
	
  
	
  

	
  

 

PRESERVATION PLAN 
  

ACEQUIA AND COMPUERTA  
TUMACÁCORI NATIONAL HISTORICAL PARK 

 
 

Drachman Institute | Heritage Conservation 
College of Architecture, Planning, and Landscape Architecture 

The University of Arizona 
 

In conjunction with: 
Desert Southwest Cooperative Ecosystem Studies Unit (DS-CESU) 

June 2014 
 
 
 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
   1	
  	
  
	
  

TABLE OF CONTENTS 
	
  
Project	
  Information	
  ..............................................................................................................................................	
  2	
  
Executive	
  Summary	
  ..............................................................................................................................................	
  4	
  
Project	
  Background	
  and	
  Need	
  .........................................................................................................................	
  5	
  
	
  
Part	
  One:	
  	
  Background	
  and	
  Context	
  
Historical	
  Background	
  ........................................................................................................................................	
  .8	
  
Previous	
  Archaeological	
  Research	
  ..............................................................................................................	
  16	
  
Interpretation	
  and	
  Park	
  Planning	
  ...............................................................................................................	
  32	
  
	
  
Part	
  Two:	
  	
  Feature	
  Location,	
  Attributes,	
  and	
  Research	
  
Locating	
  the	
  Acequia	
  Madre	
  ..........................................................................................................................	
  36	
  
Ground	
  Penetrating	
  Radar	
  Study	
  Summary	
  ...........................................................................................	
  47	
  
Questions	
  for	
  Further	
  Study	
  ..........................................................................................................................	
  58	
  
	
  
Part	
  Three:	
  	
  Condition	
  Assessment	
  
Condition	
  Assessment	
  ......................................................................................................................................	
  60	
  
	
   Acequia	
  Swale	
  .......................................................................................................................................	
  61	
  
	
   Compuerta	
  ..............................................................................................................................................	
  70	
  
	
  
Part	
  Four:	
  	
  Treatment	
  Recommendations	
  
Preservation	
  Maintenance	
  .............................................................................................................................	
  92	
  
	
   Acequia	
  Swale	
  .......................................................................................................................................	
  92	
  
	
   Compuerta	
  ..............................................................................................................................................	
  95	
  
Buried	
  Acequia	
  Alignment	
  Rehabilitation	
  ...............................................................................................	
  98	
  
	
  
Part	
  Five:	
  	
  Summary	
  and	
  Conclusions	
  
Summary	
  and	
  Conclusions	
  	
  .........................................................................................................................	
  106	
  
References	
  ..........................................................................................................................................................	
  109	
  
	
  
Appendices	
  
A.	
  	
  Preliminary	
  Design	
  for	
  Further	
  Research	
  on	
  the	
  Acequia	
  ......................................................	
  112	
  
B.	
  	
  Ground	
  Penetrating	
  Radar	
  Report	
  .....................................................................................................	
  117	
  
C.	
  	
  Meadors	
  Conservation	
  Inc.	
  –	
  	
  Laboratory	
  Testing	
  Report	
  .......................................................	
  135	
  
	
  

	
  

	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  
	
  
2	
  

	
  

PROJECT INFORMATION 

This	
  project	
  was	
  carried	
  out	
  between	
  the	
  National	
  Park	
  Service	
  and	
  the	
  University	
  of	
  Arizona	
  
through	
  a	
  Joint	
  Ventures	
  Agreement	
  administered	
  by	
  the	
  Desert	
  Southwest	
  Cooperative	
  Ecosystem	
  
Studies	
  Unit	
  (DSCESU).	
  

Principal	
  Investigator:	
   	
   	
   R.	
  Brooks	
  Jeffery	
   	
  
	
   	
   Heritage	
  Conservation	
  |	
  Drachman	
  Institute	
  
	
   	
   College	
  of	
  Architecture,	
  Planning,	
  and	
  Landscape	
  
	
   	
   Architecture	
  (CAPLA)	
  
	
   	
   University	
  of	
  Arizona	
  
	
  	
  

Researcher:	
   Barry	
  Price	
  Steinbrecher	
  
Heritage	
  Conservation	
  |	
  Drachman	
  Institute	
  
CAPLA	
  	
  
University	
  of	
  Arizona	
  
	
   	
   	
   	
  

Agreement	
  Technical	
  Representative:	
   Alex	
  Lim	
  
Architectural	
  Conservator/	
  Exhibit	
  Specialist	
  
Tumacácori	
  National	
  Historical	
  Park	
  
	
  

Resource	
  Consultants:	
   Jeremy	
  Moss	
  
Archaeologist	
  
Formerly	
  at	
  Tumacácori	
  National	
  Historical	
  Park	
  

Steve	
  Gastellum	
  
Chief	
  of	
  Facilities	
  Maintenance	
  
Tumacácori	
  National	
  Historical	
  Park	
  

Jason	
  Welborn	
  
Biological	
  Science	
  Technician	
  
Formerly	
  at	
  Tumacácori	
  National	
  Historical	
  Park	
  

Sarah	
  Studd	
  	
  
Ecologist	
  
Sonoran	
  Desert	
  Network	
  
	
  
Steve	
  Buckley	
  
Ecologist	
  
Sonoran	
  Desert	
  Network	
  	
  

	
   	
   	
   	
   	
   Fred	
  Nials	
  
	
   	
   	
   	
   	
   Consulting	
  Geomorphologist	
  



	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
   3	
  	
  
	
  

DS/CESU	
  Coordinator	
   Pat	
  O’Brien	
  
Cultural	
  Resource	
  Specialist	
  

	
   Desert	
  Southwest	
  /	
  Cooperative	
  Ecosystems	
  Study	
  Unit	
  
National	
  Park	
  Service	
  

Project	
  References:	
   	
   	
   Cooperative	
  Agreement	
  No.	
  H1200100001	
  
	
   	
   	
   	
   	
   Task	
  Agreement	
  Order	
  No.	
  P12AC10882	
   	
  
	
   	
   	
   	
   	
   Project	
  Number	
  UAZDS-­‐393	
  
	
   	
   	
   	
   	
   UA	
  Account	
  No.	
  3002140	
  

 
	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  
	
  
4	
  

	
  

EXECUTIVE SUMMARY 

The	
  historic	
  acequia	
  at	
  Tumacácori	
  National	
  Historical	
  Park	
  was	
  likely	
  constructed	
  by	
  1774,	
  
channeling	
  surface	
  flow	
  from	
  the	
  Santa	
  Cruz	
  River	
  to	
  mission	
  fields	
  and	
  orchard.	
  Historic	
  
documents	
  and	
  aerial	
  photography	
  suggest	
  use	
  of	
  the	
  feature	
  continued	
  into	
  the	
  late	
  1930s.	
  Shortly	
  
thereafter,	
  natural	
  and	
  man-­‐made	
  changes	
  on	
  the	
  landscape	
  buried	
  or	
  obscured	
  a	
  large	
  portion	
  of	
  
the	
  feature.	
  Recent	
  archaeological	
  and	
  geophysical	
  testing	
  has	
  provided	
  evidence	
  of	
  intact	
  acequia	
  
stratigraphy	
  buried	
  within	
  the	
  Park.	
  	
  

The	
  compuerta	
  or	
  lavandaría	
  (referred	
  to	
  in	
  the	
  body	
  of	
  this	
  report	
  as	
  the	
  compuerta)	
  was	
  re-­‐
exposed	
  in	
  1993.	
  This	
  feature	
  provides	
  a	
  tangible	
  point	
  of	
  reference	
  for	
  the	
  largely	
  buried	
  acequia,	
  
as	
  well	
  as	
  insight	
  into	
  the	
  techniques	
  and	
  materials	
  used	
  in	
  its	
  construction	
  and	
  use.	
  The	
  remaining	
  
acequia	
  swale	
  that	
  extends	
  to	
  the	
  north	
  and	
  south	
  of	
  the	
  compuerta	
  provides	
  further	
  insight	
  into	
  
the	
  morphology	
  of	
  the	
  feature.	
  Together,	
  the	
  compuerta	
  and	
  extant	
  swale	
  provide	
  a	
  locus	
  for	
  onsite	
  
interpretation	
  of	
  the	
  larger	
  acequia	
  feature.	
  

A	
  condition	
  assessment	
  conducted	
  within	
  the	
  Park	
  found	
  the	
  acequia	
  to	
  be	
  in	
  fair	
  condition.	
  
Primary	
  issues	
  affecting	
  the	
  condition	
  include	
  material	
  loss	
  and	
  deterioration	
  due	
  to	
  weathering	
  
and	
  disturbance	
  resulting	
  from	
  rodent	
  and	
  insect	
  activity,	
  impacts	
  from	
  Park	
  development	
  and	
  past	
  
research,	
  as	
  well	
  as	
  vegetation	
  encroachment.	
  Low	
  visibility	
  within	
  the	
  landscape,	
  combined	
  with	
  a	
  
lack	
  of	
  detailed	
  information	
  pertaining	
  to	
  the	
  morphology	
  and	
  use	
  of	
  the	
  feature,	
  has	
  impacted	
  the	
  
Park’s	
  ability	
  to	
  increase	
  its	
  interpretation.	
  	
  

In	
  order	
  to	
  address	
  issues	
  affecting	
  the	
  acequia’s	
  condition	
  and	
  visibility,	
  this	
  report	
  recommends	
  a	
  
two-­‐part	
  approach	
  to	
  treatment:	
  

• Preservation	
  maintenance	
  of	
  the	
  compuerta	
  and	
  extant	
  swale	
  to	
  maintain	
  the	
  integrity	
  
and	
  long-­‐term	
  stability	
  of	
  the	
  historic	
  materials.	
  

• Rehabilitation	
  of	
  the	
  buried	
  acequia	
  alignment	
  as	
  a	
  pedestrian	
  trail	
  to	
  increase	
  visibility	
  of	
  
the	
  feature’s	
  location	
  and	
  linear	
  nature	
  within	
  the	
  landscape,	
  while	
  preserving	
  the	
  
archaeological	
  data	
  associated	
  with	
  the	
  buried	
  stratigraphy.	
  	
  

This	
  report	
  recommends	
  that	
  rehabilitation	
  of	
  the	
  acequia	
  alignment	
  be	
  conducted	
  in	
  coordination	
  
with	
  ongoing	
  landscape	
  restoration	
  and	
  maintenance	
  with	
  the	
  Park.	
  As	
  such,	
  the	
  recommendations	
  
in	
  this	
  report	
  should	
  be	
  incorporated	
  into	
  a	
  Cultural	
  Landscape	
  Report	
  for	
  the	
  Park	
  unit.	
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PROJECT BACKGROUND AND NEED 

	
  
The	
  historic	
  acequia	
  at	
  Tumacácori	
  National	
  Historical	
  Park	
  (TNHP)	
  was	
  a	
  significant	
  feature	
  in	
  the	
  
mission	
  community’s	
  economy	
  and	
  lifeways,	
  and	
  continued	
  to	
  be	
  used	
  by	
  subsequent	
  inhabitants	
  of	
  
the	
  land	
  now	
  incorporated	
  into	
  the	
  Park.	
  Despite	
  its	
  importance	
  and	
  long	
  history	
  of	
  use,	
  the	
  feature	
  
was	
  largely	
  buried	
  or	
  obscured	
  through	
  land	
  modifications	
  following	
  its	
  functional	
  period.	
  Because	
  
the	
  feature	
  was	
  considered	
  to	
  be	
  largely	
  destroyed,	
  it	
  has	
  received	
  little	
  in	
  the	
  way	
  of	
  preservation	
  
maintenance	
  under	
  National	
  Park	
  Service	
  stewardship.	
  Recent	
  research	
  has	
  revealed	
  evidence	
  that	
  
portions	
  of	
  the	
  acequia	
  alignment	
  remain	
  intact	
  and	
  shallowly	
  buried,	
  but	
  more	
  information	
  is	
  
needed	
  to	
  understand	
  the	
  morphology	
  and	
  use	
  of	
  the	
  feature,	
  as	
  well	
  as	
  to	
  develop	
  strategies	
  for	
  its	
  
management.	
  	
  
	
  
This	
  project	
  was	
  initiated	
  to	
  synthesize	
  prior	
  research	
  and	
  documentation	
  associated	
  with	
  the	
  
historic	
  acequia	
  and	
  compuerta,	
  assess	
  current	
  feature	
  conditions,	
  and	
  provide	
  recommendations	
  
for	
  preservation	
  maintenance	
  and	
  further	
  research.	
  This	
  synthesis	
  provides	
  a	
  baseline	
  of	
  
information	
  that	
  is	
  required	
  for	
  informed	
  management	
  decisions	
  and	
  preservation	
  measures.	
  	
  
Furthermore,	
  the	
  acequia	
  is	
  an	
  important	
  cultural	
  and	
  economic	
  feature	
  that	
  is	
  underrepresented	
  
within	
  the	
  Tumacácori	
  cultural	
  landscape.	
  The	
  information	
  in	
  this	
  report	
  serves	
  as	
  an	
  initial	
  plan	
  
for	
  preservation	
  measures,	
  as	
  well	
  as	
  increased	
  interpretation	
  and	
  visibility	
  of	
  the	
  acequia	
  within	
  
the	
  Park.	
  	
  
	
  
The	
  scope	
  of	
  work	
  required	
  to	
  fulfill	
  the	
  project	
  objectives	
  required	
  an	
  interdisciplinary	
  approach.	
  
Data	
  were	
  gathered	
  and	
  analyzed	
  using	
  archaeological,	
  geophysical	
  and	
  remote	
  sensing,	
  
geomorphological,	
  materials	
  conservation,	
  and	
  historic	
  preservation	
  methodologies.	
  The	
  range	
  of	
  
disciplines	
  represented	
  was	
  possible	
  through	
  a	
  collaborative	
  approach	
  between	
  the	
  National	
  Park	
  
Service	
  and	
  the	
  University	
  of	
  Arizona.	
  The	
  project	
  was	
  initiated	
  by	
  Jeremy	
  Moss,	
  former	
  Chief	
  of	
  
Resources	
  and	
  Archaeologist	
  for	
  TNHP	
  and	
  Alex	
  Lim,	
  TNHP	
  Architectural	
  Conservator	
  and	
  Exhibit	
  
Specialist	
  served	
  as	
  the	
  project	
  ATR.	
  Brooks	
  Jeffery,	
  Director	
  of	
  the	
  University	
  of	
  Arizona’s	
  
Drachman	
  Institute,	
  served	
  as	
  the	
  Principal	
  Investigator.	
  Steve	
  Gastellum,	
  TNHP	
  Chief	
  of	
  
Maintenance,	
  provided	
  expertise	
  on	
  resource	
  maintenance	
  needs	
  and	
  procedures.	
  Consultations	
  
with	
  geomorphologist	
  Fred	
  Nials	
  provided	
  contextual	
  information	
  on	
  the	
  acequia	
  stratigraphy,	
  as	
  
well	
  as	
  critical	
  information	
  on	
  the	
  potential	
  and	
  procedures	
  for	
  further	
  research	
  on	
  the	
  feature	
  and	
  
the	
  associated	
  landscape.	
  Consultations	
  with	
  Sarah	
  Studd	
  and	
  Steve	
  Buckley	
  from	
  the	
  Sonoran	
  
Desert	
  Network	
  provided	
  information	
  on	
  the	
  historical	
  and	
  current	
  ecological	
  conditions	
  associated	
  
with	
  the	
  cultural	
  landscape	
  at	
  TNHP,	
  as	
  well	
  as	
  key	
  information	
  pertaining	
  to	
  landscape	
  restoration.	
  
Treatment	
  recommendations	
  were	
  developed	
  through	
  these	
  consultations.	
  Barry	
  Price	
  
Steinbrecher	
  of	
  the	
  University	
  of	
  Arizona’s	
  Drachman	
  Institute	
  served	
  as	
  a	
  graduate	
  student	
  
researcher	
  and	
  contributing	
  author.	
  Laura	
  Jensen	
  of	
  the	
  University	
  of	
  Arizona’s	
  Drachman	
  Institute	
  
produced	
  GIS	
  and	
  CAD	
  drawings	
  included	
  in	
  this	
  report.	
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HISTORICAL BACKGROUND 

Tumacácori	
  National	
  Historical	
  Park	
  is	
  located	
  in	
  the	
  Santa	
  Cruz	
  River	
  Valley	
  in	
  Southern	
  Arizona.	
  
The	
  Park	
  preserves	
  three	
  Spanish	
  colonial	
  mission	
  sites,	
  including	
  Los	
  Santos	
  Ángeles	
  de	
  Guevavi	
  
San	
  Cayetano	
  de	
  Calabazas,	
  and	
  San	
  Jose	
  de	
  Tumacácori,	
  each	
  forming	
  separate	
  units	
  of	
  the	
  Park.	
  	
  
This	
  report	
  will	
  focus	
  exclusively	
  on	
  the	
  site	
  of	
  San	
  Jose	
  de	
  Tumacácori	
  (AZ	
  DD:8:3	
  [ASM];	
  
Tumacácori	
  Unit)	
  founded	
  at	
  its	
  current	
  location	
  in	
  the	
  mid-­‐eighteenth	
  century.	
  The	
  Santa	
  Cruz	
  
River	
  Valley	
  is	
  located	
  within	
  the	
  region	
  described	
  by	
  Spanish	
  colonists	
  as	
  the	
  Pimería	
  Alta.	
  The	
  
Pimería	
  Alta	
  is	
  located	
  within	
  the	
  Sonoran	
  Desert	
  and	
  consists	
  of	
  the	
  territory	
  roughly	
  defined	
  by	
  
the	
  Magdalena	
  River	
  in	
  the	
  south	
  to	
  the	
  Gila	
  River	
  in	
  the	
  north	
  and	
  from	
  the	
  Colorado	
  River	
  in	
  the	
  
west	
  to	
  the	
  San	
  Pedro	
  River	
  in	
  the	
  east	
  (McIntyre	
  2008:	
  27).	
  

PREHISTORY	
  

Evidence	
  of	
  human	
  occupation	
  within	
  the	
  Pimería	
  Alta	
  region	
  date	
  back	
  as	
  far	
  as	
  the	
  Paleoindian	
  
period	
  beginning	
  approximately	
  11,500	
  B.C.	
  Agriculture	
  in	
  the	
  Santa	
  Cruz	
  River	
  Valley	
  began	
  
roughly	
  around	
  3500	
  B.C.	
  with	
  cultivation	
  of	
  maize,	
  beans,	
  and	
  squash	
  at	
  the	
  mouths	
  of	
  tributary	
  
streams	
  within	
  the	
  floodplain,	
  (Bossler	
  and	
  Johnson	
  2012:22).	
  Evidence	
  of	
  Late	
  Archaic	
  inhabitants	
  
of	
  the	
  lower	
  Santa	
  Cruz	
  Valley	
  utilization	
  of	
  irrigation	
  canals	
  to	
  cultivate	
  domesticated	
  crops	
  dates	
  
to	
  circa	
  1200	
  B.C.	
  (Mabry	
  1998).	
  By	
  the	
  Hohokam	
  Pioneer	
  period	
  (ca.	
  A.D.	
  650-­‐750),	
  the	
  
populations	
  of	
  dispersed	
  villages,	
  or	
  rancherías	
  were	
  supported	
  by	
  maize	
  agriculture	
  irrigated	
  by	
  
earthen	
  and	
  caliche-­‐lined	
  diversion	
  canals.	
  In	
  addition	
  to	
  Hohokam	
  settlements,	
  sites	
  associated	
  
with	
  trincheras	
  groups	
  of	
  northwestern	
  Mexico	
  extended	
  into	
  the	
  region,	
  including	
  the	
  mountains	
  
to	
  the	
  west	
  of	
  TNHP.	
  	
  “The	
  area	
  between	
  Nogales	
  and	
  Tumacácori	
  on	
  the	
  Santa	
  Cruz	
  River	
  became	
  a	
  
contact	
  zone	
  between	
  these	
  two	
  cultures,	
  and	
  archaeological	
  sites	
  in	
  this	
  area	
  exhibit	
  traits	
  
characteristic	
  of	
  each	
  culture,	
  with	
  the	
  notable	
  absence	
  of	
  canal	
  irrigation”	
  (Bossler	
  and	
  Johnson	
  
2012:	
  22-­‐23).	
  

Beginning	
  around	
  A.D.1400,	
  large	
  Classic	
  Period	
  Hohokam	
  communities	
  began	
  to	
  disperse,	
  and	
  the	
  
Pimería	
  Alta	
  has	
  been	
  inhabited	
  by	
  the	
  descendants	
  and/or	
  northern-­‐migrating	
  ancestors	
  of	
  the	
  
Akimel	
  and	
  Tohono	
  O’odham	
  peoples	
  (Sheridan	
  2006:25,	
  Bossler	
  and	
  Johnson	
  2012:	
  23).	
  O’odham	
  
inhabitants	
  of	
  the	
  Santa	
  Cruz	
  River	
  valley	
  continued	
  to	
  cultivate	
  crops	
  in	
  the	
  floodplain	
  using	
  flood	
  
waters	
  and	
  diversion	
  canals,	
  but	
  also	
  subsisted	
  on	
  wild	
  plant	
  and	
  animal	
  resources.	
  

COLONIAL	
  PERIOD	
  

During	
  the	
  sixteenth	
  century,	
  there	
  was	
  limited	
  physical	
  contact	
  between	
  Spanish	
  colonial	
  entities	
  
and	
  the	
  local	
  population.	
  The	
  exploration	
  expedition	
  and	
  reconnaissance	
  mission	
  that	
  led	
  
Franciscan	
  priest	
  Fray	
  Marcos	
  de	
  Niza	
  in	
  1539,	
  and	
  later	
  Francisco	
  Vasquez	
  de	
  Coronado	
  between	
  
1540	
  and	
  1542,	
  into	
  the	
  Pimería	
  Alta	
  resulted	
  in	
  the	
  earliest	
  known	
  written	
  documentation	
  of	
  the	
  
area	
  and	
  its	
  inhabitants.	
  However,	
  there	
  is	
  no	
  evidence	
  that	
  either	
  party	
  spent	
  time	
  in	
  the	
  Santa	
  
Cruz	
  Valley	
  (Sheridan	
  2006:	
  28).	
  	
  

Little	
  documentation	
  of	
  the	
  Pimería	
  Alta	
  followed	
  that	
  from	
  the	
  Coronado	
  expedition	
  until	
  the	
  late	
  
seventeenth	
  century	
  when	
  Jesuit	
  priest	
  Father	
  Francisco	
  Eusebio	
  Kino	
  began	
  keeping	
  records	
  of	
  his	
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travels	
  and	
  communications	
  within	
  the	
  area.	
  By	
  that	
  time,	
  Kino	
  had	
  established	
  a	
  chain	
  of	
  mission	
  
church	
  communities	
  along	
  the	
  Altar	
  and	
  Magdalena	
  Rivers,	
  presently	
  in	
  Sonora,	
  Mexico.	
  	
  In	
  1691,	
  
Kino	
  described	
  an	
  invitation	
  by	
  the	
  Pima	
  (O’odham)	
  for	
  him	
  and	
  his	
  superior,	
  Father	
  Juan	
  Maria	
  
Salvatierra,	
  to	
  visit	
  the	
  rancherías	
  located	
  within	
  the	
  Santa	
  Cruz	
  and	
  San	
  Pedro	
  Valleys.	
  Kino	
  
traveled	
  with	
  military	
  escort	
  Juan	
  Mateo	
  Manje	
  north	
  into	
  the	
  Pimería	
  Alta,	
  both	
  men	
  recording	
  the	
  
land	
  and	
  local	
  populations	
  they	
  encountered.	
  	
  	
  	
  

In	
  1691,	
  Kino	
  made	
  note	
  of	
  two	
  rancherías	
  settlements	
  within	
  the	
  Upper	
  Santa	
  Cruz	
  Valley,	
  
including	
  Guevavi	
  and	
  “Tumagacori”	
  (sic.),	
  the	
  latter	
  he	
  dedicated	
  to	
  San	
  Cayetano.	
  In	
  his	
  account,	
  
the	
  settlement	
  at	
  San	
  Cayetano	
  de	
  Tumacácori	
  consisted	
  of	
  over	
  forty	
  houses	
  clustered	
  on	
  the	
  east	
  
bank	
  of	
  the	
  river	
  and	
  the	
  community	
  there	
  built	
  three	
  structures	
  in	
  which	
  the	
  visitors	
  could	
  conduct	
  
their	
  domestic	
  and	
  religious	
  activities	
  	
  (Sheridan	
  2006:	
  28,	
  Bossler	
  and	
  Johnson	
  2012:	
  60).	
  Kino	
  and	
  
Salvatierra	
  established	
  the	
  site	
  of	
  Guevavi	
  as	
  the	
  cabacera,	
  the	
  head	
  mission	
  church	
  with	
  a	
  resident	
  
missionary,	
  and	
  San	
  Cayetano	
  de	
  Tumacácori	
  as	
  a	
  visita,	
  a	
  secondary	
  site	
  where	
  the	
  priest	
  only	
  
visited.	
  	
  

By	
  1753,	
  the	
  Tumacácori	
  community	
  had	
  relocated	
  downstream	
  to	
  the	
  west	
  side	
  of	
  the	
  Santa	
  Cruz	
  
River,	
  just	
  south	
  of	
  the	
  newly	
  constructed	
  (1751)	
  Tubac	
  presidio.	
  Previously	
  distinct	
  Piman	
  
(O’odham)	
  communities	
  of	
  Tubac	
  and	
  San	
  Cayetano	
  de	
  Tumacácori	
  were	
  congregated	
  in	
  this	
  new	
  
location	
  and	
  the	
  site.	
  A	
  new	
  adobe	
  church	
  was	
  constructed	
  and	
  dedicated	
  to	
  a	
  new	
  patron,	
  San	
  Jose	
  
(Bossler	
  and	
  Johnson	
  2012:	
  24-­‐25,	
  Moss	
  2006:10).	
  

In	
  1766,	
  Marqués	
  de	
  Rubí,	
  a	
  Spanish	
  nobleman,	
  led	
  a	
  survey	
  documenting	
  the	
  presidios	
  of	
  the	
  
northern	
  frontier	
  of	
  New	
  Spain.	
  The	
  Tubac	
  presidio	
  and	
  surrounding	
  features	
  were	
  mapped	
  by	
  
Joseph	
  de	
  Urrutia,	
  a	
  member	
  of	
  the	
  survey	
  expedition	
  (Figure	
  1.1).	
  The	
  map	
  includes	
  the	
  irrigation	
  
infrastructure	
  associated	
  with	
  the	
  presidio,	
  including	
  a	
  structure	
  that	
  diverted	
  water	
  from	
  the	
  river	
  
into	
  an	
  acequia	
  that	
  gravity	
  fed	
  water	
  into	
  the	
  fields	
  on	
  the	
  west	
  bank	
  of	
  the	
  river	
  (Bossler	
  and	
  
Johnson	
  2012:	
  63).	
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Figure	
  1.1:	
  Map	
  of	
  Tubac,	
  prepared	
  by	
  Lieutenant	
  Joseph	
  de	
  Urrutia	
  in	
  1766,	
  depicting	
  a	
  town	
  site,	
  acequia	
  
system,	
  and	
  circulation	
  features.	
  	
  The	
  checker-­‐board	
  pattern	
  between	
  the	
  acequia	
  madre	
  and	
  the	
  Santa	
  Cruz	
  
River	
  channel	
  indicates	
  cultivation	
  fields	
  (reproduced	
  in	
  Bossler	
  and	
  Johnson	
  2012:	
  226).	
  

 
The	
  1766	
  map	
  of	
  Tubac	
  is	
  one	
  of	
  several	
  maps	
  drawn	
  by	
  Urrutia	
  that	
  depict	
  the	
  nature	
  of	
  the	
  
agricultural	
  space	
  in	
  Spanish	
  colonial	
  communities	
  in	
  Sonora.	
  Bossler	
  and	
  Johnson	
  (2012)	
  suggest	
  
that	
  the	
  layout	
  of	
  the	
  various	
  colonial	
  settlements	
  documented	
  in	
  Urrutia’s	
  maps	
  provide	
  insights	
  
into	
  the	
  layout	
  of	
  Tumacácori	
  (p	
  63).	
  	
  Regulations	
  guiding	
  the	
  development	
  of	
  Spanish	
  colonial	
  
settlements	
  were	
  promulgated	
  in	
  1680	
  by	
  the	
  crown	
  in	
  the	
  legal	
  documents	
  referred	
  to	
  as	
  the	
  Law	
  
of	
  the	
  Indies.	
  	
  While	
  many	
  factors,	
  such	
  as	
  topography	
  and	
  hydrology,	
  affected	
  the	
  location	
  and	
  
layout	
  colonial	
  settlements,	
  compliance	
  with	
  the	
  regulations	
  in	
  the	
  Law	
  of	
  the	
  Indies	
  created	
  a	
  
predictable	
  structure	
  for	
  the	
  organization	
  of	
  communities.	
  The	
  Piméria	
  Alta	
  mission	
  communities	
  
faced	
  related	
  influences	
  and	
  limitations	
  which	
  resulted	
  in	
  similarities	
  regarding	
  their	
  spatial	
  
organization,	
  including	
  the	
  agricultural	
  components	
  of	
  each	
  community.	
  	
  

	
  
In	
  1774	
  stipulations	
  concerning	
  water	
  use	
  were	
  established	
  between	
  the	
  Tumacácori	
  community	
  
and	
  the	
  colonial	
  settlers	
  downstream	
  at	
  Tubac.	
  The	
  agreement	
  suggests	
  that	
  a	
  significant	
  amount	
  of	
  
water	
  was	
  being	
  diverted	
  at	
  Tumacácori,	
  most	
  likely	
  through	
  the	
  acequia	
  system,	
  by	
  this	
  time	
  
(Logan	
  2002:51).	
  Observations	
  in	
  1793	
  describe	
  wheat,	
  corn,	
  and	
  “abundant”	
  squash	
  among	
  the	
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crops	
  grown	
  at	
  Tumacácori.	
  “Eighteenth-­‐	
  and	
  nineteenth-­‐century	
  accounts	
  of	
  the	
  mission	
  attribute	
  
the	
  beauty	
  and	
  prosperity	
  of	
  the	
  mission	
  gardens	
  and	
  orchard,	
  and	
  the	
  high	
  state	
  of	
  cultivation	
  of	
  
the	
  farm	
  fields,	
  to	
  the	
  mission’s	
  irrigation	
  network,”	
  (Moss	
  2006,	
  19).	
  	
  

Archaeological	
  evidence,	
  combined	
  with	
  documentation	
  of	
  irrigation	
  infrastructure	
  at	
  other	
  
Sonoran	
  colonial	
  communities,	
  helps	
  to	
  define	
  the	
  layout	
  of	
  the	
  cultivated	
  land	
  at	
  Tumacácori.	
  The	
  
initial	
  intake	
  of	
  the	
  acequia	
  madre	
  was	
  located	
  just	
  downstream	
  from	
  Rock	
  Corral	
  Canyon,	
  (Bossler	
  
and	
  Johnson	
  2012:	
  63).	
  	
  This	
  was	
  likely	
  the	
  site	
  of	
  a	
  diversion	
  structure	
  created	
  to	
  form	
  a	
  reservoir	
  
to	
  facilitate	
  intake	
  of	
  surface	
  flow	
  from	
  the	
  main	
  channel	
  of	
  the	
  Santa	
  Cruz	
  River.	
  	
  The	
  main	
  
irrigation	
  ditch	
  was	
  likely	
  extended	
  out	
  as	
  far	
  as	
  possible	
  from	
  the	
  river	
  to	
  maximize	
  the	
  use	
  of	
  the	
  
floodplain,	
  diverting	
  water	
  through	
  gravity	
  flow.	
  The	
  compuerta	
  acted	
  as	
  a	
  weir	
  which	
  slowed	
  and	
  
lifted	
  the	
  water,	
  potentially	
  allowing	
  for	
  distribution	
  to	
  up-­‐slope	
  fields	
  (F.	
  Nials,	
  personal	
  
communication).	
  While	
  no	
  other	
  distribution	
  features	
  have	
  been	
  found	
  in	
  association	
  with	
  the	
  
Tumacácori	
  	
  acequia,	
  colonial	
  irrigation	
  systems	
  in	
  the	
  region	
  were	
  often	
  divided	
  further	
  into	
  
sangrias,	
  or	
  lateral	
  canals,	
  using	
  small	
  diversion	
  structures	
  referred	
  to	
  as	
  adzudes	
  for	
  distribution	
  
into	
  cultivated	
  fields	
  (Bossler	
  and	
  Johnson	
  2012:	
  89).	
  	
  
	
  
The	
  fields	
  were	
  likely	
  divided	
  into	
  recessed	
  units	
  bounded	
  by	
  berms	
  that	
  could	
  be	
  flooded	
  
periodically.	
  A	
  large	
  portion	
  of	
  the	
  cultivated	
  area	
  were	
  communal	
  fields,	
  referred	
  to	
  as	
  labores,	
  that	
  
provided	
  general	
  subsistence	
  and	
  economic	
  commodities	
  for	
  the	
  mission	
  community,	
  Smaller	
  
parcels,	
  or	
  milpas,	
  were	
  held	
  and	
  maintained	
  by	
  individuals	
  or	
  families	
  (Ibid.).	
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Figure	
  1.2.	
  	
