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	Problem Description
AFTER CLEANING THE LH2 EXTERIOR TANK SURFACE, IT WAS NOTED THAT STAINS

EXISTED ON OVER 80% OF THE TANK SUBSTRATE (INCLUDING THE FWD AND AFT

DOMES). A SIMILAR PROBLEM WAS REPORTED ON CAPS T-035. (A06905). THE

EXTERIOR TANK IS FINAL CLEANED IN CONJUNCTION WITH ENGINEERING DWG

80914005940-039 AND STP/PI 5009

	Contractor Investigation/Resolution
CAUSE: 1. COPPER REDEPOSITION - COPPER COLORED STAINS RESULTING FROM A

DWELL (TIME DELAY) BETWEEN THE SOLUTION DEOXIDATION CYCLE AND THE

SUBSEQUENT DEMINERALIZED WATER RINSE CYCLE. 2. ALUMINUM OXIDE/COPPER

MATRIX STAINS - UNDETERMINED. CAUSE AND CORRECTIVE ACTION FOR THIS

FAILURE MODE SHALL BE ADDRESSED PER MISSION TASK 643 ETTP-295. 12/4/87

- GENERAL A. THE LH2 AND L02 TANK EXTERIORS ARE FINAL CLEANED PER

STP/PI 5009. ENGINEERING SPECIFICATION CONFORMANCE REQUIRES THAT THE

POST-WASHED TANK BE VISUALLY CLEAN WITH A WATER BREAK FREE SUR- FACE;

THAT THE EXTERIOR SURFACE SHALL BE UNIFORMLY METALLIC IN COLOR, AND

FREE FROM OILS, GREASE, STAINS, SMUTS, AND/OR OTHER DISCOLORATION. B

SINCE LWT-31, VARYING DEGREES OF NONCONFORMANCE TO THE PRECEDING

SPECIFICATION REQUIREMENTS, HAS BEEN DOCUMENTED AGAINST THE LH2 TANK

PROCESSING (LWT-31, MARS T079331; LWT-40, MARS T-84022) AND THE L02

TANK PROCESSING (LWT-32, MARS T-77415; LWT-33, MARS T-84724; LWT-37,

MARS T-90291; AND LWT-42, MARS T-90026). PRIOR TO LWT-31, AS INDICATED

BY A BRIEF HISTORY REVIEW, AN ADDITIONAL 14 MARS AND 21 DRS WERE

WRITTEN AGAINST THE LH2 EXTERIOR TANK CLEANING PROCESS (SINCE LWT-6)

