Feb 80 113 3,690 U of Denver Gonkdola, Soalr Measurementl success

33. RAO-0/OP-I61 I11 ier 80 70 0.274 DuaI Us5 & C-14, Radioactive Nuclides success

33. NS0-It/P-162 12 Her 40 s0 0.516 Duel 0N1& C-IA, Radioactive Huclides success

34. H&D-12/P-1t3 13 Her & SD 0.059 Dual DOF & C-iA, Radioactive Nuclides sucresa

$5. MID-15/H-159 4 Apr 80 g0 1,110 009 Cassette, D01, C-14, A U of HIAI Radioactive No Cassette

Nuclides, Aeroeols, G Whole Air (Tritium)

36. NSB-16/6-160 10 Apr 80 s0 0,2S DOn Cassette, Dn, C-I4, & U of mIAI Radioactivs success

Nuclides, Aerosols, A Whole Air (Tritium)

,, nn us -h I I-3- II i



Table I - Contract Flight Log - 09Frbru"iy79to02 November 81 (Concluded)

Alt, Din Bile

Ling rliAht No, Datae (Itt (a jft' Type Daoler and laveriment

37, 1130-17/1-161 14 Apr 80 70 0.355 DOE Cassette, Drs, I C-141 Radioactive Nuclides Succian

& Aerosols

38. H80-19 28 Apr 10 70 0,628 AFOL TRIWAI Sampler, Whole Air success

19, NSO-24/A-153 7 Jun D0 70 0,274 Dual Drs, C-14, & U of NIAI Radioactive Success

Nuclides & Whole Air (Tritium)

40. NSO-25/A-153 S Jun 80 Do 0.516 Dual DIN, C-14, & U of HIAI Radioactive Success

Nuclides A Whole Air (Tritium)

41, HAO-26/A-154 9 Jun NO 90 01559 Dual DIr, C-14, & U of MIAI Radioactive No Whole Air
Nutildse A Whole Air (Tritium)

42, 110-29/1-161 23 Jul 80 s0 0.625 DOE Cassette, DM8, C-14., & U of MIA; success

Radioactive Nuclides & Whole Air (Tritium)

43. N80-29/N-163 25 Jul 50 70 0.155 DOI Cassette, Drs, C-14, G U of MIA; No DID

Radioactive Nuclides & Whole Air (Tritium)

44, 180-30/M-164 29 Jul 80 90 1.110 DU0 Caseette & U of MIAI Volcanic Ash, Sulfur Success

& Whole Air (Tritlum)

45. 1180-35/IH-165 9 Oct 80 90 1.110 009 Cassette, C-.14, & U of MIl Radioactive Success

Nuclides, Whole Air (Tritium)

46, NBO-3b/N-166 16 Oct 80 70/80 0.628 DOE Caolete, DFr, C-14, U of llA; Radioactive No Drs

Nuclides, Whole Air (Tritium)

41, HaO'3711I-16722 I Nov 80 BB 2.110 NCAK (londoli, Chlorine Mensuromoni• Bin Surot

4.8, NSO:q9/H-16OX II Nov 80 as 2.900 NCAR Oonduk,, Chlorine Measurements success

49, HAI-02 9 Mar $I 111 3.690 U or Denver Gondola, Positive ION Measurements success

$50, II-04 19 Mar D1 130 11.620 U of Denver Gondola. Solar II Measureents success

51. HI1-05 23 Mar D1 110 1.130 U of Denver Onadole, Solar UV Measurements Success

52. H8SI-06/N-169 I Apr D1 70/30 0.628 DOE CassetLe, DIrD & C-14; Radioactive Nuclides Success

53. HSI-07/O/-170 5 Apr 91 90 1.110 DOE Caseette, DrD, A C-141 Radioactive Nuclides Success

54. 581-08 9 Apr 51 115 3.690 U of Denver Gondola, solar Irradiance success

Measurements

55. HOI.17/1H-IlIX 25 Jun 81 so 0.516 DOE Cassette A SCADS 11 Test, Radioactive success

HNrl Iitis

$56, 18-18/11-112 7 Jul A1 70/80 0,628 DO Cassette, DrD, A C-141 Radioactive Nuclides success