  Examples	
  of	
  possible	
  irrigation	
  system	
  structures:	
  	
  A)	
  Cross	
  section	
  of	
  typical	
  earthen	
  irrigation	
  
canal;	
  	
  B)	
  Illustration	
  of	
  check	
  dam	
  or	
  weir	
  used	
  to	
  slow	
  water	
  for	
  distribution	
  through	
  outlets	
  within	
  canal	
  
banks;	
  	
  Plan	
  view	
  (C)	
  and	
  cross	
  section	
  (D)	
  of	
  water	
  distribution	
  through	
  field	
  cells	
  using	
  gravity	
  flow,	
  overflow	
  
may	
  be	
  channeled	
  back	
  to	
  main	
  river	
  channel	
  within	
  a	
  drainage	
  canal	
  (after	
  Bossler	
  and	
  Johnson	
  2012:147).	
  

	
  
The	
  social	
  organization	
  of	
  the	
  missions	
  required	
  that	
  the	
  indigenous	
  community	
  perform	
  manual	
  
labor,	
  such	
  as	
  working	
  in	
  fields,	
  tending	
  to	
  livestock,	
  or	
  maintaining	
  structures	
  (Crosby	
  1985:	
  2).	
  
The	
  successes	
  of	
  many	
  missions	
  and	
  the	
  monopoly	
  the	
  missionaries	
  had	
  on	
  Indian	
  land	
  and	
  labor	
  
led	
  to	
  tensions	
  between	
  the	
  Jesuits	
  and	
  colonial	
  settlers	
  (Sheridan	
  2006:	
  42).	
  These	
  tensions	
  led,	
  in	
  
part,	
  to	
  the	
  expulsion	
  of	
  the	
  Jesuit	
  order	
  from	
  New	
  Spain	
  in	
  1767.	
  The	
  Franciscan	
  order	
  succeeded	
  
the	
  Jesuits	
  arriving	
  in	
  the	
  Pimería	
  Alta	
  in	
  1773,	
  and	
  the	
  new	
  priests	
  designated	
  San	
  Jose	
  de	
  
Tumacácori	
  the	
  regional	
  cabacera	
  (Moss	
  2006:	
  10).	
  
	
  
The	
  Franciscans	
  oversaw	
  a	
  major	
  building	
  campaign	
  and	
  restructuring	
  of	
  the	
  mission	
  grounds	
  
between	
  approximately	
  1770	
  and	
  1800.	
  During	
  this	
  time,	
  a	
  large	
  adobe	
  wall	
  was	
  constructed	
  
around	
  the	
  garden	
  where	
  fruits,	
  vegetables,	
  and	
  herbs	
  were	
  cultivated,	
  adding	
  a	
  protective	
  element	
  
for	
  the	
  garden	
  species.	
  The	
  garden	
  wall	
  was	
  constructed	
  to	
  allow	
  the	
  acequia	
  to	
  pass	
  through	
  within	
  
the	
  southwest	
  and	
  northwest	
  corners	
  (Moss	
  2006).	
  	
  The	
  northwest	
  corner	
  of	
  the	
  wall	
  was	
  
constructed	
  on	
  a	
  diagonal	
  in	
  relation	
  to	
  the	
  other	
  walls.	
  A	
  bend	
  in	
  the	
  acequia	
  within	
  the	
  orchard	
  
walls,	
  combined	
  with	
  the	
  angle	
  of	
  the	
  northwest	
  orchard	
  wall,	
  may	
  indicate	
  that	
  the	
  natural	
  
topography	
  of	
  the	
  site	
  was	
  a	
  factor	
  in	
  the	
  construction	
  techniques	
  associated	
  with	
  the	
  feature.	
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MEXICAN	
  PERIOD	
  

Six	
  years	
  after	
  the	
  Mexican	
  Revolution	
  in	
  1821,	
  the	
  Franciscan	
  order	
  was	
  officially	
  expelled	
  from	
  
Mexico	
  and	
  all	
  Spanish-­‐born	
  missionaries	
  were	
  forced	
  to	
  leave	
  the	
  country.	
  The	
  resident	
  priest	
  at	
  
Tumacácori,	
  Fray	
  Ramon	
  Liberos,	
  who	
  had	
  advocated	
  for	
  the	
  land	
  rights	
  of	
  the	
  mission	
  community,	
  
was	
  removed.	
  	
  After	
  Liberos’	
  removal,	
  the	
  land	
  was	
  administered	
  by	
  local	
  O’odham	
  governors.	
  In	
  
1828,	
  half	
  of	
  the	
  mission’s	
  wheat	
  fields	
  were	
  leased	
  to	
  rancher	
  Ignacio	
  Ortiz	
  (Sheridan	
  2006:	
  98-­‐99)	
  
Secularization	
  in	
  1834	
  removed	
  mission	
  lands	
  from	
  the	
  control	
  of	
  the	
  Catholic	
  Church,	
  greatly	
  
reducing	
  its	
  involvement	
  in	
  the	
  affairs	
  of	
  the	
  mission	
  communities	
  (Crosby	
  1985:	
  6,	
  Bossler	
  and	
  
Johnson	
  2012:	
  29).	
  	
  	
  	
  

In	
  addition	
  to	
  changes	
  in	
  the	
  political	
  environment,	
  changes	
  in	
  the	
  natural	
  environment	
  and	
  climate	
  
in	
  the	
  1830s	
  affected	
  the	
  Tumacácori	
  community.	
  Correspondence	
  from	
  Fray	
  Rafael	
  Díaz,	
  who	
  
served	
  communities	
  between	
  the	
  presidios	
  at	
  Santa	
  Cruz	
  and	
  Tucson,	
  to	
  the	
  vice	
  governor	
  of	
  
Sonora	
  in	
  1832,	
  described	
  the	
  drought	
  at	
  Tumacácori	
  as	
  “so	
  complete	
  that	
  we	
  have	
  not	
  raised	
  a	
  
grain	
  from	
  a	
  single	
  seed”	
  (quoted	
  in	
  Kessell	
  1976:	
  288).	
  Further	
  environmental	
  changes	
  may	
  have	
  
affected	
  the	
  use	
  of	
  the	
  acequias.	
  	
  Correspondence	
  from	
  Juan	
  Batista	
  Elías,	
  justice	
  of	
  the	
  peace	
  at	
  
Tubac,	
  described	
  the	
  river	
  channel	
  as	
  having	
  moved	
  “a	
  long	
  way	
  away”	
  from	
  the	
  presidio	
  (Kessell	
  
1976:288).	
  The	
  channel	
  upstream	
  at	
  Tumacácori	
  may	
  have	
  been	
  similarly	
  affected.	
  	
  Increased	
  
conflict	
  with	
  the	
  Apache	
  at	
  this	
  time	
  compounded	
  the	
  stress	
  on	
  the	
  mission	
  community.	
  In	
  1841,	
  
the	
  final	
  priest	
  to	
  reside	
  at	
  Tumacácori	
  moved	
  to	
  Magdalena	
  (Moss	
  2006:10).	
  	
  

“By	
  1843,	
  the	
  Tubac	
  justice	
  of	
  the	
  peace	
  described	
  a	
  fallen	
  and	
  crumbling	
  convento	
  building,	
  a	
  
standing	
  church	
  and	
  two	
  former	
  communal	
  fields,	
  south	
  of	
  the	
  mission	
  and	
  across	
  the	
  river	
  which	
  
was,	
  “unfenced	
  and	
  abandoned,	
  to	
  be	
  full	
  of	
  mesquite	
  and	
  other	
  bushes,”	
  (Quoted	
  in	
  Bossler	
  and	
  
Johnson:	
  65).	
  	
  Other	
  accounts	
  suggest	
  there	
  was	
  “only	
  enough	
  water	
  for	
  some	
  Indians	
  to	
  irrigate	
  
their	
  meager	
  sowings,”	
  (Quoted	
  in	
  Sheridan	
  2006:	
  100).	
  	
  	
  However,	
  in	
  October	
  of	
  1848,	
  US	
  Army	
  
lieutenant	
  Cave	
  Couts	
  passed	
  through	
  the	
  Santa	
  Cruz	
  Valley	
  on	
  a	
  reconnaissance	
  mission	
  following	
  
the	
  treaty	
  of	
  Guadalupe-­‐Hildago	
  and	
  accounted	
  for	
  the	
  Indian	
  settlement	
  at	
  Tumacácori	
  and	
  
described	
  the	
  church	
  as	
  being	
  well	
  kept.	
  Two	
  months	
  later,	
  after	
  a	
  serious	
  Apache	
  attack,	
  the	
  people	
  
of	
  Tumacácori	
  took	
  the	
  church	
  furnishings	
  and	
  joined	
  the	
  O’odham	
  at	
  San	
  Xavier	
  del	
  Bac,	
  near	
  
Tucson	
  (Crosby	
  1985:	
  7).	
  
	
  
AMERICAN	
  TERRITORIAL	
  PERIOD	
  
	
  
In	
  1849,	
  the	
  gold	
  rush	
  led	
  many	
  travelers	
  en	
  route	
  to	
  California	
  through	
  southern	
  Arizona.	
  Several	
  
travelers	
  who	
  passed	
  through	
  the	
  Santa	
  Cruz	
  Valley	
  wrote	
  their	
  observations	
  of	
  the	
  Tumacácori	
  
mission	
  site.	
  	
  In	
  October	
  of	
  1849,	
  John	
  Robert	
  Forsyth	
  described	
  the	
  well-­‐preserved	
  nature	
  of	
  the	
  
church	
  and	
  mission	
  grounds.	
  He	
  wrote:	
  “The	
  garden	
  was	
  well	
  filled	
  with	
  full	
  grown	
  fruit	
  trees	
  and	
  
they	
  had	
  been	
  heavily	
  laden	
  with	
  peaches,	
  pomegranates,	
  quinces,	
  etc…”	
  (Quoted	
  in	
  Crosby	
  1985:	
  
8).	
  Forsyth	
  described	
  the	
  compuerta	
  within	
  the	
  mission	
  acequia	
  as	
  one	
  of	
  the	
  “beautiful	
  baths,”	
  
indicating	
  there	
  may	
  have	
  been	
  more	
  than	
  one	
  such	
  feature	
  at	
  the	
  site.	
  “Only	
  one	
  has	
  been	
  found	
  to	
  
date,	
  but	
  it	
  is	
  probable	
  that	
  numerous	
  diversion	
  boxes	
  would	
  have	
  been	
  needed	
  along	
  the	
  acequia	
  
madre	
  to	
  feed	
  lateral	
  ditches	
  for	
  wheat	
  and	
  corn	
  fields.”	
  (Moss	
  2006:	
  20).	
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Between	
  1851	
  and	
  1855,	
  Manuel	
  María	
  Gándara,	
  one	
  of	
  the	
  most	
  powerful	
  men	
  in	
  Sonora	
  (Sheridan	
  
2006:	
  100),	
  established	
  a	
  large	
  sheep	
  and	
  goat	
  ranch	
  and	
  farming	
  operation,	
  using	
  the	
  Tumacácori	
  
mission	
  compound	
  as	
  the	
  headquarters.	
  “Fields	
  of	
  maize	
  and	
  wheat,	
  and	
  fruit	
  trees	
  were	
  also	
  
cultivated	
  during	
  this	
  time,”	
  (Bossler	
  and	
  Johnson	
  2012:	
  30).	
  Gándara’s	
  claim	
  to	
  the	
  land	
  was	
  a 
product	
  of	
  a	
  seemingly	
  unscrupulous	
  auction	
  in	
  Guaymus,	
  Sonora	
  in	
  1844	
  (Sheridan	
  2006:	
  101).	
  	
  

An	
  un-­‐authored	
  account	
  in	
  1857	
  described	
  multiple	
  irrigation	
  canals	
  at	
  Tumacácori	
  (Bossler	
  and	
  
Johnson	
  2012:	
  31).	
  In	
  1860,	
  William	
  Wrightson	
  of	
  the	
  Santa	
  Rita	
  Mining	
  Company	
  described	
  how	
  
the	
  acequia	
  passes	
  through	
  the	
  mission	
  garden	
  wall	
  and	
  the	
  remains	
  of	
  a	
  “washing	
  vat	
  and	
  bathing	
  
place,”	
  which	
  is	
  understood	
  to	
  refer	
  to	
  the	
  compuerta.	
  “Although	
  its	
  function	
  is	
  unknown,	
  the	
  
feature	
  probably	
  served	
  to	
  impound	
  water,	
  by	
  constricting	
  and	
  slowing	
  ditch	
  flow,	
  in	
  order	
  to	
  
create	
  sufficient	
  head	
  for	
  lateral	
  ditches	
  that	
  fed	
  gardens	
  and	
  orchard	
  trees.	
  	
  The	
  compuerta	
  may	
  
have	
  also	
  served	
  as	
  a	
  lavandaria,	
  or	
  laundry	
  tank,	
  a	
  common	
  element	
  of	
  mission	
  gardens	
  in	
  the	
  
Pimería	
  Alta	
  and	
  Alta	
  California,”	
  (Moss	
  2006:20).	
  

TRANSITION	
  TO	
  NATIONAL	
  PARK	
  SERVICE	
  STEWARDSHIP	
  

In	
  1908,	
  President	
  Roosevelt	
  designated	
  the	
  Tumacácori	
  National	
  Monument,	
  after	
  homesteader	
  
Carmen	
  Mendez	
  deeded	
  10	
  acres	
  containing	
  the	
  mission	
  church	
  to	
  the	
  federal	
  government.	
  The	
  site	
  
was	
  administered	
  by	
  the	
  U.S.	
  Forest	
  Service	
  until	
  1914,	
  when	
  the	
  U.S.	
  Supreme	
  Court	
  ratified	
  the	
  
Baca	
  Float	
  No.	
  3	
  and	
  the	
  government	
  lost	
  the	
  title	
  to	
  the	
  mission	
  grounds.	
  Homesteaders	
  in	
  the	
  area	
  
were	
  evicted	
  from	
  their	
  plots.	
  The	
  Bouldin	
  family,	
  grantees	
  of	
  the	
  Baca	
  Float	
  No.	
  3,	
  subsequently	
  
deeded	
  10	
  acres	
  containing	
  the	
  Tumacácori	
  church	
  grounds	
  back	
  to	
  the	
  government	
  in	
  1917	
  and	
  
the	
  newly	
  formed	
  National	
  Park	
  Service	
  (NPS)	
  took	
  on	
  administration	
  of	
  the	
  property	
  (Sheridan	
  
2006:175,	
  Bossler	
  and	
  Johnson	
  2012:	
  34-­‐35).	
  

Few	
  changes	
  were	
  made	
  to	
  the	
  landscape	
  immediately	
  surrounding	
  the	
  Monument	
  until	
  the	
  1930s	
  
when	
  the	
  lands	
  associated	
  with	
  Baca	
  Float	
  No.	
  3	
  were	
  developed	
  into	
  the	
  Baca	
  Float	
  Ranch,	
  which	
  
also	
  came	
  to	
  be	
  known	
  as	
  the	
  Pendleton	
  Ranch,	
  after	
  Talbot	
  “Tol”	
  Pendelton	
  purchased	
  the	
  land	
  
grant	
  in	
  1929.	
  While	
  an	
  account	
  by	
  a	
  Junior	
  Landscape	
  Architect	
  for	
  the	
  Park	
  suggests	
  that	
  the	
  fields	
  
surrounding	
  the	
  Monument	
  were	
  under	
  cultivation	
  in	
  1930,	
  the	
  agricultural	
  practices	
  likely	
  
maintained	
  some	
  continuity	
  with	
  the	
  agricultural	
  traditions	
  of	
  the	
  homesteaders	
  (Bossler	
  and	
  
Johnson	
  2012:	
  66-­‐67).	
  	
  

As	
  mechanized	
  plowing	
  equipment	
  was	
  adopted	
  on	
  the	
  Pendleton	
  Ranch,	
  the	
  fields	
  to	
  the	
  north	
  and	
  
south	
  of	
  the	
  Monument	
  were	
  expanded.	
  Between	
  1934	
  and	
  1936,	
  fields	
  that	
  had	
  been	
  cultivated	
  
during	
  the	
  mission	
  periods	
  were	
  re-­‐graded	
  and	
  planted	
  with	
  cotton	
  and	
  a	
  variety	
  of	
  vegetables.	
  The	
  
historic	
  acequia	
  continued	
  to	
  irrigate	
  a	
  portion	
  of	
  the	
  Pendleton	
  Ranch	
  fields	
  and	
  the	
  orchard,	
  but	
  
new	
  wells	
  were	
  constructed	
  to	
  accommodate	
  the	
  increased	
  acreage	
  under	
  cultivation.	
  Increased	
  
groundwater	
  pumping	
  within	
  the	
  property	
  and	
  surrounding	
  area	
  contributed	
  to	
  a	
  significant	
  
decrease	
  in	
  the	
  surface	
  flow	
  of	
  the	
  Santa	
  Cruz	
  River.	
  	
  By	
  1938,	
  the	
  historic	
  acequia	
  was	
  no	
  longer	
  
diverting	
  water	
  from	
  the	
  river	
  and	
  pumped	
  well	
  water	
  was	
  required	
  to	
  irrigate	
  the	
  orchard	
  and	
  
garden.	
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By	
  1940,	
  the	
  use	
  of	
  the	
  historic	
  acequia	
  had	
  ceased	
  and	
  the	
  mission	
  garden	
  was	
  no	
  longer	
  being	
  
irrigated.	
  The	
  “last	
  of	
  the	
  Mission	
  Period	
  cultivars,	
  including	
  the	
  ‘sixteen	
  peaches,	
  one	
  pomegranate,	
  
one	
  walnut,	
  one	
  or	
  two	
  cottonwoods	
  and	
  two	
  willows’	
  that	
  comprised	
  the	
  ‘trees	
  along	
  the	
  old	
  
canal,’	
  were	
  perishing,”	
  (Bossler	
  and	
  Johnson	
  2012:	
  70).	
  

Between	
  the	
  late	
  1950s	
  and	
  1979,	
  the	
  property	
  to	
  the	
  south	
  and	
  east	
  of	
  the	
  mission	
  complex	
  
changed	
  hands	
  twice.	
  During	
  this	
  time	
  the	
  land	
  were	
  used	
  as	
  pasture	
  for	
  horses	
  and	
  cattle.	
  In	
  1979,	
  
George	
  Binney	
  bought	
  the	
  property	
  and	
  continued	
  to	
  operate	
  an	
  active	
  ranch.	
  Between	
  the	
  mid-­‐
1980s	
  and	
  1992,	
  fields	
  were	
  re-­‐graded	
  and	
  the	
  irrigation	
  system	
  was	
  overhauled.	
  (Bossler	
  and	
  
Johnson	
  2012:	
  76,	
  83).	
  	
  

In	
  1978,	
  Tumacácori	
  National	
  Monument	
  acquired	
  six	
  acres	
  of	
  previously	
  cultivated	
  land	
  to	
  the	
  
north	
  to	
  of	
  the	
  mission	
  complex.	
  The	
  land	
  had	
  been	
  used	
  to	
  accommodate	
  the	
  growing	
  participation	
  
in	
  the	
  Tumacácori	
  fiesta,	
  a	
  celebration	
  of	
  the	
  variety	
  of	
  cultures	
  that	
  are	
  associated	
  with	
  the	
  site’s	
  
history.	
  This	
  portion	
  of	
  the	
  current	
  monument	
  grounds	
  continues	
  to	
  be	
  referred	
  to	
  as	
  the	
  fiesta	
  
grounds.	
  In	
  1990,	
  Congress	
  created	
  Tumacácori	
  National	
  Historical	
  Park	
  (TNHP)1	
  that	
  includes	
  the	
  
old	
  monument	
  land	
  and	
  the	
  missions	
  of	
  Guevavi	
  and	
  Calabazas.	
  	
  The	
  Park	
  acquired	
  additional	
  land	
  
in	
  2004,	
  extending	
  the	
  park’s	
  land	
  holdings	
  to	
  include	
  310	
  acres.	
  The	
  expanded	
  boundaries	
  include	
  
the	
  full	
  extent	
  of	
  the	
  mission	
  garden,	
  the	
  acequia,	
  agricultural	
  fields	
  to	
  the	
  north	
  and	
  south	
  of	
  the	
  
church	
  grounds,	
  and	
  a	
  stretch	
  of	
  the	
  Santa	
  Cruz	
  River	
  channel	
  	
  (Bossler	
  and	
  Johnson	
  2012:	
  81,	
  85).	
   

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
1	
  Throughout	
  this	
  document,	
  the	
  term	
  “Monument”	
  is	
  used	
  to	
  refer	
  to	
  the	
  original	
  mission	
  building	
  and	
  the	
  
administrative	
  unit	
  managing	
  it	
  from	
  1908-­‐1990	
  consistent	
  with	
  historical	
  documents	
  referenced	
  in	
  this	
  report.	
  	
  
The	
  term	
  “Park”	
  is	
  used	
  to	
  refer	
  to	
  the	
  administrative	
  unit	
  and	
  entire	
  landscape	
  managed	
  by	
  the	
  National	
  Park	
  
Service	
  since	
  1990.	
  
2	
  The	
  measurements	
  recorded	
  for	
  the	
  swale	
  are	
  approximate.	
  The	
  measurements	
  were	
  taken	
  from	
  the	
  inner	
  edges	
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PREVIOUS ARCHAEOLOGICAL RESEARCH 

Early	
  archaeological	
  research	
  related	
  to	
  the	
  acequia	
  was	
  conducted	
  in	
  association	
  with	
  larger	
  
projects	
  that	
  were	
  predominantly	
  focused	
  on	
  architectural	
  features	
  within	
  the	
  central	
  church	
  
complex.	
  	
  Small	
  compliance	
  projects	
  have	
  yielded	
  additional	
  information	
  on	
  the	
  acequia.	
  Recently	
  
new	
  interest	
  in	
  identifying	
  the	
  extent	
  of	
  the	
  acequia	
  and	
  its	
  condition	
  has	
  resulted	
  in	
  more	
  focused	
  
research	
  on	
  the	
  feature.	
  	
  

The	
  1934	
  Federal	
  Emergency	
  Relief	
  Act	
  program	
  funded	
  a	
  large-­‐scale	
  archaeological	
  investigation	
  
within	
  the	
  Monument.	
  Walter	
  G.	
  Atwell,	
  a	
  NPS	
  engineer,	
  started	
  the	
  investigations	
  and	
  Paul	
  
Beaubien,	
  a	
  park	
  ranger	
  and	
  student	
  archaeologist,	
  took	
  over	
  in	
  December	
  of	
  that	
  year,	
  directing	
  
work	
  until	
  March	
  27,	
  1935.	
  The	
  objective	
  of	
  the	
  project	
  was	
  to	
  uncover	
  the	
  structures	
  within	
  the	
  
central	
  mission	
  complex	
  to	
  create	
  a	
  comprehensive	
  map	
  that	
  would	
  guide	
  future	
  management	
  
(Figure	
  1.3).	
  	
  The	
  walls	
  of	
  the	
  convento	
  rooms	
  and	
  their	
  internal	
  features	
  were	
  exposed	
  and	
  then	
  
backfilled	
  after	
  mapping.	
  Under	
  Atwell,	
  the	
  crew	
  had	
  exposed	
  the	
  Jesuit	
  church	
  complex.	
  In	
  total,	
  79	
  
rooms	
  and	
  areas	
  within	
  the	
  mission	
  complex	
  were	
  documented.	
  	
  The	
  compuerta/lavandaria	
  of	
  the	
  
mission	
  acequia	
  was	
  recorded	
  as	
  Area	
  75	
  (Figure	
  1.4)	
  and	
  was	
  described	
  as:	
  	
  	
  

“a	
  problematical	
  structure	
  of	
  burned	
  brick	
  with	
  plastered	
  walls	
  and	
  floors.	
  It	
  was	
  located	
  in	
  
an	
  irrigation	
  ditch,	
  about	
  14’	
  inside	
  south	
  wall	
  of	
  orchard.	
  The	
  constricted	
  outlet	
  would	
  
serve	
  to	
  raise	
  the	
  level	
  of	
  a	
  stream	
  slowing	
  through	
  this	
  structure.	
  The	
  raise	
  in	
  water	
  level	
  
might	
  be	
  desired	
  to	
  provide	
  a	
  “washing	
  vat”	
  or	
  to	
  introduce	
  the	
  water	
  to	
  another	
  irrigation	
  
ditch.	
  A	
  3’’	
  dip	
  in	
  the	
  floor	
  at	
  the	
  south	
  end	
  with	
  a	
  corresponding	
  3’’	
  rise	
  at	
  the	
  north	
  end	
  
suggests	
  a	
  secondary	
  purpose	
  for	
  which	
  I	
  cannot	
  account”	
  (Beaubien	
  1935:	
  215).	
  

	
  The	
  ambiguity	
  surrounding	
  the	
  compuerta/lavandaria	
  during	
  the	
  1934-­‐1935	
  excavations	
  suggests	
  
that	
  the	
  feature	
  was	
  no	
  longer	
  actively	
  utilized	
  according	
  to	
  its	
  original	
  function.	
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Figure	
  1.3.	
  	
  Plan	
  of	
  the	
  Tumacácori	
  mission	
  complex	
  drafted	
  as	
  a	
  result	
  of	
  the	
  1934-­‐1935	
  excavations	
  
conducted	
  by	
  Atwell	
  and	
  Beaubien.	
  	
  Note	
  “mission	
  irrigation	
  ditch”	
  with	
  compuerta	
  on	
  the	
  eastern	
  edge	
  of	
  the	
  
map	
  (insert	
  in	
  Beaubien	
  1935).	
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Figure	
  1.4.	
  	
  Plan	
  and	
  cross	
  section	
  of	
  compuerta	
  (Area	
  75)	
  from	
  1934	
  excavations	
  directed	
  by	
  Paul	
  Beaubien;	
  
compuerta	
  described	
  as	
  a	
  “problematical	
  structure.”	
  (Beaubien1935:	
  214).	
  

	
  
In	
  September	
  of	
  1994,	
  Jeffery	
  Burton	
  from	
  the	
  Western	
  Archaeological	
  and	
  Conservation	
  Center	
  
(WACC)	
  and	
  David	
  Yubeta,	
  a	
  member	
  of	
  the	
  Tumacácori	
  National	
  Historic	
  Park	
  staff,	
  conducted	
  a	
  
testing	
  project	
  to	
  investigate	
  three	
  areas	
  of	
  soil	
  subsidence	
  adjacent	
  to	
  the	
  church	
  and	
  within	
  the	
  
plaza.	
  	
  Six	
  units	
  were	
  mechanically	
  excavated	
  within	
  the	
  areas	
  of	
  subsidence	
  and	
  within	
  the	
  historic	
  
acequia.	
  Prior	
  to	
  the	
  testing	
  project,	
  David	
  Yubeta	
  had	
  exposed	
  the	
  compuerta	
  (see	
  Figures	
  1.7,	
  1.8,	
  
and	
  1.9).	
  It	
  is	
  unclear	
  as	
  to	
  whether	
  the	
  compuerta	
  had	
  been	
  buried	
  due	
  to	
  grading	
  and	
  land	
  
modification	
  or	
  sediment	
  deposition	
  as	
  a	
  result	
  of	
  flooding.	
  	
  Most	
  likely,	
  a	
  combination	
  of	
  the	
  two	
  
factors	
  caused	
  the	
  compuerta	
  to	
  be	
  buried	
  over	
  time	
  after	
  it	
  was	
  abandoned	
  in	
  the	
  late-­‐1930s.	
  	
  

To	
  further	
  investigate	
  the	
  historic	
  acequia	
  feature,	
  a	
  backhoe	
  trench	
  (Unit	
  6)	
  was	
  excavated	
  through	
  
the	
  alignment	
  approximately	
  6	
  m	
  south	
  of	
  the	
  compuerta.	
  The	
  trench	
  measured	
  11.5	
  m	
  in	
  length	
  
and	
  1.5	
  m	
  in	
  depth.	
  In	
  a	
  memo	
  report	
  to	
  the	
  WACC	
  Division	
  of	
  Archaeology	
  Chief,	
  Burton	
  describes	
  
a	
  1-­‐m-­‐wide	
  basin-­‐shaped	
  stratum	
  of	
  laminated	
  soils	
  located	
  just	
  below	
  the	
  modern	
  ground	
  surface	
  
(see	
  Figure	
  1.10).	
  Burton	
  suggests	
  this	
  may	
  represent	
  a	
  modern	
  channel	
  due	
  to	
  the	
  shallow	
  nature	
  
of	
  the	
  feature	
  in	
  relation	
  to	
  the	
  modern	
  ground	
  surface	
  (1994:3).	
  	
  However,	
  the	
  profile	
  drawn	
  
during	
  the	
  testing	
  project	
  shows	
  a	
  possible	
  channel	
  filled	
  with	
  grayish-­‐brown	
  silt	
  with	
  laminated	
  
clay	
  inclusions	
  located	
  immediately	
  below	
  a	
  slight	
  dip	
  in	
  the	
  topography	
  that	
  may	
  represent	
  the	
  
remnants	
  of	
  the	
  acequia	
  swale.	
  The	
  laminated	
  soils	
  may	
  represent	
  stratigraphy	
  associated	
  with	
  use	
  
of	
  the	
  acequia.	
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Figure	
  1.5.	
  	
  Archaeological	
  crew	
  recording	
  Unit	
  6	
  during	
  1994	
  testing	
  project	
  directed	
  by	
  Jeffery	
  Burton	
  of	
  
WACC	
  (NPS	
  TNHP	
  Archives).	
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Figure	
  1.6.	
  	
  Unit	
  6	
  from	
  1994	
  archaeological	
  testing	
  project	
  directed	
  by	
  Jeffery	
  Burton	
  of	
  WACC	
  (NPS	
  TNHP	
  
Archives).	
  	
  

	
  	
  

	
  
Figure	
  1.7.	
  	
  Photograph	
  of	
  compuerta	
  during	
  1994	
  archaeological	
  testing	
  project	
  directed	
  by	
  Jeffery	
  Burton	
  of	
  
WACC,	
  looking	
  northeast	
  (NPS	
  TNHP	
  Archives).	
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Figure	
  1.8.	
  	
  Measured	
  plan	
  view	
  of	
  compuerta	
  drafted	
  by	
  R.	
  Beckwith	
  in	
  1994	
  after	
  the	
  feature	
  was	
  exposed	
  by	
  
D.	
  Yubeta	
  (NPS	
  TNHP	
  Archives).	
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Figure	
  1.9.	
  Measured	
  cross	
  section	
  drafted	
  by	
  R.	
  R.	
  Beckwith	
  in	
  1994	
  after	
  the	
  feature	
  was	
  exposed	
  by	
  D.	
  
Yubeta	
  (NPS	
  TNHP	
  Archives).	
  

	
  

	
  
Figure	
  1.10.	
  Profile	
  of	
  south	
  wall	
  of	
  Unit	
  6,	
  1994	
  WACC	
  archaeological	
  testing	
  project.	
  	
  Note	
  location	
  of	
  
laminated	
  soils	
  possibly	
  representing	
  acequia	
  channel	
  indicated	
  in	
  red	
  (NPS	
  TNHP	
  Archives).	
  

	
  
In	
  2004,	
  the	
  Park	
  boundaries	
  were	
  officially	
  expanded	
  to	
  include	
  310	
  acres.	
  Investigations	
  to	
  
identify	
  and	
  document	
  archaeological	
  resources	
  within	
  the	
  expanded	
  Park	
  boundaries	
  were	
  
completed	
  between	
  2004	
  and	
  2005.	
  During	
  this	
  project,	
  a	
  test	
  unit	
  was	
  excavated	
  south	
  of	
  the	
  
compuerta,	
  just	
  south	
  of	
  the	
  extant	
  swale.	
  The	
  test	
  trench	
  revealed	
  the	
  acequia	
  stratigraphy	
  in	
  
profile	
  (Figures	
  1.11	
  and	
  1.12).	
  The	
  acequia	
  stratigraphy	
  was	
  most	
  clearly	
  delineated	
  within	
  the	
  
southern	
  profile	
  of	
  the	
  trench.	
  	
  Within	
  the	
  southern	
  profile,	
  a	
  slightly	
  irregular	
  basin-­‐shaped	
  lens	
  of	
  
yellowish-­‐brown	
  silt,	
  ranging	
  from	
  1	
  to	
  4	
  cm	
  thick,	
  delineated	
  the	
  bottom	
  of	
  the	
  acequia	
  channel.	
  	
  
This	
  lens	
  was	
  located	
  36	
  cm	
  below	
  the	
  modern	
  ground	
  surface	
  with	
  approximately	
  5	
  cm	
  of	
  fill	
  
having	
  been	
  added	
  over	
  a	
  portion	
  of	
  the	
  southern	
  unit	
  wall	
  in	
  2005	
  to	
  cover	
  low	
  areas	
  in	
  the	
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vicinity	
  of	
  the	
  feature.	
  This	
  lens	
  measured	
  approximately	
  80	
  cm	
  across	
  and	
  represents	
  an	
  early	
  
depositional	
  event	
  within	
  the	
  channel.	
  A	
  smaller,	
  less	
  distinct	
  basin-­‐shaped	
  silt	
  lens	
  was	
  observed	
  
at	
  approximately	
  28	
  cm	
  below	
  the	
  modern	
  ground	
  surface.	
  This	
  top	
  lens	
  was	
  substantially	
  smaller,	
  
measuring	
  approximately	
  40	
  cm	
  across.	
  This	
  lens	
  appears	
  to	
  be	
  from	
  a	
  later	
  depositional	
  event	
  or	
  a	
  
later	
  iteration	
  of	
  the	
  channel.	
  The	
  stratum	
  between	
  the	
  two	
  silt	
  lenses	
  was	
  disturbed	
  by	
  rodent	
  runs	
  
and	
  roots,	
  making	
  it	
  hard	
  to	
  distinguish	
  from	
  the	
  surrounding	
  matrix.	
  Only	
  one	
  silt	
  lens	
  was	
  
recorded	
  within	
  the	
  north	
  profile	
  of	
  the	
  test	
  unit.	
  	
