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i. BACKGROUND and PREFACE
4791 BBROKGROND

The conservaltion philosophy of thig Handbock alme al safety, durability and
historical/artistic integrity, in that order. However, maximizing safety would
result in leosz of fhe crnamented mortar coverings of structural lead-carvying
rings and columns in areas where reinforcements are weakened Dy loss of
materials. In those areas, il was decided to accept a leoss in strength (and
possibly in the long-life of the sculptures) to preserve the ornamented covers.
Starting in 1590, thig long-life loss has been minimized by reducing the
fhickness of the ornamented covers before reinstalling them over the newly
slirengthened reinforcements, steel mesh and replacement mortar.

As & result of developments since 1983 when the original philosophy was
documented, the curxrent pelicy is:
1. Structurally critical members with badly correded metal
armatures are to reccive new structural steel armatures.
Original mortar coverings which are zble to be salvaged will
be ground to a thin shell for reinstallation over the new
armature, new wire mesh and new repair/restoration mortar.
Eyposed movtar may be colored to match the original.

2 - Structurally non-oritical members will be treated the
game as structurally critical members.

3. The method of replacing metal armature must provide a
structural tie between ithe original and new armatures and with
intersecting bands and columns, and adjacent, touching spokes,
cuter arched bands, and the like. Engineering advice shall be
sought to decide methods and details for attachments.

4. Only approved and tested materials may be used for
wortanr, additives, consolidants, plgrents, adhesives,
crack~fillers and the like. A professional Conservator’s
advice shall be sought in selecting materials.

5. Upon completion of conservation freatments te each of
the 17 sculptures, a comprehensive report shsll be prepared,
detailing all treatments applied, with dates, materials used,
vhsatisfactory results experienced, anomalies and the like.

G. The condition of each conservation treatment in ezach
area shall be documented apd photographed pricr to, during and
afier removals and/or replacements of members and

information shall be entered in the computer database and
placed on file,

1/90 PREFACE

This Handbook was prepared under contract ito the Cilty of Los Angeles
to be usegd for the conservation of the Towers of Simon Rodia State Historic



Park sculptures in Watts, which are located at 1765 Dast 107th Street, Loz
Angeles, California.
The document is an outgrowth of reports prepared by the Fhrenkraniz
Group/Bullding Conservation Technolegy of San Francisce, from 1981 to 1984,
Thig Conservation Handbook replaces the Ehrenkraniz Maintenance and Restoratlon
Guide relessed on June 8, 1984 by the State of California, Department of Farks
ancé Recreation. The Handbook has been modified by review of the findings during
the §1,200,000 emergency structural repalrs on the sculpiuzes which were dons
by the 0ffice of the State Architect personnel from May 187% to July 1883 and
by subsecguent advances in Lhe state of the srt of conservation technology and
by test wesulis and studies noted below.
The Ehrenkrantz Preservation Plan, dated November 1983, pages 3
throwgh 78, remains the primery source for information concerning histeorical
data through 1981, Sectiong in the Preservation Plan and the Gulde contalning
Lest results snd analyses and othey technical infeormation necessary for the
actual consecrvation of the scoulptures have heen reproduced in this Handbook.
The City acknowledges the following individuals and their organizations for
their valuvable contributions to this Conservation Handbook for ths Rodia ¥Yowers
in Watis:
Dy, Heville Agnew, Getly Conservation Institute
Mx. Zdravko Barov, Conservaltor
Mr. Barl Carlson, {Retired}, California Depariment of
Parks and Recreation

Mr. Steve Cristin-Poucher, Los Angeles Counlty Museum of
Art

Dr., William Ginell, Gelty Conservation Institute

Mr. Jay Oren, A.I.A., Architect, Los Angeles Cultural
Lffalrs Department

Mr, William Meuser, California pPepartment of Parks and
Recreation

Mr. Frank D. Preusser, the Getty Conservation Institute

Mz. Redney Punt, Assistant Genersl Manager, Los Angeles
Caltural Affairs Department

Mr, John Twilley, Los Angeles County Museum of Art

Under contract to the Cultural Affairs Department, the baseline photography
system was developed by Mr. Marvin Rand, who also provided all photographs;
materials for conservation were tested and selected by Ms. Rosa Lowinger, The
Sculpture Conservation Studio who also provided training in applications of the
materials; conservation applications, conservation staff supervision and
training were performed by Ms. Zuleyma Whitehursi, Conservator; inspection and
elnergency congervation technigues and training were developed by Mg. Myrna
Saxe, Conservator; engineering studies and analyses were performed by ANCO
Engineering, C.W. Cook Company, Quelin/begaine, Cathedral Stone Company, bDavis
Ouality Engineering and Mr. N.J. Bud Goldstone who also provided technical
management for the ceonservation program.

N.J. Goldstone

Watts Towers Consultant

Beverly Bills, California

BPpuil 199%9%



i

Page 5
1.1.2.2 The articles selected for embedment into the
mortar coverings placed over the metal framework, provide an
irreplaceable store of objects of Americana from the 1920's
and 1930's.

1.1.2.3 The system used for joining the load-bearing
materials of the framework of the structures to support the 88
1/2 foot tall West Tower, and other smaller siructures

1.2 Priorities for Conservation
1.2.1 The conservation work shall generalily follow this

oxrder of prigrities:

1.2.1.01 photographic decumentation of each of the
soulptures for an historic recoid and baseline of conditiens
of the work;

1.2.1.02 performance of any necessary additional testing
required for determination of a) adhesives to secure loose and
detached embedments, b} [1il1l materials for c¢racks and missing
areas, ¢} rechniqgues allowing replacement of damaged/corroded
reinforcements with minimal effects on surfaces, d) materials
for restoration of broken or damaged embedments, e} the
optiman wethod for consolidation of the Rodia mextar, and I)
the determination of the advisability for use of water
repallent- see pages 26 and 27, gection 8. References and &.
Appendix for previouy test resulis;

1.2.1.03 accomplishment of the consclidation
{xeattachment) or temporary securing of loose decorations;

1.2.1.03.1 resecuring of loose decorations on the 3 tallest
Towars:

1.2.1.03.2 regsecuring of loose decorations on the overhead
arches, gazebo, walls, small towers, pinnacles, ship, house
entrance and ceiling, and house ruins:

1.2.1.84 Ltreatment of armalture delerioration and
structural cracks 1/2" wide or wider in the Wesit, Center and
Fast Towesxis:

1.2.1.05 traaztment of armature deterioration and
structural cracks 1/2% wide and wider in the overhead arches,
gazebo, walls, small towers, pinnacles and ship;

1.2.1.086 filling of cracks smaller than 1/2% in Lthe 3
tallest towers; '

1.2.0.07 fiilling of cracks smeller than 1/2% in the
seulptures noted in 1.2.1.05;
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1.2.1.98 should resultg of tests and analiyses show that

water repellent iz beneficlial, waterproof alil exposed surfam
after completion of each significant portion of the
conservation work;

o201 08 stabilize ruing of Rediaz house;
L.2.1.10 replace gates to original locations; provide

suitable "mats™ Lo protect flooring and steps exposed to
vigitor traffic;

1.2.1.11 Label all ornements with identificstion numbers.
2.0 DOCUMENTATION 3YSTEM METHODOLOGY & TERCHNIGURS

2.1 General

2.1.1 Bacause of the complexity of the shapes of the

structures and the large number of individuoal members in the
towers and other sculptures, a labeling gystem shall be
feliowed to aid in identification. See Filgures A. & B.,
section 9, which provide the identification system for
individual sculptures and for nomenclature for individual
members of each sculphure.

2.2 '~ Reguirements for Documentation

WATTS TOWERS CONSERVATION BASELINE RECORD SYSTEM
A computer-based system for mesintaining vecords of the
condition ¢f the Watis Towers sculptures has been developed by
the Cultural Affairs Deparimenti; City 0f Los Angeles,

The system consists of the following:

A. Photeographic f£ilesg
1. Three tallest toweyrs - A sebt of 23900 individual repalx
records and color photographs showing work performed by the
.- Btate from 1979 to 1985 on the three tall tower sculptures. An
1/91 archival set of 600 color slides taken by the City in 188% and
3/92 1982 showing 4-foot by 4-foot sguare views of the West, Center
and East Towers.

2. An archival set of 1100 color and black and whiie
photographs taken by the City in 1987 and 1988 showing 4-foot
by 4-foot sguare views of the other sculptures- Garebo, walls,
floor, Ship of Marco ¥Pole, house facade and chimney, and small
towars. :

3. A set of records and black and white photographs taken by
the City during emwergency stabilization, inspeclion, tesi, and
congervation efforts performed since 13988,

4. Microfiche sets of a2ll the records and phobographs, above,
with color microfiche of the baseline photographs from 1987
through 1980,
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B, Computer filles

1. Records of the 2900 repair opsrations on the three falisst
towers and new information on stabllization, inspectlon,
tests, angd damage since 1985,

2. Records of the baseline photographs.

3. Records of subseguent ewmergency stabilization, inspection,
est, and comprehengive reports on Lhe conservation efferts on
each sculpture.

4. Receords of porticons ¢of the sculptures plsced in atoerage for
later consexrvatlon efforts.

. Conservation History
The computer databage software {Paradox) produces special
reports en conservation history through guerles. Please refer
to the database operatlon handbook. TFypicel reports are:

A, The frequency of use of various congervation technigques.

B. The success or failures of conservation technigues
employed.

C. The gecgraphic (direﬁtionr elevation, location on the
site) distribution of damage and/or deterioraticn of the
sculplbures,

2.2.1 Photographs
Z2.2.1.1 Photographic records shall be taken using 4" by
5" black and white and color £ilm having the best available

stability and archival gquality, taken in good focus, and with
proper exposure, with an indication of scale, and with an
identification number recorded on the negative which can
assure Lthat the portions ¢f the monument are identified. Yor
the 3 tallest towers, 35 mm slides of archival gquality shall
be used.

2.2.2 Baseline Photographs
Z2.2.2.1 Photographs are reguired ¢of each ares of each of .
the structures, walls, and flooring. The photographs must

provide details adequate for reference should any portion of
the monument suffer damage. Five archival guality prints of
each photograph are currently necessary for files maintained
by the State of California, City of Log Angeles, Coumittee for
Simon Redla's Towars in Watts, the Netlonal Trust, and for use
on site at the Towers.

2.2.2.¢2 A computer data baze 1s maintained, for ease of
reference, which records the locations, descriptlons of work
performed, and dates of conservation work done on the
monument. See Reference "Computer Database. The minimum
information required with each photograph is:
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2.2.2.2.1 the identification of the sculpture involved
{east, weslt, center tower, wall, etco.};

2.2.2.2.2 the identification of the specific member and
location on the member;

£.2,2.2.3 4 detalled description of the work accomplished,

including the type of work- inspection, conservation, ate.-
and the materiszls and technigues usad;

2.2.2.2.4 the datel{s! of the start and completicon of the
periormance of the conservation or inspection work.

2.3 Inspection and Conservation Records
2.3k Records shall consist of inspection and

conservation forms, relatead photographs, and computer
databases regarding each conservation effort on the monument.
Upeon completion of conservation of sach sculpture, a
comprehensive report shall be prepared, swmamarlazing Lhe
rasults of the work,

2.3.2 Photegraphlc documentation shall comply as
described in section 2.2, with records taken before, during,
and after any repalr or conservatlon work.

2.3.3 Instructions for Inspection & Conservation
Records
2.3.3.1 Introduciion

This documeni contains the approved lnstructions
for the propey maintenance of -records related o the
conservation of the Waits Towers. Any change to the procedures
contained herein must recelive prior appreoval from the Cultural
Affalrs repregentaltive, Mr. Jay Oren, before ilmplementatrion of
the change. ' :

Before stari of work, each inspector and conservation
person must receive training, serve as an apprentice unitil
certified, check out a toel box, and document daily all work
accomplished on Lhe proper form. Inspection and conservation
perscnnel must use only approved tools, instruments,
equipnent, chemicsls, procedures, and forms. Use of unapproved
tools, eguipment, Ilnstruments, chemicals, or procedures will
result in dismissal or, under extenuabting circumstances, may
reguire the employee to be recertified.

The office foreman is responsible for all log books;
computer entries; maintenance of conservation eguipment and
perszonnel tool bDoxes and thelr contents -~ caneras,
instruments, forms, ete. ; and proper malntenance of all
office supplies and eguipment.



Conservation Handbook for Rodiz Towers in Watts
Page 9

2.3.3.2 Flow of Forms & Documents

The forms used by inspectors and conservators to dooument
the work accomplished are:

A. Pregervaltion Worksheet - Inspeciion - te be filled out
by inspeation perscnnel. Ses “GRZIWNSPT or YBWAINSP® tables
exzamples in this instruction.