ENGINEERING RESEARCH TO EVALUATE THE INTERMITTENT PROCESS FAILURES, HAS

BEEN ON-GOING. C. A CORRECTIVE ACTION PROBLEM SUMMARY HISTORY REVIEW

REVEALED THAT CAPS T-035 ADDRESSED SIMILAR EXTERIOR TANK CLEANING

ISSUES. HOWEVER, THE DOCUMENT ADDRESSED STREAK-LIKE STAINS RESULTING

FROM INDISCRIMINATE WATER COLLECTION/ENTRAPMENT. A BRIEF MARS/DR REVIEW

INDICATES THAT THE PROCESS AMELIORATION/CORRECTIVE ACTION, AS PRESENTED

IN CAPS T-035, WAS VIABLE. CONSEQUENTLY, CAPS T-035 WILL BE INCLUDED,

HEREIN, ONLY FOR PROCESS HISTORY. D. TASKS I THRU IV OF THIS CAPS,

ADDRESSES THE FAILURE ANALYSIS OF THE LH2/L02 FINAL CLEANING PROCESS,

PROCESS AMELIORATION, AND CONTROL TO PRECLUDE RECURRENCE. TASK I

FAILURE/PROBLEM INVESTIGATION THIS TASK REQUIRES THE SUBMITTAL TO

RELIABILITY ASSURANCE, THE APPLICABLE PROCESS HISTORY EVALUATION/REVIEW

FOR THE EXTERIOR CLEANING OF THE LH2 AND L02 TANKS (REVIEW

EFFECTIVITIES-LWT-6 THRU PRESENT BUILD). IN ADDITION, PROBLEM HISTORIES

(WHICH INDIVIDUAL DEPARTMENTS ARE COGNIZANT OF)SHALL BE SUBMITTED. ALL

INFORMATION SHALL BE REVIEWED AND CATERGORIZED TO ASSIST IN DETERMINING

AN EXTERIOR CLEANING FAILURE DEFINITION AND THE SUBSEQUENT CORRECTIVE

ACTION THEREOF. A. FAILURE HISTORY AND REVIEW - MARS/DRS CLOSURE

STATEMENT THE EXTERIOR CLEANING OF THE LH2 AND L02 TANKS (PER STP/PI

5009) WAS PERFORMED IN CELL "E" FOR LWT EFFECTIVITIES 001 THRU 005

STAINS OCCURRED ON THE LH2 LWT-001, 004, AND 005 TANKS. AN

INVESTIGATIVE INTO THE GENERIC CAUSE OF THE STAIN/DISCOLORATION TYPE

ANOMALIES, RESULTED IN THE INCORPORATION OF NITRIC ACID INTO THE SMUTGO

#1 DEOXIDIZER CLEANING SOLUTION. NITRIC ACID - DEVELOPMENT/BACKGROUND:

AT THE BEGINNING OF THE APOLLO S-1C PROGRAM (1963) IT WAS DETERMINED

NECESSARY TO ADD 10-35 OZ. OF NITRIC ACID PER GALLON OF DEOXIDIZER; TO

PREVENT COPPER DEPOSITION AS A RESULT OF BUILD-UP FROM DEOXIDIZING HIGH

COPPER BEARING ALLOYS SUCH AS 2219-T87. THE COPPER TOLERANCE LEVEL OF

THE SOLUTION BEFORE "IMMERSION PLATING" WAS THEREBY RAISED FROM ABOUT

60PPM TO OVER 12OOPPM WITH THE NITRIC ACID ADDITION (REF

MMC-ET-SE05-176). WHEN CELL "P" WAS CONSTRUCTED FOR RATE PRODUCTION IT

WAS FABRICATED TO SUPPORT A NITRIC ACID ENVIRONMENT. (IT IS IMPORTANT

TO NOTE THAT THE NITRIC ACID ADDITIVE WAS NOT IMPLEMENTED IN CELL "E";