  Within	
  the	
  north	
  profile,	
  the	
  acequia	
  channel	
  was	
  
delineated	
  by	
  a	
  yellowish-­‐brown	
  silt	
  lens	
  that	
  measured	
  between	
  1	
  and	
  3	
  cm	
  thick.	
  The	
  bottom	
  of	
  
the	
  silt	
  lens	
  was	
  approximately	
  28	
  cm	
  below	
  the	
  modern	
  ground	
  surface.	
  This	
  lens	
  appeared	
  to	
  
correspond	
  to	
  the	
  lower,	
  earlier	
  lens	
  within	
  the	
  south	
  profile	
  (the	
  difference	
  in	
  elevation	
  is	
  
attributed	
  to	
  the	
  addition	
  of	
  modern	
  fill,	
  raising	
  the	
  ground	
  surface	
  on	
  the	
  south	
  side	
  of	
  the	
  unit).	
  
Bank	
  deposits	
  were	
  not	
  visible	
  in	
  either	
  the	
  north	
  or	
  south	
  profiles	
  and	
  details	
  on	
  the	
  feature’s	
  
construction,	
  maintenance	
  and	
  use	
  require	
  further	
  investigation.	
  
	
  
In	
  order	
  to	
  help	
  reconstruct	
  environmental	
  vegetative	
  conditions	
  associated	
  with	
  the	
  acequia,	
  four	
  
soil	
  samples	
  were	
  collected	
  from	
  the	
  south	
  wall	
  of	
  the	
  test	
  trench.	
  One	
  sample	
  was	
  taken	
  
approximately	
  6	
  cm	
  above	
  the	
  uppermost	
  silt	
  lens	
  of	
  the	
  acequia	
  channel.	
  Two	
  samples	
  were	
  
collected	
  from	
  within	
  the	
  acequia	
  stratigraphy,	
  one	
  from	
  the	
  sediment	
  between	
  the	
  two	
  visible	
  silt	
  
lenses	
  and	
  the	
  other	
  from	
  within	
  the	
  lower	
  silt	
  lens.	
  A	
  fourth	
  sample	
  was	
  collected	
  from	
  an	
  
underlying	
  stratum,	
  approximately	
  48-­‐50	
  cm	
  below	
  the	
  modern	
  ground	
  surface.	
  	
  The	
  pollen	
  content	
  
within	
  the	
  soils	
  samples	
  was	
  analyzed	
  by	
  Nicole	
  Arendt	
  at	
  the	
  University	
  of	
  Arizona	
  School	
  of	
  
Anthropology.	
  All	
  of	
  the	
  samples	
  contained	
  a	
  similar	
  pollen	
  profile,	
  which	
  was	
  similar	
  to	
  the	
  profile	
  
of	
  pollen	
  samples	
  taken	
  from	
  other	
  locations	
  within	
  the	
  mission	
  grounds,	
  including	
  from	
  the	
  
orchard	
  wall	
  and	
  from	
  an	
  adobe	
  brick	
  and	
  surfaces	
  between	
  bricks	
  within	
  a	
  nineteenth-­‐century	
  
structure	
  on	
  site.	
  There	
  was	
  a	
  slight	
  increase	
  in	
  the	
  taxa	
  represented	
  within	
  the	
  samples	
  collected	
  
from	
  this	
  unit,	
  particularly	
  from	
  the	
  samples	
  collected	
  from	
  within	
  the	
  acequia	
  stratigraphy.	
  The	
  
most	
  prevalent	
  type	
  of	
  pollen	
  found	
  in	
  all	
  of	
  the	
  samples	
  was	
  amaranth	
  (Chenopodicae-­‐
Amaranthus).	
  A	
  number	
  of	
  common	
  agricultural	
  weeds	
  and	
  other	
  weedy	
  plant	
  varieties	
  were	
  found	
  
within	
  the	
  acequia	
  deposits	
  (see	
  Figure	
  1.13	
  for	
  all	
  taxa	
  represented).	
  Pollen	
  from	
  several	
  types	
  of	
  
trees	
  and	
  shrubs	
  was	
  found,	
  with	
  pine	
  (Pinus)	
  most	
  common.	
  	
  A	
  few	
  riparian	
  varieties	
  identified	
  
within	
  the	
  acequia	
  deposits,	
  including	
  hackberry	
  (Celtis),	
  willow	
  (Salix),	
  and	
  fern	
  (Pteridophyta).	
  
Sporomiella,	
  a	
  dung	
  fungal	
  spore,	
  was	
  found	
  within	
  the	
  acequia	
  deposits	
  and	
  the	
  sediment	
  above	
  
the	
  silt	
  lenses.	
  Two	
  taxa	
  found	
  within	
  each	
  sample	
  from	
  the	
  test	
  trench	
  were	
  considered	
  potential	
  
cultigens,	
  including	
  prickly	
  pear	
  (Opuntia)	
  and	
  Poaceae	
  pollen	
  with	
  grains	
  larger	
  than	
  40	
  µm	
  that	
  
may	
  represent	
  Old	
  World	
  grains	
  such	
  as	
  wheat.	
  The	
  similarity	
  of	
  the	
  pollen	
  profiles	
  in	
  the	
  samples	
  
collected	
  from	
  the	
  test	
  unit	
  with	
  those	
  taken	
  from	
  other	
  areas	
  of	
  the	
  site,	
  as	
  well	
  as	
  the	
  taxa	
  
identified,	
  shows	
  evidence	
  of	
  both	
  agriculture	
  and	
  environmental	
  disturbance.	
  This	
  is	
  consistent	
  
with	
  the	
  grading	
  and	
  plowing	
  that	
  has	
  been	
  described	
  in	
  the	
  historical	
  documentation.	
  The	
  riparian	
  
taxa	
  were	
  most	
  prevalent	
  in	
  the	
  acequia	
  deposits,	
  which	
  underscores	
  the	
  long-­‐term	
  presence	
  of	
  
water	
  within	
  this	
  feature	
  (Arendt	
  2006).	
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Figure	
  1.11.	
  Profile	
  of	
  south	
  wall	
  from	
  2005	
  testing	
  unit	
  excavated	
  south	
  of	
  the	
  compuerta	
  documenting	
  
acequia	
  stratigraphy	
  (reproduced	
  in	
  Conyers	
  and	
  Moss	
  2013).	
  	
  

	
  

	
  
Figure	
  1.12.	
  Profile	
  of	
  north	
  wall	
  from	
  2005	
  testing	
  unit	
  excavated	
  south	
  of	
  the	
  compuerta	
  documenting	
  
acequia	
  stratigraphy	
  (NPS	
  TNHP	
  Archives).	
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Figure	
  1.13.	
  Chart	
  illustrating	
  the	
  pollen	
  profile	
  of	
  each	
  sample	
  collected	
  from	
  south	
  wall	
  of	
  2005	
  test	
  trench	
  
that	
  exposed	
  acequia	
  (from	
  Arendt	
  2006:11).	
  

	
  
Between	
  2004	
  and	
  2006,	
  the	
  Park	
  performed	
  investigations	
  of	
  the	
  mission	
  garden	
  in	
  conjunction	
  
with	
  WACC.	
  A	
  series	
  of	
  test	
  units	
  were	
  excavated	
  along	
  the	
  south	
  and	
  east	
  sections	
  of	
  the	
  garden	
  
wall,	
  revealing	
  the	
  construction	
  materials	
  and	
  techniques.	
  The	
  construction	
  techniques	
  differed	
  
between	
  the	
  south	
  and	
  east	
  wall,	
  reflecting	
  construction	
  at	
  different	
  times	
  or	
  representing	
  repair	
  
episodes,	
  which	
  may	
  have	
  been	
  necessary	
  due	
  to	
  flood	
  damage.	
  While	
  sections	
  of	
  the	
  wall	
  may	
  date	
  
to	
  the	
  Jesuit	
  period,	
  the	
  investigation	
  concluded	
  that	
  the	
  wall	
  was	
  likely	
  constructed	
  during	
  the	
  
subsequent	
  Franciscan	
  period	
  building	
  campaign	
  (Moss	
  2006).	
  Based	
  on	
  the	
  accommodations	
  made	
  
to	
  work	
  around	
  the	
  acequia	
  channel	
  during	
  construction	
  of	
  the	
  north	
  and	
  south	
  garden	
  walls,	
  it	
  is	
  
likely	
  that	
  the	
  acequia	
  was	
  constructed	
  first.	
  
	
  
In	
  2010,	
  a	
  new	
  sewage	
  utility	
  line	
  was	
  placed	
  along	
  the	
  north	
  end	
  of	
  the	
  Ranger’s	
  Residence	
  and	
  
crosses	
  the	
  road	
  to	
  the	
  new	
  leach	
  field.	
  	
  It	
  presumably	
  crossed	
  the	
  acequia,	
  although	
  a	
  profile	
  could	
  
not	
  be	
  confirmed.	
  	
  A	
  soil	
  change	
  that	
  was	
  initially	
  thought	
  could	
  mark	
  the	
  acequia	
  was	
  noticed	
  in	
  
the	
  trench	
  just	
  east	
  of	
  the	
  residence	
  on	
  the	
  western	
  edge	
  of	
  the	
  road.	
  Park	
  staff	
  debated	
  what	
  it	
  was	
  
and	
  that	
  it	
  is	
  still	
  uncertain	
  whether	
  the	
  acequia	
  was	
  identified	
  here	
  (it’s	
  referred	
  to	
  as	
  a	
  possible	
  
acequia	
  remnant).	
  	
  If	
  it	
  is	
  a	
  portion	
  of	
  the	
  acequia,	
  it’s	
  further	
  to	
  the	
  east	
  than	
  what	
  was	
  identified	
  
by	
  the	
  Conyers	
  survey,	
  perhaps	
  identifying	
  a	
  different	
  parallel	
  acequia	
  remnant	
  but	
  one	
  that	
  was	
  
never	
  adequately	
  confirmed	
  (Jeremy	
  Moss,	
  personal	
  communication,	
  June	
  2014).	
  
	
  
In	
  February	
  of	
  2012,	
  archaeological	
  testing	
  was	
  conducted	
  prior	
  to	
  construction	
  of	
  an	
  ADA-­‐
accessible	
  trail	
  located	
  to	
  the	
  east	
  of	
  the	
  church	
  complex.	
  	
  The	
  trail	
  was	
  designed	
  to	
  cross	
  the	
  
acequia	
  alignment	
  just	
  north	
  of	
  the	
  visible	
  swale.	
  A	
  test	
  trench	
  (TT2)	
  was	
  excavated	
  in	
  the	
  
estimated	
  location	
  of	
  the	
  intersection	
  of	
  the	
  trail	
  segment	
  and	
  the	
  acequia,	
  approximately	
  16	
  m	
  
north	
  of	
  the	
  compuerta	
  (see	
  Figure	
  1.14).	
  The	
  trench	
  ran	
  east-­‐west	
  and	
  measured	
  4	
  m	
  in	
  length	
  by	
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0.8	
  m	
  in	
  width	
  by	
  0.85	
  m	
  in	
  depth.	
  A	
  poorly	
  defined	
  profile	
  of	
  the	
  acequia	
  channel	
  was	
  exposed	
  in	
  
the	
  eastern	
  end	
  of	
  the	
  trench.	
  While	
  the	
  profile	
  was	
  visible	
  in	
  both	
  walls	
  of	
  the	
  trench,	
  it	
  was	
  most	
  
clearly	
  delineated	
  within	
  the	
  southern	
  wall	
  (see	
  Figures	
  1.15,	
  1.16,	
  and	
  1.17).	
  	
  
	
  
The	
  top	
  of	
  the	
  channel	
  appeared	
  to	
  be	
  truncated	
  and	
  was	
  capped	
  by	
  a	
  shallow	
  (less	
  than	
  5	
  cm	
  in	
  
depth)	
  stratum	
  of	
  light	
  grayish-­‐brown	
  fine	
  sandy	
  loam	
  at	
  the	
  modern	
  ground	
  surface.	
  The	
  acequia	
  
channel	
  was	
  defined	
  by	
  a	
  basin-­‐shaped,	
  1-­‐to-­‐3	
  cm	
  thick	
  lens	
  of	
  light	
  yellowish-­‐gray	
  to	
  pale	
  brown	
  
fine	
  laminated	
  silt	
  with	
  clay	
  films.	
  The	
  channel	
  above	
  the	
  silt	
  lens	
  was	
  filled	
  with	
  grayish-­‐brown	
  
silty	
  clay	
  loam	
  with	
  subangular	
  blocky	
  texture	
  and	
  hard	
  to	
  very	
  hard	
  compaction	
  (Level	
  II).	
  The	
  
channel	
  fill	
  was	
  similar	
  in	
  color	
  and	
  texture	
  to	
  the	
  underlying	
  stratum	
  into	
  which	
  it	
  was	
  excavated	
  
(Level	
  III);	
  however,	
  there	
  were	
  fine	
  silt	
  lenses	
  and	
  clay	
  microfilms	
  throughout	
  the	
  channel	
  fill	
  that	
  
were	
  not	
  present	
  throughout	
  Level	
  III.	
  Level	
  III	
  consisted	
  of	
  a	
  band	
  of	
  hard	
  to	
  very	
  hard	
  compacted	
  
medium	
  gray-­‐brown	
  silty	
  clay	
  loam	
  that	
  was	
  approximately	
  30	
  cm	
  thick.	
  	
  The	
  bottom	
  contact	
  of	
  
Level	
  III	
  with	
  the	
  underlying	
  stratum	
  (Level	
  IV)	
  sloped	
  upward	
  below	
  the	
  western	
  edge	
  of	
  the	
  
channel	
  and	
  became	
  irregular	
  and	
  less	
  distinct,	
  terminating	
  just	
  below	
  the	
  modern	
  ground	
  surface	
  
approximately	
  70	
  cm	
  west	
  of	
  the	
  acequia	
  edge.	
  Level	
  IV	
  was	
  similar	
  in	
  color	
  to	
  Level	
  III,	
  but	
  
contained	
  less	
  clay,	
  was	
  less	
  compact,	
  and	
  was	
  not	
  blocky	
  in	
  structure.	
  A	
  thin	
  band	
  of	
  slightly	
  hard	
  
medium	
  brown	
  silty	
  loam	
  (Level	
  V)	
  was	
  exposed	
  at	
  the	
  bottom	
  of	
  the	
  trench	
  in	
  the	
  western	
  end	
  of	
  
the	
  unit.	
  	
  
	
  
The	
  bottom	
  of	
  the	
  channel	
  exposed	
  in	
  the	
  southern	
  profile	
  of	
  TT2	
  was	
  23	
  cm	
  below	
  the	
  modern	
  
ground	
  surface	
  (993.003	
  meters	
  above	
  sea	
  level).	
  The	
  bottom	
  of	
  the	
  channel	
  was	
  found	
  to	
  be	
  
slightly	
  higher	
  (0.055	
  m)	
  higher	
  than	
  the	
  bottom	
  surface	
  of	
  the	
  compuerta	
  (992.948	
  meters	
  above	
  
sea	
  level).	
  	
  Because	
  the	
  elevation	
  of	
  the	
  acequia	
  base	
  should	
  decrease	
  in	
  the	
  downstream	
  direction,	
  
it	
  is	
  possible	
  that	
  the	
  profile	
  exposed	
  in	
  TT2	
  reflects	
  a	
  later	
  iteration	
  of	
  the	
  channel.	
  Alternatively,	
  
the	
  canal	
  may	
  have	
  been	
  constructed	
  in	
  such	
  a	
  manner	
  as	
  to	
  maintain	
  a	
  relatively	
  slow	
  flow	
  of	
  
water	
  when	
  a	
  head	
  gate	
  within	
  the	
  compuerta	
  was	
  opened,	
  releasing	
  water	
  downstream.	
  	
  	
  The	
  top	
  
of	
  the	
  acequia	
  appears	
  to	
  be	
  truncated	
  within	
  the	
  southern	
  profile	
  in	
  TT2	
  as	
  a	
  result	
  of	
  ground	
  
surface	
  modification	
  through	
  grading	
  and/or	
  erosion	
  (see	
  discussion	
  in	
  Progression	
  of	
  Condition	
  
below),	
  removing	
  the	
  berms	
  on	
  both	
  sides	
  of	
  the	
  channel.	
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Figure	
  1.14.	
  	
  Map	
  detailing	
  the	
  proposed	
  2012	
  ADA-­‐accessible	
  trail	
  alignment	
  and	
  associated	
  archaeological	
  
test	
  units.	
  	
  Test	
  Trench	
  2	
  is	
  circled	
  in	
  red	
  (Moss	
  and	
  Burghardt	
  2012).	
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Figure	
  1.15.	
  	
  Profile	
  map	
  documenting	
  the	
  acequia	
  stratigraphy	
  exposed	
  in	
  the	
  south	
  wall	
  of	
  Test	
  Trench	
  2	
  
during	
  2012	
  test	
  excavations	
  (Moss	
  and	
  Burghardt	
  2012).	
  	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  
	
  
29	
  	
  

	
  

	
  
Figure	
  1.16.	
  	
  Acequia	
  profile	
  in	
  south	
  wall	
  of	
  Test	
  Trench	
  2	
  during	
  2012	
  test	
  excavations	
  (Moss	
  and	
  Burghardt	
  
2012).	
  	
  

	
  

	
  
Figure	
  1.17.	
  	
  Additional	
  view	
  of	
  acequia	
  profile	
  in	
  Test	
  Trench	
  2	
  during	
  2012	
  test	
  excavations	
  (Moss	
  and	
  
Burghardt	
  2012).	
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Figure	
  1.18.	
  Table	
  of	
  elevations	
  taken	
  during	
  2012	
  archaeological	
  testing.	
  	
  Elevations	
  related	
  to	
  the	
  acequia	
  
are	
  highlighted	
  in	
  yellow	
  (Moss	
  and	
  Burghardt	
  2012).	
  	
  

	
  
DISCUSSION	
  
	
  
Archaeological	
  investigations	
  have	
  exposed	
  profiles	
  on	
  both	
  north	
  and	
  south	
  sides	
  of	
  the	
  
compuerta.	
  The	
  profile	
  exposed	
  on	
  the	
  south	
  side	
  of	
  the	
  compuerta	
  in	
  2005	
  had	
  distinct	
  silt	
  lenses	
  
and	
  two	
  depositional	
  events	
  or	
  iterations	
  of	
  the	
  acequia	
  channel	
  were	
  identified.	
  The	
  distinct	
  silt	
  
lenses	
  clearly	
  delineated	
  the	
  acequia	
  channel	
  from	
  the	
  underlying	
  matrix	
  into	
  which	
  it	
  was	
  
excavated.	
  In	
  contrast,	
  the	
  profile	
  exposed	
  in	
  2012	
  on	
  the	
  north	
  side	
  of	
  the	
  compuerta	
  did	
  not	
  
contain	
  distinct	
  silt	
  lenses,	
  but	
  rather	
  thin	
  silty	
  laminae	
  were	
  dispersed	
  throughout	
  the	
  channel	
  fill.	
  
Additionally,	
  the	
  channel	
  boundary	
  was	
  less	
  clearly	
  defined	
  within	
  the	
  unit	
  excavated	
  to	
  the	
  north	
  
of	
  the	
  compuerta,	
  with	
  the	
  channel	
  fill	
  similar	
  in	
  color	
  and	
  texture	
  to	
  the	
  surrounding	
  matrix.	
  	
  A	
  
recent	
  ground-­‐penetrating	
  radar	
  (GPR)	
  study	
  (discussed	
  below)	
  produced	
  similar	
  results,	
  with	
  the	
  
acequia	
  more	
  clearly	
  defined	
  in	
  reflection	
  profiles	
  produced	
  from	
  transects	
  on	
  the	
  southern	
  side	
  of	
  
the	
  compuerta	
  and	
  more	
  limited	
  feature	
  visibility	
  in	
  profiles	
  from	
  transects	
  north	
  of	
  the	
  compuerta.	
  
The	
  higher	
  visibility	
  of	
  the	
  feature	
  in	
  reflection	
  profiles	
  indicates	
  that	
  there	
  is	
  higher	
  contrast	
  
among	
  the	
  strata	
  within	
  the	
  channel	
  fill	
  south	
  of	
  the	
  compuerta.	
  	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  
	
  
31	
  	
  

	
  

The	
  inconsistency	
  between	
  the	
  sedimentation	
  on	
  the	
  north	
  and	
  south	
  sides	
  suggests	
  that	
  the	
  flow	
  of	
  
water	
  may	
  have	
  been	
  slowed	
  or	
  stopped	
  using	
  a	
  head	
  gate	
  within	
  the	
  compuerta.	
  The	
  slowed	
  flow	
  
of	
  water	
  would	
  have	
  allowed	
  for	
  more	
  silt	
  and	
  clay	
  to	
  settle	
  south	
  (upstream)	
  of	
  the	
  compuerta,	
  
whereas	
  the	
  more	
  rapid	
  flow	
  of	
  water	
  to	
  the	
  north	
  (downstream)	
  of	
  the	
  compuerta	
  when	
  the	
  head	
  
gate	
  was	
  opened	
  would	
  have	
  allowed	
  for	
  less	
  silt	
  and	
  clay	
  to	
  be	
  deposited	
  within	
  this	
  portion	
  the	
  
channel.	
  The	
  increased	
  silt	
  and	
  clay	
  deposition	
  to	
  the	
  south	
  of	
  the	
  compuerta	
  may	
  have	
  resulted	
  in	
  
the	
  need	
  for	
  periodic	
  maintenance	
  or	
  clean-­‐out	
  episodes	
  to	
  sustain	
  the	
  functionality	
  of	
  the	
  feature,	
  
resulting	
  in	
  multiple	
  basal	
  surfaces	
  within	
  this	
  portion	
  of	
  the	
  acequia.	
  Alternatively,	
  the	
  channel	
  
deposits	
  to	
  the	
  north	
  of	
  the	
  compuerta	
  may	
  have	
  been	
  more	
  significantly	
  affected	
  by	
  erosion	
  and	
  
disturbance	
  factors,	
  allowing	
  this	
  portion	
  of	
  the	
  channel	
  to	
  fill	
  with	
  the	
  surrounding	
  soil.	
  

While	
  the	
  variation	
  in	
  the	
  stratigraphy	
  of	
  the	
  acequia	
  at	
  different	
  locations	
  along	
  the	
  alignment	
  may	
  
provide	
  information	
  about	
  how	
  the	
  water	
  was	
  controlled	
  or	
  distributed,	
  as	
  well	
  as	
  post-­‐use	
  erosion	
  
and	
  deposition	
  processes,	
  the	
  stratigraphic	
  variability	
  has	
  an	
  impact	
  on	
  the	
  identification	
  of	
  the	
  
feature.	
  Data	
  that	
  indicate	
  the	
  location,	
  elevation,	
  and	
  size	
  of	
  the	
  feature	
  are	
  critical	
  to	
  and	
  directly	
  
impact	
  the	
  management	
  and	
  preservation	
  of	
  the	
  feature.	
  Further	
  investigation	
  of	
  the	
  acequia	
  
through	
  re-­‐exposing	
  the	
  profiles	
  documented	
  in	
  2005	
  and	
  2012,	
  as	
  well	
  as	
  new	
  units	
  providing	
  
additional	
  exposures	
  of	
  the	
  feature	
  on	
  both	
  sides	
  of	
  the	
  compuerta	
  (guided	
  by	
  the	
  results	
  of	
  the	
  GPR	
  
study),	
  is	
  needed	
  to	
  evaluate	
  the	
  differences	
  in	
  the	
  nature	
  of	
  the	
  	
  acequia	
  identified	
  in	
  past	
  
investigations.	
  New	
  data	
  could	
  be	
  used	
  to	
  assess	
  whether	
  variations	
  in	
  the	
  stratigraphy	
  are	
  a	
  result	
  
of	
  intentional	
  water	
  control	
  measures	
  during	
  active	
  use	
  of	
  the	
  acequia,	
  or	
  whether	
  they	
  can	
  be	
  
attributed	
  to	
  disturbance	
  or	
  natural	
  processes	
  that	
  occurred	
  after	
  the	
  acequia	
  was	
  no	
  longer	
  in	
  use.	
  	
  
A	
  more	
  comprehensive	
  understanding	
  of	
  the	
  acequia	
  stratigraphy	
  may	
  also	
  provide	
  insights	
  into	
  
the	
  larger	
  irrigation	
  system	
  that	
  could	
  be	
  used	
  to	
  enhance	
  the	
  feature’s	
  interpretation,	
  as	
  well	
  as	
  
provide	
  a	
  foundation	
  for	
  the	
  identification	
  of	
  additional	
  portions	
  of	
  the	
  feature	
  in	
  the	
  future.	
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INTERPRETATION AND PARK PLANNING 

The	
  mission	
  acequia	
  is	
  a	
  significant	
  feature	
  within	
  the	
  San	
  Jose	
  de	
  Tumacácori	
  cultural	
  landscape.	
  
The	
  extant	
  portion	
  of	
  the	
  feature	
  provides	
  a	
  tangible	
  link	
  to	
  the	
  larger	
  agricultural	
  component	
  of	
  the	
  
mission	
  complex	
  that	
  is	
  essentially	
  imperceptible	
  on	
  the	
  ground	
  today.	
  	
  Interpretation	
  of	
  acequia	
  
provides	
  the	
  public	
  with	
  a	
  more	
  complete	
  understanding	
  of	
  the	
  mission	
  community	
  layout	
  and	
  
lifeways.	
  The	
  interpretive	
  measures	
  outlined	
  below	
  are	
  described	
  on	
  a	
  thematic	
  basis	
  along	
  with	
  
suggested	
  steps	
  to	
  take	
  to	
  provide	
  such	
  thematic	
  information	
  to	
  the	
  public.	
  
	
  
THE	
  IMPORTANCE	
  OF	
  WATER	
  
	
  
The	
  availability	
  of	
  water	
  was	
  a	
  critical	
  component	
  in	
  the	
  lifeways	
  and	
  survival	
  of	
  the	
  mission	
  
community,	
  and	
  most	
  likely	
  factored	
  significantly	
  into	
  the	
  establishment	
  of	
  the	
  mission	
  in	
  its	
  
current	
  location.	
  The	
  engineered	
  irrigation	
  system	
  that	
  allowed	
  for	
  the	
  cultivation	
  of	
  crops	
  on	
  a	
  
large	
  scale	
  was	
  important	
  for	
  the	
  subsistence	
  of	
  the	
  community	
  as	
  well	
  as	
  the	
  mission’s	
  economy.	
  	
  
The	
  water	
  delivered	
  by	
  the	
  acequia	
  not	
  only	
  watered	
  the	
  fields	
  and	
  garden,	
  but	
  was	
  likely	
  used	
  for	
  
gathering	
  drinking	
  water,	
  washing,	
  and	
  many	
  other	
  everyday	
  activities	
  within	
  the	
  community.	
  
Thus,	
  the	
  location	
  of	
  the	
  compuerta	
  likely	
  served	
  as	
  a	
  focal	
  point	
  for	
  such	
  activities	
  and	
  therefore	
  
would	
  have	
  been	
  a	
  central	
  feature	
  in	
  everyday	
  mission	
  life.	
  	
  The	
  installation	
  of	
  an	
  interpretive	
  
wayside	
  at	
  the	
  compuerta,	
  describing	
  its	
  role	
  in	
  irrigation	
  and	
  daily	
  life	
  among	
  the	
  mission	
  
community	
  would	
  provide	
  Park	
  visitors	
  with	
  new	
  insights	
  on	
  the	
  significance	
  of	
  this	
  feature.	
  A	
  map	
  
of	
  the	
  mission-­‐period	
  complex	
  that	
  indicates	
  the	
  location	
  of	
  the	
  compuerta	
  on	
  the	
  wayside	
  would	
  
provide	
  visitors	
  with	
  a	
  link	
  to	
  a	
  tangible	
  landmark	
  within	
  the	
  wider	
  cultural	
  landscape.	
  	
  
	
  
IRRIGATION	
  TECHNOLOGY	
  
	
  
Irrigation	
  technology	
  had	
  been	
  used	
  in	
  the	
  Santa	
  Cruz	
  Valley	
  prior	
  to	
  the	
  arrival	
  of	
  the	
  European-­‐
influenced	
  technology.	
  The	
  agricultural	
  practices	
  of	
  Spanish	
  colonists	
  and	
  missionaries	
  interacted	
  
with	
  the	
  traditions	
  in	
  place	
  among	
  the	
  Native	
  American	
  communities	
  with	
  whom	
  they	
  intermingled.	
  
Information	
  describing	
  the	
  long	
  history	
  of	
  irrigation	
  in	
  the	
  Santa	
  Cruz	
  Valley,	
  from	
  Hohokam	
  canal	
  
irrigation	
  to	
  O’odham	
  dry-­‐farming	
  techniques	
  to	
  more	
  recent	
  practices	
  of	
  groundwater	
  pumping,	
  
provides	
  a	
  backdrop	
  to	
  the	
  technology	
  reflected	
  in	
  the	
  Tumacácori	
  acequia.	
  	
  A	
  brochure	
  
summarizing	
  the	
  deep	
  history	
  of	
  crop	
  cultivation	
  in	
  the	
  Santa	
  Cruz	
  Valley,	
  highlighting	
  the	
  mission	
  
acequia,	
  would	
  provide	
  context	
  for	
  the	
  feature.	
  The	
  brochure	
  could	
  be	
  offered	
  at	
  the	
  wayside	
  
associated	
  with	
  the	
  compuerta.	
  	
  
	
  
Constructed	
  without	
  the	
  aid	
  of	
  modern	
  machinery,	
  the	
  builders	
  of	
  the	
  acequia	
  system	
  needed	
  to	
  be	
  
familiar	
  with	
  principles	
  of	
  engineering	
  and	
  irrigation	
  technology	
  in	
  order	
  for	
  the	
  feature	
  to	
  function.	
  
The	
  community	
  that	
  constructed	
  and	
  used	
  the	
  acequia	
  system	
  needed	
  to	
  be	
  keenly	
  aware	
  of	
  the	
  
conditions	
  of	
  their	
  environment,	
  including	
  the	
  topography	
  of	
  the	
  site	
  and	
  the	
  natural	
  cycles	
  of	
  the	
  
river.	
  Highlights	
  of	
  the	
  irrigation	
  technology	
  used	
  at	
  the	
  mission	
  site	
  could	
  be	
  featured	
  on	
  Park’s	
  
website	
  within	
  the	
  “Nature	
  and	
  Science”	
  subsection.	
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CONNECTING	
  TO	
  THE	
  LARGER	
  LANDSCAPE	
  
	
  
The	
  acequia	
  is	
  a	
  linear	
  feature,	
  which	
  has	
  implications	
  for	
  its	
  interpretation	
  to	
  the	
  public.	
  By	
  
delineating	
  the	
  alignment	
  of	
  the	
  acequia	
  on	
  the	
  ground	
  as	
  an	
  interpretive	
  trail,	
  the	
  increased	
  
visibility	
  would	
  provide	
  a	
  more	
  tangible	
  connection	
  to	
  the	
  feature.	
  Increased	
  pedestrian	
  traffic	
  
would	
  impact	
  the	
  feature	
  in	
  both	
  beneficial	
  (mitigation	
  of	
  new	
  destructive	
  vegetation)	
  and	
  
potentially	
  adverse	
  (erosion	
  and	
  impacts	
  to	
  potentially	
  preserved	
  banks)	
  ways.	
  More	
  information	
  
about	
  the	
  relationship	
  of	
  the	
  feature	
  to	
  the	
  modern	
  ground	
  surface	
  would	
  need	
  to	
  be	
  obtained	
  
before	
  the	
  effects	
  of	
  increased	
  foot	
  traffic	
  could	
  be	
  predicted.	
  Should	
  the	
  projected	
  effects	
  be	
  
determined	
  adverse,	
  the	
  trail	
  could	
  be	
  offset	
  to	
  minimize	
  impacts.	
  	
  	
  
	
  
The	
  Juan	
  Batista	
  de	
  Anza	
  National	
  Historic	
  Trail	
  runs	
  through	
  the	
  park.	
  A	
  segment	
  of	
  the	
  trail	
  runs	
  
from	
  the	
  northeast	
  corner	
  of	
  the	
  restored	
  mission	
  garden	
  to	
  the	
  Santa	
  Cruz	
  River	
  to	
  the	
  east.	
  Park	
  
interpretive	
  staff	
  offer	
  guided	
  “Anza	
  Trail	
  River	
  Walks”	
  periodically	
  during	
  the	
  cool	
  season.	
  The	
  
acequia	
  could	
  be	
  included	
  as	
  a	
  waypoint	
  on	
  the	
  guided	
  tour	
  in	
  the	
  Park	
  before	
  linking	
  up	
  to	
  the	
  
Anza	
  trail	
  (see	
  Figure	
  1.19).	
  
	
  

	
  
Figure	
  1.19.	
  	