B. Preservation Worksheel - Emervgency Stabillzation ~ to
e filled out by conservation personnel. See "GRIEMGECY® o
TOWARMGCYY tables exanples in this instruction,

€. Preservation Worksheet - Conservabtion - to be filled
out by conservaltion personnel. See "GALCONS" orx SHACONST
tables exawples in this instruction,

B. Piece Form - to be filled out by inspection or
congervabtion personnal invelved in handling orpamentation o
pleces which become separated from the sgulpturesg. See
TPLECELOGT table exemple in this Instruction.

Biank forms ware avallable in the office and are Lo be
picked up by inspecticn & congervation personnel al the start
of work along with the toel box, The complelted form is Lo be
turned in with the tool box at the end of each day by the
inspection and conservation personnel for logging in and
computer entry by the clerk.

2.3.3.3 Log Books in Office

A. Computer Diskette Log 1s a record of all diskettes
contalning Watts Towers congervation information. See
“DISKLOGY table. .

R, Flece Log is a record of all pleces of ornamentation or
structure which has been removed or become sepazated from the
Watts Towers. See YPIECELOG" table,

€. Inspection Phoio Log is a record of all photographs
taken by inspectors Lo decument beafore, during, or after
inspection work. See "INSPHROTOY table.

B. Conservatilon Photo Log ig a record of all photographs
taken before, during, or after congervsation work. See
TCONPROTO™ table.

2.3.3.4 Computer Piles in Office
2. Baseline FPhoto File is a record in the software

program, Paradox, as are all computer files listed helow, of
each baseline photograph incliuding the sculpture inveolved, the
location on the sculpture, the date taken, and the location in
the microfiche file -where a copy of the photograph may be
found., See "GAZBASE™.

B. Imspection File is a record of the information on all
inspection forms processed. See "GALZINSEY,

C. Emergency Stabllization ¥ile is a record of the
information on all emergency stabilization forms processed,
See TGAZEMGCY",

B, Conservatlon File 1s a record of the information on all
congervation forms processed. See YGAZCOONSY.
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E. Materiasls testing file lg & record of all conservabtion
raterials tested. Ses "METHODS®.

Fo State of Californis Photo File lg a record of the 2300
rhotographs of the bast, Center, & West Toweys taken before,
during, or afier repslrs made bebtween 1379 and 1385, See
ETOBAZL), CTOBASEID, and WTOBASEL.

2.3.3.5 Other Records in Gifice

L. State of California Pholg Reconds is a set of coples of
all 2960 photographs taken of the three tall towers.

B, Microfiche of Baseline Photos is a set of microfiche of
the baseline photographs taken by Lhe Cliy of Leos Rngeles
beginning in April 1987.

. Test Results iz a set of data relsted to materials
testing related Lo the Watis Towers since 19592,

D. Congeyvation Handbook is the controliing document for
all conservatilon work on the Walts Towers.
2.3.3.5 Other Recoxds in Office continued

E. Final conservation reports summarize all treatmenls
applied to a sculpture which hag been reviewed upon completion
of conservation. Examples are reports on the Ship of Marco
Polo, Garden Splre and A" Tower.

2.3.4 A written record ghall be made of the process or
processes used t1o¢ accomplish each individual conservation
effort with commentis regarding the conditions before, during,
and afier the work. Reference shall be made to photographs for
clear wnderstanding of conservation work done.

2.3.5 Pecorative elements, whether generic or
specific, shall be shown in photographs invelving conservation
of the underliying members or in conservation of the
cubedments, themselves. Decorative elements and/or embedments
shall not be removed, replaced or repaired except ss described
in section 4.1.4.4.

2.4 " Records Availability
2.4.1 A complete set of repair records {(photographic

and progress reports) shall be maintained for use on sife, in
additicn toc eother records kept for reference purposes.

3.0 INSPECTION TECHNIQUES
2.1 General
3.4.1 Damage to the monuwment may be induced by smalil

cracks or by major motion due bto seismic disturbance or wind
forces on an entire sculpture. Weather effects, vandalism,
accidents, or rusgt growth on metal relnforcements of the
members of the structures are among ithe known causes of
damage. Prompt identification of any damage to Uhe sculplures
is wvital for the conservation of the works.
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3.2 Macro Inspectiens for major movements after severe

wealther or seismic events

3.2.1 Each sculipture shall be acourately measured as
te height, verticaliitv, snd location on the site after any
significant seismic oy wind evenlt and the measurements
compared with baseline measurements. Findingg shall be
reviewsd and corrective actions detemnined and initiated
within 30 days of the event. Logations and descriptions of any
damage found during inspectieons shall be identified and
documented as specified in 2.0,

The 1988 survey by C.¥W. Cook shall serve as the
baseline for the wverticality of the six tallest spires.

3.2.2 3 Tall Yowers

3.2.2.1 The veriical linearity of esach tower
shall be measured for comparison with the baseline verticality
measurements, As a minimum reguirement, vertical alignment
shall he ascertained along three axes wilh accuracies of +/-
1/16 " at the top of the structures, '

B

.

4.2.3 Other sculpiures’

3.2.3.1 The vertical linearity of each
sculpture shall be measured for comparison with the baseline
verticality measurements. As a minimum reguirement, vertical
alignment shall be ascertained along three sxes with
accuracies of +/- 1/16 ™ at the top of the structures.

3.2.4 Walls

020401 for inspections, folilow the
instructions in 3.3.

3.3 Micro Tnspections for cracks, damage, and waterproof
characteristics

5/91 3.3.1 Fach sculpturs shall be examined clogely enough
to identify all cracks 20 mm long ox longer and with a depih
of 2 mm or deeper in the covering over any member. Cracks
found shall be identified as to location; documented on the
proper form; and numbered geguentially. Methods fox these
inspections are oplional. Rcceptable methods must comply with
OSHA rules. Climbing on the monument or imposing loads on the
surfaces are not permitted. The priority list in 1.2 shall be
gernerally followed.