57. HSI-lS/N-173 13 Jul St 90 1,110 DO3 Cassette, Drs, & C-141 Radioactive Nuclides Iti Failed Latach Am

35. HII-20/N-114 14 Jul DI 90 1.110 DOB Cassette, Drs, & C-141 Radioactive Nuclides lln Failed at Release

19. HII-21/H-175 14 Jul 81 90 1.110 DOE Cassette, DrI, A C-14; Radioactive Nuclides Success b
60. 1161-28/H-1761 7 Oct 61 120 11.620 NCAR Gondola, Chlorine Measurements Bin failed at Relesse

61. H"l-29/H-177X a Oct SI 120 11.620 SCAN Gondela, Chlorine Measurements succese

62. N1Ri-II/II-17R 27 Oct AI 90/i0 1,00 2109 C(ssotte, 1 5i , A& C-141 Radioactive CaSlttoe Failed

Nurlides & Sulfides

63. HAI-33/l-179 2 Nov 81 60/50 0.03 DOE Cassette, D01, & C-1i4 Radioactive success

Nuclides A Sulfides
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r(I I. I - Ana I ym,-s M VI ight I ailUII'

FLIGHT NO.,* DATE REASON .!".FAlILURE* M01NYoD', .ApU]/f'^. OS

H79-25/A-149 15 Jun 71) Balloon IDamngiid In Launch f Two UPS & C-14
Arm RIcanimn of Winda

H79-37/H-151 26 Jul 79 PR-3 Flowsnemor Failed d(t) Supporting Flow
Data

1179-38/H-152X 28 Jul 79 CaKotto Failed to Seat: d(l) Supporting Flow
Filter & lnmoged P1R-3 Data
Flowmruixor

1179-40 21 Aug 79 Balloon Vai'hd to Renih i 1It1hi Altiti.itt
Proper At.itude Expurlnioot

1179-47/H-153X 27 Sep 79 Mttimetto Fniled to Sont d(l) supporting Flow
FItLeI & t)naitngd PR-3 Data
FlowsnmotOr

.H79-48/H-154 3 Oct 79 I'R 3 Plowmnnsor Failed d(l) Supporting Flow

Data

H8-lS/H-159 4 Apr 80 Cassette Did Not Function d(l) Caswntte Sample

HBO-26/A-134 9 Jun 80 IC Fialledi Allowed UTMT e(1) U of MIA Tritium
Doors & U of MIA Valve to Sample

Open at Aerial Engagement

1180-29/1-163 25 Jul 80 Polyflo Cap Cracked; UTIT d(l) DPB Sample
Doors Did Not Open

1150-37/11-167 3 Nov 80 Balloon Burnt a Mhlorine

HBI-i9/H-173 13 Jul 81 Balloon Failed Launuh Arm a I)PS, C-14, &
Cassette

H81-20/H-174 14 Jul 81 Balloon Failed at Release a DFS, C-14, &
Cassette

H81-2b/H-176X 7 Oct 81 Balloon Failed at Rnleads a Chlorine

H81-31/It-178 27 Oct 81 Catsetca Sampler Failed to d(l) Cassette
Activate- Dragging Filter
Drum

MODE** SUMMARY NO. SAMPLES LOST

a) Balloon Failure . . . . . . . . . . . . . . .. 9

b) Human Error . . . . . . . . . . . . . . . . . . . . . . 0
1) Mechanical ......... ....... .................... 0
2) Electrical....... ......... .. ............ 0
3) Judgement . . . . . . . . . . . . . . . . . . . . 0

c) Impact Damage .................. .. 0

4 d) Mechanical . . . ... . . . . . . . . . . . . . . . . 3
I) Ground Support Equipment .......... . 0
2) Flight Support Equipment ... ......... 3

t" e) Electrical . . . . . . . . . . . . . . . .. . . . . 1
1) Ground Support Equipment . ........ ............. I
2) Flight Support Equipment . . ... . ... .... 0

f) Mateorolog.ical. . ................. .. 3

TOTAL 16

*vFlights failing to collect either a valid sample or suffic•ent supporting data
**Failure Classification