  The	
  Juan	
  Batista	
  de	
  Anza	
  Trail	
  (indicated	
  with	
  red	
  dashed	
  line)	
  runs	
  through	
  TNHP.	
  A	
  section	
  runs	
  
east-­‐west	
  from	
  the	
  northeast	
  corner	
  of	
  the	
  mission	
  garden	
  east	
  to	
  the	
  Santa	
  Cruz	
  River	
  (amended	
  screenshot	
  
from	
  Juan	
  Batista	
  de	
  Anza	
  National	
  Historic	
  Trail	
  website:	
  http://www.anzahistorictrail.org/visit/explorer).	
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LOCATING THE ACEQUIA MADRE 

Historical	
  documentation,	
  maps,	
  and	
  aerial	
  photos	
  of	
  the	
  Tumacácori	
  mission	
  site	
  are	
  valuable	
  
resources	
  that	
  have	
  yielded	
  information	
  pertaining	
  to	
  the	
  historic	
  location	
  and	
  use	
  of	
  the	
  acequia	
  
system,	
  as	
  well	
  as	
  how	
  its	
  condition	
  has	
  changed	
  over	
  time.	
  “Archeological	
  investigations	
  at	
  the	
  
park	
  have	
  identified	
  few	
  irrigation	
  features.	
  	
  The	
  original	
  acequia	
  has	
  been	
  largely	
  obliterated	
  by	
  
modern	
  farm	
  fields,	
  although	
  some	
  segments	
  were	
  straightened	
  and	
  reinforced	
  with	
  concrete	
  for	
  
modern	
  use,”	
  (Moss	
  2006:19).	
  While	
  the	
  location	
  of	
  the	
  acequia	
  madre,	
  or	
  main	
  canal,	
  can	
  be	
  
inferred	
  with	
  some	
  degree	
  of	
  confidence	
  due	
  to	
  historic	
  aerial	
  photos,	
  documentation	
  of	
  nearby	
  
acequias	
  (i.e.	
  Tubac),	
  and	
  the	
  topography	
  of	
  the	
  site,	
  it	
  is	
  likely	
  that	
  it	
  was	
  only	
  one	
  part	
  of	
  a	
  more	
  
complex	
  irrigation	
  system	
  that	
  watered	
  extensive	
  fields.	
  Thus,	
  the	
  main	
  channel	
  provides	
  a	
  point	
  of	
  
departure	
  for	
  further	
  understanding	
  the	
  irrigation	
  system	
  and	
  how	
  it	
  related	
  to	
  the	
  greater	
  mission	
  
landscape.	
  	
  

	
  
PROGRESSION	
  OF	
  CONDITION	
  	
  
	
  
The	
  degree	
  to	
  which	
  the	
  acequia	
  system	
  was	
  used	
  by	
  the	
  community	
  at	
  Tumacácori	
  after	
  
secularization	
  in	
  1834	
  is	
  unclear.	
  Despite	
  drought	
  conditions	
  and	
  movement	
  in	
  the	
  Santa	
  Cruz	
  River	
  
channel	
  described	
  in	
  correspondence	
  in	
  the	
  1830s	
  (Kessell	
  1976:288),	
  there	
  is	
  evidence	
  that	
  the	
  
mission	
  orchard	
  and	
  garden	
  continued	
  to	
  be	
  irrigated	
  using	
  the	
  historic	
  acequia.	
  The	
  irrigation	
  
infrastructure	
  in	
  place	
  during	
  the	
  Mission	
  period	
  may	
  have	
  had	
  several	
  lapses	
  in	
  use.	
  	
  However,	
  
accounts	
  of	
  cultivated	
  fields	
  in	
  the	
  immediate	
  area	
  of	
  the	
  mission,	
  paired	
  with	
  the	
  survival	
  of	
  the	
  
orchard	
  fruit	
  trees	
  into	
  the	
  late	
  1930s,	
  indicates	
  that	
  the	
  acequia	
  was	
  revived	
  and	
  reused	
  over	
  the	
  
course	
  of	
  nearly	
  a	
  century	
  after	
  the	
  O’odham	
  community	
  at	
  Tumacácori	
  relocated	
  to	
  Bac.	
  	
  
	
  
During	
  the	
  first	
  half	
  of	
  the	
  1930s,	
  the	
  fields	
  surrounding	
  the	
  mission	
  continued	
  to	
  be	
  cultivated,	
  
mostly	
  growing	
  corn.	
  A	
  1936	
  aerial	
  photograph	
  (Figures	
  2.1	
  and	
  2.2)	
  of	
  the	
  mission	
  site	
  and	
  
surrounding	
  area	
  shows	
  the	
  full	
  extent	
  of	
  the	
  acequia	
  madre,	
  the	
  remaining	
  outline	
  of	
  the	
  
garden/orchard,	
  and	
  their	
  spatial	
  relationship	
  relative	
  to	
  the	
  contemporary	
  agricultural	
  fields	
  
under	
  cultivation.	
  By	
  1936,	
  the	
  Pendleton	
  Ranch	
  fields	
  to	
  the	
  north	
  and	
  south	
  of	
  the	
  mission	
  were	
  
reconfigured	
  and	
  planted	
  with	
  cotton	
  and	
  several	
  types	
  of	
  vegetables.	
  “This	
  expansion	
  likely	
  
removed	
  much	
  of	
  the	
  remaining	
  landscape	
  evidence	
  of	
  the	
  homesteading	
  era,	
  such	
  as	
  adobe	
  homes,	
  
barbed	
  wire	
  fences,	
  and	
  earthen	
  canals,	
  since	
  mechanized	
  equipment	
  allowed	
  for	
  larger-­‐scale	
  fields.	
  	
  
With	
  the	
  expansion	
  of	
  the	
  fields,	
  groundwater	
  use	
  also	
  increased.	
  	
  While	
  the	
  historic	
  acequia	
  
continued	
  to	
  irrigate	
  the	
  orchard,	
  and	
  presumably	
  the	
  southern	
  fields	
  of	
  the	
  Pendleton	
  Ranch,	
  
additional	
  fields	
  extending	
  to	
  the	
  west	
  of	
  the	
  historic	
  acequia	
  alignment	
  and	
  north	
  of	
  the	
  monument	
  
were	
  likely	
  irrigated	
  by	
  gravity	
  flow	
  from	
  a	
  well	
  located	
  directly	
  north	
  of	
  the	
  church,”	
  (Bossler	
  and	
  
Johnson	
  2012:	
  68-­‐69).	
  	
  The	
  cotton	
  fields	
  extended	
  into	
  the	
  land	
  formerly	
  used	
  for	
  the	
  mission	
  
garden	
  and	
  orchard	
  (Moss	
  2006:13).	
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Figure	
  2.1.	
  Aerial	
  photograph	
  of	
  San	
  Jose	
  de	
  Tumacácori	
  showing	
  the	
  full	
  extent	
  of	
  the	
  mission	
  acequia,	
  1936	
  
(NPS	
  TNHP	
  Archives).	
  See	
  Figure	
  2.2	
  for	
  further	
  annotations.	
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Figure	
  2.2.	
  	
  Detail	
  of	
  1936	
  aerial	
  photo;	
  red	
  line	
  indicates	
  approximate	
  location	
  of	
  acequia	
  alignment.	
  

	
  
By	
  the	
  late	
  1930s,	
  increased	
  use	
  of	
  well	
  water	
  for	
  irrigation	
  had	
  contributed	
  to	
  a	
  significantly	
  
decreased	
  water	
  table.	
  In	
  addition,	
  severe	
  drought	
  conditions	
  had	
  set	
  in	
  by	
  1934	
  (Bossler	
  and	
  
Johnson	
  2012:37).	
  The	
  surface	
  flow	
  of	
  the	
  Santa	
  Cruz	
  River	
  was	
  reduced	
  to	
  the	
  extent	
  that	
  the	
  
acequia	
  was	
  no	
  longer	
  functional	
  by	
  1938.	
  	
  The	
  fruit	
  trees	
  that	
  had	
  thrived	
  within	
  the	
  walled	
  
orchard	
  were	
  no	
  longer	
  irrigated	
  and	
  died.	
  	
  
	
  
Several	
  additions	
  were	
  made	
  to	
  the	
  built	
  environment	
  during	
  the	
  1930s,	
  including	
  a	
  home	
  for	
  the	
  
Park	
  custodian,	
  a	
  ranger’s	
  residence,	
  and	
  a	
  garage	
  in	
  the	
  southwestern	
  portion	
  of	
  the	
  Monument.	
  
The	
  ranger	
  residence	
  and	
  garage	
  were	
  constructed	
  approximately	
  40	
  feet	
  west	
  of	
  the	
  acequia	
  
alignment	
  (see	
  Figure	
  2.3).	
  Subsequent	
  additions	
  in	
  1954	
  connected	
  the	
  ranger’s	
  residence	
  and	
  
garage	
  and	
  expanded	
  the	
  footprint	
  of	
  the	
  combined	
  building	
  (Bossler	
  and	
  Johnson	
  2012:43).	
  A	
  
paved	
  parking	
  area	
  constructed	
  to	
  the	
  south	
  and	
  east	
  of	
  the	
  residence	
  by	
  1967	
  and	
  a	
  walled	
  yard	
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extending	
  from	
  the	
  northeast	
  corner	
  of	
  the	
  building	
  were	
  likely	
  built	
  over	
  the	
  acequia	
  alignment	
  
(see	
  Figure	
  2.4).	
  
	
  

	
  
Figure	
  2.3.	
  	
  Map	
  from	
  mid-­‐1930s	
  monument	
  brochure	
  showing	
  layout	
  of	
  major	
  buildings	
  and	
  features.	
  	
  Note	
  
location	
  of	
  ranger’s	
  residence	
  and	
  garage	
  just	
  east	
  of	
  ‘mission	
  irrigation	
  ditch’	
  or	
  acequia	
  (after	
  Bossler	
  and	
  
Johnson	
  2012:126).	
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Figure	
  2.4.	
  	
  2012	
  aerial	
  photo	
  depicting	
  the	
  amended	
  footprint	
  of	
  combined	
  ranger’s	
  residence	
  and	
  garage,	
  as	
  
well	
  as	
  walled	
  yard	
  and	
  paved	
  parking	
  area,	
  in	
  relation	
  to	
  the	
  projected	
  acequia	
  alignment	
  (denoted	
  with	
  blue	
  
line	
  segment).	
  	
  Red	
  boxes	
  with	
  grid	
  designations	
  denote	
  units	
  from	
  ground-­‐penetrating	
  radar	
  study	
  discussed	
  
below	
  (amended	
  after	
  Moss	
  and	
  Conyers	
  2013:16).	
  	
  

	
  
Evidence	
  of	
  significant	
  transformations	
  within	
  the	
  landscape	
  surrounding	
  the	
  mission	
  can	
  be	
  
identified	
  in	
  a	
  1967	
  aerial	
  photograph	
  of	
  the	
  area.	
  The	
  fields	
  to	
  the	
  south	
  and	
  southeast	
  of	
  the	
  
mission	
  core	
  had	
  been	
  plowed	
  and	
  cultivated,	
  grading	
  over	
  a	
  large	
  portion	
  of	
  the	
  historic	
  acequia	
  
alignment	
  (Figures	
  2.5	
  and	
  2.6).	
  There	
  appears	
  to	
  be	
  a	
  remnant	
  of	
  the	
  original	
  acequia	
  alignment	
  
preserved	
  in	
  the	
  cultivated	
  field	
  south	
  of	
  the	
  church	
  complex.	
  To	
  the	
  north	
  of	
  the	
  mission,	
  the	
  
historic	
  alignment	
  had	
  been	
  straightened	
  and	
  reinforced	
  with	
  concrete.	
  While	
  the	
  acequia	
  
alignment	
  can	
  be	
  traced	
  within	
  the	
  ungraded	
  area	
  immediate	
  to	
  the	
  east	
  of	
  the	
  convento,	
  a	
  two-­‐
track	
  road	
  trace	
  had	
  formed	
  over	
  portions	
  of	
  the	
  feature	
  (Figure	
  2.6).	
  	
  A	
  dirt	
  road	
  running	
  parallel	
  
with	
  the	
  northern	
  garden	
  wall	
  had	
  been	
  graded	
  over	
  the	
  feature.	
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Figure	
  2.5.	
  1967	
  aerial	
  of	
  Tumacácori	
  area	
  showing	
  significant	
  transformation	
  of	
  the	
  cultivated	
  fields	
  
surrounding	
  the	
  monument	
  grounds.	
  	
  See	
  Figure	
  2.6	
  below	
  for	
  detail	
  (NPS	
  TNHP	
  Archives).	
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Figure	
  2.6.	
  	
  Detail	
  of	
  1967	
  aerial	
  photograph	
  showing	
  location	
  of	
  remaining	
  acequia	
  alignment	
  indicated	
  with	
  
red	
  arrow.	
  	
  Note	
  two-­‐track	
  road	
  trace	
  over	
  feature	
  (NPS	
  TNHP	
  Archives).	
  

	
  
By	
  1977,	
  the	
  area	
  of	
  the	
  historic	
  acequia	
  had	
  been	
  flattened	
  and	
  increased	
  vegetation	
  had	
  
accumulated	
  over	
  the	
  alignment.	
  NPS	
  had	
  built	
  a	
  series	
  of	
  adobe	
  test	
  walls	
  over	
  the	
  feature	
  just	
  
south	
  of	
  the	
  dirt	
  road	
  paralleling	
  the	
  northern	
  garden	
  wall	
  (Figure	
  2.7).	
  Vegetation	
  encroachment	
  
increasingly	
  affected	
  the	
  visibility	
  of	
  the	
  feature	
  in	
  the	
  1980s,	
  including	
  the	
  straightened	
  and	
  
cemented	
  portion	
  of	
  the	
  feature	
  north	
  of	
  the	
  mission	
  core.	
  	
  An	
  aerial	
  photograph	
  taken	
  in	
  1983	
  
(Figure	
  2.8)	
  shows	
  that	
  a	
  dirt	
  road	
  had	
  been	
  built	
  over	
  the	
  feature,	
  roughly	
  following	
  a	
  segment	
  of	
  
the	
  alignment	
  through	
  the	
  adobe	
  test	
  walls	
  to	
  the	
  fiesta	
  grounds.	
  The	
  fields	
  to	
  the	
  south	
  of	
  the	
  
mission	
  continued	
  to	
  be	
  cultivated,	
  while	
  the	
  fields	
  to	
  the	
  north	
  had	
  been	
  allowed	
  to	
  naturalize.	
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Figure	
  2.7.	
  	
  Detail	
  of	
  1977	
  aerial	
  photograph	
  showing	
  the	
  condition	
  of	
  the	
  acequia	
  and	
  the	
  alterations	
  within	
  
the	
  mission	
  landscape	
  (NPS	
  TNHP	
  Archives).	
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Figure	
  2.8.	
  1983	
  aerial	
  photo	
  illustrating	
  the	
  development	
  of	
  the	
  landscape	
  and	
  the	
  condition	
  of	
  the	
  acequia	
  
adjacent	
  to	
  the	
  mission	
  core	
  complex.	
  	
  Red	
  arrows	
  indicated	
  road	
  trace	
  between	
  NPS	
  test	
  walls	
  follows	
  
approximate	
  acequia	
  alignment	
  south	
  of	
  the	
  raised	
  dirt	
  road	
  to	
  the	
  fiesta	
  grounds	
  (NPS	
  TNHP	
  Archives).	
  	
  

	
  
Conditions	
  within	
  the	
  vicinity	
  of	
  the	
  acequia	
  appeared	
  to	
  stabilize	
  in	
  the	
  1980s	
  as	
  there	
  are	
  few	
  
visible	
  changes	
  between	
  aerial	
  photos	
  including	
  the	
  feature	
  taken	
  in	
  1983	
  (Figure	
  2.8)	
  and	
  1993	
  
(Figure	
  2.9).	
  However,	
  in	
  1994,	
  a	
  utility	
  line	
  was	
  excavated	
  through	
  a	
  section	
  of	
  the	
  acequia	
  
alignment	
  (Figure	
  2.10).	
  The	
  installation	
  of	
  additional	
  utility	
  lines	
  over	
  time	
  may	
  have	
  damaged	
  or	
  
removed	
  sections	
  of	
  the	
  buried	
  channel.	
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Figure	
  2.9.	
  	
  1993	
  aerial	
  photograph	
  illustrating	
  the	
  landscape	
  within	
  and	
  surrounding	
  the	
  mission	
  site	
  (NPS	
  
TNHP	
  Archives).	
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Figure	
  2.10.	
  	
  1994	
  aerial	
  photograph	
  illustrating	
  the	
  location	
  of	
  an	
  excavated	
  utility-­‐line	
  trench	
  within	
  the	
  
acequia	
  alignment	
  (NPS	
  TNHP	
  Archives).	
  	
  

	
  
The	
  condition	
  of	
  the	
  compuerta	
  cannot	
  be	
  discerned	
  from	
  the	
  aerial	
  photos,	
  but	
  likely	
  was	
  buried	
  
along	
  with	
  a	
  majority	
  of	
  the	
  extant	
  channel.	
  An	
  article	
  published	
  in	
  Nogales	
  International	
  on	
  
September	
  23,	
  1994	
  reported	
  that	
  David	
  Yubeta	
  (TNHP	
  Facilities	
  Manager	
  at	
  the	
  time)	
  had	
  recently	
  
uncovered	
  the	
  compuerta	
  while	
  digging	
  in	
  the	
  area	
  of	
  the	
  acequia.	
  
	
  
It	
  is	
  likely	
  that	
  by	
  the	
  1990s	
  very	
  little	
  evidence	
  of	
  the	
  acequia	
  remained	
  visible	
  from	
  the	
  ground	
  
surface	
  and	
  that	
  the	
  location	
  of	
  the	
  feature	
  was	
  largely	
  inferred	
  from	
  maps	
  and	
  aerial	
  photographs.	
  
The	
  feature	
  was	
  likely	
  considered	
  to	
  have	
  mostly	
  deteriorated,	
  precluding	
  the	
  development	
  and	
  
implementation	
  of	
  preservation	
  measures	
  before	
  that	
  time.	
  	
  Since	
  the	
  mid-­‐1990s,	
  the	
  dirt	
  road	
  
trace	
  just	
  north	
  of	
  the	
  compuerta	
  has	
  been	
  allowed	
  to	
  revegetate	
  and	
  the	
  adobe	
  test	
  walls	
  have	
  
deteriorated	
  in	
  place.	
  The	
  compuerta	
  has	
  remained	
  exposed	
  since	
  1994	
  and	
  continues	
  to	
  provide	
  a	
  
valuable	
  reference	
  point	
  for	
  the	
  location	
  of	
  the	
  historic	
  acequia.	
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GROUND PENETRATING RADAR STUDY SUMMARY 
	
  
In	
  2012,	
  plans	
  for	
  a	
  plant	
  restoration	
  project	
  included	
  ground	
  disturbance	
  within	
  the	
  vicinity	
  of	
  the	
  
mission	
  acequia.	
  As	
  mentioned	
  above,	
  a	
  majority	
  of	
  the	
  land	
  in	
  the	
  vicinity	
  of	
  the	
  historic	
  acequia	
  
alignment	
  had	
  been	
  disturbed	
  by	
  activities	
  such	
  as	
  plowing,	
  grading,	
  vehicular	
  traffic,	
  and	
  utility	
  
line	
  excavation.	
  The	
  modern	
  ground	
  surface	
  within	
  the	
  alignment	
  was	
  up	
  to	
  20	
  cm	
  below	
  the	
  base	
  
of	
  the	
  intact	
  compuerta,	
  which	
  suggested	
  that	
  the	
  previous	
  land	
  modification	
  had	
  removed	
  the	
  
strata	
  associated	
  with	
  the	
  acequia	
  (Moss	
  2012:1).	
  However,	
  archaeological	
  work	
  in	
  2005	
  and	
  2012	
  
provided	
  evidence	
  that	
  portions	
  of	
  the	
  channel	
  remained	
  intact,	
  just	
  below	
  the	
  modern	
  ground	
  
surface.	
  TNHP	
  Chief	
  of	
  Resources	
  Management	
  and	
  Archaeologist,	
  Jeremy	
  Moss,	
  initiated	
  a	
  ground-­‐
penetrating	
  radar	
  (GPR)	
  study	
  to	
  evaluate	
  the	
  extent	
  and	
  condition	
  of	
  the	
  intact	
  acequia	
  and	
  to	
  
assess	
  the	
  potential	
  effects	
  of	
  the	
  plant	
  restoration	
  project	
  more	
  completely.	
  GPR	
  has	
  been	
  used	
  
successfully	
  to	
  map	
  buried	
  prehistoric	
  earthen	
  irrigation	
  features	
  within	
  the	
  Tucson	
  basin,	
  
suggesting	
  it	
  would	
  be	
  an	
  effective	
  method	
  to	
  provide	
  more	
  information	
  about	
  the	
  location	
  of	
  the	
  
acequia	
  without	
  destructive	
  measures.	
  The	
  complete	
  report	
  from	
  the	
  GPR	
  study	
  with	
  detailed	
  
descriptions	
  of	
  data	
  procurement	
  and	
  processing	
  procedures	
  is	
  included	
  in	
  Appendix	
  B.	
  	
  Below	
  is	
  a	
  
summary	
  of	
  that	
  report.	
  
	
  	
  
METHODS	
  
	
  
The	
  GPR	
  fieldwork	
  was	
  conducted	
  over	
  two	
  sessions.	
  The	
  first	
  session	
  was	
  completed	
  on	
  December	
  
3,	
  2012	
  by	
  Dr.	
  Lawrence	
  B.	
  Conyers	
  (Geophysical	
  Investigations,	
  Inc.)	
  and	
  Jeremy	
  Moss.	
  The	
  second	
  
session	
  was	
  conducted	
  on	
  March	
  2013	
  by	
  Dr.	
  Conyers	
  and	
  Jeremy	
  Moss,	
  who	
  were	
  assisted	
  by	
  
Andrew	
  Perew	
  and	
  Alyssa	
  Cunial	
  from	
  the	
  University	
  of	
  Arizona.	
  Radar	
  reflection	
  data	
  was	
  
collected	
  over	
  the	
  approximate	
  acequia	
  alignment,	
  visible	
  in	
  aerial	
  photographs	
  as	
  late	
  as	
  1967.	
  
Equipment	
  used	
  to	
  gather	
  the	
  data	
  included	
  a	
  GSSI	
  SIR-­‐3000	
  geophysical	
  data	
  acquisition	
  system	
  
with	
  a	
  400	
  MHz	
  dipole	
  antenna,	
  and	
  a	
  survey	
  wheel	
  with	
  an	
  encoder	
  device	
  on	
  the	
  radar	
  antennas	
  
to	
  georeference	
  the	
  transects.	
  The	
  data	
  collected	
  were	
  used	
  to	
  produce	
  horizontal	
  amplitude	
  slice	
  
maps	
  that	
  illustrate	
  the	
  alignment	
  in	
  plan	
  view	
  and	
  vertical	
  linear	
  reflection	
  profiles	
  that	
  illustrate	
  
the	
  channel	
  in	
  cross	
  section	
  at	
  a	
  given	
  point	
  along	
  the	
  alignment	
  (Conyers	
  and	
  Moss	
  2013:	
  1).	
  
	
  
The	
  initial	
  study	
  area	
  investigated	
  in	
  December	
  2012	
  consisted	
  of	
  a	
  62	
  m	
  by	
  18	
  m	
  grid	
  unit	
  located	
  
immediately	
  north	
  of	
  the	
  compuerta	
  and	
  extending	
  north-­‐northwest	
  toward	
  the	
  adobe	
  test	
  walls.	
  
Reflection	
  profile	
  data	
  were	
  collected	
  from	
  41	
  transects	
  spaced	
  every	
  2	
  m	
  within	
  the	
  unit.	
  In	
  March	
  
2013,	
  the	
  study	
  area	
  was	
  expanded	
  to	
  include	
  three	
  additional	
  grid	
  units,	
  extending	
  the	
  
investigated	
  area	
  both	
  north	
  and	
  south	
  of	
  the	
  compuerta	
  (Figure	
  2.11).	
  	
  Similar	
  procedures	
  were	
  
used	
  with	
  each	
  unit	
  divided	
  into	
  transects	
  to	
  collect	
  reflection	
  profile	
  data	
  spaced	
  2	
  m	
  apart.	
  Grid	
  1	
  
measured	
  66	
  m	
  by	
  22	
  m	
  and	
  extended	
  south	
  from	
  the	
  compuerta	
  to	
  just	
  north	
  of	
  the	
  walled	
  yard	
  of	
  
the	
  NPS	
  residence	
  (formerly	
  the	
  ‘ranger’s	
  residence’).	
  Grid	
  2	
  measured	
  13	
  m	
  by	
  14	
  m	
  and	
  was	
  
located	
  southeast	
  of	
  the	
  NPS	
  residence	
  beyond	
  the	
  paved	
  parking	
  area,	
  abutting	
  a	
  tall	
  wall	
  that	
  
divides	
  the	
  residence	
  area	
  from	
  the	
  maintenance	
  garage	
  and	
  office	
  grounds.	
  Grid	
  3	
  was	
  located	
  in	
  
approximately	
  the	
  same	
  location	
  as	
  the	
  unit	
  investigated	
  in	
  December	
  2012	
  that	
  extended	
  north	
  of	
  
the	
  compuerta,	
  although	
  it	
  was	
  offset	
  slightly	
  to	
  the	
  north.	
  Grid	
  4	
  measured	
  18	
  m	
  by	
  14	
  m,	
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extending	
  north	
  from	
  Grid	
  3	
  past	
  the	
  dirt	
  road	
  to	
  the	
  fiesta	
  grounds	
  (which	
  runs	
  perpendicular	
  
through	
  the	
  unit).	
  	
  
	
  

	
  
Figure	
  2.11.	
  Location	
  of	
  March	
  2013	
  GPR	
  study	
  grid	
  units.	
  	
  Note	
  “Grid	
  3”	
  reflects	
  approximately	
  the	
  same	
  unit	
  
investigated	
  in	
  December	
  2012	
  (from	
  Conyers	
  and	
  Moss	
  2013).	
  

RESULTS	
  
	
  
The	
  initial	
  work	
  completed	
  in	
  December	
  of	
  2012	
  produced	
  well-­‐defined	
  reflection	
  profiles	
  from	
  the	
  
data	
  collected	
  in	
  15	
  of	
  the	
  41	
  transects,	
  with	
  traces	
  of	
  the	
  feature	
  evident	
  in	
  profiles	
  produced	
  from	
  
a	
  number	
  of	
  additional	
  transects.	
  There	
  was	
  variation	
  in	
  the	
  visibility	
  of	
  the	
  feature,	
  even	
  among	
  the	
  
most	
  well-­‐defined	
  reflection	
  profiles.	
  In	
  many	
  cases,	
  one	
  feature	
  attribute,	
  such	
  as	
  the	
  channel	
  
berms,	
  was	
  clearly	
  visible	
  in	
  the	
  reflection	
  profile,	
  while	
  other	
  attributes	
  were	
  not	
  defined	
  (see	
  
Figure	
  2.12).	
  As	
  stronger	
  reflection	
  signals	
  are	
  detected	
  when	
  there	
  is	
  a	
  high	
  degree	
  of	
  contrast	
  in	
  
the	
  physical	
  properties	
  of	
  the	
  buried	
  materials	
  being	
  tested,	
  the	
  degree	
  of	
  visibility	
  within	
  the	
  
reflection	
  profiles	
  depends	
  on	
  the	
  presence	
  of	
  contrasting	
  strata	
  interfaces,	
  such	
  as	
  clay	
  and	
  sand.	
  
The	
  limited	
  visibility	
  within	
  a	
  number	
  of	
  the	
  profiles	
  suggested	
  that	
  the	
  sediments	
  within	
  the	
  
channel	
  fill	
  were	
  similar	
  in	
  texture	
  to	
  the	
  surrounding	
  matrix.	
  This	
  is	
  consistent	
  with	
  the	
  
observations	
  made	
  on	
  the	
  profile	
  exposed	
  in	
  2012	
  in	
  Test	
  Trench	
  2.	
  	
  	
  
	
  
While	
  several	
  transects	
  in	
  this	
  unit	
  yielded	
  inconclusive	
  profiles,	
  the	
  results	
  indicated	
  that	
  the	
  
acequia	
  channel	
  had	
  not	
  been	
  completely	
  removed	
  by	
  land	
  modification	
  and	
  was	
  buried	
  by	
  up	
  to	
  20	
  
cm	
  of	
  topsoil.	
  By	
  mapping	
  the	
  visible	
  profiles	
  within	
  the	
  grid	
  unit,	
  the	
  alignment	
  of	
  the	
  acequia	
  
could	
  be	
  delineated	
  (Figure	
  2.13).	
  	
  The	
  results	
  of	
  the	
  initial	
  work	
  in	
  December	
  2012	
  demonstrated	
  
that	
  the	
  buried	
  feature	
  could	
  be	
  investigated	
  and	
  mapped	
  using	
  such	
  geophysical	
  surveying	
  
methods,	
  providing	
  initial	
  data	
  on	
  the	
  location,	
  size,	
  and	
  depth	
  of	
  the	
  channel.	
  Such	
  information	
  is	
  
vital	
  to	
  effective	
  management	
  and	
  preservation	
  of	
  the	
  feature,	
  which	
  warranted	
  further	
  study	
  
outside	
  the	
  initial	
  area	
  scheduled	
  for	
  replanting.	
  Further,	
  as	
  the	
  results	
  indicated	
  that	
  the	
  acequia	
  
was	
  preserved	
  subsurface,	
  the	
  revegetation	
  plans	
  were	
  amended	
  to	
  including	
  only	
  species	
  that	
  
would	
  result	
  in	
  minimal	
  root	
  disturbance.	
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Figure	
  2.12.	
  	
  Reflection	
  profiles	
  from	
  data	
  collected	
  in	
  December	
  2012.	
  	
  Profiles	
  display	
  high	
  visibility	
  but	
  
illustrate	
  variability	
  in	
  reflection	
  patterns	
  and	
  attributes	
  represented	
  (from	
  Conyers	
  2013).	
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Figure	
  2.13.	
  	
  Manual	
  interpretation	
  alignment	
  map	
  produced	
  from	
  data	
  collected	
  in	
  December	
  2012	
  reflecting	
  
location	
  of	
  buried	
  acequia	
  channel	
  north	
  of	
  the	
  compuerta.	
  	
  Note	
  location	
  of	
  cement	
  sidewalk	
  and	
  adobe	
  test	
  
wall	
  (from	
  Conyers	
  2013:5).	
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Additional	
  data	
  gathered	
  in	
  March	
  of	
  2013	
  yielded	
  new	
  reflection	
  profiles,	
  raising	
  the	
  total	
  number	
  
of	
  transects	
  recorded	
  to	
  154.	
  The	
  new	
  data	
  provided	
  a	
  more	
  complete	
  overview	
  of	
  the	
  channel	
  
alignment,	
  extending	
  both	
  north	
  and	
  south	
  from	
  the	
  compuerta.	
  	
  
	
  
Grid	
  1	
  
Data	
  were	
  collected	
  from	
  34	
  transects	
  within	
  this	
  unit.	
  	
  However,	
  only	
  18	
  transect	
  produced	
  visible	
  
reflection	
  profiles	
  (Figure	
  2.14).	
  Reflection	
  profiles	
  indicate	
  the	
  channel	
  is	
  located	
  approximately	
  15	
  
cm	
  below	
  the	
  modern	
  ground	
  surface	
  and	
  is	
  approximately	
  40	
  cm	
  in	
  depth.	
  The	
  horizontal	
  
amplitude	
  maps	
  and	
  manual	
  interpretation	
  of	
  profile	
  alignments	
  produced	
  from	
  data	
  collected	
  in	
  
this	
  unit	
  suggested	
  that	
  the	
  channel	
  alignment	
  is	
  fairly	
  straight	
  within	
  this	
  segment,	
  with	
  slight	
  
undulations.	
  Multiple	
  disturbances,	
  including	
  metal	
  pipes	
  were	
  detected	
  in	
  this	
  unit.	
  The	
  margins	
  
appear	
  to	
  be	
  much	
  wider	
  along	
  a	
  portion	
  of	
  the	
  channel	
  in	
  the	
  in	
  the	
  southern	
  half	
  of	
  the	
  unit,	
  
indicating	
  possible	
  erosion	
  or	
  disturbance	
  (Figure	
  2.15).	
  	
  
	
  

	
  
Figure	
  2.14.	
  	
  Reflection	
  profile	
  from	
  Grid	
  1	
  with	
  well-­‐defined	
  margins	
  (from	
  Conyers	
  and	
  Moss	
  2013:9).	
  

	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  
	
  

52	
  
	
  

	
  
Figure	
  2.15.	
  Horizontal	
  amplitude	
  maps	
  (top	
  and	
  middle)	
  and	
  alignment	
  map	
  (bottom)	
  showing	
  the	
  plan	
  view	
  
location	
  of	
  the	
  channel	
  within	
  Grid	
  1.	
  	
  Note	
  location	
  of	
  potentially	
  disturbed	
  or	
  eroded	
  section	
  in	
  southern	
  half	
  
of	
  the	
  unit	
  (from	
  Conyers	
  and	
  Moss	
  2013:11).	
  

	
  
Grid	
  2	
  
Data	
  were	
  collected	
  from	
  a	
  total	
  of	
  eight	
  transects	
  within	
  this	
  unit.	
  Less	
  than	
  half	
  (three	
  out	
  of	
  
eight)	
  of	
  the	
  reflection	
  profiles	
  from	
  transects	
  within	
  this	
  unit	
  showed	
  evidence	
  of	
  the	
  acequia	
  
channel.	
  The	
  top	
  of	
  the	
  feature	
  appears	
  to	
  be	
  truncated	
  in	
  this	
  area,	
  with	
  intact	
  portions	
  of	
  the	
  
channel	
  located	
  immediately	
  below	
  the	
  modern	
  ground	
  surface	
  (Figure	
  2.16).	
  This	
  unit	
  is	
  located	
  
adjacent	
  to	
  a	
  paved	
  parking	
  area	
  and	
  is	
  transected	
  by	
  a	
  dirt	
  road	
  trace.	
  	