THE CELL'S CONSTRUCTION WOULD RAPIDLY DETERIORATE, AS A RESULT. IN

ADDITION, THE ANOMALIES DOCUMENTED IN CELL "E" WERE NOT AS

SEVERE/REPETITIOUS FOR THE L02 TANK, LWT-1 THRU 43; AS THEY WERE FOR

THE LH2 TANK, LWT 1 THRU 5, CELL "E"; LWT-6 THRU 43, CELL "P". THE

INITIAL USE OF CELL "P" (LWT-6 AND 7) RESULTED IN A CONTINUANCE OF

SMUT/STAINING/ DISCOLORATION TYPE ANOMALIES. THE STAINS WERE ANALYZED

BY MARTIN MARIETTA LABORATORIES AND DETERMINED TO BE AN ALUMINUM

OXIDE/COPPER MATRIX. A MARTIN MARIETTA TEST PROGRAM, INCLUDING TURCO

PRODUCTS, INC. (MANUFACTURERS OF THE DEOXIDIZER AND ALKALINE CLEANING

SOLUTIONS UTILIZED IN CLEANING THE EXTERIOR TANK SURFACES) EVALUATED

THE STP/PI 5009 PROCESS TO AFFECT CORRECTIVE ACTION. IT WAS DETERMINED

AT THAT TIME (REF. TEST REPORT ETTR 163 AND MEMO FROM TURCO PROD. DATED

MAY 23, 1983) THAT THE CONTROL OF THE AMOUNTS OF ACTIVE FLUORIDE IN

SOLUTION WOULD NEGATE THE ALUMINUM OXIDE/COPPER POST-CLEANING SMUT

(OCCURRING IN CELL "P"). (FLUORIDE IS CONTAINED IN THE DEOXIDIZER

FORMULA AS SUPPLIED BY TURCO PRODUCTS, INC. ITS FUNCTION IS TO REMOVE

THE ALUMINUM OXIDE FROM THE 2219 SUBSTRATE SURFACE. THE ALUMINUM

NITRATE WAS THEORIZED TO DISSOCIATE IN THE DEOXIDIZER SOLUTION WITH THE

ALUMINUM REDUCING THE AVAILABLE FREE/ACTIVE FLUORIDE BY BINDING AS AN

ALUMINUM FLUORIDE COMPOUND). LWT-8 WAS THE FIRST LH2 TANK TO UTILIZE

THE CONTROL OF FLUORIDE BY THE ADDITION OF ALUMINUM NITRATE. THE LH2

TANK WAS CLEANED WITHOUT ANY SIGNIFICANT ANOMALIES. NONCONFORMANCE

BEGAN AGAIN AT LWTS-9 THRU 13; HOWEVER, THE STAINS WERE ATTRIBUTED TO

MASKING LEAKS, TOOLING, ENTRAPPED FLUID, AND CELL CEILING DRIPS. THESE

TYPE ANOMALIES WERE ADDRESSED BY CAPS T-035. RESURGENCE OF MAJOR

STAIN/DISCOLORATION TYPE ANOMALIES DID NOT BEGIN UNTIL LWT-26. THIS

CONTINUED INTERMITTANTLY UNTIL LWT-44. AT LWT-44 THE ENTIRE CONTENT OF

THE LH2 DEOXIDIZER SOLUTION TANK WAS DUMPED. THE SYSTEM WAS RECHARGED

WITH 8000 GALLONS OF FRESH MATERIAL; RESULTING IN A CLEAN TANK. THIS IS

SIGNIFICANT IN THAT, INTERVIEWS WITH THE PROCESS AREA FOREMAN, AREA

SUPERVISOR, AND THE QUALITY EVALUATION LABORATORY CHEMIST (WHO

ANALYZES/ REPLENISHES THE TANK SOLUTIONS), REVEALED THAT, HISTORICALLY,

FRESH SOLUTION BATHS ALWAYS RESULTED IN ANOMALIZED/STAINED TANKS

FURTHER INVESTIGATION REVEALED, TO THE CONTRARY, THAT UP UNTIL LWT-44 A

FRESH SOLUTION BATCH WAS MADE UP IN A TANK THAT WAS ONLY PARTIALLY

EMPTIED. A STP/PI 5009 PROCESS SIMULATION (ALONG WITH THE RESULTS OF

LWT-44) ILLUSTRATED THAT A FRESH/ VIRGIN SOLUTION WILL SUCCESSFULLY