3.3.2 Waterproofing Inspection
Conseyvation Handbook for Rodia Towers in Watts Page 17
3.3.3° Inspections shall be performed to determine the

status of the waterproof coverings over ithe squlptures. The
1ife of the waterproofing materials used shall be validated



and dnspection intervals set accordingly. The inspections cof
the 3 tall towers shall be performed beginning ln mid 1988,

3.4 Recurring Inspectlons

30401 Micro Inspections shall be conducted once during
5/79% each S-year paried, after the rainy season. See 3.4.2. The

Tirst micro inspectlon was performed between Seplember 1368

and August 1588, The formal report on the results of that
inspection is on file on the site. Inspection of the 3 tall
1/81 towers began in 19%0.

3.4.2 Macro and Micro Inspectlons shall be conducted
after wajicr seismic or weather events; however, Macro
inszpections shall be performed at least each b years. 9Yhe
first macro inspection was performed by C.W. Cook in 1988, The
survey drawings are on file at the site.

3.5 Special inspections
3.5.1 Special inspections shall ke performed as
necessary to regolve unforeseen problems.
4,0 CONSERVATION TECHENIQUES
4.1.1 Gensral
4.1.1.1 Desciiptiion of Work
rev 4.1.1.1.1 Materials used in the conservatlon work consist

2/80 primarily of cleaning agents; honding/adhesion agents,

§/830 consolidants; mortar; non-mortar based fi1l} materials; steel

T/90 sections; wire, and wire mesh; polypropylene mesh for
temporary wrapping; and waterproofing compound. See 4.1.8.

4.3.1.1.2 Delivery, Storage and Handling

4.1.0.1.2.1 Deliver material to site, ready to use in
manufacturer’s original, unopened container and packaging,
bearing labels as to type of material, brand name, and
ranufacturer's name. Delivered materisls shall be identical to
approved samples.

TG0 4.1 .18.1.2.2 Store meterials under cover 1in a dry, clean
location, off the ground. Remove from the site materials which
are damsged, have exceeded shelf life {especlally adhesives
and consolidantsg} oy are otherwiss not suitable for
installation, and replace with acceptable materials. Keep
flammables away from sun and heat.

4.1.1.1.2.3 Protect aggregate and sand from contaminatlon

from dirt and other forelgn materials. Store perishable
materials in watertight structures.
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4.1.2.1.2.4 Acecept, store, and take delivery of all ltems
2/90 wnich are to be furnished by suppliers oxr other contractors.

4,1.1.1.2.5 Mote maberials deliverlies in Project Log and
date starp or mark contalners and packaging.

4.1.1.1.3 Job Conditions

T/8C 4.1.1.1.3.1 Do not mix or place mortar in rain, when



veaperature falls below 40 degrees ¥ or in excessive hest.
480 4.1.1.1.3.2 Protect adjacent origingl material during

work Lo cateh droppings. Remove fallen mortar from original
with water, immedizately.

T80 4.1.1.1.3.3 Remove all materials to secured arez at the end of
each day's work. Clean all teols used for mortar mixing with
water, other tools with acetone.

4.1 2 Personnel Regulrements

4.1 201 The standard of care called for in the
conservabtion of the Rodia Towers reguires the use of skilled
technicsl personnel. Work may not proceed withoutb authorization
by a gualified conservator or a restoration supervisor.

5791 SBECTIONS BELOW ARE OBSOLETE

Incliuded below are Job descriptions for Restoration Supervisor,
Restoration Specialisi, and Restoration Worker. All invelved in the
conservation work must serve under the direct supervision of s gualified
conservater orx a restoration supervisor.

4.1.2.2 Resforation Supervisor I:
Duties:

Reviews project plans, specifications, or work descriptions and
estimates. Does ressarch, wverifies aciual fleld conditions with plansg,
specifications, and reports to a higher authority any conditions found that vary
from what is shown on the plans or described in the specifications. Recommends
field changes as a result of original or existing items found during demolition or
research. Preserves, where possible, all original parts of a histoxic bullding or
object being restored.

' Inspects the wvarious projects anthorized Yo him for compliance with
plans, specifications, and codes; works closely with the Department of Indusitrial
Safety and the Fire Marshal's Office where variances are reguired in old histoxie
buildings.

Makes decizions and passes on restoration and construction problems
relating to metheds for accomplishing work, egquipment used, gualilty of materials and
workmanship with respect to historic buildings.

' Coordinates with all parties invelved, what parls of bulldings can
be preserved, what must be replaced, kinds of materials to usze, finishes Lo be used
on veérious materials, and how te pregerve existing porticons of historic buildings.

Makes material quantity calcoulations, reguests for purchase of
supplles, tools, and equipment. Originates Service Agreements and Purchases.
Contacts prospective bidders for quotations and coordinaies the work of conlractors
with time schedules of projects: inspects and passes on completion of work by
contractors and vendorns.

Conservation Handbook for Rodia Towers in Watts Paga 4

Has general responsibilitiss for the contrzel of costs on projects
and the keeping of Daily Diaries, cost account records, travel expense, vehicle
logs, time keeping, safety training and records, and other records as reguired.

Has general responsibilities for the contrel of costs on projecis
and the keeping of Daily Piaries, cost aceount records, Lravel expense, vehicie
logs, time keeping, safety training and records, and other records as requlred.

_Keeps a photo log as required of existing conditions before work,
during progress of work, and at completion of work, recording all important changes,
removale, additlons, historic data found and restoration of historie buildings and
gsites,



Doas research on historic builidipgs and sites: complles resexych
infermation inte & permanent file; writes reports and makes recommendaticns based on
resexrch findings. Responsible for vecording and identifying all historic items
removed Ifrom the building for research or rnestoration.

Supervigses, instructs in the special techplgues and procedures and
works with a group of Restoralion Bpecialisis and workers engaged in a project to
perform the most difficult work in coanection with the restoration of historic
buildings, sites, artifacts and to do other work as reguired. Hires and
lays off temporary casual employees as necessary toe supplement the restoratlon crew
Lo accomplish the work in an efficient manner in the Lime specified.

Makes freguent reports fo a higher authority regarding research,
progress, scheduling, censtruction problems, client zelaticns, personnel, starting
and completlion dates, costs, important condiilons and happenings.

Works closely with agency representatives to keep them informed of
any necessary changes: holds starting meetings, finsl inspections, and makes
completion reports.