  The	
  development	
  of	
  both	
  
modern	
  features	
  may	
  have	
  impacted	
  the	
  acequia,	
  truncating	
  the	
  top	
  of	
  the	
  feature.	
  	
  The	
  base	
  of	
  the	
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acequia	
  was	
  not	
  clearly	
  visible	
  in	
  the	
  profiles	
  collected	
  from	
  this	
  unit.	
  The	
  alignment	
  appears	
  to	
  be	
  
fairly	
  straight	
  in	
  this	
  unit,	
  though	
  only	
  a	
  small	
  segment	
  was	
  identified	
  (Figure	
  2.17).	
  	
  
	
  

	
  
Figure	
  2.16.	
  	
  Representative	
  reflection	
  profile	
  from	
  Grid	
  2,	
  showing	
  the	
  channel	
  truncating	
  the	
  stratum	
  just	
  
below	
  the	
  modern	
  ground	
  surface	
  (from	
  Conyers	
  and	
  Moss	
  2013:12).	
  

	
  

	
  
Figure	
  2.17.	
  	
  Horizontal	
  amplitude	
  map	
  (left)	
  and	
  alignment	
  map	
  (right)	
  showing	
  location	
  of	
  acequia	
  channel	
  in	
  
plan	
  view	
  within	
  Grid	
  2	
  (from	
  Conyers	
  and	
  Moss	
  2012:13).	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  
	
  

54	
  
	
  

Grid	
  3	
  
This	
  grid	
  unit	
  corresponded	
  to	
  the	
  area	
  initially	
  tested	
  in	
  December	
  2012	
  that	
  had	
  yielded	
  15	
  
profiles	
  in	
  which	
  the	
  acequia	
  was	
  highly	
  visible	
  with	
  additional	
  profiles	
  with	
  limited	
  visibility.	
  
During	
  the	
  second	
  field	
  session	
  only	
  11	
  of	
  41	
  profiles	
  successfully	
  documented	
  the	
  acequia,	
  many	
  of	
  
which	
  were	
  located	
  in	
  segments	
  that	
  had	
  not	
  previously	
  produced	
  visible	
  profiles.	
  Despite	
  the	
  
inconsistency	
  in	
  visibility	
  within	
  this	
  unit	
  between	
  the	
  first	
  and	
  second	
  sessions,	
  horizontal	
  
amplitude	
  maps	
  produced	
  from	
  data	
  gathered	
  during	
  both	
  sessions	
  suggest	
  that	
  the	
  channel	
  
alignment	
  meanders	
  to	
  the	
  east	
  toward	
  the	
  northern	
  end	
  of	
  the	
  unit	
  (see	
  Figure	
  2.18).	
  This	
  pattern	
  
corresponds	
  to	
  the	
  alignment	
  visible	
  in	
  historic	
  aerial	
  photographs	
  dating	
  from	
  1936	
  (Figures	
  2.1	
  
and	
  2.2)	
  and	
  1967	
  (Figure	
  2.5).	
  	
  
	
  

	
  
Figure	
  2.18.	
  	
  Alignment	
  map	
  (top)	
  and	
  horizontal	
  amplitude	
  map	
  (bottom)	
  showing	
  the	
  plan	
  view	
  location	
  of	
  
the	
  channel	
  within	
  Grid	
  3	
  (from	
  Conyers	
  and	
  Moss	
  2013:14).	
  

	
  
Grid	
  4	
  
Data	
  were	
  collected	
  from	
  a	
  total	
  of	
  12	
  transects	
  within	
  this	
  unit.	
  Data	
  were	
  not	
  collected	
  from	
  the	
  
central	
  part	
  of	
  this	
  grid	
  unit	
  due	
  to	
  thick	
  vegetation.	
  Only	
  four	
  profiles	
  depicting	
  the	
  channel	
  were	
  
generated	
  within	
  this	
  unit,	
  predominantly	
  within	
  the	
  southern	
  half.	
  The	
  location	
  of	
  the	
  profiles	
  
suggests	
  that	
  the	
  channel	
  undulates	
  slightly	
  in	
  the	
  central	
  part	
  of	
  the	
  unit,	
  turning	
  from	
  northwest	
  
to	
  north	
  (Figure	
  2.19).	
  No	
  horizontal	
  amplitude	
  map	
  was	
  published	
  for	
  this	
  unit,	
  as	
  there	
  was	
  too	
  
much	
  interference	
  from	
  the	
  compacted	
  dirt	
  road	
  that	
  transected	
  the	
  unit.	
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Figure	
  2.19.	
  Alignment	
  map	
  showing	
  the	
  location	
  of	
  the	
  channel	
  in	
  plan	
  view	
  within	
  Grid	
  4;	
  note	
  portion	
  of	
  
grid	
  unit	
  where	
  data	
  was	
  not	
  collected	
  (from	
  Conyers	
  and	
  Moss	
  2013:16).	
  

	
  
DISCUSSION	
  
	
  
While	
  only	
  49	
  reflection	
  profiles	
  out	
  of	
  154	
  total	
  transects	
  showed	
  evidence	
  of	
  the	
  buried	
  acequia	
  
channel,	
  the	
  study	
  provided	
  valuable	
  information	
  about	
  the	
  extant	
  portions	
  of	
  the	
  feature,	
  including	
  
location	
  and	
  depth.	
  The	
  location	
  of	
  reflection	
  profiles	
  could	
  be	
  manually	
  interpreted	
  to	
  produce	
  
approximate	
  alignments	
  for	
  all	
  four	
  grids	
  investigated	
  (see	
  Figure	
  2.20).	
  	
  
	
  

	
  
Figure	
  2.20.	
  Overview	
  of	
  grid	
  locations	
  with	
  projected	
  alignment	
  of	
  acequia	
  based	
  on	
  results	
  of	
  both	
  
December	
  2012	
  and	
  March	
  2013	
  field	
  sessions	
  (from	
  Conyers	
  and	
  Moss	
  2013:16).	
  	
  

	
  
The	
  results	
  of	
  the	
  geophysical	
  survey	
  were	
  subject	
  to	
  limitations,	
  including	
  environmental	
  
conditions	
  that	
  affect	
  visibility	
  of	
  buried	
  materials	
  and	
  strata.	
  As	
  mentioned	
  above,	
  contrasting	
  
properties	
  among	
  buried	
  strata,	
  such	
  as	
  the	
  contrast	
  between	
  clay	
  and	
  sand,	
  result	
  in	
  greater	
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visibility	
  of	
  features	
  within	
  reflection	
  profiles.	
  The	
  difference	
  in	
  texture	
  among	
  the	
  strata	
  is	
  
compounded	
  by	
  the	
  capacity	
  of	
  clay	
  to	
  retain	
  water	
  content,	
  while	
  coarser-­‐grained	
  silt	
  and	
  sand	
  dry	
  
out	
  more	
  quickly.	
  During	
  the	
  second	
  field	
  session	
  in	
  March	
  of	
  2013,	
  recent	
  rains	
  had	
  saturated	
  the	
  
ground,	
  which	
  may	
  have	
  resulted	
  in	
  similar	
  water	
  content	
  among	
  the	
  different	
  strata	
  within	
  the	
  
channel	
  fill,	
  canal	
  banks,	
  and	
  surrounding	
  matrix.	
  This	
  may	
  account	
  for	
  the	
  decrease	
  in	
  visibility	
  
with	
  the	
  area	
  of	
  Grid	
  3	
  as	
  compared	
  to	
  the	
  results	
  of	
  the	
  initial	
  field	
  session	
  in	
  December	
  2012	
  when	
  
the	
  ground	
  was	
  dry.	
  	
  
	
  

	
  
Figure	
  2.21.	
  	
  Example	
  of	
  variability	
  in	
  feature	
  visibility	
  within	
  profiles	
  from	
  the	
  same	
  transect	
  in	
  Grid	
  3	
  
generated	
  during	
  the	
  two	
  different	
  field	
  sessions	
  (from	
  Conyers	
  and	
  Moss	
  2013:8).	
  

	
  
The	
  GPR	
  results	
  were	
  also	
  affected	
  by	
  differential	
  compaction	
  caused	
  by	
  roads	
  and	
  road	
  traces,	
  as	
  
well	
  as	
  areas	
  impacted	
  by	
  other	
  construction,	
  such	
  as	
  utility	
  line	
  trenches	
  and	
  paved	
  surfaces	
  (such	
  
as	
  that	
  adjacent	
  to	
  Grid	
  2).	
  While	
  soil	
  conditions	
  may	
  account	
  for	
  visibility	
  limitations,	
  it	
  is	
  also	
  
possible	
  that	
  transects	
  that	
  did	
  not	
  produce	
  visible	
  profiles	
  represent	
  areas	
  where	
  disturbance	
  or	
  
erosion	
  has	
  significantly	
  impacted	
  or	
  destroyed	
  the	
  feature.	
  
	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  
	
  
57	
  	
  

	
  

While	
  visibility	
  was	
  not	
  consistent,	
  the	
  results	
  of	
  the	
  GPR	
  study	
  underscore	
  trends	
  that	
  had	
  been	
  
previously	
  identified.	
  The	
  location	
  of	
  the	
  acequia	
  alignment,	
  including	
  a	
  prominent	
  undulation	
  
north	
  of	
  the	
  compuerta	
  defined	
  through	
  the	
  GPR	
  study,	
  aligned	
  with	
  the	
  location	
  visually	
  
documented	
  in	
  historic	
  aerial	
  photographs.	
  Furthermore,	
  a	
  higher	
  percent	
  of	
  transects	
  south	
  of	
  the	
  
compuerta	
  produced	
  visible	
  reflection	
  profiles	
  than	
  in	
  areas	
  investigated	
  north	
  of	
  the	
  compuerta.	
  
The	
  higher	
  visibility	
  among	
  grids	
  south	
  of	
  the	
  compuerta	
  suggests	
  that	
  there	
  is	
  higher	
  contrast	
  
among	
  the	
  strata	
  within	
  the	
  channel	
  fill	
  in	
  this	
  portion	
  of	
  the	
  feature.	
  This	
  is	
  consistent	
  with	
  the	
  
results	
  of	
  previous	
  archaeological	
  investigations,	
  which	
  revealed	
  the	
  acequia	
  in	
  profile	
  in	
  units	
  to	
  
the	
  north	
  and	
  south	
  of	
  the	
  compuerta.	
  The	
  profile	
  exposed	
  to	
  the	
  south	
  of	
  the	
  compuerta	
  showed	
  
distinct	
  fine-­‐grained	
  silt	
  lenses	
  up	
  to	
  4	
  cm	
  thick	
  that	
  appeared	
  to	
  delineate	
  two	
  use-­‐episodes.	
  The	
  
silt	
  lenses	
  defined	
  the	
  acequia	
  fill	
  within	
  the	
  surrounding	
  coarser-­‐grained	
  matrix.	
  The	
  profile	
  
exposed	
  in	
  the	
  unit	
  north	
  of	
  the	
  compuerta	
  contained	
  thin	
  silty	
  laminae,	
  but	
  was	
  much	
  less	
  
distinctly	
  defined	
  from	
  the	
  surrounding	
  sediments.	
  	
  

The	
  variation	
  in	
  acequia	
  stratigraphy	
  may	
  be	
  the	
  result	
  of	
  a	
  head	
  gate	
  within	
  the	
  compuerta	
  that	
  
slowed	
  or	
  stopped	
  the	
  flow	
  of	
  water	
  downstream	
  (or	
  north),	
  allowing	
  more	
  silt	
  and	
  clay	
  to	
  
accumulate	
  on	
  the	
  base	
  of	
  the	
  canal	
  upstream	
  (south)	
  of	
  the	
  compuerta.	
  	
  Additional	
  exposures	
  are	
  
needed	
  to	
  assess	
  this	
  hypothesis	
  and	
  account	
  for	
  all	
  of	
  the	
  factors	
  that	
  have	
  contributed	
  to	
  the	
  
variation	
  in	
  the	
  acequia	
  stratigraphy,	
  including	
  erosion	
  and	
  disturbance.	
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QUESTIONS FOR FURTHER STUDY 

	
  
While	
  the	
  results	
  of	
  the	
  GPR	
  study	
  provided	
  valuable	
  information	
  suggesting	
  the	
  acequia	
  is	
  buried	
  
and	
  in	
  better	
  condition	
  than	
  previously	
  thought,	
  additional	
  information	
  is	
  needed	
  to	
  confirm	
  and	
  
expand	
  on	
  the	
  findings.	
  While	
  remote	
  sensing	
  studies,	
  such	
  as	
  GPR,	
  provide	
  non-­‐destructive	
  
methods	
  for	
  data	
  collection,	
  ground-­‐truthing	
  of	
  the	
  location	
  and	
  an	
  in-­‐depth	
  analysis	
  of	
  the	
  
stratigraphy	
  associated	
  with	
  the	
  acequia	
  may	
  help	
  resolve	
  inconsistencies	
  among	
  the	
  GPR	
  data.	
  
Further	
  investigations	
  may	
  seek	
  to	
  address	
  questions	
  associated	
  with	
  practicalities	
  that	
  aid	
  in	
  
preservation	
  and	
  management	
  activities,	
  assess	
  the	
  condition,	
  and/or	
  examine	
  feature	
  attributes.	
  
Such	
  questions	
  may	
  include:	
  
	
  

1. Are	
  the	
  GPR	
  results	
  accurate	
  in	
  terms	
  of	
  the	
  location	
  of	
  the	
  alignment	
  and	
  the	
  depth	
  of	
  the	
  
channel	
  below	
  the	
  modern	
  ground	
  surface?	
  

2. What	
  conditions	
  account	
  for	
  the	
  variability	
  or	
  absence	
  of	
  detectable	
  geophysical	
  data?	
  
Similar	
  physical	
  properties	
  among	
  channel	
  deposits	
  and	
  the	
  surrounding	
  sediment?	
  
Significant	
  disturbance?	
  

3. Are	
  channel	
  deposits	
  intact?	
  If	
  so,	
  can	
  different	
  use-­‐episodes	
  be	
  identified?	
  
4. Are	
  different	
  sedimentation	
  patterns	
  identified	
  between	
  the	
  north	
  and	
  south	
  sides	
  of	
  the	
  

compuerta	
  consistent?	
  If	
  so,	
  are	
  such	
  patterns	
  the	
  result	
  of	
  intentional	
  water	
  control	
  
measures	
  such	
  as	
  a	
  head	
  gate	
  in	
  the	
  compuerta?	
  	
  

5. Are	
  channel	
  berms	
  intact?	
  If	
  so,	
  is	
  there	
  evidence	
  of	
  canal	
  maintenance?	
  
6. Is	
  the	
  acequia	
  alignment	
  identified	
  in	
  aerial	
  photographs	
  and	
  in	
  GPR	
  reflection	
  profiles	
  

associated	
  with	
  Mission-­‐period	
  construction	
  and	
  use?	
  Are	
  there	
  earlier	
  or	
  later	
  iterations	
  
that	
  reflect	
  different	
  generations	
  of	
  the	
  channel?	
  	
  

	
  
Further	
  analysis	
  of	
  the	
  acequia	
  stratigraphy	
  should	
  involve	
  a	
  geologist,	
  geomorphologist,	
  or	
  
geoarchaeologist	
  to	
  ensure	
  nuanced	
  microstrata	
  are	
  identified,	
  documented,	
  and	
  interpreted.	
  
Further	
  investigation	
  of	
  the	
  agricultural	
  landscape	
  associated	
  with	
  the	
  acequia	
  madre	
  may	
  yield	
  
information	
  that	
  informs	
  upon	
  the	
  larger	
  irrigation	
  system,	
  such	
  as	
  the	
  presence	
  of	
  lateral	
  canals.	
  	
  A	
  
more	
  in-­‐depth	
  understanding	
  of	
  the	
  feature’s	
  morphology	
  may	
  lead	
  to	
  supplementary	
  research	
  
questions,	
  such	
  as	
  whether	
  cultural	
  influences	
  on	
  the	
  technology	
  represented	
  can	
  be	
  identified.	
  A	
  
preliminary	
  research	
  design	
  for	
  further	
  archaeological	
  investigation	
  is	
  provided	
  in	
  Appendix	
  A.	
  	
  
	
  

	
  

	
  

	
  

	
  

 



	
  

 

 

 

 

 

 

 

 

PART THREE 

CONDITION ASSESSMENT 
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CONDITION ASSESSMENT 

The	
  following	
  section	
  describes	
  the	
  existing	
  conditions	
  of	
  the	
  extant	
  segment	
  of	
  the	
  acequia	
  madre	
  
that	
  is	
  visible	
  from	
  the	
  modern	
  ground	
  surface	
  (See	
  figure	
  3.1),	
  as	
  a	
  continuation	
  of	
  and	
  supplement	
  
to	
  the	
  preceding	
  discussion	
  on	
  the	
  overall	
  condition	
  of	
  the	
  acequia	
  over	
  the	
  past	
  75	
  to	
  80	
  years.	
  
While	
  a	
  large	
  portion	
  of	
  the	
  acequia	
  can	
  only	
  be	
  detected	
  through	
  excavation	
  or	
  remote	
  sensing	
  
methods,	
  the	
  extant	
  swale	
  and	
  compuerta	
  provide	
  a	
  tangible	
  sample	
  of	
  the	
  feature	
  that	
  can	
  easily	
  be	
  
assessed	
  from	
  the	
  modern	
  ground	
  surface.	
  As	
  such,	
  current	
  conditions,	
  deficiencies,	
  disturbance	
  
factors,	
  and	
  preservation	
  issues	
  can	
  be	
  more	
  readily	
  detected	
  and	
  addressed.	
  
	
  

	
  
Figure	
  3.1.	
  	
  Location	
  of	
  condition	
  assessment	
  (outlined	
  in	
  red).	
  

	
  
A	
  description	
  of	
  the	
  physical	
  features	
  associated	
  with	
  the	
  compuerta	
  and	
  swale	
  is	
  outlined,	
  along	
  
with	
  a	
  description	
  of	
  the	
  current	
  condition.	
  The	
  physical	
  condition	
  of	
  the	
  acequia	
  features	
  was	
  
determined	
  in	
  consultation	
  with	
  the	
  standardized	
  criteria	
  outlined	
  in	
  the	
  Preservation	
  and	
  
Management	
  Guidelines	
  for	
  Vanishing	
  Treasures	
  Resources	
  (Barrow	
  2009).	
  The	
  condition	
  of	
  each	
  
feature	
  or	
  section	
  of	
  the	
  acequia	
  is	
  described	
  as	
  Good,	
  Fair,	
  or	
  Poor.	
  The	
  criteria	
  for	
  the	
  condition	
  
description	
  are:	
  
	
  

Good	
  Condition:	
  The	
  site	
  (or	
  feature	
  within	
  the	
  site)	
  shows	
  no	
  clear	
  evidence	
  of	
  major	
  
negative	
  disturbance	
  and	
  deterioration	
  by	
  natural	
  and/or	
  human	
  forces.	
  The	
  site’s	
  
archaeological	
  values	
  remain	
  well	
  preserved,	
  and	
  no	
  site	
  treatment	
  actions	
  are	
  required	
  to	
  
maintain	
  its	
  condition.	
  

Fair	
  Condition:	
  The	
  site	
  (or	
  feature	
  within	
  the	
  site)	
  shows	
  clear	
  evidence	
  of	
  minor	
  
disturbance	
  and	
  deterioration	
  by	
  natural	
  and/or	
  human	
  forces	
  and	
  some	
  degree	
  of	
  
corrective	
  action	
  should	
  be	
  carried	
  out	
  fairly	
  soon	
  to	
  protect	
  the	
  site.	
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Poor	
  Condition:	
  The	
  site	
  (or	
  feature	
  within	
  the	
  site)	
  shows	
  clear	
  evidence	
  of	
  minor	
  
disturbance	
  and	
  rapid	
  deterioration	
  by	
  natural	
  and/or	
  human	
  forces	
  and	
  stable	
  immediate	
  
corrective	
  action	
  is	
  required	
  to	
  protect	
  and	
  preserve	
  the	
  site.	
  

ACEQUIA	
  SWALE	
  

While	
  a	
  majority	
  of	
  the	
  acequia	
  alignment	
  has	
  been	
  buried	
  primarily	
  by	
  land	
  modification	
  activities	
  
since	
  the	
  feature	
  was	
  abandoned	
  in	
  the	
  1930s,	
  a	
  segment	
  of	
  the	
  channel	
  is	
  visible	
  from	
  the	
  modern	
  
ground	
  surface	
  extending	
  both	
  north	
  and	
  south	
  from	
  the	
  compuerta.	
  The	
  current	
  surface	
  condition	
  
of	
  the	
  historic	
  acequia	
  swale	
  was	
  assessed	
  on	
  November	
  5,	
  2013,	
  with	
  additional	
  observations	
  
made	
  January	
  29,	
  2014	
  (see	
  Figure	
  3.2).	
  The	
  physical	
  assessment	
  consisted	
  of	
  general	
  observations	
  
and	
  documentation	
  of	
  existing	
  conditions	
  from	
  the	
  modern	
  ground	
  surface,	
  including	
  
measurements,	
  vegetation	
  encroachment,	
  and	
  evidence	
  of	
  disturbance.	
  The	
  integrity	
  of	
  
(potentially)	
  intact	
  channel	
  stratigraphy	
  was	
  not	
  assessed	
  at	
  this	
  time.	
  	
  	
  



	
  



	
  

	
  

	
  

Figure	
  3.2.	
  	
  Schematic	
  plan	
  map	
  of	
  compuerta	
  and	
  visible	
  swale.	
  	
  Deficiencies	
  and	
  preservation	
  issues	
  associated	
  with	
  the	
  swale	
  are	
  outlined.
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Physical	
  Description	
  
The	
  extant	
  swale	
  visible	
  at	
  the	
  modern	
  ground	
  surface	
  is	
  confined	
  to	
  the	
  area	
  immediately	
  
surrounding	
  the	
  compuerta	
  and	
  predominantly	
  extends	
  to	
  the	
  south.	
  The	
  swale	
  consists	
  of	
  the	
  
linear	
  earthen	
  canal	
  alignment	
  that	
  would	
  have	
  channeled	
  the	
  surface	
  flow	
  from	
  the	
  Santa	
  Cruz	
  
River	
  to	
  distribution	
  points	
  for	
  the	
  orchard	
  and	
  field	
  plots	
  before	
  curving	
  back	
  toward	
  the	
  main	
  
river	
  channel.	
  The	
  swale	
  is	
  aligned	
  roughly	
  north-­‐south	
  and	
  curves	
  toward	
  the	
  northwest	
  
immediately	
  south	
  of	
  the	
  compuerta.	
  	
  The	
  swale	
  extends	
  approximately	
  18	
  m	
  to	
  the	
  south	
  of	
  the	
  
compuerta	
  before	
  being	
  obscured	
  by	
  an	
  unpaved	
  road	
  bed.	
  The	
  southern	
  portion	
  of	
  the	
  swale	
  
ranges	
  from	
  1.5	
  m	
  to	
  2.5	
  m	
  in	
  width.2	
  The	
  widest	
  portion	
  of	
  the	
  swale	
  to	
  the	
  south	
  of	
  the	
  compuerta	
  
may	
  correlate	
  to	
  the	
  area	
  tested	
  by	
  Burton	
  in	
  1994.	
  The	
  increased	
  width	
  may	
  be	
  a	
  result	
  of	
  
mechanical	
  excavation	
  of	
  a	
  backhoe	
  trench	
  through	
  this	
  portion	
  of	
  the	
  swale	
  (Unit	
  6;	
  see	
  Figure	
  1.6	
  
and	
  1.7).	
  	
  
	
  
The	
  swale	
  extends	
  approximately	
  3	
  m	
  to	
  the	
  north	
  of	
  the	
  compuerta.	
  This	
  short	
  section	
  of	
  the	
  swale	
  
is	
  also	
  the	
  widest,	
  with	
  a	
  maximum	
  width	
  of	
  approximately	
  3.5	
  m.	
  The	
  width	
  of	
  the	
  swale	
  in	
  this	
  
corresponds	
  to	
  the	
  width	
  of	
  the	
  recessed	
  area	
  around	
  the	
  compuerta,	
  which	
  likely	
  represents	
  the	
  
limits	
  of	
  excavation	
  performed	
  by	
  NPS	
  personnel	
  in	
  1994	
  when	
  the	
  compuerta	
  was	
  re-­‐identified	
  
(see	
  Figure	
  1.8).	
  The	
  northern	
  end	
  of	
  the	
  extant	
  swale	
  was	
  likely	
  affected	
  by	
  the	
  excavations	
  that	
  
revealed	
  the	
  compuerta.	
  	
  

At	
  the	
  northern	
  terminus	
  of	
  the	
  existing	
  swale,	
  the	
  modern	
  ground	
  surface	
  is	
  mounded.	
  Within	
  this	
  
mounded	
  area,	
  small	
  brick	
  fragments	
  are	
  visible	
  from	
  the	
  surface.	
  The	
  mounded	
  dirt	
  may	
  represent	
  
secondary	
  fill	
  or,	
  more	
  likely,	
  back-­‐dirt	
  associated	
  with	
  investigation	
  of	
  the	
  feature	
  by	
  the	
  NPS,	
  
including	
  work	
  completed	
  by	
  Yubeta	
  and	
  Burton	
  in	
  1994.	
  An	
  additional	
  concentration	
  of	
  brick	
  
fragments	
  was	
  observed	
  on	
  the	
  east	
  side	
  of	
  the	
  swale	
  approximately	
  1.5	
  m	
  southeast	
  of	
  the	
  
compuerta,	
  which	
  may	
  have	
  been	
  reserved	
  from	
  excavated	
  fill.	
  	
  

While	
  the	
  acequia	
  swale	
  is	
  no	
  longer	
  actively	
  maintained,	
  the	
  convex	
  shape	
  provides	
  a	
  tangible	
  link	
  
to	
  the	
  former	
  conditions	
  of	
  the	
  buried	
  alignment	
  and	
  thus	
  acts	
  as	
  a	
  character-­‐defining	
  feature	
  of	
  the	
  
overall	
  alignment.	
  

Several	
  large	
  trees	
  and	
  shrubs	
  are	
  growing	
  along	
  the	
  banks	
  of	
  the	
  acequia	
  along	
  the	
  visible	
  section	
  
of	
  the	
  alignment,	
  including	
  mesquite,	
  hackberry,	
  and	
  catclaw	
  acacia.	
  There	
  are	
  patches	
  of	
  dense	
  
vegetation	
  along	
  the	
  edges	
  of	
  the	
  alignment,	
  with	
  smaller	
  shrubs	
  and	
  vines,	
  especially	
  along	
  the	
  
southeast	
  portion	
  of	
  the	
  extant	
  swale.	
  The	
  presence	
  of	
  dense	
  vegetation	
  along	
  the	
  edges	
  of	
  the	
  
acequia	
  alignment	
  is	
  representative	
  of	
  the	
  historic	
  conditions	
  of	
  the	
  feature,	
  illustrated	
  by	
  the	
  1936	
  
aerial	
  photo	
  showing	
  the	
  extent	
  of	
  the	
  feature	
  (Figure	
  2.1).	
  Bossler	
  and	
  Johnson	
  suggest	
  that	
  during	
  
the	
  colonial	
  period	
  “(t)rees,	
  commonly	
  cottonwood	
  (Populus	
  fremontii)	
  and	
  netleaf	
  hackberry	
  
(Celtis	
  reticulata),	
  were	
  likely	
  grown	
  along	
  these	
  acequias	
  for	
  shade	
  and	
  windbreaks,”	
  (2012:90).	
  
Thus,	
  the	
  alignment	
  of	
  vegetation	
  along	
  the	
  edges	
  of	
  the	
  acequia	
  can	
  be	
  considered	
  part	
  of	
  the	
  
landscape	
  historically	
  associated	
  with	
  the	
  acequia.	
  	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
2	
  The	
  measurements	
  recorded	
  for	
  the	
  swale	
  are	
  approximate.	
  The	
  measurements	
  were	
  taken	
  from	
  the	
  inner	
  edges	
  
of	
  the	
  berm	
  where	
  the	
  channel	
  reaches	
  maximum	
  height.	
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Located	
  just	
  off	
  of	
  a	
  paved	
  ADA-­‐accessible	
  trail,	
  the	
  swale	
  (along	
  with	
  the	
  compuerta)	
  functions	
  as	
  
an	
  interpretive	
  feature.	
  This	
  section	
  of	
  the	
  acequia	
  is	
  marked	
  with	
  a	
  small	
  sign	
  to	
  help	
  self-­‐guided	
  
visitors	
  locate	
  the	
  feature.	
  The	
  acequia	
  is	
  also	
  included	
  in	
  many	
  tours	
  given	
  by	
  the	
  Park	
  interpretive	
  
Staff.	
  

Overall	
  Condition	
  	
  
The	
  swale	
  is	
  currently	
  in	
  fair	
  condition.	
  The	
  feature	
  currently	
  does	
  not	
  appear	
  to	
  be	
  significantly	
  
impacted	
  by	
  depositional	
  or	
  erosional	
  processes.	
  Ephemeral	
  ground	
  cover	
  vegetation	
  contributes	
  to	
  
the	
  overall	
  stability	
  of	
  the	
  swale	
  and	
  berms,	
  holding	
  the	
  existing	
  top	
  soil	
  in	
  place,	
  mostly	
  with	
  
minimal	
  potential	
  for	
  root	
  disturbance.	
  Subsurface	
  deposits	
  and	
  feature	
  attributes	
  were	
  not	
  
assessed	
  for	
  their	
  condition	
  (as	
  in	
  stratigraphic	
  integrity,	
  degree	
  of	
  bioturbation,	
  etc.),	
  but	
  effects	
  of	
  
bioturbation	
  observed	
  from	
  the	
  surface	
  indicates	
  that	
  ongoing	
  moderate	
  impacts	
  could	
  be	
  
significantly	
  impacting	
  the	
  integrity	
  of	
  the	
  subsurface	
  deposits	
  over	
  time.	
  
	
  
Condition	
  Assessment	
  
Specific	
  condition	
  issues	
  were	
  identified	
  during	
  the	
  in-­‐field	
  assessment.	
  Definitions	
  for	
  the	
  
condition	
  assessment	
  terms	
  are	
  provided	
  in	
  the	
  table	
  below.	
  	
  
	
  
Condition	
  Term	
   Definition	
  
Vegetation	
  encroachment	
   Growth	
  of	
  plants	
  upon	
  or	
  within	
  historic	
  materials;	
  also	
  includes	
  

nearby	
  plants	
  with	
  potential	
  indirect	
  or	
  direct	
  effect	
  on	
  structural	
  or	
  
visual	
  integrity	
  

Disturbance	
   	
  
Rodent	
  disturbance	
   Removal,	
  redeposit,	
  or	
  destruction	
  of	
  historic	
  materials	
  due	
  to	
  

burrowing	
  rodents	
  
Insect	
  disturbance	
   Removal,	
  redeposit,	
  or	
  destruction	
  of	
  historic	
  materials	
  due	
  to	
  

burrowing	
  insects	
  
Excavation	
   Manual	
  or	
  mechanical	
  removal	
  of	
  historic	
  materials	
  

Additions/Modifications	
   Modification	
  of	
  the	
  material	
  that	
  does	
  not	
  necessary	
  imply	
  a	
  
worsening	
  of	
  its	
  characteristics	
  from	
  the	
  point	
  of	
  view	
  of	
  conservation	
  
(ICOMOS-­‐ISCS	
  2008:8)	
  

Table	
  3.1.	
  	
  Definitions	
  of	
  terms	
  used	
  in	
  the	
  condition	
  assessment	
  for	
  the	
  extant	
  swale.	
  

Vegetation	
  encroachment.	
  While	
  the	
  trees	
  along	
  the	
  edges	
  of	
  the	
  acequia	
  have	
  deeply	
  buried	
  root	
  
structures,	
  their	
  initial	
  growth	
  patterns	
  may	
  have	
  affected	
  the	
  acequia	
  stratigraphy.	
  Further,	
  the	
  
thick	
  understory	
  and	
  encroachment	
  of	
  saplings	
  and	
  shrubs	
  pose	
  a	
  threat	
  to	
  the	
  integrity	
  of	
  the	
  
buried	
  berms	
  and	
  channel	
  deposits.	
  The	
  stratigraphic	
  record	
  of	
  channel	
  use	
  and	
  maintenance	
  is	
  a	
  
critical	
  source	
  of	
  information	
  about	
  the	
  nature	
  of	
  the	
  acequia,	
  and	
  bioturbation	
  as	
  a	
  result	
  of	
  root	
  
growth	
  may	
  have	
  a	
  deleterious	
  effect	
  on	
  portions	
  of	
  the	
  buried	
  stratigraphy.	
  Numerous	
  large	
  
mesquite	
  trees	
  are	
  growing	
  along	
  the	
  swale,	
  as	
  well	
  as	
  smaller	
  shrubby	
  trees	
  such	
  as	
  catclaw	
  acacia.	
  
There	
  are	
  patches	
  of	
  dense	
  vegetation	
  along	
  the	
  acequia	
  banks,	
  especially	
  at	
  the	
  southeast	
  edge	
  of	
  
the	
  extant	
  swale.	
  