CLEAN THE 2219 ALUMINUM ALLOY. THE LWT-6 PROCESSING WAS FROM A VIRGIN

SOLUTION, HOWEVER, HISTORICAL RECORDS INDICATE THAT THE 10% BY VOLUME

NITRIC ACID REQUIREMENT WAS NOT MET UNTIL LWT-8 (THIS WAS DUE TO A

MISCALCULATION OF TOTAL SOLUTION CONTENT WITHIN THE DEOXIDIZER TANK

CONSEQUENTLY, FOR LWT'S 6 AND 7, THE ACTUAL NITRIC ACID CONCENTRATION

RANGED BETWEEN 3-4%). B. PROCESS HISTORY AND REVIEW - STP/PI/MPP -

PROCESS CHANGES CLOSURE STATEMENT A MATRIX OF PROCESS INSTRUCTION

CHANGES RELEVANT TO THE CHEMICAL PROCESSING OF ET TANKS WAS SUBMITTED

TO RELIABILTY ASSURANCE. THIS INFORMATION WILL BE ADDED TO A HISTORICAL

PROBLEM SUMMARY (TASK IA) AT THE COMPLETION OF ALL ACTIONS IN THE TASK

I SECTION, HEREIN (REF. IOM 3693-87-HP-207). C. PROCESS HISTORY AND

REVIEW - FACILITIES - TEST OPERATIONS PROCEDURES CLOSURE STATEMENT A

CHRONOLOGICAL FLOW OF TEST OPERATION PROCEDURE AND PLC PROGRAM CHANGES

WAS SUBMITTED TO RELIABILITY ASSURANCE. THIS INFORMATION WILL BE ADDED

TO A HISTORICAL PROBLEM SUMMARY (TASK IA) AT THE COMPLETION OF ALL

ACTIONS IN THE TASK I SECTION, HEREIN (REF. IOM 3613-87-132 AND

INFORMAL MEMO FROM D. DAWES, DEPT/3131). D. VENDOR(S) MATERIAL

EVALUATION - PRODUCT ASSURANCE, PROCESS COMPATIBILITY CLOSURE STATEMENT

ALL NECESSARY DOCUMENTS AND PROBLEM HISTORIES HAVE BEEN SUBMITTED TO

RELIABILITY ASSURANCE. A COMPILATION OF THE SIGNIFICANT PROBLEMS,

TOGETHER WITH THE RESULTS OF THE VENDOR'S MATERIAL EVALUATION (REF

VENDOR "TURCO, INC.", TRIP REPORTS 3741-87-098, 116, AND 121) SHALL BE

SUMMARIZED IN CONJUNCTION WITH THE FAILURE DEFINITION/CAUSE (TASK I,

SECTION E). E. FAILURE DEFINITION/CAUSE CLOSURE STATEMENT: A SIMULATION

OF THE EXTERIOR TANK CLEANING ANOMALIES WERE PERFORMED AT TURCO

PRODUCTS, INC., WESTMINISTER CAL. THREE SPRAY CHAMBERS WERE UTILIZED;

REPRESENTING THE EMULSION WASH, ALKALINE CLEANER, AND DEOXIDIZER

SOLUTIONS SPRAYED ON THE EXTERIOR LH2 TANK (CELL "P"). THE EXTERIOR

CLEANING SPRAY PROCESS TEST PLAN, WAS DESIGNED TO SIMULATE THE EXTERIOR

TANK CLEANING PROCESS ANOMALIES OCCURRING AT MAF; AND TO REPRODUCE THE

PROCESS ANOMALIES WHICH OCCURRED AT TURCO, INC. IN MAY, 1983. THE TURCO

PROCESS AND THE MAF PROCESS SIMULATED THE FAILURE MODE OF COPPER

DEPOSITION (AS A RESULT OF A DELAY IN DEMINERALIZED WATER RINSE AFTER

DEOXIDIZER SOLUTION SPRAY). WHEREAS, TURCO WAS UNABLE TO REPRODUCE THE

ANOMALIES AS DEPICTED IN THEIR REPORT SUMMARY OF MAY, 1983, THE MAF

PROCESS WAS SUCCESSFUL IN A SIMULATION OF TANK STAINING FAILURES;