4.1.2.% Restoration Specialist: pDuties: Under direction of a Restoerabion
Project Superwvisor, the Restoration Werk Specialist performs a veriety of skilled
carpentry, masonry, and other tasks in connection with restoravion, preservaltion,
and stabilization of histeoric buildings and sites, checks on shoring and bracing for
riew foundations under old brick, adobe, znd wood frame bulldings: assists in
plumping exlsting bulldings to original positions; does concrete work; makes adobe
Iicchs; reproduces original finish opn adebe, brick, and wood frame buildings;: hews
logs; makes shakes; lavs adebe and hrick te match old work and matches original
carpentry work; checks on detalls bearing on authenticity and does research as
reguired; consults with other craftamen and leads less skilled assistants; assists
in maintaining project safety; keeps tooels, materials, and aguipment in good
condition and keeps simple records,

4.1.2.4 Resteoration Worker: Duties: A Restoratlon Worker assisis skilled
workers in restoratlon and other work; assists in erectlng scaifolding; sharpens,
cleans and cares for tools and equipment; saws luwmber and mixes mortar; carries
matarials, tools, and eguipment to and from the job site, and c¢leans up
after a job has been completed; assists with shoring and bracing, assists with
making of adobe, brick, and conorete work; does simple research on particular phases
of vestoration as reguired.

4.1.3 Test Program

4.1.3.1 - Test regsults performed to date are shown on

pages 26 and 27, section 8 and 9, and computer f£ile
"Methods"™, _

Additional testing requires approval of the General Manager.

Cultural Affairs Department.

4.1.4 Conservation Processas
4,5.4.1 Temporary Securing of Sculpture & bmbedments
rev
2/90 4.1.4.1.1 Tenporary securing of loose sections of mortar
and embedments shall be conducted immediately upon
identifiication and immediately prior to proceeding with any
additional conservation work. All temporary work shall be
done '

without adding pigments %0 materials, and worksheets shall be
marked noting the temporary nature of the conservation
treatment. Acceptable materials for temporary conservation
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include:
filtered watey to c¢lean ornaments and moxrtar
cther chemicals as approved by this plan®
foam backer rod to fill cracks
sllicones oy acrylice to seal cracks
silleones or acrylics for adheslion/bonding
strapping which will nolt cause abrasive damage nor
rusting
polypropylene mesh
Miradur for wrapping
wire mesh, wire which will not cause abrasive damage now
rusting
caulk which is reversible in application
*See 4.1.8 for additional material information.

4.4.4.,2 Structural Repair Methods & Crack-filling
4/91
Structural repair methods for critical {(mator supporting) and
non—critical {minor or secondary) loadr-carrying members are
generally described in this section. Before undertaking repailr
of
any cracked or broken member, a thorough inspecticon ¢f the
condition of the reinforcement shall be made either wvisually by
exposing the reinforcement or by analysis of x-~ray or other
non~destructive techniques.

Method A: Critical members determined to require
replacement

due to reinforcement loss or major cracks, spalls

or failled portions - {(Major vertical columns, sonme

minor vertical columns, major horizontal bands, some

minor
horizontal bands, some radial menmbers, all overhead
connector members, center columns of sculptures, others
to-be-determined by analyses.)
1. Prepare a dimenslonal drawing or sketch of the
original

size(s) and shape(s) of all members considered for repalr. Take
“before" photographs. Remove the spalled historxic fabric as
intact as possible. Cut out or grind away the interior surface
of '
the fabric to leave a thin shell of historic mortar containing
any '
original ornaments. Wherever criticel members intersect with
another member{s), such as columns with bhands and arcs with a
central column, remove enough of the historic fabric on the
intersecting member (s) to provide access for a structural joint
between both members.



2. Remove the damaged portion{s) of the reinforcement (s}
determined to reguire replacement. Prepare new, structural

steel
relnforcement {8) of egual or grealter crogs-sectional area and
band

it (them}) 1o the original reinforcement shape, 1f necessary,
with a new length to permit attachments at each end. Record Lhe
size{s) of the olg and new reinforcements,
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3. Provide attachments at each end of the replacement and

at

each interzecting member reinforcement to provide load-carrving

capacity egual or greater than the strength of the original

reinforcement. Welding or bolting is recommended, Record the
gizes

and number{s) of attachments. Take "during”™ photographi(s}.

4, beleted

5. Cover the new steel and exposed old steel with a)
steel -
mesh and b) restoration mortar. Reattach the original historic
fabric to the new mortar surface helng careful to retain the
original ocuteside dimensions of the member. Take "after®
photograph{s).

Method B: Non-critical members determined to require
replacement due to reinforcement loss or major cracks, spalls

or
failed portions - {(Ornamental arcs and bands, finials).
See Method A., steps 1. through 5., above.
6/91 Crack-£illing with Jahn mortar or cement.

Structural cracks, other than haizline cracks, may be filled
with the approved Portland cement mixture (see 4.1.5) or Jahn
mortar. Hairline cracks may be filled (injected) with Jahn
mortar M30 or may be opened wide enough to fill with Portland
cement or Jahn mortarn.

Jahn mortar M70 application instructions:
1. Mixing. It is unnecessary and unadvisable to add aggregate
t¢ the Jahn mortar. Smoothness can be controlled during the stage



at which the suriace 1s worked and by the type of tool used for
the purpose.

TESTS HAVE SHOWN A 50 PERCENT 1083 OF STRENGTH BY ADDING
SAND.

6/31 2. Application. [PHASE I]. Proper application reguires
pre-wetting atl surfaces and maintaining a molst environment at
the repair for 5 days minimum. After the mixing is completed,
trowel the mortar onto the dampened area of repair. The mortar
should be applied in a bigger shape than necessary so 1t can latex
be modelled down after the skin forms. Certain shapes can be
hlocked out at this stage. For example, areas where there were
formeriy shells in the surface can be imprinted with a shell to
give the general appearance of the original. It is especially
Important to pay attention fto this when the repalr follows a
regular pattern like on the main spire base of the Ship of Marco
Polo). One wants to avoid unwittingly producing a new pattern that
would conflict with the one produced by Rodia.