In	
  addition	
  to	
  the	
  threat	
  of	
  disturbance	
  due	
  to	
  root	
  activity,	
  the	
  thick	
  understory	
  that	
  has	
  
accumulated	
  in	
  the	
  vicinity	
  of	
  the	
  swale	
  reduces	
  the	
  feature’s	
  visibility	
  within	
  the	
  landscape.	
  The	
  
reduced	
  visibility	
  has	
  a	
  negative	
  effect	
  on	
  interpretation,	
  as	
  the	
  swale	
  is	
  less	
  “readable”	
  from	
  the	
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ground	
  surface	
  and	
  its	
  connection	
  to	
  other	
  features	
  on	
  the	
  landscape	
  (including	
  the	
  orchard)	
  is	
  
more	
  difficult	
  to	
  discern.	
  
	
  
The	
  mature	
  mesquite	
  trees,	
  however,	
  form	
  an	
  over	
  story	
  that	
  may	
  help	
  reduce	
  the	
  amount	
  of	
  
rainfall	
  exposure,	
  providing	
  a	
  beneficial	
  impact	
  on	
  the	
  feature.	
  	
  Limiting	
  the	
  amount	
  of	
  direct	
  
rainfall	
  on	
  the	
  swale	
  may	
  help	
  prevent	
  erosion.	
  	
  
	
  
Native	
  grasses	
  and	
  ephemeral	
  ground	
  cover	
  accumulate	
  within	
  the	
  swale,	
  flourishing	
  after	
  rains	
  
and	
  receding	
  during	
  dry	
  months.	
  The	
  accumulation	
  of	
  ground	
  cover	
  may	
  interrupt	
  the	
  visual	
  
integrity	
  and	
  increase	
  deposition	
  accumulated	
  from	
  storm	
  water	
  runoff.	
  However,	
  the	
  grass	
  cover	
  
reduces	
  erosion,	
  potentially	
  protecting	
  subsurface	
  stratigraphy	
  related	
  to	
  the	
  acequia.	
  	
  
	
  

	
  
Figure	
  3.3.	
  	
  Overview	
  of	
  vegetation	
  encroachment:	
  areas	
  of	
  heavy	
  vegetation	
  circled	
  in	
  dashed	
  line;	
  looking	
  
south	
  (photographed	
  January	
  29,	
  2014).	
  	
  

	
  
Rodent	
  and	
  insect	
  disturbance.	
  The	
  swale	
  shows	
  signs	
  of	
  active	
  rodent	
  and	
  insect	
  disturbance,	
  
especially	
  along	
  the	
  channel’s	
  berms.	
  Like	
  root	
  activity,	
  bioturbation	
  from	
  rodent	
  and	
  insect	
  activity	
  
can	
  significantly	
  affect	
  the	
  integrity	
  of	
  buried	
  archaeological	
  strata.	
  Rodent	
  activity	
  was	
  most	
  
notable	
  along	
  the	
  bermed	
  edges	
  of	
  the	
  extant	
  swale	
  during	
  the	
  November	
  2013	
  assessment,	
  while	
  a	
  
large	
  swath	
  of	
  fresh	
  rodent	
  activity	
  was	
  observed	
  running	
  through	
  the	
  channel	
  south	
  of	
  the	
  
compuerta	
  the	
  following	
  visit	
  in	
  January	
  2014.	
  Small,	
  localized	
  evidence	
  of	
  insect	
  activity	
  (likely	
  ant,	
  
cicada,	
  and/or	
  termite)	
  was	
  observed	
  on	
  the	
  ground	
  surface	
  during	
  both	
  visits,	
  but	
  surface	
  evidence	
  
burrowing	
  was	
  minimal	
  at	
  the	
  time	
  of	
  assessment.	
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Figure	
  3.4.	
  	
  Overview	
  of	
  rodent	
  disturbance;	
  areas	
  of	
  fresh	
  or	
  significant	
  activity	
  outlined	
  in	
  red	
  (photographed	
  
January	
  29,	
  2014).	
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Figure	
  3.5.	
  	
  Heavy	
  concentration	
  of	
  rodent	
  disturbance	
  south	
  within	
  the	
  swale	
  south	
  of	
  the	
  compuerta	
  
(photographed	
  January	
  29,	
  2014).	
  

	
  
Excavation.	
  As	
  mentioned	
  above,	
  NPS	
  personnel	
  investigated	
  the	
  acequia	
  in	
  1994,	
  uncovering	
  the	
  
compuerta	
  and	
  excavating	
  a	
  backhoe	
  trench	
  through	
  the	
  channel	
  alignment.	
  The	
  excavations	
  likely	
  
had	
  an	
  impact	
  on	
  the	
  condition	
  of	
  the	
  swale	
  in	
  localized	
  areas.	
  The	
  northern	
  end	
  of	
  the	
  swale	
  
appears	
  to	
  have	
  been	
  widened	
  during	
  excavation	
  of	
  the	
  compuerta	
  and	
  back-­‐dirt	
  piled	
  at	
  the	
  
northern	
  terminus	
  (see	
  Figure	
  3.6-­‐Schematic	
  Map).	
  Approximately	
  7	
  m	
  south	
  of	
  the	
  compuerta,	
  the	
  
swale	
  widens	
  and	
  the	
  eastern	
  edge	
  dips	
  for	
  a	
  length	
  of	
  3	
  m	
  to	
  nearly	
  the	
  same	
  elevation	
  as	
  the	
  base	
  
of	
  the	
  extant	
  channel	
  (see	
  Schematic	
  Map).	
  The	
  presence	
  of	
  several	
  rebar	
  datum	
  stakes	
  in	
  the	
  
immediate	
  vicinity	
  of	
  this	
  portion	
  of	
  the	
  swale	
  suggests	
  that	
  this	
  may	
  be	
  the	
  location	
  of	
  the	
  backhoe	
  
trench	
  (Unit	
  6;	
  Figures	
  1.6	
  and	
  1.7)	
  from	
  Burton’s	
  1994	
  investigations	
  or	
  references	
  for	
  the	
  2013	
  
GPR	
  survey.	
  The	
  full	
  extent	
  of	
  impacts	
  on	
  the	
  acequia	
  stemming	
  from	
  this	
  investigation	
  is	
  not	
  clear,	
  
in	
  the	
  absence	
  of	
  a	
  report	
  of	
  its	
  methods,	
  procedures,	
  and	
  findings.	
  	
  
	
  
NPS	
  Additions/Modifications.	
  An	
  approximately	
  2.5	
  m	
  wide	
  concrete	
  path	
  has	
  been	
  paved	
  over	
  the	
  
acequia	
  alignment	
  10.5	
  m	
  north	
  of	
  the	
  compuerta.	
  	
  Archaeological	
  testing	
  prior	
  to	
  the	
  construction	
  
of	
  the	
  path	
  showed	
  that	
  the	
  acequia	
  alignment	
  in	
  this	
  location	
  is	
  extremely	
  shallow	
  and	
  the	
  top	
  
portion	
  of	
  the	
  feature	
  was	
  likely	
  adversely	
  affected	
  during	
  construction	
  of	
  the	
  concrete	
  path.	
  
Furthermore,	
  the	
  concrete	
  path	
  interrupts	
  the	
  visually	
  linear	
  nature	
  of	
  the	
  feature.	
  Additionally,	
  a	
  
dirt	
  road	
  trace	
  has	
  been	
  constructed	
  over	
  the	
  acequia	
  alignment	
  south	
  of	
  the	
  compuerta,	
  further	
  
obscuring	
  the	
  linear	
  feature.	
  The	
  addition	
  of	
  Park	
  infrastructure,	
  including	
  a	
  6-­‐inch	
  water	
  line	
  and	
  a	
  
buried	
  fire	
  pump	
  control	
  cable,	
  may	
  have	
  damaged	
  buried	
  portions	
  of	
  the	
  acequia	
  (see	
  Figure	
  3.6).	
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Figure	
  3.6.	
  Schematic	
  map	
  of	
  Park	
  utility	
  infrastructure	
  produced	
  in	
  2001.	
  Note	
  existing	
  6-­‐inch	
  waterline	
  and	
  
underground	
  fore	
  pump	
  control	
  cable	
  in	
  vicinity	
  of	
  acequia	
  alignment	
  (NPS	
  TNHP	
  Archives).	
  	
  

	
  

COMPUERTA	
  

The	
  condition	
  of	
  the	
  compuerta	
  was	
  assessed	
  on	
  November	
  19,	
  2013.	
  The	
  narrative	
  that	
  follows	
  
describes	
  the	
  preservation	
  issues	
  observed	
  during	
  the	
  condition	
  assessment,	
  which	
  were	
  also	
  
recorded	
  visually	
  as	
  color-­‐coded	
  annotations	
  on	
  photomontage	
  images.	
  The	
  original	
  annotated	
  
photomontages	
  are	
  on	
  file	
  with	
  TNHP	
  and	
  digitized	
  copies	
  are	
  included	
  below.	
  	
  	
  
	
  
Physical	
  Description	
  
The	
  compuerta	
  is	
  composed	
  of	
  two	
  brick	
  and	
  mortar	
  walls,	
  spaced	
  1.2	
  m	
  apart,	
  that	
  run	
  northwest	
  
to	
  southeast.	
  The	
  walls	
  are	
  constructed	
  of	
  fired	
  bricks	
  that	
  are	
  of	
  uniform	
  dimensions	
  (12’	
  in	
  length,	
  
5.5’	
  in	
  width,	
  and	
  3’	
  in	
  height)	
  up	
  to	
  6	
  courses	
  in	
  height.	
  The	
  bricks	
  are	
  set	
  with	
  bedding	
  mortar	
  
composed	
  of	
  lime	
  tempered	
  with	
  coarse	
  volcanic	
  sands.	
  The	
  inner	
  surface	
  of	
  the	
  brick	
  walls	
  and	
  
base	
  of	
  the	
  compuerta	
  are	
  finished	
  with	
  lime	
  plaster.	
  The	
  exterior	
  surface	
  of	
  the	
  plaster	
  was	
  
finished	
  with	
  a	
  light	
  wash,	
  resulting	
  in	
  the	
  light	
  reddish	
  to	
  pink	
  hue	
  on	
  the	
  surface.	
  A	
  majority	
  of	
  the	
  
remaining	
  plaster	
  finish	
  is	
  preserved	
  at	
  the	
  base	
  of	
  the	
  walls	
  with	
  inner	
  surface	
  of	
  the	
  upper	
  two	
  to	
  
three	
  brick	
  courses	
  mostly	
  exposed.	
  	
  
	
  
Petrographic	
  analysis	
  of	
  the	
  plaster	
  and	
  mortar	
  samples,	
  performed	
  by	
  Meadors,	
  Inc.	
  in	
  2012,	
  
concluded	
  that	
  both	
  materials	
  are	
  composed	
  of	
  similar	
  proportions	
  of	
  lime	
  and	
  volcanic	
  sand	
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aggregate	
  temper.	
  Brick	
  dust	
  was	
  identified	
  on	
  the	
  exterior	
  surface	
  of	
  the	
  plaster,	
  indicating	
  it	
  had	
  
been	
  applied	
  as	
  part	
  of	
  a	
  surface	
  wash.	
  This	
  surface	
  treatment	
  may	
  have	
  added	
  to	
  the	
  hydraulicity	
  
and	
  strength	
  of	
  the	
  plaster	
  at	
  the	
  surface,	
  rather	
  than	
  specifically	
  for	
  aesthetic	
  value.	
  	
  	
  
Approximately	
  5%	
  of	
  the	
  volcanic	
  sand	
  aggregate	
  temper	
  was	
  composed	
  of	
  siliceous	
  fines	
  which	
  
appears	
  to	
  have	
  added	
  to	
  the	
  pozzolanic	
  strength	
  of	
  both	
  the	
  mortar	
  and	
  plaster;	
  it	
  is	
  unclear	
  
whether	
  the	
  fines	
  were	
  originally	
  part	
  of	
  the	
  sand	
  aggregate	
  or	
  intentionally	
  added	
  to	
  enhance	
  
strength.	
  While	
  the	
  tendency	
  of	
  volcanic	
  aggregates	
  to	
  dissolve	
  in	
  highly	
  alkaline	
  materials	
  suggests	
  
that	
  there	
  would	
  be	
  a	
  pozzolanic	
  reaction	
  with	
  lime,	
  the	
  plaster	
  had	
  a	
  higher	
  than	
  normal	
  
compression	
  strength,	
  suggesting	
  further	
  reaction	
  beyond	
  lime	
  carbonization.	
  	
  The	
  full	
  report	
  
documenting	
  the	
  materials	
  testing	
  and	
  analysis	
  is	
  included	
  in	
  Appendix	
  C.	
  
	
  
The	
  brick	
  walls	
  protrude	
  inward	
  on	
  the	
  northern	
  end,	
  creating	
  a	
  weir	
  that	
  originally	
  constricted	
  the	
  
width	
  of	
  the	
  channel	
  to	
  approximately	
  40	
  cm.	
  The	
  bottom	
  floor	
  surface	
  of	
  the	
  compuerta,	
  between	
  
the	
  two	
  walls,	
  is	
  prepared	
  with	
  smoothed	
  hydraulic	
  lime	
  plaster.	
  A	
  majority	
  of	
  the	
  floor	
  surface	
  is	
  
recessed,	
  sloping	
  downward	
  7	
  cm	
  at	
  the	
  southern	
  end	
  and	
  rising	
  back	
  up	
  to	
  the	
  original	
  elevation	
  at	
  
the	
  northern	
  end	
  of	
  the	
  feature	
  (see	
  Figure	
  3.7).	
  
	
  
An	
  additional	
  column	
  of	
  bricks	
  extends	
  the	
  northwest	
  end	
  of	
  the	
  compuerta.	
  In	
  a	
  1994	
  plan	
  of	
  the	
  
compuerta	
  produced	
  shortly	
  after	
  it	
  was	
  exposed,	
  several	
  large	
  rocks	
  were	
  noted	
  flanking	
  the	
  
channel	
  immediately	
  north	
  of	
  the	
  compuerta.	
  Only	
  one	
  such	
  rock	
  was	
  visible	
  from	
  the	
  modern	
  
ground	
  surface	
  during	
  the	
  current	
  condition	
  assessment,	
  on	
  the	
  west	
  side	
  of	
  the	
  channel.	
  	
  
	
  

	
  
Figure	
  3.7.	
  	
  Stylized	
  plan	
  and	
  cross-­‐section	
  of	
  compuerta,	
  showing	
  the	
  basic	
  feature	
  form	
  (from	
  Moss	
  
2006:21).	
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Overall	
  Condition	
  
The	
  compuerta	
  is	
  currently	
  in	
  fair	
  condition.	
  Based	
  on	
  photographs	
  taken	
  shortly	
  after	
  it	
  was	
  
exposed	
  in	
  1994,	
  the	
  compuerta	
  has	
  experienced	
  minor	
  material	
  loss.	
  	
  However,	
  there	
  are	
  
structural	
  issues	
  associated	
  with	
  movement,	
  which	
  may	
  be	
  exacerbated	
  by	
  vegetation	
  
encroachment	
  and	
  lateral	
  pressure	
  from	
  accumulating	
  sediment	
  along	
  the	
  compuerta	
  walls.	
  Despite	
  
the	
  preservation	
  issues	
  outlined	
  below,	
  the	
  structure	
  retains	
  a	
  high	
  degree	
  of	
  integrity	
  and	
  is	
  able	
  to	
  
convey	
  its	
  historical	
  form	
  and	
  function.	
  	
  
	
  
Condition	
  Assessment	
  
Specific	
  condition	
  issues	
  were	
  identified	
  during	
  the	
  in-­‐field	
  assessment.	
  Definitions	
  for	
  the	
  
condition	
  assessment	
  terms	
  are	
  provided	
  in	
  the	
  table	
  below.	
  	
  
	
  
Preservation	
  Deficiency	
  
Term	
  

Definition	
  

Structural	
  Issues	
   	
  
Crack/Fracture	
   Individual	
  fissure,	
  clearly	
  visible	
  by	
  the	
  naked	
  eye,	
  resulting	
  from	
  

separation	
  of	
  one	
  part	
  from	
  another	
  (ICOMOS-­‐ISCS	
  2008:10).	
  Cracks	
  
can	
  range	
  from	
  hairline	
  (less	
  than	
  0.1	
  mm)	
  to	
  fractures	
  (which	
  run	
  
completely	
  through	
  element).	
  	
  

Open	
  joint	
   Joint	
  of	
  two	
  distinct	
  structural	
  elements	
  that	
  has	
  lost	
  the	
  formerly	
  
binding	
  or	
  adhesive	
  agent,	
  resulting	
  in	
  loss	
  of	
  structural	
  integrity	
  

Displacement	
   Movement	
  of	
  element	
  or	
  portion	
  of	
  structure	
  from	
  original	
  location	
  
due	
  to	
  external	
  forces	
  (i.e.	
  pressure	
  from	
  surrounding	
  sediment	
  )	
  

Material	
  Loss	
   	
  
Complete	
  loss	
  of	
  material	
   Empty	
  space,	
  obviously	
  located	
  in	
  the	
  place	
  of	
  some	
  formerly	
  existing	
  

element	
  that	
  is	
  now	
  completely	
  lost	
  (ICOMOS-­‐ISCS	
  2008:36)	
  
Spalling	
   Complete	
  detachment	
  of	
  materials	
  due	
  to	
  surface	
  bursting	
  or	
  scaling;	
  

spalling	
  may	
  be	
  a	
  result	
  of	
  pressure	
  from	
  underlying	
  efflorescence	
  
Chipping	
   Loss	
  of	
  original	
  material	
  from	
  the	
  edge	
  or	
  surface	
  due	
  to	
  human	
  

action.	
  	
  	
  
Erosion	
   Loss	
  of	
  original	
  surface,	
  leading	
  to	
  smoothed	
  shapes	
  (ICOMOS-­‐ISCS	
  

2008:30)	
  Erosion	
  includes	
  the	
  loss	
  of	
  matrix	
  within	
  the	
  bricks	
  or	
  plaster	
  
coating	
  

Vegetation	
  encroachment	
   Growth	
  of	
  plants	
  upon	
  or	
  within	
  historic	
  materials;	
  also	
  includes	
  
nearby	
  plants	
  with	
  potential	
  indirect	
  or	
  direct	
  effect	
  on	
  structural	
  or	
  
visual	
  integrity	
  

Loose	
  materials	
   	
  
Detachment	
   General	
  term	
  to	
  describe	
  the	
  separation	
  of	
  an	
  element	
  from	
  structure	
  

due	
  to	
  an	
  unknown	
  cause;	
  contributing	
  forces	
  may	
  include	
  structural	
  
fracturing,	
  erosion	
  of	
  materials	
  or	
  disturbance	
  	
  

Spalling	
  	
   Loss	
  of	
  material	
  integrity	
  due	
  to	
  partial	
  surface	
  bursting	
  or	
  scaling;	
  
spalling	
  may	
  be	
  a	
  result	
  of	
  pressure	
  from	
  underlying	
  efflorescence	
  	
  

Discoloration/Staining	
   Change	
  in	
  color	
  of	
  historic	
  materials	
  at	
  surface	
  and/or	
  within	
  the	
  
matrix	
  due	
  to	
  accumulation	
  of	
  exogenic	
  material	
  (ICOMOS-­‐ISCS	
  
2008:44).	
  Dampness,	
  salt	
  efflorescence,	
  and	
  soiling	
  may	
  contribute	
  to	
  
discoloration.	
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Bio-­‐organic	
  growth	
   	
  

Lichen	
   “Vegetal	
  organism	
  forming	
  rounded	
  millimetric	
  to	
  centimetric	
  crusty	
  
or	
  bushy	
  patches,	
  often	
  having	
  a	
  leathery	
  appearance,	
  growing	
  
generally	
  on	
  outside	
  parts	
  of	
  a	
  building.	
  Lichen	
  are	
  most	
  commonly	
  
grey,	
  yellow,	
  orange,	
  green	
  or	
  black	
  and	
  show	
  no	
  differentiation	
  into	
  
stem,	
  root	
  and	
  leaf”	
  (ICOMOs-­‐ISCS	
  2008:68)	
  	
  

Moss	
   “Vegetal	
  organism	
  forming	
  small,	
  soft	
  and	
  green	
  cushions	
  of	
  
centimetric	
  size.	
  Mosses	
  look	
  generally	
  like	
  dense	
  micro-­‐leaves	
  (sub-­‐	
  to	
  
millimetric	
  size)	
  tightly	
  packed	
  together.	
  Mosses	
  often	
  grow	
  on	
  stone	
  
surface	
  open	
  cavities,	
  cracks,	
  and	
  in	
  any	
  place	
  permanently	
  or	
  
frequently	
  wet	
  (masonry	
  joints),	
  and	
  usually	
  shady”	
  (ICOMOS-­‐ISCS	
  
2008:70)	
  

Additions/Modification	
   	
  
Repair	
   Addition	
  of	
  non-­‐historic	
  materials	
  to	
  improve	
  or	
  retain	
  structural	
  

integrity;	
  may	
  affect	
  visual	
  integrity	
  
Table	
  3.2.	
  	
  Definitions	
  of	
  preservation	
  deficiency	
  terms	
  used	
  in	
  the	
  condition	
  assessment	
  for	
  the	
  compuerta.	
  



	
  	
  

	
  

	
  



	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure	
  3.8.	
  	
  Annotated	
  photomontage	
  illustrating	
  comprehensive	
  condition	
  assessment	
  evaluation	
  for	
  the	
  east	
  compuerta	
  wall.





	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

	
  

Figure	
  3.9.	
  	
  IAnnotated	
  photomontage	
  showing	
  comprehensive	
  condition	
  assessment	
  evaluation	
  for	
  the	
  west	
  compuerta	
  wall.	
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Structural	
  Issues.	
  Several	
  structural	
  cracks	
  were	
  observed	
  in	
  both	
  east	
  and	
  west	
  walls	
  (Figure	
  3.10,	
  
3.11,	
  and	
  3.12).	
  The	
  most	
  severe	
  cracking	
  in	
  both	
  walls	
  was	
  located	
  near	
  the	
  southern	
  ends	
  where	
  
the	
  wall	
  begins	
  to	
  taper	
  toward	
  the	
  swale.	
  An	
  open	
  joint	
  has	
  resulted	
  in	
  separation	
  of	
  the	
  wall	
  
extension	
  forming	
  the	
  western	
  half	
  of	
  the	
  weir	
  from	
  the	
  west	
  wall	
  in	
  the	
  northwest	
  corner	
  of	
  the	
  
feature	
  (Figure	
  3.13).	
  	
  

Slight	
  displacement	
  of	
  the	
  southern	
  end	
  of	
  the	
  eastern	
  wall	
  was	
  noted,	
  with	
  movement	
  of	
  this	
  
section	
  of	
  wall	
  toward	
  the	
  west.	
  The	
  displacement	
  may	
  be	
  a	
  result	
  of	
  disturbance	
  factors	
  such	
  as	
  
root	
  encroachment	
  (Figure	
  3.14).	
  	
  

	
  
	
  

Figure	
  3.10.	
  Structural	
  cracks	
  in	
  southern	
  ends	
  of	
  both	
  east	
  and	
  west	
  compuerta	
  walls	
  (traced	
  in	
  red);	
  note	
  
vegetation	
  encroachment	
  in	
  cracks	
  (see	
  detail	
  in	
  Figure	
  3.9)	
  (photographed	
  November	
  19,	
  2013).	
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Figure	
  3.11.	
  Structural	
  crack	
  in	
  southern	
  end	
  of	
  west	
  wall;	
  vegetation	
  encroachment	
  within	
  crack	
  
(photographed	
  November	
  19,	
  2014).	
  

	
  

	
  
Figure	
  3.12.	
  Structural	
  crack	
  in	
  north	
  east	
  corner	
  of	
  compuerta.	
  	
  Note	
  root	
  in	
  the	
  gap	
  of	
  the	
  bedding	
  mortar	
  
(photographed	
  November	
  19,	
  2014).	
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Figure	
  3.13.	
  Detail	
  of	
  open	
  joint	
  between	
  the	
  west	
  wall	
  of	
  the	
  compuerta	
  and	
  the	
  west	
  half	
  of	
  the	
  weir	
  at	
  the	
  
northern	
  end	
  of	
  the	
  feature.	
  	
  Note	
  vegetation	
  encroachment	
  within	
  gap	
  (photographed	
  November	
  19,	
  2013).	
  

	
  

	
  
Figure	
  3.14.	
  Detail	
  of	
  southern	
  end	
  of	
  east	
  wall	
  with	
  displacement	
  of	
  section	
  of	
  wall	
  toward	
  the	
  west	
  
(photographed	
  November	
  19,	
  2013).	
  

	
  
Material	
  Loss.	
  On	
  both	
  east	
  and	
  west	
  walls,	
  at	
  least	
  one	
  course	
  of	
  bricks	
  has	
  been	
  completely	
  lost,	
  as	
  
indicated	
  by	
  remaining	
  brick	
  joint	
  imprints	
  in	
  the	
  mortar	
  along	
  the	
  top	
  surface	
  of	
  the	
  walls	
  (Figure	
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3.15).	
  Several	
  sections	
  of	
  both	
  walls	
  have	
  lost	
  portions	
  of	
  lower	
  brick	
  course	
  as	
  well.	
  Portions	
  of	
  
additional	
  bricks	
  within	
  the	
  upper	
  courses	
  of	
  both	
  walls	
  have	
  been	
  lost	
  to	
  chipping,	
  erosion	
  or	
  melt,	
  
and	
  spalling	
  (Figures	
  3.16	
  and	
  3.17).	
  	
  
	
  
A	
  portion	
  of	
  the	
  wall	
  extension	
  forming	
  the	
  western	
  half	
  of	
  the	
  weir	
  at	
  the	
  northern	
  end	
  of	
  the	
  
compuerta	
  has	
  been	
  lost.	
  The	
  eastern	
  half	
  of	
  the	
  weir	
  is	
  better	
  preserved,	
  providing	
  a	
  general	
  idea	
  
of	
  the	
  extant	
  of	
  the	
  loss	
  (Figure	
  3.18).	
  	
  
	
  
The	
  top	
  portion	
  of	
  the	
  plaster	
  finish	
  has	
  eroded,	
  leaving	
  the	
  inner	
  surface	
  of	
  the	
  top	
  two	
  to	
  three	
  
courses	
  of	
  bricks	
  exposed	
  (Figure	
  3.19).	
  	
  
	
  
Cracking	
  within	
  the	
  bedding	
  mortar	
  has	
  resulted	
  in	
  localized	
  material	
  losses	
  between	
  the	
  brick	
  
joints	
  (Figure	
  3.20).	
  Brick	
  and	
  mortar	
  fragments	
  associated	
  with	
  the	
  compuerta	
  are	
  piled	
  in	
  two	
  
areas,	
  which	
  may	
  represent	
  both	
  recent	
  losses	
  (Figure	
  3.21)	
  and	
  loose	
  materials	
  that	
  were	
  found	
  
during	
  the	
  initial	
  excavation	
  that	
  uncovered	
  the	
  compuerta	
  in	
  1994	
  (Figure	
  3.22).	
  
	
  
The	
  majority	
  of	
  the	
  material	
  loss,	
  including	
  the	
  lost	
  courses	
  of	
  bricks,	
  appears	
  to	
  have	
  occurred	
  
prior	
  to	
  1994.	
  	
  
	
  

	
  
Figure	
  3.15.	
  	
  Evidence	
  of	
  lost	
  course	
  of	
  bricks	
  at	
  top	
  of	
  compuerta	
  walls,	
  indicated	
  by	
  brick	
  impressions	
  in	
  
bedding	
  mortar	
  (photographed	
  November	
  19,	
  2014).	
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Figure	
  3.16.	
  	
  Detail	
  of	
  spalled	
  surface	
  on	
  brick,	
  east	
  wall	
  of	
  compuerta	
  (photographed	
  November	
  19,	
  2013).	
  	
  

	
  
	
  

	
  
Figure	
  3.17.	
  	
  Plan	
  view	
  of	
  spalled	
  brick,	
  showing	
  extant	
  of	
  material	
  loss	
  (photographed	
  November	
  19,	
  2013).	
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Figure	
  3.18.	
  	
  Material	
  loss	
  on	
  western	
  portion	
  of	
  weir	
  at	
  northern	
  end	
  of	
  compuerta.	
  	
  Estimated	
  extant	
  of	
  
original	
  material	
  lost	
  outlined	
  in	
  red	
  (photographed	
  facing	
  west,	
  November	
  19,	
  2013).	
  	
  

	
  

	
  
Figure	
  3.19.	
  	
  Plaster	
  finish	
  on	
  the	
  interior	
  surface	
  of	
  the	
  compuerta	
  has	
  spalled	
  and	
  eroded	
  (photographed	
  
November	
  19,	
  2013).	
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Figure	
  3.20.	
  	
  North	
  end	
  of	
  east	
  compuerta	
  wall	
  showing	
  mortar	
  loss	
  within	
  brick	
  joints,	
  outlined	
  in	
  red	
  
(photograph	
  facing	
  northeast,	
  November	
  19,	
  2013).	
  

	
  
	
  

	
  
Figure	
  3.21.	
  	
  Bedding	
  mortar	
  fragments	
  piled	
  near	
  the	
  eastern	
  wall	
  of	
  the	
  compuerta	
  (photograph	
  facing	
  east,	
  
November	
  19,	
  2013).	
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Figure	
  3.22.	
  	
  Brick	
  and	
  bedding	
  mortar	
  fragments	
  piled	
  to	
  the	
  southeast	
  of	
  the	
  compuerta	
  (photograph	
  facing	
  
east,	
  November	
  19,	
  2013).	
  	
  

	
  
Vegetation	
  Encroachment.	
  Small	
  shrubs	
  are	
  growing	
  in	
  several	
  of	
  the	
  structural	
  cracks,	
  especially	
  at	
  
the	
  north	
  and	
  south	
  ends	
  of	
  the	
  walls	
  (Figure	
  3.11).	
  The	
  vegetation	
  growth	
  and	
  associated	
  root	
  
structures	
  are	
  likely	
  exacerbating	
  the	
  structural	
  movement	
  associated	
  with	
  the	
  cracks.	
  
A	
  large	
  root	
  was	
  observed	
  within	
  a	
  gap	
  in	
  the	
  bedding	
  mortar	
  between	
  bricks	
  in	
  northeast	
  potion	
  of	
  
the	
  compuerta;	
  the	
  root	
  appeared	
  to	
  have	
  been	
  cut	
  back	
  as	
  part	
  of	
  vegetation	
  maintenance	
  
associated	
  with	
  the	
  feature	
  (Figure	
  3.12).	
  	
  
	
  
Loose	
  Materials.	
  The	
  remaining	
  lime	
  plaster	
  finish	
  on	
  the	
  bricks	
  shows	
  evidence	
  of	
  spalling	
  with	
  
two	
  loose	
  sections	
  of	
  plaster	
  near	
  the	
  center	
  of	
  the	
  east	
  wall	
  (Figure	
  3.23).	
  Spalls	
  are	
  likely	
  a	
  result	
  
of	
  efflorescence	
  in	
  the	
  underlying	
  bricks	
  or	
  repeated	
  wetting	
  and	
  drying	
  cycles.	
  	
  
	
  
The	
  corner	
  brick	
  at	
  the	
  northwestern	
  edge	
  of	
  the	
  compuerta	
  is	
  loose	
  due	
  to	
  detachment	
  of	
  mortar	
  
and	
  can	
  be	
  easily	
  removed	
  from	
  its	
  original	
  location	
  (Figure	
  3.24).	
  Samples	
  from	
  the	
  bedding	
  
mortar	
  were	
  taken	
  from	
  this	
  location	
  for	
  material	
  analysis	
  testing	
  by	
  Meadors	
  Conservation	
  
Laboratory	
  in	
  2012-­‐2013	
  (see	
  Material	
  Analysis	
  in	
  Appendix	
  C).	
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Figure	
  3.23.	
  	
  Spalling	
  plaster	
  near	
  center	
  of	
  the	
  east	
  compuerta	
  wall	
  (photograph	
  facing	
  east,	
  November	
  19,	
  
2013).	
  	
  

	
  

	
  
Figure	
  3.24.	
  	
  Loose	
  brick	
  at	
  northwest	
  corner	
  of	
  compuerta,	
  outlined	
  in	
  red	
  (photograph	
  facing	
  southeast,	
  
November	
  19,	
  2013).	
  	
  

	
  
Discoloration/	
  staining.	
  Further	
  evidence	
  of	
  prolonged	
  water	
  exposure	
  was	
  observed	
  at	
  the	
  base	
  of	
  
both	
  compuerta	
  walls.	
  The	
  plastered	
  surface	
  at	
  the	
  base	
  of	
  the	
  walls	
  exhibits	
  discoloration	
  from	
  soil	
  
and	
  salt	
  deposits,	
  likely	
  due	
  to	
  water	
  pooling	
  in	
  the	
  depressed	
  portion	
  of	
  the	
  compuerta	
  floor	
  
(Figure	
  3.25).	
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Bio-­‐organic	
  Growth.	
  A	
  light,	
  patchy	
  layer	
  of	
  lichen	
  has	
  developed	
  on	
  the	
  exposed	
  surface	
  of	
  the	
  
bricks	
  and	
  bedding	
  mortar.	
  The	
  lichen	
  ranges	
  from	
  black	
  to	
  gray-­‐green	
  in	
  color	
  and	
  is	
  most	
  
prevalent	
  at	
  the	
  northern	
  end	
  of	
  the	
  feature	
  (Figure	
  3.26).	
  	