.-.- --.--. . .. .-.... - - -... .....-.....
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b l'Ž Ill Sam pl ing Summil t rie , by CY

TOTAL SUCCESS FAILED % SUCCESS*

FLIGHTS CY 1979 30 29 1 97

DFS 23 21 2 91

C-14 16 15 1 94

Cassette DOE I 1 0 100

Cassotte NCAR 4 4 0 100

Chlorine 1 1 0 100

AFGL/TRIWAS 2 2 0 100

U of Denver 2 2 0 100

U of Wyo 1 1 0 100

Air Ejector 4 4 0 100

AFGL/Filz 1 1 0 100
}{V3K 1 .1. 0 100

Parachute Test 2 2 0 100

FLIGHTS CY 1980 18 17 1 94

DFS 18 16 2 89

C-14 12 12 0 100

Cassette DOE 8 7 1 88

U of MIA (Tritium) 10 9 1 90

Chlorine 2 1 1 50

AFGL/TRIWAS 1 1 0 100

U of l)onvor I 1 0 100

FLIGHTS CY 1981 15 12 3 80

DFS 8 6 2 75

C-14 8 6 2 75

Cassette DOE 9 6 3 67

Chl or Iin 2 1 1 50

SU of Delnver 4 4 0 100

"* A sample is considered a success whun enough material ii, collected and there
are enough supporting data to make a valid statement or valid real-time mea-
surements are made.

-6-
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Table IV - Sampling Summary, Contract (3 CYs)

TOTAL SUCCESS FAILURE % SUCCESS*

F PLIGHTS 63 58 5 92%

* AFOL/TRIWAS 3 3 0 100%

* * AFGL/Filz 1 1 0 100

* Cassette NCAR 4 4 0 100

a HV3K 1 1 0 100

* Parachute Ttst 2 2 0 100

* * Air Ejector 4 4 0 100

SU of Denver 7 7 0 100

* U of Wyoming 1 1 0 100

* C-14 36 33 3 92

O U of MIA (Tritium) 10 9 1 90

* DFS 49 43 6 88

i Cassette DOE 18 14 4 78

a Chlorine 5 3 2 60

141 125 16 89%

*' A sample is considered a success when enough material is collected and there
are enough supporting data to make a valid statement or valid real-time measure-
mernts are made.

-7-
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* Later in the year, August-October 1979, a pressure/temperature

system was developed to provide. real-time data concerning the gas

dynamics during sampling. This system monitored gas pressure and

temperature in the spheres and at the orifice. These data were very

useful in determining comsumption rates and making operational

decisions. Also, an unknown anomaly in the regulated pressure was

detected using this system.

* Parallel with other efforts was a program to extend the life of the

PR-3 flow sensors by special lubrication, reworking the bearing

mount assembly and installing new bearings. This effort in approxi-

mately 50% completed, after using available funding.

* As the MK-8 parachute system was brought into use, a new sleeve was

designed and manufactured that contained all exterior cables in a

slip sleeve, This slenve was easier to rig and use than the previous

model that had been used.

* During the October 1979 series, the 12-channel Raven command receiver

was incorporated into the electronic package.

* The intercomparison work between the DFS and Cassette was initiated

in October 1979 on Flight H79-48/H-154. This effort continued into

1980.

* * In conjunction with the Alaskan series in June 1980, PSL set up and

operated the TRADAT system. This system was used for balloon position-

ing in place of the normal radiosonde methods.

* At the end of CY80, ns the complexity of the flights increased and

the send for more commands and data channels grew, PSL began develop-

ment and fabrication of the SCADS-3 instrumentation system. This

first unit was flown successfully in June 1981 and flew operationally

during the July 1981 sampling series. This unit was destroyed by a

free fall during the October 1981 series. A new unit has not been

fabricated.

...................................... . i.-.-. I/ I .IV



* Also during 1981, PSL developed an interface system that fed real-

time data from the SCADS system into the HP-85 computer. This

system removed the need for hand data reduction and greatly reduced

the administrative work load of the PSI, Balloon Launch Group.