COPPER REDEPOSITION (RESULTING FROM A DELAY IN WATER RINSING AFTER THE

DEOXIDIZER CYCLE), AND AN ALUMINUM OXIDE/COPPER MATRIX STAIN (THESE ARE

THEORIZED TO BE A RESULT OF A LACK OF FLUORIDE CONTROL WITHIN THE

DEOXIDIZER SOLUTION). TASK CLOSED TASK II CORRECTIVE ACTION THE RESULTS

OF A HISTORY REVIEW, TEST DATA COMPILATION, LABORATORY ANALYSES, AND

PROCESS SIMULATION,INDICATE TWO TYPES OF FAILURE (ANOMALY) MODES; A

STAINING/DISCOLORATION - RESULTING FROM COPPER REDEPOSITION THE

STAIN/DISCOLORATION FAILURE MODE (DUE TO COPPER REDEPOSITION) WAS

DETERMINED BY ANALYSIS (REF. QEL REPORT #87A011) AND CONFIRMED BY

PROCESS SIMULATION (UTILIZING A LAB-SCALE SPRAY CHAMBER). COPPER

REDEPOSITION RESULTED AS A CONSEQUENCE OF A TIME DELAY (DWELL) BETWEEN

THE CONCLUSION OF THE PROCESS DEOXIDIZER CYCLE AND THE SUBSEQUENT

DEMINERALIZED WATER RINSE. TO PRECLUDE THE RECURRENCE OF THIS

PHENOMENA, IT WAS REQUESTED THAT IMMEDIATE CORRECTIVE ACTION BE

INITIATED BY REDUCING THE PROCESS DWELL TIME (BETWEEN THE CONCLUSION OF

THE DEOXIDATION CYCLE AND DM WATER RINSE) DURING THE CELL "P" EXTERIOR

TANK CLEANING PROCESS (REF. REQUEST FOR FACILITIES #AA03-0121). B

STAINING/SMUTTING - (COPPER/ALUMINUM OXIDE MATRIX) THE CAUSE OF THIS

TYPE OF FAILURE HAS NOT BEEN DEFINITIVELY DETERMINED, HOWEVER, IT IS

POSTULATED TO BE A RESULT OF AN OPTIMIZATION OF ACTIVE FLUORIDE

CONCENTRATION WITHIN THE DEOXIDIZER SOLUTION BATH. THE CORRECTIVE

ACTION FOR THE STAIN/SMUTTING TYPE ANOMALIES SHALL BE ADDRESSED PER

MISSION TASK 643 ETTP-295. AN OPERATIONS DIRECTIVE (453235/100-030) AND

PRODUCT ASSURANCE DIRECTIVE (PAD 3740-064) TO SUPPORT/DIRECT THE TIMELY

COMPLETION OF THE MISSION TASK; HAS BEEN ISSUED. TASK CLOSED TASK III

CLEARANCE OF EFFECTIVITIES NO CONSTRAINTS. PREVIOUSLY BUILT VEHICLES

HAVE BEEN ACCEPTED, INDIVIDUALLY, THROUGH APPLICABLE MARS DISPOSITIONS

TASK CLOSED TASK IV CAUSE/CORRECTIVE ACTION SUMMARY CLOSURE STATEMENT:

CAPS T-057 WAS INITIATED TO DEFINE AND AFFECT SYSTEM AMEILIORATION FOR

INTERMITTANT "EXTERIOR TANK CLEANING STAINING ANOMALIES". A COMPILATION

OF HISTORICAL DATA INDICATES INTERMITTANT PROCESS ANOMALIES RESULTING

FROM STP/PI 5009, "EXTERIOR TANK CLEANING". PROCESS SUCCESS STATISTICS

(LWT31 AND UP) - 73% OVERALL SUCCESS RATE IN CELL P AND E - 31% CHANCE

OF GROSS CONTAMINATION IN CELL P - 08% CHANCE OF GROSS CONTAMINATION IN

CELL E A LIMITED CLEANING PROCESS STUDY, A THOROUGH HISTORY REVIEW, AND

A STP/PI 5009 PROCESS SIMULATION, HAS INDICATED THAT THE ONLY

CONSISTENT SUCCESSFUL PROCESS OF STP/PI 5009 IS TO HAVE 8000 GALS. OF

VIRGIN MATERIAL FOR EACH TANK WASHING. IN LIEU OF THIS EXPENSIVE

CORRECTIVE ACTION, MATERIALS ENGINEERING WILL BE TASKED (PER MISSION

TASK 643) TO OBTAIN OPTIMUM PROCESSING PARAMETERS (FOR CONSISTENT

PROCESS CONFORMITY) FOR MATERIAL REPLENISHED SOLUTION TANKS AS

PRESENTLY UTILIZED IN STP/PI 5009. A FAILURE SIMULATION, CONDUCTED AT

TURCO PRODUCTS, INC., VERIFIED THE CAUSE FOR STAINING NON- CONFORMANCES

(COPPER DEPOSITION) THROUGH ASSOCIATED DWELL TIMES BETWEEN THE

DEOXIDIZER CYCLE AND THE FINAL DEMINERALIZED WATER RINSE. THE

ASSOCIATED CORRECTIVE ACTION IS THE TEST OPERATION CHANGE

IMPLEMENTATION OF A REDUCED SOLUTION/RINSE DWELL TIME TO PRECLUDE

CONSEQUENTIAL COPPER REDEPOSITION.TASK CLOSED
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