  Green,	
  moss-­‐like	
  biological	
  growth	
  was	
  
observed	
  at	
  the	
  base	
  of	
  the	
  compuerta	
  walls,	
  which	
  coincided	
  with	
  discoloration	
  of	
  the	
  plaster	
  
surface.	
  The	
  moss-­‐like	
  growth	
  indicates	
  prolonged	
  damp	
  conditions	
  due	
  to	
  water	
  accumulating	
  in	
  
the	
  compuerta.	
  
	
  	
  

	
  
Figure	
  3.25.	
  Overview	
  of	
  discoloration	
  at	
  base	
  of	
  west	
  wall	
  highlighted	
  in	
  red	
  (photograph	
  looking	
  south,	
  
November	
  19,	
  2013)	
  

	
  

. 	
  
Figure	
  3.26.	
  Detail	
  of	
  bio-­‐organic	
  growth	
  on	
  the	
  surface	
  of	
  brick	
  and	
  bedding	
  mortar	
  of	
  west	
  wall	
  (photograph	
  
November	
  19,	
  2013).	
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NPS	
  Repairs.	
  	
  A	
  hydraulic	
  lime	
  plaster	
  coating	
  was	
  added	
  in	
  2010	
  on	
  the	
  southern	
  end	
  of	
  the	
  east	
  
wall,	
  capping	
  the	
  top	
  surface	
  of	
  the	
  wall	
  as	
  it	
  curves	
  down	
  toward	
  the	
  ground	
  surface.	
  	
  The	
  plaster	
  
coating	
  was	
  added	
  as	
  a	
  test	
  to	
  evaluate	
  the	
  material	
  and	
  its	
  effects	
  on	
  the	
  historic	
  fabric	
  of	
  the	
  
compuerta.	
  The	
  test	
  material	
  is	
  composed	
  of	
  St.	
  Astier	
  3.5	
  moderately	
  hydraulic	
  lime	
  (Jeremy	
  Moss,	
  
personal	
  communication,	
  April	
  2014).	
  
	
  

	
  
Figure	
  3.27.	
  Natural	
  hydraulic	
  lime	
  plaster	
  test	
  material	
  at	
  southern	
  end	
  of	
  east	
  compuerta	
  wall	
  (photograph	
  
looking	
  north	
  November	
  19,	
  2013)	
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PRESERVATION MAINTENANCE 

The	
  following	
  section	
  outlines	
  general	
  recommendations	
  and	
  specific	
  treatments	
  for	
  the	
  
preservation	
  maintenance	
  of	
  the	
  existing	
  surface	
  features	
  associated	
  with	
  the	
  acequia.	
  Treatments	
  
have	
  been	
  developed	
  in	
  consultation	
  with	
  Park	
  management	
  policies	
  and	
  priorities,	
  outlined	
  in	
  
planning	
  documents	
  such	
  as	
  the	
  General	
  Management	
  Plan.	
  The	
  treatment	
  recommendations	
  are	
  
designed	
  to	
  encourage	
  stabilization	
  and	
  in	
  situ	
  preservation	
  of	
  historic	
  materials,	
  as	
  outlined	
  by	
  the	
  
Secretary	
  of	
  the	
  Interior’s	
  Standards	
  and	
  Guidelines	
  for	
  the	
  Treatment	
  of	
  Historic	
  Properties.	
  
Preservation,	
  generally	
  using	
  the	
  least	
  intrusive	
  methods,	
  is	
  the	
  preferred	
  intervention	
  for	
  both	
  the	
  
compuerta	
  and	
  the	
  swale.	
  	
  The	
  Secretary	
  of	
  the	
  Interior	
  defines	
  preservation	
  as:	
  

The	
  act	
  or	
  process	
  of	
  applying	
  measures	
  necessary	
  to	
  sustain	
  the	
  existing	
  form,	
  integrity	
  
and	
  materials	
  of	
  a	
  historic	
  property.	
  Work,	
  including	
  preliminary	
  measures	
  to	
  protect	
  and	
  
stabilize	
  the	
  property,	
  generally	
  focuses	
  upon	
  the	
  ongoing	
  maintenance	
  and	
  repair	
  of	
  
historic	
  materials	
  and	
  features	
  rather	
  than	
  extensive	
  replacement	
  and	
  new	
  construction	
  
(National	
  Park	
  Service	
  2001).	
  	
  

The	
  Park’s	
  List	
  of	
  Classified	
  Structures	
  lists	
  the	
  acequia	
  as	
  contributing	
  to	
  the	
  significance	
  of	
  the	
  
Tumacácori	
  Mission	
  Historic	
  District.	
  Furthermore,	
  the	
  current	
  General	
  Management	
  Plan	
  for	
  the	
  
Park	
  list	
  the	
  remnants	
  of	
  the	
  historic	
  acequia	
  as	
  a	
  “fundamental	
  resource,”	
  (2011:13).	
  While	
  
managed	
  as	
  a	
  ruin,	
  the	
  historic	
  integrity	
  of	
  the	
  feature	
  must	
  be	
  preserved	
  for	
  its	
  continued	
  
contribution	
  to	
  the	
  significance	
  of	
  the	
  site.	
  	
  Preservation	
  maintenance	
  will	
  ensure	
  that	
  the	
  extant	
  
swale	
  and	
  compuerta	
  can	
  continue	
  to	
  function	
  as	
  primary	
  interpretive	
  features	
  representing	
  the	
  
form	
  and	
  function	
  of	
  the	
  historic	
  acequia.	
  

Recommended	
  treatments	
  for	
  the	
  acequia	
  may	
  subsequently	
  be	
  integrated	
  into	
  a	
  comprehensive	
  
Cultural	
  Landscape	
  Report	
  that	
  assesses	
  and	
  evaluates	
  the	
  greater	
  landscape	
  associated	
  with	
  the	
  
Tumacácori	
  mission	
  complex.	
  	
  The	
  Cultural	
  Landscape	
  Report	
  will	
  allow	
  the	
  Park	
  to	
  collate	
  and	
  
assess	
  comprehensive	
  Park	
  planning	
  and	
  consider	
  associated	
  effects	
  on	
  the	
  broad	
  cultural	
  
landscape.	
  	
  

ACEQUIA	
  SWALE	
  

The	
  swale	
  represents	
  a	
  character-­‐defining	
  element	
  that	
  illustrates	
  the	
  concave	
  shape	
  of	
  the	
  
irrigation	
  channel,	
  which	
  at	
  one	
  time	
  extended	
  along	
  the	
  length	
  of	
  the	
  alignment.	
  As	
  a	
  majority	
  of	
  
the	
  acequia	
  alignment	
  has	
  been	
  buried	
  by	
  land	
  modification	
  activities,	
  the	
  extant	
  swale	
  is	
  a	
  
significant	
  asset	
  to	
  visually	
  illustrate	
  the	
  nature	
  of	
  the	
  acequia.	
  	
  Treatment	
  recommendations	
  are	
  
based	
  on	
  the	
  current	
  condition	
  as	
  observed	
  from	
  the	
  modern	
  ground	
  surface	
  and	
  supplemented	
  by	
  
information	
  on	
  the	
  basal	
  elevation	
  and	
  buried	
  stratigraphy	
  recovered	
  from	
  limited	
  archaeological	
  
testing.	
  	
  Additional	
  testing	
  to	
  further	
  assess	
  the	
  condition	
  and	
  nature	
  of	
  the	
  subsurface	
  stratigraphy	
  
will	
  allow	
  for	
  increasingly	
  effective	
  management,	
  providing	
  additional	
  insights	
  on	
  formation	
  
processes	
  affecting	
  the	
  condition	
  of	
  the	
  below-­‐grade	
  portion	
  of	
  the	
  feature.	
  See	
  Appendix	
  A	
  for	
  a	
  
preliminary	
  archaeological	
  research	
  design.	
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Preservation	
  Issues	
  and	
  Considerations	
  
The	
  swale	
  is	
  an	
  archaeological	
  feature	
  that	
  has	
  the	
  potential	
  to	
  yield	
  important	
  information	
  about	
  
the	
  history	
  of	
  the	
  mission,	
  including	
  past	
  environmental	
  conditions,	
  construction	
  technology,	
  use	
  
and	
  maintenance	
  practices	
  associated	
  with	
  the	
  feature,	
  and	
  cultural	
  influences	
  on	
  such	
  practices.	
  As	
  
an	
  earthen	
  feature	
  in	
  a	
  vegetated	
  area,	
  root	
  damage	
  is	
  an	
  inherent	
  concern.	
  However,	
  vegetation	
  is	
  
an	
  element	
  of	
  the	
  cultural	
  landscape	
  and	
  historic	
  conditions	
  associated	
  with	
  the	
  acequia.	
  The	
  trees	
  
and	
  vegetation	
  contribute	
  to	
  the	
  integrity	
  of	
  the	
  acequia	
  landscape,	
  including	
  the	
  setting,	
  feeling,	
  
and	
  association.	
  Preservation	
  of	
  the	
  acequia	
  will	
  require	
  a	
  balance	
  of	
  landscape	
  maintenance	
  and	
  
archaeological	
  stewardship.	
  Furthermore,	
  as	
  a	
  fragile	
  archaeological	
  resource,	
  the	
  effects	
  of	
  future	
  
use	
  and	
  development	
  may	
  pose	
  a	
  threat	
  to	
  its	
  integrity	
  and	
  should	
  be	
  considered	
  further	
  in	
  a	
  
Cultural	
  Landscape	
  Report.	
  	
  
	
  
Summary	
  of	
  Deficiencies	
  and	
  Recommendations	
  
The	
  following	
  table	
  summarizes	
  the	
  disturbance	
  and	
  deterioration	
  factors	
  that	
  were	
  outlined	
  in	
  the	
  
condition	
  assessment	
  in	
  Part	
  Three	
  of	
  this	
  report.	
  The	
  preservation	
  maintenance	
  treatments	
  
recommended	
  for	
  each	
  deficiency	
  are	
  summarized	
  within	
  the	
  table	
  and	
  described	
  in	
  narrative	
  form	
  
below.	
  	
  
	
  
CONDITION	
   TREATMENT	
  RECOMMENDATION	
  
Disturbance	
  Factors/Bioturabation	
   	
  
Vegetation	
  encroachment	
   Mitigate	
  potential	
  root	
  disturbance	
  and	
  

reduced	
  visibility	
  by	
  clearing	
  saplings,	
  shrubs	
  
and	
  thick	
  understory	
  in	
  vicinity	
  of	
  swale.	
  	
  

Rodent	
  and	
  insect	
  disturbance	
   Develop	
  an	
  Integrated	
  Pest	
  Management	
  
program	
  for	
  Park	
  

Human	
  Impacts	
   	
  
Archaeological	
  excavation	
  through	
  swale	
   No	
  action	
  recommended	
  
Addition	
  of	
  concrete	
  path	
  (disturbance	
  of	
  
physical	
  and	
  visual	
  integrity)	
  

No	
  action	
  recommended	
  

Construction	
  of	
  dirt	
  road	
  over	
  acequia	
  
alignment	
  south	
  of	
  compuerta	
  

No	
  action	
  recommended	
  

Possible	
  disturbance	
  resulting	
  from	
  
installation	
  of	
  Park	
  infrastructure	
  

No	
  action	
  recommended	
  

	
  

Recommended	
  Maintenance	
  and	
  Improvements	
  

Mitigate	
  vegetation	
  encroachment.	
  	
  Vegetation	
  maintenance	
  should	
  be	
  completed	
  according	
  to	
  
three	
  objectives:	
  mitigation	
  of	
  vegetation-­‐related	
  disturbance	
  factors,	
  maintaining	
  visibility	
  of	
  the	
  
feature	
  from	
  the	
  ground	
  surface	
  so	
  that	
  it	
  may	
  continue	
  to	
  serve	
  as	
  an	
  interpretive	
  feature,	
  and	
  
restoration/preservation	
  of	
  the	
  cultural	
  landscape.	
  	
  

The	
  small	
  hackberry	
  saplings	
  in	
  the	
  northeastern	
  edge	
  of	
  the	
  swale	
  should	
  be	
  removed,	
  employing	
  
methods	
  that	
  minimize	
  soil	
  displacement	
  associated	
  with	
  root	
  removal.	
  Heavy	
  vegetation	
  at	
  the	
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southeastern	
  edge	
  of	
  the	
  swale	
  should	
  be	
  trimmed	
  back	
  and	
  maintained	
  as	
  part	
  of	
  a	
  regular	
  
maintenance.	
  In	
  general,	
  the	
  understory	
  of	
  the	
  surrounding	
  vegetation	
  should	
  be	
  thinned.	
  

Vegetation	
  maintenance	
  should	
  use	
  equipment	
  and	
  procedures	
  that	
  limit	
  ground	
  disturbance	
  
within	
  the	
  swale.	
  As	
  the	
  acequia	
  is	
  an	
  archaeological	
  resource	
  that	
  has	
  the	
  potential	
  to	
  yield	
  
important	
  information	
  on	
  the	
  history	
  of	
  the	
  mission,	
  herbicides	
  are	
  generally	
  not	
  recommended.	
  
Herbicides	
  may	
  impact	
  or	
  invalidate	
  radiocarbon	
  dates	
  of	
  archaeological	
  material	
  subsequently	
  
recovered	
  from	
  the	
  area	
  (National	
  Park	
  Service	
  1998:12).	
  

Assess	
  root	
  disturbance.	
  	
  The	
  proximity	
  of	
  large	
  trees	
  and	
  heavy	
  vegetation	
  has	
  likely	
  resulted	
  in	
  
disturbance	
  to	
  the	
  intact	
  channel	
  stratigraphy	
  through	
  root	
  activity.	
  	
  While	
  the	
  roots	
  of	
  the	
  large	
  
trees	
  surrounding	
  the	
  extant	
  swale	
  may	
  have	
  contributed	
  to	
  disturbance	
  affecting	
  any	
  intact	
  
stratigraphy	
  within	
  the	
  extant	
  swale,	
  the	
  deep	
  root	
  structures	
  of	
  mature	
  trees	
  does	
  not	
  likely	
  pose	
  a	
  
continuing	
  threat	
  to	
  the	
  integrity	
  of	
  the	
  feature.	
  Continued	
  vegetation	
  maintenance,	
  including	
  
removing	
  tree	
  saplings	
  and	
  shrubs	
  that	
  propagate	
  within	
  the	
  swale	
  alignment	
  will	
  mitigate	
  the	
  
disturbance	
  of	
  new	
  root	
  systems	
  to	
  intact	
  acequia	
  stratigraphy.	
  Future	
  archaeological	
  testing	
  
exposing	
  the	
  swale	
  in	
  profile	
  should	
  include	
  an	
  assessment	
  of	
  disturbance	
  factors,	
  including	
  active	
  
root	
  systems.	
  	
  	
  

Mitigate	
  rodent	
  and	
  insect	
  activity.	
  	
  Measures	
  to	
  reduce	
  the	
  damage	
  to	
  the	
  swale	
  caused	
  by	
  
burrowing	
  rodents	
  and	
  insects	
  should	
  be	
  developed	
  as	
  a	
  part	
  of	
  a	
  site-­‐wide	
  pest	
  management	
  plan,	
  
so	
  that	
  effort	
  to	
  remove	
  pests	
  associated	
  with	
  the	
  acequia	
  do	
  not	
  result	
  in	
  increased	
  pest	
  activity	
  in	
  
other	
  equally	
  sensitive	
  areas	
  of	
  the	
  greater	
  Tumacácori	
  unit.	
  	
  

The	
  National	
  Park	
  Service	
  advocates	
  the	
  development	
  of	
  an	
  Integrated	
  Pest	
  Management	
  Plan	
  
(IPM)	
  to	
  guide	
  the	
  mitigation	
  of	
  negative	
  impacts	
  of	
  pests	
  and	
  ensure	
  the	
  health	
  and	
  safety	
  of	
  
employees	
  and	
  the	
  public.	
  7	
  U.S.	
  Code	
  §	
  136r-­‐1	
  states:	
  

Integrated	
  Pest	
  Management	
  is	
  a	
  sustainable	
  approach	
  to	
  managing	
  pests	
  by	
  combining	
  
biological,	
  cultural,	
  physical,	
  and	
  chemical	
  tools	
  in	
  a	
  way	
  that	
  minimizes	
  economic,	
  health,	
  
and	
  environmental	
  risks…	
  Federal	
  agencies	
  shall	
  use	
  Integrated	
  Pest	
  Management	
  
techniques	
  in	
  carrying	
  out	
  pest	
  management	
  activities	
  and	
  shall	
  promote	
  Integrated	
  Pest	
  
Management	
  through	
  procurement	
  and	
  regulatory	
  policies,	
  and	
  other	
  activities.3	
  

Furthermore,	
  the	
  NPS	
  Cultural	
  Resources	
  Management	
  Guidelines	
  states:	
  “Management	
  Policies	
  	
  
(4:13-­‐14)	
  makes	
  clear	
  that	
  dealing	
  with	
  such	
  pests	
  is	
  a	
  balancing	
  act	
  requiring	
  close	
  cooperation	
  
between	
  cultural	
  resource	
  and	
  IPM	
  specialists.	
  The	
  goal	
  is	
  always	
  to	
  avoid	
  unacceptable	
  harm	
  to	
  
both	
  cultural	
  resources	
  and	
  their	
  environment,”	
  (NPS	
  1998:49).	
  	
  

Pest	
  control	
  measures	
  should	
  initiate	
  by	
  assessing	
  the	
  range	
  of	
  species	
  present	
  and	
  the	
  size	
  of	
  their	
  
populations,	
  as	
  well	
  as	
  behavioral	
  traits	
  such	
  as	
  seasonality.	
  Initial	
  efforts	
  should	
  include	
  
treatments	
  that	
  exclude	
  pests,	
  limiting	
  access	
  to	
  sensitive	
  areas,	
  as	
  well	
  as	
  limit	
  potential	
  safety	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

	
  	
  3	
  Accessed	
  at	
  http://www.law.cornell.edu/uscode/text/7/136r-­‐1	
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issues,	
  such	
  as	
  tripping	
  hazards	
  associated	
  with	
  rodent	
  burrows.	
  Material	
  interventions,	
  such	
  as	
  
laying	
  geotextile	
  in	
  archaeologically	
  sensitive	
  areas	
  should	
  be	
  considered	
  only	
  after	
  non-­‐material	
  
methods	
  have	
  been	
  tested	
  and	
  evaluated.	
  Consult	
  with	
  National	
  Park	
  Service	
  Integrated	
  Pest	
  
Management	
  personnel	
  for	
  further	
  guidance.	
  

COMPUERTA	
  

Despite	
  minor	
  to	
  moderate	
  loss	
  of	
  historic	
  materials,	
  the	
  compuerta	
  retains	
  its	
  historic	
  form	
  and	
  
integrity.	
  While	
  preserved	
  as	
  a	
  ruin,	
  the	
  compuerta	
  functions	
  as	
  the	
  primary	
  interpretive	
  element	
  of	
  
the	
  larger	
  acequia	
  feature.	
  Continued	
  maintenance	
  is	
  required	
  to	
  support	
  the	
  stability	
  of	
  the	
  
structure	
  and	
  in	
  situ	
  preservation	
  of	
  its	
  historic	
  materials.	
  Structural	
  issues,	
  including	
  cracks	
  and	
  
displacement	
  of	
  portions	
  of	
  the	
  brick	
  and	
  mortar	
  walls	
  have	
  developed	
  over	
  time.	
  Vegetation	
  
encroachment	
  contributes	
  to	
  and	
  exacerbates	
  overall	
  structural	
  issues.	
  Moderate	
  material	
  losses,	
  
including	
  portions	
  of	
  brick,	
  bedding	
  mortar,	
  and	
  plaster	
  finish	
  have	
  occurred	
  since	
  the	
  compuerta	
  
was	
  exposed	
  in	
  1994.	
  The	
  disturbance	
  and	
  deterioration	
  factors	
  outlined	
  in	
  the	
  condition	
  
assessment	
  of	
  this	
  report	
  and	
  treatment	
  recommendations	
  are	
  summarized	
  in	
  the	
  table	
  below.	
  
Preservation	
  maintenance	
  recommendations	
  have	
  been	
  developed	
  to	
  promote	
  both	
  retention	
  of	
  
historic	
  materials	
  and	
  the	
  long-­‐term	
  stability	
  of	
  the	
  feature.	
  	
  
	
  
CONDITION	
   TREATMENT	
  RECOMMENDATION	
  
Structural	
  Deficiencies	
  	
   	
  
Structural	
  cracks	
  	
   Fill	
  structural	
  cracks	
  with	
  compatible*	
  repair	
  

mortar	
  and	
  monitor	
  for	
  further	
  movement	
  
Open	
  joints	
   Repoint	
  open	
  joints	
  with	
  compatible*	
  bedding	
  

mortar	
  	
  
Wall	
  displacement	
  	
   Mitigate	
  lateral	
  pressure	
  on	
  compuerta	
  walls	
  

by	
  reduction	
  of	
  excess	
  fill	
  at	
  external	
  edges**	
  
Material	
  Loss	
   	
  
Missing	
  brick	
   No	
  recommended	
  treatments;	
  reconstruction	
  

of	
  lost	
  brick	
  courses	
  	
  with	
  replacement	
  bricks	
  
it	
  not	
  necessary	
  for	
  historic	
  integrity	
  	
  

Brick	
  spall,	
  erosion,	
  and	
  melt	
  	
   Replace	
  lost	
  plaster	
  on	
  interior	
  wall	
  surface	
  
	
  in	
  kind	
  to	
  prevent	
  further	
  degradation;	
  
consolidate	
  spalling	
  or	
  friable	
  brick	
  surfaces	
  
left	
  exposed	
  with	
  compatible	
  agent	
  (to	
  be	
  
determined	
  by	
  architectural	
  conservator)	
  

Loss	
  of	
  bedding	
  mortar	
  	
   Replace	
  lost	
  mortar	
  with	
  compatible*	
  
replacement	
  mixture	
  

Plaster	
  erosion	
   Remove	
  disintegrated	
  plaster;	
  replace	
  eroded	
  
plaster	
  with	
  compatible	
  repair	
  coating	
  and	
  
surface	
  wash	
  

Vegetation	
  Encroachment	
   	
  
Vegetation	
  growth	
  in	
  structural	
  cracks,	
  
open	
  joints	
  

Remove	
  vegetation;	
  treat	
  area	
  to	
  minimize	
  
regrowth	
  in	
  vicinity	
  of	
  compuerta	
  walls;	
  fill	
  
cracks	
  and	
  repoint	
  open	
  joints	
  to	
  inhibit	
  in-­‐
wall	
  encroachment	
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Loose	
  Materials	
   	
  
Spalling	
  Plaster	
   Consolidate	
  spalling	
  plaster	
  
Loose	
  bricks	
   Repair	
  or	
  replace	
  lost	
  mortar	
  around	
  loose	
  

bricks	
  
Discoloration/Staining	
   	
  
Soil	
  and	
  salt	
  deposits	
  causing	
  discoloration	
  
at	
  the	
  base	
  of	
  both	
  walls	
  

Dry	
  brush	
  surface	
  discolorants;	
  if	
  additional	
  
treatments	
  are	
  required,	
  a	
  poultice	
  may	
  be	
  
applied;	
  improve	
  surface	
  drainage	
  away	
  from	
  
compuerta	
  to	
  reduce	
  prolonged	
  moisture	
  
exposure	
  

Biological	
  Growth	
   	
  
Lichen	
   Remove	
  lichen	
  from	
  surface,	
  starting	
  with	
  the	
  

least	
  abrasive	
  methods	
  such	
  as	
  dry	
  brushing	
  
first.	
  Poultice	
  surface	
  if	
  necessary	
  to	
  remove	
  
lichen	
  

Moss	
   Dry-­‐brush	
  surface	
  to	
  remove	
  moss	
  
accumulations	
  

Modifications/Repair	
   	
  
New	
  plaster	
  at	
  southeast	
  corner	
   N/A	
  

*Requires	
  assessment	
  of	
  possible	
  effects	
  on	
  archaeological	
  resources	
  (see	
  Appendix	
  A	
  for	
  preliminary	
  testing	
  
program).	
  
**See	
  below	
  for	
  notes	
  on	
  replacement	
  material	
  compatibility	
  testing.	
  

Recommended	
  Maintenance	
  and	
  Improvements	
  
Repair	
  structural	
  cracks	
  and	
  gaps.	
  	
  Structural	
  cracks	
  should	
  be	
  cleared	
  of	
  any	
  intrusive	
  material	
  and	
  
vegetation	
  (see	
  below)	
  and	
  filled/repointed	
  with	
  an	
  appropriate	
  mortar	
  mixture.4	
  Both	
  repaired	
  
and	
  unmitigated	
  gaps	
  and	
  cracks	
  should	
  be	
  monitored	
  for	
  further	
  movement	
  and	
  cracking,	
  which	
  
would	
  indicate	
  ongoing	
  structural	
  displacement.	
  
	
  
Mitigate	
  lateral	
  pressure.	
  	
  Accumulation	
  of	
  fill	
  along	
  the	
  external	
  edges	
  of	
  the	
  compuerta	
  creates	
  
lateral	
  pressure	
  on	
  the	
  masonry	
  walls,	
  which	
  may	
  contribute	
  to	
  structural	
  cracking	
  and	
  
displacement.	
  To	
  counteract	
  the	
  lateral	
  pressure,	
  the	
  fill	
  along	
  the	
  external	
  edges	
  of	
  feature	
  should	
  
be	
  reduced.	
  As	
  the	
  compuerta	
  is	
  an	
  archaeological	
  resource,	
  the	
  fill	
  removal	
  should	
  be	
  preceded	
  by	
  
an	
  archaeological	
  assessment	
  to	
  ensure	
  the	
  process	
  will	
  not	
  destroy	
  intact	
  stratigraphy	
  or	
  
construction	
  evidence	
  within	
  the	
  acequia.	
  The	
  fill	
  removal	
  should	
  be	
  monitored	
  by	
  an	
  archeologist	
  
and	
  screened	
  for	
  associated	
  artifacts.	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
4	
  Compatible	
  replacement	
  mortar	
  should	
  be	
  compatible	
  with	
  the	
  historic	
  mortar	
  regarding	
  the	
  color,	
  texture,	
  
compression	
  strength	
  and	
  elasticity.	
  Recent	
  (2012)	
  material	
  analysis	
  testing	
  by	
  Meadors	
  Conservation	
  Inc.	
  was	
  
completed	
  to	
  identify	
  components	
  for	
  compatible	
  replacement	
  materials.	
  The	
  results	
  of	
  testing	
  suggest	
  
replacement	
  mortar	
  should	
  consist	
  of	
  the	
  following	
  components	
  to	
  ensure	
  compatible	
  color,	
  texture,	
  and	
  
compression	
  strength:	
  

One	
  part	
  Chemstar	
  Type	
  S	
  Hydrated	
  	
  	
  
	
   Two	
  parts	
  crushed	
  volcanic	
  rock	
  from	
  Tumacácori	
  Mountain	
  
	
   1/512	
  parts	
  Yellow	
  Iron	
  Oxide	
  Pigment-­‐	
  Red	
  Shade	
  (Yellow	
  6940	
  Pigment)	
  (Bayferrox	
  940)	
  
	
  
See	
  Appendix	
  C	
  for	
  the	
  full	
  Meadors	
  Conservation	
  Inc.	
  material	
  testing	
  and	
  analysis	
  report.	
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Repair	
  bedding	
  mortar.	
  	
  Ensure	
  open	
  joints	
  and	
  cracks	
  within	
  the	
  bedding	
  mortar	
  are	
  free	
  of	
  
vegetation	
  and	
  pests.	
  Repoint	
  open	
  joints	
  and	
  fill	
  cracks	
  with	
  compatible	
  replacement	
  material	
  
(discussed	
  above).	
  New	
  material	
  added	
  during	
  repairs	
  should	
  be	
  structurally	
  and	
  aesthetically	
  
compatible	
  with	
  the	
  existing	
  historic	
  materials	
  and	
  appropriately	
  documented.	
  	
  	
  	
  
	
  
Consolidate	
  deteriorated	
  or	
  damaged	
  plaster.	
  	
  Assess	
  underlying	
  brick	
  and	
  bedding	
  mortar	
  surface	
  
for	
  structural	
  integrity	
  and	
  friability	
  prior	
  to	
  reattaching	
  loose	
  plaster.	
  Consolidate	
  disintegrating	
  or	
  
spalling	
  plaster	
  using	
  a	
  lime	
  mortar	
  with	
  similar	
  physical	
  properties	
  to	
  the	
  original	
  plaster.	
  	
  
	
  
Mitigation	
  of	
  vegetation	
  encroachment.	
  	
  Vegetation	
  encroachment	
  within	
  cracks	
  and	
  gaps	
  may	
  
further	
  exacerbate	
  the	
  structural	
  movement	
  within	
  the	
  compuerta	
  walls.	
  	
  Vegetation	
  established	
  in	
  
cracks	
  and	
  gaps	
  should	
  be	
  removed,	
  the	
  immediate	
  site	
  of	
  growth	
  treated	
  to	
  prevent	
  reoccurrence,	
  
and	
  regularly	
  monitored	
  for	
  subsequent	
  vegetation	
  encroachment.	
  Vegetation	
  along	
  the	
  edges	
  of	
  
the	
  walls	
  should	
  be	
  removed	
  in	
  accordance	
  with	
  Park	
  standards	
  at	
  regular	
  intervals	
  to	
  prevent	
  the	
  
introduction	
  of	
  new	
  root	
  systems.	
  	
  
	
  
Remove	
  bio-­‐organic	
  growth.	
  	
  Surface	
  cleaning	
  should	
  begin	
  with	
  the	
  least	
  invasive	
  methods	
  
possible	
  to	
  address	
  the	
  bio-­‐organic	
  growth,	
  starting	
  with	
  dry-­‐brushing	
  with	
  soft	
  bristled	
  brush	
  in	
  a	
  
small	
  patch	
  to	
  assess	
  the	
  impact	
  on	
  the	
  brick	
  and	
  mortar	
  surface.	
  Brick	
  and	
  mortar	
  surfaces	
  should	
  
not	
  be	
  cleaned	
  using	
  abrasive	
  brushing	
  or	
  power	
  washing.	
  Firmly	
  adhered	
  lichen	
  may	
  be	
  removed	
  
using	
  a	
  poultice,	
  which	
  should	
  be	
  tested	
  in	
  a	
  small	
  patch	
  to	
  assess	
  its	
  impact	
  on	
  historic	
  materials	
  
prior	
  to	
  use.	
  
	
  
Remove	
  surface	
  discolorants.	
  	
  Pressure	
  test	
  the	
  area	
  of	
  discoloration	
  to	
  ensure	
  structural	
  stability.	
  
After	
  ensuring	
  plaster	
  surface	
  is	
  adhered	
  to	
  underlying	
  brick	
  and	
  non-­‐friable,	
  dry	
  brush	
  surface	
  to	
  
remove	
  accumulated	
  soil	
  and	
  salts.	
  Should	
  surface	
  cleaning	
  not	
  be	
  sufficient,	
  a	
  poultice	
  may	
  be	
  
applied	
  to	
  draw	
  out	
  discolorants.	
  	
  The	
  poultice	
  should	
  be	
  tested	
  in	
  a	
  small	
  area	
  prior	
  to	
  use	
  to	
  
assess	
  its	
  impact	
  on	
  the	
  historic	
  materials	
  within	
  the	
  feature.	
  Monitor	
  cleaned	
  area	
  for	
  reoccurrence	
  
or	
  expansion	
  of	
  discoloration.	
  Re-­‐grading	
  the	
  surrounding	
  ground	
  surface	
  to	
  divert	
  water	
  away	
  
from	
  compuerta	
  will	
  reduce	
  water	
  exposure	
  at	
  the	
  base	
  of	
  the	
  walls	
  through	
  capillary	
  action	
  and	
  
prolonged	
  surface	
  exposure,	
  which	
  should	
  aid	
  in	
  limiting	
  discoloration	
  factors.	
  
	
  
	
  Improve	
  surface	
  runoff.	
  	
  Drainage	
  patterns	
  for	
  storm	
  water	
  should	
  be	
  assessed	
  and	
  improved	
  to	
  
divert	
  surface	
  runoff	
  away	
  from	
  the	
  compuerta.	
  Grading	
  of	
  the	
  ground	
  surface	
  to	
  ensure	
  adequate	
  
drainage	
  conditions	
  may	
  be	
  combined	
  with	
  treatments	
  to	
  reduce	
  the	
  lateral	
  pressure	
  on	
  the	
  
compuerta	
  walls	
  described	
  above.	
  Any	
  ground	
  disturbance	
  within	
  or	
  adjacent	
  to	
  the	
  acequia	
  should	
  
be	
  assessed	
  for	
  impacts	
  on	
  the	
  archaeological	
  resources.	
  Diversion	
  of	
  storm-­‐water	
  runoff	
  will	
  
reinforce	
  other	
  preservation	
  treatments	
  associated	
  with	
  counteracting	
  water	
  exposure-­‐related	
  
degradation.	
  	