Peeply cut lines in the mortar or deep designs (like a tool
pattern) can be blocked out at this stage also. Immediately after
application, the surface of the repair mortar should be sprayed
with water until the water begins to drip off the fill. The wet
mortar should then be wrapped with damp cloths and plastic wrap.
Any plastic that will keep the damp c¢loth from drying out
overnight will suffice {saran, polyethylene, etc.). It would be
best to apply this on a day when there is another work day the
next day; for example, on the first day of a two day work week.
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3. Application. [PHASE I1]}. The day aftex the mortar is
applied, a second integral phase is reguired in order for the
mortar to effectively cure. While essential, these steps can be
carrled out while other aspects of the work are being done. Alter
the plastic is unwrapped and the damp cloths are removed, the
mortar should be cut with a spatula or trowel to its proper shape.
Care should be taken to follow the shape of the element and cut
the shape accordingly so it is not too high at the edges. It is
important to take note of the shape of individual plansr surfaces:
sometimes a seemingly round shape 1s actually squared off in
places. Cutting the shape at this stage also removes the skin that
will form on the surface of the mortar as part of the curing
process. It 1s essential to remove the skin in order to gel the
proper surface appearance. However, this step 1s critical because
it directly impacts the strength of the material due to its
ability to absorp water. Once the proper shape is achieved, the
mortar should be repeatedly watered with a spray bottle until it
no longer accepts water. The strength of the mortar is directly
dependent on the amount of water absorbed at this stage. As a
general rule, the repair should be sprayed three times an hour on



this second day, but no legs than 15 times. 1f one sprays Lhe
gurface too goon, the mortary will sag and run off the surlace.
However, it is genewrally impossible to overwater the surface 1if
the watering is done the day after application. If the mortar is
applied and left for more than three or four days, this process be
carried out must still once it is unwrapped. Otherwise the mortar
will be very soft and weak. The watering should begin once the
desired shape and design are achieved. To create a complicated
design, block cut the grid on the first day and then carve out
the more complicated elements on the second day.

4. Pigmenting and sealing. The Jahn mortars can be pigmented
from the surface. This makes it easier to achieve a proper color
with a minimum amount of mixing and alteration of the original
properties of the mortars., The color is applied as a mixture ol
dry pigments in water. The colors will wvary in the pilgmented
mortars, but the greyish mortar is achieved with black, white, raw
umber and a small amount of yellow ochre. The technigues for
application vary, but in general it is best to use as little water
as possible for the appllcation. However, 1f the c¢olor achieved is
too strong, a wet brush or damp rag will remove Lthe excess
pigment. After the coler is completely dry, the surface can be
brushed with Siline, a silane based sealer that will set the color
and prevent 1t from being water soluble. The material is avallable
from Cathedral Stone Company. The coloring process can be done
once an entire level or area has been repaired. The coloring
technique can also be used on any cement mortar which is not the
proper color.

SECTION BELOW IS OBSOLETE SRR 4.1.4.2, TWO PAGES PREVIOUS
. 4.1.4.2 Treatment of Non- Critical Structural Members in 3 Tall Towers {Fiom
Ehrenkrante Method &, modified)

4.1.4.2.1 Method A. This method has a high priority for conservation of
severely damaged members and ewbedments in the 3 tall towers while restoring needed
structural strength. The following procedures shall be followsed only after review
and approval by the Cultural Affairs Department representabtive,

A.1.4.2.1.1 Take conservation pholtographs and regord information on the
acondition, location, date, etco.
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Secure all embedments on and adjacent to the area. Remove the spalled historic
fabric as intact as pogsible. Cubt oui the interior of the original mortar covering
to. leave an intact exterior fabric.

4.1.4.,2.1.2 Remove the corroded metallic core only if more than one-third of
the original cross-sectional a2vea of metal has been losit to corrosion. Remove and
salvage the original exterior mortar adiacent to the damaged area to sxpose a



minimen 0F two inches of the original core. Remowe colrogion from the ends of the
exlsting core and coat with anti- corrosion materizl.

2/90 4.1.4.2.0.3 Replace the original core with a steel member with =
cross-sectional area egual to or grester than that of. the original core.

2/90 4.1.4.2.1.4 Lap the replacement core with Lhe extensions of the original core
and wrap tightly with steel wire, forming a splice st each end.

4.1.4.2.1.5 Coat the metallic core with Sikadur Hi-Mod bonding agent and wrap
the splice tightly with steel wiré cloth (mash), previcusly cut to size. Take
conservation photographs of the "during” condition. Record the detesils on materials
and processes used for the repairs.

§.1.4.2.1.%& Epply additional mortar to the coaled core. Place the salvaged
asterior pieves onto the core. Allowance shall he made for the pieces to be selidly
driven inte the mortar backing to assure full bedding. Bllowance shall pe made at
joints of individual pileces te allow excess mortar backing to be extruded from the
back of applied pileces.

4.13.4.2.0.7 Fill the joints batween individuoal pleces with the specified
mortar and cure the completed repair. Take conservation photographs of the "after®
condition,

SECTION BELOW IS5 OBSOLETE SER 4.1.4.3, THREL PAGES PREVIOUS

4.1.4.3 Treatment of Critical Structural Members in 3 Tall Towers (From
Ehrenkrantz Method B, modified}

4.1.4.3.1 Method B. This method has a low pricrity for comservation of
severely damaged members and embedments in the 3 tall towers while restoring needed
styuctural strengilh. The following procedurss shall be followed only after review
and approval by the Cultural Affairs Department representative.

4.1.4.3.1.1 Take conservatlion photographs, record start date and condition of
area. 3ecure all embedments on and adjacent to the area. Remove the spalled
historic fabric as intact as possible,

4.1.4.3,1.2 Remove the corroded metallic nore and morlsr cover necessary Lo
expose a mlindmum of four inches of the original cors which retains 90% of its
original c¢rogs- sectional area. Remove corregion from the ends of the existing core
and ceat with anti-corrosion material.

4/90 4.1.4.3.1.3 Replace the original core with & steel member with a
cross-sectional avea eqgual to or greater than that of the original core.

4.1.4.3.1.4 Lap the replacement core with the extensions of the original cors
and wrap tightly with steel wire, forming a splice at each end. Yake photographs of
the "during” condition. Recorxd materials and technigques used.

4.1.4.3.1.5 Coat the metallic core with $ikadur Hi-Mod bonding agent and wrap
the splices tightly with 7/90 steel wire cloth (mesh}, previously cut to size.

NOTE: For horivontal bands on the Ship, connections at splices shall include a
minimom of twe 1/4 inch bolis to secure each end and to prevent relative movement of
the cores.
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4.1.4.3.1.8 Apply additional mortar to the coated core., Build up the mortaxr
coating to 1/8" below the original mewber szize. 4.1,4.3.1.7 Fill the joints between
individual pieces with the specified mortar and cure the completed repuir. Take
photographs of the "after" condition; record date and othar informetion of note,



ERD OF OBIOLETED TEXT

4.1.4.3 Treatment of Embedments

4.).4.3.1 Ornaments (embedments) used on Lhe sculptures
Ga

be characterized as:

4.3.4.3.1.1 Highly Specific: statuavy; lettering in the

mortar or made by use of tiles, etc.; other lmpressions in
the

mortar; figures made of pottery or glass; recognizable pleces

of Californda Art Potlexy, such as entire cups, dishes,
howls,

rare bhottles.