0 As the Ash Can Sampling Program evolved into the Cassette System

and as many other measurement flights were conducted by PSL, the

complexity of flight operations increased dramatically, These

flights required controlled descents, controlled profiles, long

durations, larger balloons, and forward command control systems. In

addition to the increased complex effort at Holloman AFB, PSL contin-

ued to deploy to remote sites in Panama and Alaska.

5. SUMMARY of WORK PERFORMED

* Conducted 63 balloon missions which included:

- Calibration of Equipment

- Assembling Payloads

- Rigging Parachutes

- Conducting Flight Operations

- Monitoring Recovery Activities

- Coordination between using and controlling agencies

- Collecting Data

Reducing Data

- Flight Reporting

* Provided technical assistance for one balloon flight.

a Fabricated and flight-tested one SCADS-3 unit,

0 Developed a pressure/temperature sensoring system.

* Installed new bearings and lubricated the PR-3 flow sensors. (50%

complete.)

* Developed a new rigging sleeve for the MK-8 parachute system.

* Integrated the 12-channel Raven command system.

"9-
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0 Set up and operated the TRADAT system.

0 Fabricated and tested the SCADS-3 system.

0 Interfaced SCADS-2 data system with the HP-85,

* Attained skills in conducting complex balloon flight operations.

. Deployed the flight operations to Panama and Alaska which required:

- Setting up command and control stations

"- Setting up data acquisition stations

- Controlling balloon flights from a field station

- Planning and controlling the logistics and material to make

these sites functional

6, CONTRACT HATTER

6,1 In response to Contract Data Item Description (DID) No. DI-S-3591/A/M,

as modified, following is a listing, in alphabetic order, of various

professional personnel who contributed to the research reported hereint

Thomas E. Ashonfoltor/NOAA Dr. Frank P. Hudson/DOE

Stewart P, Bean/PSL Dr. Robert Leifer/DOE

Robert H. Cordella, Jr./NOAA John J. Maure/PSL

Wade L. Craddock/PSL George Nolan/AFGL

Thomas A. Danaher/AFGL S. B. Seagraves/PSL

Thomas J. Gross/DOE Elger P. Stauber/PSL

, John R. Groand/PSL D. N. Wofford/PSL

"6.2 The only previous AFOL/P 1SI. contract related to and preceding the

work herein summarized was the following:

* Contract No. F1962B-77-C-0031 1 Oct 76 - 31 Jan 79

No previously produced publications or articles resulted from AFGL's

sponsorship of this Contraict No. F19628-79-C-0081, Only such formal
documentation as was specified by the Contract Data Requirements List has
been generated by PSL and submitted to required distribution.

-10-
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6.3 Contract funds remaining as of 30 November 1981 amounted to $31,957.89.

14 .Included in this amount is a money reserve for the preparation and distri-

bution of this Final Technical Report, in boLh its "Draft Manuscript"

form and in "Reproducible Copy" form. Also to be reserved is a pending

money-consideration for extending the termination date of this contract

to the beginning date of follow-on Contract No. F-19628-82-C-0013, with a

"term of 1 November 1981 to 31 October 1q83.

6.4 No patents resulted from PSL participation in this contract. See

PSL Final Patent Report letter to ONRRR dated 1 October 1981,

6,5 No equipment, GFE or other, was acquired during the contract period.

See PSL Final'Inventory of Government Property, forwarded to ONRRR on 8

December 1981.
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Recpient

1-2 AFGL/ STJLR
Hlanscom AFB, MA 01731

3 Of fice of Naval Research
Resident Representative
Attn: G. Max Irving/ACO
Bandolier Hall West - Rm. 204
University of New Mexico
Albuquerque, NM 87131

4 J.C. Erickson/PSL

5 W.L. Craddock/PSL

6 J.R. Ground/PSL

7 A.D. Maio/PSL

8 Director/PSL

9 E.P Staubor/PSL

10 D.N. Wofford/PSL

it J.W. Hungate/PSL

12 Project Library/PSL
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