4.1.4.3.1.2 Specific: pieces of California Art Pottery;
recognizable pieces of tile; stones and rocks; mirror; sea
shells; glass.

4.1.4.3.1.3 Generlc: unrecognizable pleces of potterxy,
glass,
tile or pieces of bottles: colored mortar.

CLEANING OF' ORNAMENTS

7/90 4.1.4.3 The cleaning of ornaments shall be done with
distilled water. Keep the water clean {change it often). Use
cotton swabs for shells, glass and small decorations with

simooth
surfaces. Mist-clean rough surfaced ornaments with hoses and
brush with soft-bristie brushes or stippling brushes to

loosen '
dirt. Oily and/or greasy dirt can be cleaned with acetone or
reagent alccohol. If results are determined to be
unsatisfactory
by the Conservator, use a material on the list ¢f approved

materials, section 4.1.4.5. Allow 24 hours betwesn cleaning
and

consolidating.

Shell. 1}). brush and vacuum surfaces with very soft brush and

motion to remove debris, dust and dirt. Do not brush too hard
o

dirt will be driven intoe surfaces; 7)) wash with water on
coltton

swabs, using gentle motion, generally in the direction of the

grooves on the shell surface; 3) be extra carelul at surface

edges as they are more wvulnerable to damage and loss than

overall surface.



Stone and mortar. Can be hosed down with &8 filter on water
to remove chlorides and metallic impurities; allow at least

hours drying time belween wet cleaning and application of
consolidant.

NOTE: Abalone, Batchelder tiles, all materials with
powdery,
friable or crumbling surfaces: DO WOT CLEAN.
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Glazed tiles and compact, non-delaminating materials. If
stains

or embedded dirt remain after initial cleaning with water
and/or -
organic solvents {(acetone, ethancol or xylene can be used),
lean

with Brasso or Noxon. These metal polishes {with ammonia and
o

mild abrasive) will remove film and embedded dirt. Apply with

cotton or rag and polish out dirt. Wipe afterwards with water

and ethanol.

2/90 CONSOLIDATION OF ORNAMENTS

/90 4.1.4.4 Consolidation treatments of ornament surfaces
shall be done after cleaning (see NOTE in 4.1.4.3, above, for
exception) using the specific materials noted in 4.1.8 for

Lhe
ornaments being trested. Safety protections and procedures

shall .

be followed in consolidation treatments. See Section 6.

Safety.

For application of consolidant DF 104/5-72 mixn: make sure

surface is clean and free of dust; for all materials except

shells, brush surface with acetone and allow to dry; apply

consolidant with brush from bottom to top; apply two coats &

minutes apart, wailting between cecats for drying- for shells,
one

coat may suffice; brush with zylene after application except

DO

_ NOT BRUSH ABALCONE SHELLS WITH XYLENE; if shine develops,

brush
surface with acetone or xylene; DO NOT APPLY IF TEMPERATURE

is
ABOVE B5LHF,



3/92  See Lowinger memo 3/12/982 re DF 104 discentinuved by GR.

2/90 ADHESION AND RE-ADHESTON OF ORNAMENTS AND

NON-STRUCTURAL CRACK-FILLING
4.1.4.5 Re-adhesion of ornaments to the base mortar,

and

atdhesion of broken ornament pleces to each other shall he
done

using the specific materials noted in 4.1.4.5 for the
ornaments

being treated.

2790 4.1.4.5.1 Only orlginal ornaments (embedments) may be
replaced and then only if thelr prior location is known
through

documentation. Adhesive or Opticon UV is recommended for
readhesion wherxe applicable in resetting into the mortar.

/80 4.1.4.5.2 Crack~filling is limited fto gaps of 3/8 inch or
less. For non-siructural cracks, Dow Chemical RTV 738 is
recommended. This silicone should be mixed with pulverized

sand
no greateyr than 1:1. Pigmeniting recipes are below. Degrease

any .
exposed steel; clean crack of debris, dust and dirt; add foam
backer rod for temporary filler if crack is greater than 1/4
inch: do not apply silicone greater than 1/4 inch thicky
scrape
adges of £il1ll flush with surrounding surfaces to avoid
pealing

later; apply only enough sand on fill surface to blend with

adjacent surfaces. Pigments for red: Indian red, raw umber
and

small amount of Rose Madder or Alizarin crimson: for grey:
Raw

umber only; for green to be determined; for yellow: Yellow
ochre, raw umber. SAFETY: MAKE SURE TO WEAR LATEX GLOVES
DURING
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PREPARATION AND APPLICATION.
4.1.4.5 Paint Ceating for Sieel

4.1.4.¢ Water Repellent Coating



conservation of the Towers. A negative repori- signiiying that no
significant problem surfaced during the week- shall be submitted
+f that is the situation.

5.3 Monthly progress reports are required, documenting
progress against the pian, any significant schedule slippage and
performance to the budgetary plans.

6.0 Safety Requirements

6.1 Personnel safety reguirements established by OSHA
shall be followed in performance of all operations by restoration
personnel .

6.1.1 Scatfelding, work platforms, power tools, and othex
equipment employed during conservation work shall be inspected in

accordance with established safety reguirements,

6.1.2 Work on the sculptures shall not be done during
winds exceeding 15 miles per hour nor in rain storms.

6.1.3 Ho visitors ghall be permitted on the Towers'® site
during conservation work without approval of the General Manager,
Cultural Affairs, and concurrence by the site supervisor.

6.1.4 Bach restoration worker is responsible for
immediately notifying the site supervisor and the General Manager,
~Cultural Affairs, of any safety hazard or potential safety hazard.
A written report of any such safety hazard or hazards shall also
be submitted at the earliest possible time,

7/92 6.1.5 Safely Notes

1y Make sure to wear the recommended protective
clothing, masks, eye shields, and gloves. during preparation and
application of treatments, cutting, grinding and/or welding, and
other operations.

6.2 Hazardous Materials used on site are:
Material Quantity on hand 11/17/8%
Acetone 5 gallons
Acryl 60 i gallon
Acryloid B-72 two 25 pound containers
Acryloid B-~48H twe 25 pound containers
Alcohol-natural 10 galilons
Anti-rust Spray 'slx 11 ounce tubes
Chemtrete BSM 40D 4 ounces
GE DF 104/Acrylioid B-72 mix 10 ounces
Hydroxide Ammonia : H gallons
Lacquer thinner ' 5 gallons
Latapoxy 210 1 1/4 gallons

SikaTop 122 1 pound package



s

1 oz

Lty

Jilicone Adhesive/sealant #162 cariridges 10.3

Thinner~Toluene substitute 5 gallons
Trichlorocethane 1,1,1 5 gallons
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6.2 Hazardous Malerials used on site are {continued):

WhH 406
Xylene

ounge can
gallons

D

oo
d

Xylene substitute H galions
Zinc Renew 3 1/2 gallons
“ynolyte 1 gallon
7.0 REPAIR REFERENCE INFORMATION
1.0.1 Documentation of emergency repairs, May 1879 to July
1985,
7.0.2 Records taken during the € year and Z month

period {(May 1879 to July 1885} of repairs periormed by the

California Office of the State Architect consist of about
1500

Kodak Instamatic color photographs of hundreds of repairs to

the three tall towers, daily progress reports, and monthly

progress reports. This information isg in the computer

-databasgse, see reference section, below.

6/80 7.1 Repair Listings

7.1.1 Fast Tower
See Databases ETOCONS for 1988 & subseguent
repairs or ETOBASEL for 1979-1985 data

i.1.2 Center Towern
See Databases CTOCONS for 1989 & subseguent
repairs or CTOBASEI for 1980-1985 dats

70003 West Tower
See Databasges WIOCONS for 1889 & subsequent
repalrs or WIOBASEDl for 1880-13885 data

T.1.4 Wall
See emergency conservation databases SWAEMGCY
{South Wall} , HNWAEMGCY {(North Wall)}, and
SWACONS and NWACONS

7.1.5 Gazebo



Pl
5/28/92 See ATOCONS database and "AY™ Tower Conservation

Sea GALEMGCY and GAZCONS databases

7.1.6 Overheads
See QHPEMGCY and QOHDCONS datalbases
1.7 AN TNower

Report.
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F7.h.8 TRY Tower
See BTOCONS database

T.1.9 Fioor
See FLRCONS database

701,10 : Chimney
See CHIEMGCY and CHICONS datapases
711l ' Ship '
5/29/92 See SHIEMGCY and SHEHICONS databases and Ship of

Marco Polo Ceonservation Report.

7.1.12 - House - - - - :
See HOUEMGCY and HOUCONS databases

T34 3 Barbegue
See BROOONS database

7.1.14 oven
See VECONS database

7.1.15 Garden Spire {(South Weall)
5/2%/92 See GARCONS database and Garden Spire

Conservation

Report.

7.1.148 Canopy (House)
See CANCONS database
8.0 REFERENCES AND TEST RESULTS
8.1 Computer Databases
Datalrases included in the conservation records are

maintain-

ed in Paradox3 {(Borland International} files on the IBM AT
computer hard disk and on backup flopples on site. Separate
databases are available for each sculpture for each operaticn



aach

performed- photography, ilnspection, emergency stabilization,

long-term conservation and graphics. Additional dstabases are
availzble for conservation tests,

Fhotographlic baseline databases have been prepared forx

sculplture: GAXZBASE for the Gazebo, SHIBASH for the Ship of

Marco

Polo, SWABASE for the South Wall, NWARASE four the Horth Wall,
FLEBAZE for the Floor, ATOBASE for the "AY™ Tower, PBTOBASE for
the "B Tower, GARBASE for the scouth wall Garden Sopire,

HOUBASE

the

for the House facade, CHIBASE for the Chimney, CANBASE fou

Canopy, OVEBASE for the Oven and BBOBASE for the shelf-llke
Barbeque in the North Wall, and CHDBASE for the Overheads
throughout the site. See booklet "Conservation Database
Operating Instructions®

8.2 References and Test Resulls
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4. Conservation .and Maintenance Plan Simon Rodiats Towers in

/92

3/92
§T p* 7

Watts, State of California, May 4, 1979, C-5182C, Earl V.
Carlson.

2. Preservatvion Flan, November 1983, The REhrenkrantz Group,
pages 23 - 35,

3. Prior Test Results see Appendices. :

4. Final Report 1%88/1989% Summary of Watts Towers Inspection
Results, September 25, 1288.

5. 1986/1988 Summary of Watis Towers Emergency Stabilization
Measures, October 1989,

. Site Plan & EBlevation View/Dimensions

7. Site Maintenance 3/86, rev 7/30/92

8. C.W. Cock survey, 1988

8. ANCO fngineering Reports 1988, 1989.

10. Other reports- Soils/Geology; October 1987 Rarthguake
report; January 1988 Wind/Damage report; East Tower Vertical
Column report on cracks; Ship Spire report; X-ray Project
reports; Final reports of Ship of Marco Polo, Garden Spire,

Tower.

8. APPENDIX of Prior Test Resulis— see following pages.



Smith-Emery Company laboratory testing resulits, 1959, pages
54-58, Ehrenkranz plan.

Content: compression values of specimens from West Tower
pedestal {base} and vertical column, condition and sizes of
gteel reinforcements and wire mesh in vertical columns and in
base, depth of footings, size of patic floor (slab), splice
description, chemical analysis of mortar sample from splice
area, cerent-to-sand ratlo and weight in pounds per cublc

Foot.

Tom Wills' repair notes, 1%67, pages 55-02, Bhrenkranz plan.
Content: repair mortar and epoxy used.

Memorandum from OSA, Treadwell, 1981, pages 7679, Ehrenkranz
plan.

Content: significant comments by supervisor of repalr on
moriayr treatments and preblems.

Condition Survey, 1982-3, pages 80-89, Enrenkranz plan,
Content: analyses of conditions of sculptures, mortar,
repalry technigques, problems, eto.

Petrographic and Chemical Studies of Mortars, Briin, Hime
Associates, Inc., 1982, pages $0-96, Ehrenkranz plan.
Content: properties of 3/8" to 1 1/2% thick Rodila mortar

~and
oo ogteel samples of bands, spokeg dnd Joints from Center, West
and

hast Towers, elevationsg 12 feet to 75 feet.
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Laboratory and On Site Testing., 1982, pages 201-217,
Ehrenkranz
plan.
Content: review and analyses of materials and procedures
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