  
	
  

	
  

	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  

	
  

98	
  
	
  

BURIED ACEQUIA ALIGNMENT5 REHABILITATION 

A	
  recent	
  ground	
  penetrating	
  radar	
  (GPR)	
  investigation	
  has	
  provided	
  new	
  information	
  on	
  the	
  
location	
  of	
  the	
  buried	
  acequia	
  alignment,	
  which	
  was	
  previously	
  documented	
  primarily	
  through	
  
historic	
  aerial	
  photos	
  (see	
  “Locating	
  the	
  Acequia”	
  within	
  this	
  report).	
  The	
  GPR	
  analysis	
  provided	
  
approximate	
  dimensions	
  and	
  depth	
  below	
  the	
  modern	
  ground	
  surface,	
  in	
  addition	
  to	
  the	
  location	
  of	
  
segments	
  of	
  the	
  alignment	
  within	
  the	
  landscape.	
  The	
  historic	
  acequia	
  contributes	
  to	
  the	
  significance	
  
of	
  the	
  mission	
  cultural	
  landscape	
  preserved	
  within	
  the	
  Park.	
  As	
  such,	
  increased	
  visibility	
  of	
  the	
  
feature	
  within	
  the	
  broad	
  cultural	
  landscape	
  and	
  increased	
  opportunities	
  for	
  interpretive	
  
experiences	
  for	
  Park	
  visitors	
  is	
  desired.	
  	
  

Recommended	
  treatments	
  and	
  alternatives	
  outlined	
  below	
  address	
  the	
  need	
  for	
  increased	
  visibility	
  
while	
  encouraging	
  active	
  stewardship	
  of	
  the	
  buried	
  archaeological	
  resources	
  associated	
  with	
  the	
  
acequia.	
  The	
  recommendations	
  are	
  integrated	
  with	
  ongoing	
  efforts	
  within	
  the	
  Park	
  to	
  revegetate	
  
areas	
  of	
  the	
  landscape	
  affected	
  by	
  social	
  trails	
  and	
  old	
  road	
  traces.	
  As	
  part	
  of	
  ongoing	
  renewal	
  of	
  
natural	
  resources	
  in	
  the	
  park,	
  rehabilitation	
  treatments	
  for	
  the	
  cultural	
  landscape	
  associated	
  with	
  
the	
  buried	
  acequia	
  alignment	
  are	
  outlined	
  below.	
  The	
  Secretary	
  of	
  the	
  Interior	
  defines	
  
rehabilitation	
  as	
  “the	
  act	
  or	
  process	
  of	
  making	
  possible	
  a	
  compatible	
  use	
  for	
  a	
  property	
  through	
  
repair,	
  alterations,	
  and	
  additions	
  while	
  preserving	
  those	
  portions	
  or	
  features	
  that	
  convey	
  its	
  
historical,	
  cultural,	
  or	
  architectural	
  values,”	
  (National	
  Park	
  Service	
  2001).	
  

Rehabilitation	
  treatments	
  primarily	
  involve	
  reducing	
  vegetation	
  along	
  the	
  buried	
  acequia	
  
alignment	
  through	
  maintenance,	
  as	
  well	
  as	
  through	
  increased	
  foot	
  traffic.	
  When	
  integrated	
  with	
  
revegetation	
  of	
  the	
  surrounding	
  landscape,	
  the	
  rehabilitation	
  of	
  the	
  acequia	
  alignment	
  will	
  improve	
  
the	
  visibility	
  of	
  the	
  location	
  of	
  the	
  buried	
  alignment	
  within	
  the	
  landscape	
  and	
  will	
  increase	
  
opportunities	
  for	
  Park	
  visitor	
  interaction	
  with	
  and	
  awareness	
  of	
  the	
  feature.	
  While	
  the	
  linear	
  nature	
  
of	
  the	
  feature	
  will	
  be	
  highlighted,	
  the	
  historic	
  channel	
  should	
  not	
  be	
  reconstructed	
  or	
  restored.	
  
Buried	
  archaeological	
  resources	
  associated	
  with	
  the	
  channel	
  should	
  be	
  preserved	
  in	
  situ.	
  	
  

The	
  recommendations	
  outlined	
  below	
  reflect	
  the	
  initial	
  implementation	
  for	
  the	
  rehabilitation	
  of	
  
cultural	
  landscape	
  associated	
  with	
  the	
  acequia	
  and	
  development	
  of	
  an	
  interpretive	
  trail.	
  	
  
Implementation	
  of	
  landscape	
  rehabilitation	
  and	
  trail	
  development	
  should	
  coincide	
  with	
  the	
  
development	
  of	
  user	
  capacity	
  standards	
  to	
  monitor	
  the	
  effects	
  of	
  maintenance	
  and	
  use	
  of	
  the	
  
associated	
  natural	
  and	
  cultural	
  resources.	
  The	
  current	
  Tumacácori	
  National	
  Historical	
  Park	
  General	
  
Management	
  Plan	
  describes	
  the	
  objectives	
  and	
  process	
  of	
  developing	
  such	
  standards:	
  “(u)ser	
  
capacity	
  decision	
  making	
  is	
  a	
  form	
  of	
  adaptive	
  management…in	
  that	
  it	
  is	
  an	
  iterative	
  process	
  in	
  
which	
  management	
  decisions	
  are	
  continuously	
  informed	
  and	
  modified.	
  Indicators	
  are	
  monitored,	
  
and	
  adjustments	
  are	
  made	
  as	
  appropriate.	
  As	
  monitoring	
  of	
  conditions	
  continues,	
  managers	
  may	
  
decide	
  to	
  modify	
  or	
  add	
  indicators	
  if	
  better	
  ways	
  are	
  found	
  to	
  measure	
  important	
  changes	
  in	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
	
  	
  	
  	
  5	
  The	
  buried	
  acequia	
  alignment	
  refers	
  to	
  the	
  portion	
  of	
  the	
  feature	
  that	
  has	
  been	
  covered	
  due	
  to	
  grading	
  and	
  
other	
  ground	
  modification	
  activities,	
  located	
  both	
  north	
  and	
  south	
  of	
  the	
  compuerta	
  and	
  visible	
  swale.	
  For	
  the	
  
purposes	
  of	
  this	
  report,	
  the	
  extent	
  of	
  the	
  buried	
  acequia	
  alignment	
  refers	
  to	
  the	
  portion	
  of	
  the	
  alignment	
  that	
  has	
  
been	
  tested	
  in	
  the	
  2013	
  GPR	
  survey,	
  unless	
  noted	
  otherwise.	
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resource	
  and	
  social	
  conditions,”	
  (2011:76).	
  Thus,	
  standards	
  developed	
  prior	
  to	
  implementation	
  of	
  
landscape	
  rehabilitation	
  and	
  trail	
  use	
  should	
  be	
  reviewed	
  and	
  revisited	
  as	
  anticipated	
  and	
  
unanticipated	
  effects	
  of	
  treatments	
  are	
  monitored.	
  	
  

RECOMMENDED	
  MAINTENANCE	
  AND	
  IMPROVEMENTS	
  

Implement	
  Acequia	
  Vegetation	
  Maintenance	
  Plan	
  and	
  Trail	
  Development	
  
In	
  2013,	
  the	
  open	
  area	
  directly	
  north	
  of	
  the	
  compuerta	
  and	
  paved	
  trail	
  was	
  partially	
  reseeded	
  as	
  
part	
  of	
  a	
  larger	
  effort	
  to	
  increase	
  vegetation	
  cover	
  within	
  parts	
  of	
  the	
  Park.	
  Shallow-­‐rooted	
  grasses	
  
and	
  wildflowers	
  were	
  chosen	
  for	
  this	
  area	
  to	
  limit	
  the	
  effects	
  of	
  root	
  activity	
  on	
  the	
  buried	
  
archaeological	
  resources	
  associated	
  with	
  the	
  acequia.	
  A	
  2013	
  Grounds	
  Maintenance	
  Plan	
  (Welborn	
  
2013)	
  outlines	
  the	
  Park’s	
  preferred	
  actions	
  to	
  increase	
  the	
  visibility	
  of	
  the	
  acequia	
  within	
  the	
  
revegetated	
  landscape	
  to	
  the	
  north	
  of	
  the	
  compuerta.	
  	
  Within	
  this	
  plan,	
  vegetation	
  maintenance	
  
parallels	
  the	
  designation	
  of	
  the	
  acequia	
  alignment	
  as	
  an	
  unpaved	
  pedestrian	
  trail.	
  The	
  stretch	
  of	
  
trail	
  following	
  the	
  acequia	
  alignment	
  to	
  the	
  north	
  of	
  the	
  compuerta	
  would	
  act	
  as	
  a	
  connector	
  to	
  the	
  
established	
  Anza	
  Trail	
  that	
  extends	
  westward	
  into	
  the	
  Park	
  near	
  the	
  northern	
  orchard	
  wall.	
  	
  The	
  
acequia	
  alignment	
  to	
  the	
  south	
  of	
  the	
  compuerta	
  offers	
  less	
  interpretive	
  opportunities	
  and	
  
intersections	
  with	
  other	
  Park	
  features	
  and	
  is	
  not	
  recommended	
  for	
  inclsuion	
  in	
  the	
  trail	
  
development	
  at	
  this	
  time.	
  The	
  area	
  to	
  the	
  south	
  of	
  the	
  compuerta	
  could	
  be	
  developed	
  in	
  the	
  future,	
  
should	
  the	
  popularity	
  of	
  the	
  trail	
  warrant	
  expansion	
  and	
  Park	
  staffing	
  permit.	
  	
  

Prior	
  to	
  trail	
  development,	
  the	
  GPR	
  results	
  should	
  be	
  ground-­‐truthed	
  through	
  limited	
  
archaeological	
  testing	
  in	
  collaboration	
  with	
  a	
  geomorphologist.	
  Testing	
  should	
  confirm	
  the	
  location,	
  
average	
  dimensions,	
  and	
  depth	
  below	
  the	
  modern	
  ground	
  surface,	
  all	
  information	
  critical	
  to	
  assess	
  
the	
  potential	
  effects	
  and	
  development	
  of	
  	
  the	
  interpretive	
  trail.	
  A	
  preliminary	
  archeological	
  research	
  
design	
  is	
  included	
  in	
  Appendix	
  A.	
  	
  

Additional	
  reseeding	
  (or	
  introduction	
  of	
  plugs)	
  should	
  be	
  conducted	
  in	
  consultation	
  with	
  staff	
  from	
  
the	
  Sonoran	
  Desert	
  Network	
  to	
  identify	
  bilologically	
  and	
  historically	
  appropriate	
  species	
  that	
  can	
  
be	
  introduced	
  into	
  the	
  portion	
  of	
  the	
  landscape	
  associated	
  with	
  the	
  acequia.	
  Initial	
  consultations	
  
with	
  Sonoran	
  Desert	
  Network	
  staff	
  suggests	
  panic	
  grass	
  (Panicum)	
  and	
  tobosa	
  grass	
  (Pleuraphis	
  
mutica)	
  may	
  be	
  appropriate	
  species	
  for	
  consideration.	
  The	
  level	
  of	
  effort	
  required	
  from	
  Park	
  
personnel	
  to	
  maintain	
  ideal	
  conditions	
  should	
  also	
  be	
  considered	
  prior	
  to	
  selecting	
  additional	
  
species	
  for	
  reseeding.	
  	
  

Vegetation	
  Maintenance	
  planning	
  should	
  identify	
  exotic,	
  invasive,	
  or	
  otherwise	
  inappropriate	
  
species,	
  as	
  well	
  as	
  methods	
  for	
  their	
  removal	
  and	
  prevention	
  within	
  the	
  vicinity	
  of	
  the	
  acequia.	
  
Consultation	
  with	
  the	
  Sonoran	
  Desert	
  Network	
  staff	
  should	
  include	
  suggestions	
  for	
  a	
  vegetation	
  
monitoring	
  schedule	
  and	
  proper	
  removal	
  procedures	
  for	
  unwanted	
  species.	
  	
  

The	
  2013	
  Grounds	
  Maintenance	
  Plan	
  outlines	
  vegetation	
  maintenance	
  procedures	
  for	
  the	
  proposed	
  
trail	
  alignment	
  to	
  the	
  north	
  of	
  the	
  compuerta.	
  The	
  designated	
  portion	
  of	
  the	
  acequia	
  alignment	
  
developed	
  as	
  a	
  trail	
  should	
  be	
  kept	
  free	
  of	
  vegetation	
  through	
  regular	
  mowing,	
  weed-­‐trimming	
  ,	
  and	
  
pedestrian	
  traffic.	
  The	
  corridor	
  should	
  be	
  delineated	
  annually	
  by	
  Resource	
  Management	
  personnel	
  
prior	
  to	
  the	
  summer	
  rainy	
  season	
  (Welborn	
  2013:5-­‐6).	
  Initial	
  maintenance	
  	
  plans	
  developed	
  prior	
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to	
  implementation	
  should	
  be	
  reviewed	
  as	
  both	
  effective	
  and	
  ineffective	
  strategies	
  are	
  identified	
  
during	
  the	
  course	
  of	
  implemenation.	
  

While	
  trail	
  development	
  along	
  the	
  acequia	
  alignment	
  south	
  of	
  the	
  compuerta	
  is	
  not	
  recommended	
  
at	
  this	
  time	
  due	
  to	
  staffing	
  limitations,	
  similar	
  preservation	
  maintenance	
  strategies	
  should	
  be	
  
employed	
  to	
  maintain	
  the	
  archaeological	
  integrity	
  of	
  this	
  feature.	
  This	
  includes	
  regular	
  vegetation	
  
maintenance	
  to	
  reduce	
  root	
  disturbance,	
  along	
  with	
  use	
  of	
  plant	
  species	
  with	
  low-­‐impact	
  root	
  
systems	
  for	
  any	
  future	
  vegetation	
  restoration,	
  within	
  the	
  vicinity	
  of	
  the	
  acequia	
  alignment	
  to	
  the	
  
south	
  of	
  the	
  compuerta.	
  	
  

Trail	
  development	
  and	
  implementation	
  should	
  incorporate	
  strategies	
  that	
  limit	
  hazards	
  to	
  the	
  
public	
  and	
  adverse	
  effects	
  on	
  Park	
  resources.	
  Initial	
  strategies	
  include	
  maintaining	
  a	
  buffer	
  zone	
  on	
  
the	
  periphery	
  of	
  the	
  trail	
  to	
  limit	
  exposure	
  of	
  Park	
  visitors’	
  and	
  staff	
  to	
  hidden	
  wildife,	
  such	
  as	
  
snakes.	
  Further,	
  the	
  fine	
  floodplain	
  sediments	
  that	
  may	
  be	
  exposed	
  on	
  the	
  trial	
  alignment	
  could	
  
become	
  slick	
  and	
  muddy	
  during	
  rains.	
  Muddy	
  conditions	
  could	
  render	
  the	
  trail	
  hazardous	
  and	
  
potentially	
  adverse	
  effects	
  on	
  the	
  shallowly	
  buried	
  channel	
  could	
  be	
  sustained	
  by	
  pedestrian	
  or	
  
small	
  vehicular	
  traffic	
  during	
  muddy	
  conditions.	
  In	
  addition	
  to	
  considering	
  drainage	
  patterns	
  along	
  
the	
  trial	
  alignment,	
  the	
  feasibility	
  of	
  preparing	
  the	
  trail	
  with	
  gravel	
  or	
  decomposed	
  granite	
  should	
  
be	
  assessed	
  to	
  reduce	
  the	
  potential	
  for	
  muddy	
  conditions	
  (see	
  Alternatives	
  below).	
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Figure	
  5.1.	
  Overview	
  of	
  general	
  area	
  within	
  the	
  Park	
  included	
  in	
  recommended	
  cultural	
  landscape	
  
rehabilitation.	
  The	
  area	
  delineated	
  in	
  green	
  represents	
  the	
  reseeding	
  area	
  associated	
  with	
  the	
  acequia;	
  the	
  
blue	
  line	
  represents	
  the	
  approximate	
  location	
  for	
  the	
  portion	
  of	
  the	
  acequia	
  alignment	
  recommended	
  for	
  
development	
  as	
  an	
  interpretive	
  trail.	
  	
  	
  

	
  
Reduce	
  the	
  over-­‐grown	
  vegetation	
  understory	
  
Revegetation	
  efforts	
  have	
  introduced	
  shallow-­‐rooting	
  grasses	
  and	
  wildflowers,	
  which	
  are	
  designed	
  
to	
  aid	
  in	
  increasing	
  biological	
  diversity	
  and	
  in	
  the	
  restoration	
  of	
  historic	
  landscape	
  conditions	
  
within	
  the	
  Park.	
  To	
  supplement	
  the	
  restoration	
  of	
  historic	
  landscape	
  conditions,	
  the	
  thick	
  
understory	
  of	
  shrubby	
  vegetation	
  that	
  has	
  accumulated	
  among	
  the	
  mature	
  trees	
  surrounding	
  the	
  
acequia	
  alignment	
  should	
  be	
  thinned.	
  Removal	
  of	
  the	
  understory	
  within	
  the	
  vicinity	
  of	
  the	
  acequia	
  
trail	
  alignment	
  will	
  allow	
  for	
  greater	
  visibility	
  of	
  other	
  significant	
  resources	
  within	
  the	
  landscape,	
  
including	
  the	
  church	
  and	
  restored	
  orchard.	
  Regular	
  removal	
  of	
  understory	
  accumulation	
  should	
  be	
  
incorporated	
  into	
  the	
  vegetation	
  maintenance	
  plan	
  associated	
  with	
  the	
  acequia.	
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Develop	
  and	
  Install	
  Signage	
  
In	
  order	
  to	
  inform	
  Park	
  visitors	
  about	
  the	
  significance	
  of	
  the	
  buried	
  acequia	
  alignment,	
  as	
  well	
  as	
  
the	
  archaeological	
  sensitivity,	
  appropriate	
  signage	
  and	
  trail	
  waysides	
  should	
  be	
  developed	
  and	
  
installed	
  along	
  the	
  developed	
  trail.	
  Signage	
  should	
  orient	
  Park	
  visitors	
  to	
  the	
  broad	
  cultural	
  
landscape	
  and	
  provide	
  information	
  on	
  the	
  construction	
  and	
  use	
  of	
  the	
  acequia,	
  including	
  its	
  role	
  in	
  
the	
  lifeways	
  of	
  the	
  mission	
  community.	
  Signage	
  should	
  also	
  include	
  information	
  that	
  informs	
  
visitors	
  of	
  the	
  landscape	
  rehabilitation,	
  and	
  the	
  role	
  that	
  their	
  presence	
  on	
  the	
  trail	
  plays	
  in	
  those	
  
efforts.	
  Such	
  information	
  could	
  include	
  not	
  only	
  an	
  explanation	
  of	
  why	
  the	
  trail	
  was	
  developed	
  but	
  
also	
  information	
  on	
  the	
  surrounding	
  vegetation	
  involved	
  in	
  the	
  landscape	
  restoration.	
  	
  

Signage	
  could	
  be	
  provided	
  in	
  critical	
  locations	
  to	
  emphasize	
  significant	
  elements	
  and	
  relationships	
  
between	
  key	
  features	
  on	
  the	
  landscape.	
  Signage	
  at	
  the	
  southern	
  end	
  of	
  the	
  trail	
  alignment	
  could	
  
emphasize	
  the	
  compuerta	
  and	
  the	
  relationship	
  of	
  the	
  acequia	
  with	
  the	
  orchard.	
  Signage	
  at	
  the	
  north	
  
end	
  could	
  provide	
  information	
  on	
  the	
  acequia’s	
  function	
  and	
  water	
  source,	
  as	
  well	
  as	
  direct	
  
attention	
  to	
  the	
  view	
  of	
  the	
  church	
  to	
  the	
  west,	
  illustrating	
  the	
  relationship	
  of	
  features	
  within	
  the	
  
landscape.	
  	
  

Monitor	
  and	
  Mitigate	
  Erosion	
  and	
  Other	
  Human	
  Impacts	
  
Reduction	
  of	
  vegetative	
  ground	
  cover	
  and	
  increased	
  pedestrian	
  traffic	
  associated	
  with	
  the	
  
development	
  of	
  an	
  interpretive	
  trail	
  along	
  the	
  acequia	
  alignment	
  will	
  increase	
  the	
  risk	
  of	
  top	
  soil	
  
erosion.	
  The	
  top	
  soil	
  currently	
  aids	
  in	
  the	
  protection	
  of	
  the	
  buried	
  elements	
  including	
  channel	
  
berms	
  and	
  intact	
  stratigraphy.	
  The	
  trail	
  alignment	
  should	
  be	
  monitored	
  for	
  erosion	
  following	
  a	
  
regular	
  schedule	
  that	
  considers	
  the	
  local	
  environmental	
  and	
  climate	
  patterns	
  (such	
  as	
  rainy	
  
seasons).	
  See	
  Alternatives	
  for	
  Treatment	
  below	
  for	
  further	
  discussion.	
  

Increased	
  pedestrian	
  traffic	
  may	
  have	
  additional	
  impacts	
  on	
  the	
  buried	
  acequia	
  alignment.	
  Foot	
  
traffic	
  could	
  increase	
  compaction,	
  affecting	
  the	
  underlying	
  acequia	
  stratigraphy	
  and	
  increased	
  use	
  
could	
  expose	
  the	
  feature	
  to	
  vandalism.	
  	
  

The	
  trail	
  alignment	
  should	
  be	
  inspected	
  regularly	
  for	
  adverse	
  impacts	
  of	
  its	
  use.	
  Maintenance	
  and	
  
preservation	
  treatments	
  should	
  be	
  reevaluated	
  based	
  on	
  such	
  inspections.	
  	
  

Pest	
  Management	
  
While	
  not	
  closely	
  inspected	
  for	
  active	
  insect	
  and	
  rodent	
  burrowing	
  at	
  the	
  time	
  of	
  the	
  condition	
  
assessment,	
  the	
  buried	
  acequia	
  alignment,	
  like	
  the	
  extant	
  swale,	
  is	
  vulnerable	
  to	
  the	
  destructive	
  
effects	
  of	
  bioturbation.	
  A	
  specific	
  site-­‐wide	
  pest	
  management	
  plan	
  should	
  integrate	
  measures	
  to	
  
protect	
  the	
  portion	
  of	
  the	
  acequia	
  alignment	
  that	
  has	
  been	
  recorded	
  within	
  the	
  2012-­‐2013	
  GPR	
  
investigation.	
  	
  

Integrate	
  Recommendations	
  into	
  a	
  Cultural	
  Landscape	
  Report	
  	
  
The	
  information	
  in	
  the	
  Grounds	
  Maintenance	
  Plan	
  (Welborn,	
  2013)	
  as	
  well	
  as	
  the	
  landscape	
  
rehabilitation	
  recommendations	
  outlined	
  above	
  should	
  be	
  integrated	
  into	
  a	
  Cultural	
  Landscape	
  
Report	
  	
  (CLR)	
  that	
  considers	
  the	
  broad	
  cultural	
  landscape	
  within	
  the	
  Tumacácori	
  Unit	
  of	
  the	
  Park.	
  
Further,	
  a	
  Draft	
  Cultural	
  Landscape	
  Inventory	
  	
  (CLI)	
  has	
  been	
  completed	
  for	
  the	
  Park,	
  but	
  not	
  
finalized	
  as	
  of	
  the	
  completion	
  of	
  this	
  report.	
  The	
  information	
  and	
  recommendations	
  	
  outlined	
  in	
  this	
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report	
  should	
  be	
  integrated	
  into	
  the	
  sections	
  associated	
  with	
  the	
  acequia	
  in	
  the	
  CLI	
  prior	
  to	
  its	
  final	
  
submittal.	
  	
  

ALTERNATIVE	
  TREATMENTS	
  

Because	
  the	
  development	
  of	
  an	
  interpretive	
  foot	
  trail	
  along	
  the	
  acequia	
  alignment	
  may	
  result	
  in	
  
adverse	
  effects	
  to	
  the	
  buried	
  feature	
  elements,	
  mitigation	
  strategies	
  and	
  alternative	
  treatments	
  
should	
  be	
  considered	
  in	
  consultation	
  with	
  the	
  State	
  Historic	
  Preservation	
  Office	
  as	
  part	
  of	
  
compliance	
  with	
  Section	
  106	
  of	
  the	
  National	
  Historic	
  Preservation	
  Act.	
  	
  

Alternative	
  A	
  –	
  Additional	
  Top	
  Soil	
  
In	
  this	
  alternative	
  treatment,	
  the	
  recommendations	
  for	
  vegetation	
  maintenance,	
  trail	
  use,	
  and	
  
monitoring	
  outlined	
  above	
  would	
  be	
  implemented	
  with	
  an	
  additional	
  treatment:	
  	
  in	
  order	
  to	
  
decrease	
  the	
  possible	
  adverse	
  effects	
  associated	
  with	
  erosion	
  and	
  compaction,	
  additional	
  top	
  soil	
  or	
  
decomposed	
  granite	
  could	
  be	
  added	
  over	
  the	
  modern	
  ground	
  surface	
  along	
  the	
  alignment	
  to	
  
provide	
  an	
  added	
  layer	
  of	
  protection	
  against	
  wind	
  and	
  water	
  exposure,	
  as	
  well	
  as	
  the	
  effects	
  of	
  
increased	
  exposure	
  to	
  human	
  use	
  and	
  foot	
  traffic.	
  	
  

Alternative	
  B	
  –	
  Offset	
  Walking	
  Trail	
  
As	
  reduced	
  ground	
  cover	
  and	
  increased	
  foot	
  traffic	
  may	
  increase	
  the	
  risk	
  of	
  erosion,	
  potentially	
  
resulting	
  in	
  adverse	
  effects	
  to	
  shallowly	
  buried	
  acequia	
  stratigraphy,	
  the	
  trail	
  could	
  be	
  offset	
  from	
  
the	
  actual	
  acequia	
  alignment.	
  However,	
  the	
  impact	
  of	
  root	
  systems	
  that	
  result	
  from	
  vegetation	
  
restoration	
  alongside	
  the	
  trail	
  alignment	
  would	
  still	
  need	
  to	
  be	
  considered	
  and	
  adverse	
  effects	
  to	
  
the	
  buried	
  acequia	
  stratigraphy	
  would	
  need	
  to	
  be	
  avoided	
  or	
  mitigated	
  using	
  an	
  alternative	
  to	
  trail	
  
development,	
  including	
  using	
  shallow-­‐rooted	
  plant	
  species	
  and	
  periodic	
  vegetation	
  maintenance	
  to	
  
remove	
  unwanted	
  species	
  from	
  the	
  area	
  of	
  the	
  acequia	
  alignment.	
  	
  
	
  
TREATMENT	
  OPTIONS	
  AND	
  CONSIDERATIONS	
  

The	
  recommendations	
  outlined	
  above	
  were	
  developed	
  in	
  consultation	
  with	
  the	
  Park	
  to	
  address	
  
various	
  needs:	
  to	
  integrate	
  preservation	
  with	
  maintenance	
  activities	
  associated	
  with	
  the	
  area	
  
around	
  the	
  acequia	
  alignment,	
  to	
  increase	
  the	
  visibility	
  of	
  the	
  acequia	
  within	
  the	
  landscape,	
  and	
  to	
  
provide	
  initial	
  plans	
  for	
  increased	
  interpretation	
  of	
  the	
  acequia	
  to	
  the	
  public.	
  The	
  recommendations	
  
incorporate	
  Park	
  plans	
  that	
  have	
  been	
  initiated	
  prior	
  to	
  the	
  completion	
  of	
  this	
  report,	
  including	
  the	
  
vegetation	
  restoration	
  and	
  maintenance	
  activities	
  that	
  were	
  outlined	
  in	
  the	
  2013	
  Grounds	
  
Maintenance	
  Plan.	
  Further,	
  the	
  recommendations	
  reflect	
  an	
  attempt	
  to	
  improve	
  visibility	
  and	
  public	
  
awareness	
  of	
  the	
  significance	
  and	
  historic	
  conditions	
  of	
  the	
  acequia,	
  while	
  preserving	
  the	
  
archaeological	
  integrity	
  of	
  the	
  feature.	
  As	
  such,	
  options	
  that	
  include	
  significant	
  disturbance	
  of	
  the	
  
buried	
  stratigraphy,	
  such	
  as	
  restoration	
  of	
  water	
  carrying	
  capabilities,	
  were	
  not	
  considered.	
  	
  

The	
  option	
  of	
  extending	
  the	
  interpretive	
  trail	
  to	
  the	
  south	
  of	
  the	
  compuerta	
  was	
  considered	
  and	
  
rejected	
  due	
  to	
  the	
  limited	
  size	
  of	
  the	
  current	
  maintenance	
  staff.	
  Further,	
  the	
  section	
  of	
  the	
  acequia	
  
alignment	
  to	
  the	
  north	
  of	
  the	
  compuerta	
  was	
  found	
  to	
  have	
  more	
  potential	
  for	
  connecting	
  with	
  
other	
  features	
  within	
  the	
  Park,	
  including	
  the	
  restored	
  orchard	
  and	
  the	
  De	
  Anza	
  Trail.	
  Should	
  staffing	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  

	
  

104	
  
	
  

levels	
  be	
  increased	
  and	
  the	
  popularity	
  of	
  the	
  acequia	
  trail	
  warrant	
  its	
  extension	
  to	
  the	
  south	
  of	
  the	
  
compuerta,	
  this	
  option	
  should	
  be	
  reconsidered.	
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SUMMARY AND CONCLUSIONS 

This	
  report	
  has	
  compiled	
  a	
  large	
  body	
  of	
  historical	
  and	
  empirical	
  information	
  associated	
  with	
  the	
  
historic	
  acequia	
  at	
  Tumacácori	
  National	
  Historical	
  Park.	
  The	
  primary	
  objective	
  of	
  this	
  compilation	
  is	
  
to	
  provide	
  a	
  foundation	
  for	
  informed	
  planning	
  and	
  preservation	
  activities,	
  as	
  well	
  as	
  develop	
  
potential	
  avenues	
  for	
  further	
  research	
  and	
  interpretation.	
  	
  The	
  following	
  section	
  provides	
  a	
  
summary	
  of	
  the	
  conclusions	
  and	
  recommendations	
  that	
  have	
  been	
  developed	
  in	
  the	
  main	
  body	
  of	
  
the	
  report.	
  

The	
  significance	
  of	
  the	
  historic	
  acequia	
  as	
  a	
  contributing,	
  but	
  underrepresented,	
  feature	
  within	
  the	
  
cultural	
  landscape	
  associated	
  with	
  the	
  Park	
  has	
  prompted	
  an	
  increase	
  in	
  interest	
  and	
  activity	
  
intended	
  to	
  gain	
  a	
  better	
  understanding	
  of	
  the	
  feature.	
  Several	
  themes	
  have	
  emerged	
  through	
  the	
  
review	
  of	
  the	
  historical	
  background	
  and	
  archaeological	
  investigations	
  within	
  the	
  Park	
  that	
  are	
  
especially	
  relevant	
  to	
  the	
  interpretation	
  of	
  the	
  feature.	
  Such	
  themes	
  include:	
  

• The	
  Importance	
  of	
  Water-­‐	
  The	
  availability	
  of	
  water	
  was	
  vital	
  to	
  the	
  success	
  and	
  survival	
  of	
  
the	
  mission	
  community,	
  as	
  well	
  as	
  to	
  their	
  predecessors	
  and	
  successors	
  within	
  the	
  Santa	
  
Cruz	
  River	
  Valley	
  region.	
  As	
  a	
  conduit	
  for	
  such	
  a	
  critical	
  resource,	
  the	
  acequia	
  would	
  figure	
  
as	
  a	
  focal	
  point	
  for	
  many	
  activities	
  within	
  the	
  mission	
  community.	
  	
  

• Irrigation	
  Technology-­‐	
  The	
  Santa	
  Cruz	
  River	
  Valley	
  ecosystem	
  has	
  supported	
  a	
  variety	
  of	
  
irrigation	
  technologies	
  that	
  span	
  millennia	
  between	
  the	
  Late	
  Archaic	
  Period	
  (circa	
  2100	
  B.C.	
  
to	
  A.D.	
  50)	
  and	
  the	
  present	
  day.	
  The	
  historic	
  acequia	
  provides	
  a	
  springboard	
  for	
  a	
  discussion	
  
of	
  the	
  irrigation	
  technology	
  represented	
  at	
  the	
  site	
  and	
  in	
  the	
  Santa	
  Cruz	
  River	
  Valley	
  as	
  a	
  
whole.	
  	
  

• Connection	
  to	
  the	
  Larger	
  Landscape-­‐	
  The	
  linear	
  nature	
  of	
  the	
  feature	
  has	
  been	
  largely	
  
obscured	
  by	
  intervening	
  land	
  modification	
  and	
  changes	
  within	
  the	
  landscape.	
  Increasing	
  the	
  
visibility	
  of	
  the	
  acequia	
  within	
  the	
  landscape	
  offers	
  an	
  opportunity	
  to	
  boost	
  engagement	
  
with	
  the	
  feature	
  and	
  increase	
  connectivity	
  with	
  other	
  features	
  within	
  the	
  Park.	
  Utilizing	
  the	
  
linear	
  acequia	
  alignment	
  as	
  a	
  pedestrian	
  trail	
  within	
  the	
  Park	
  would	
  allow	
  visitors	
  not	
  only	
  
improved	
  opportunities	
  to	
  conceptualize	
  the	
  feature	
  as	
  a	
  whole	
  but	
  also	
  to	
  connect	
  to	
  other	
  
Park	
  features,	
  such	
  as	
  the	
  De	
  Anza	
  trail.	
  	
  

Recent	
  archaeological	
  and	
  geophysical	
  testing	
  completed	
  to	
  document	
  the	
  location	
  and	
  
morphology,	
  as	
  well	
  as	
  initial	
  information	
  regarding	
  the	
  condition	
  of	
  the	
  buried	
  acequia	
  alignment,	
  
have	
  provided	
  valuable	
  data.	
  However,	
  the	
  ephemeral	
  nature	
  of	
  the	
  acequia	
  alignment,	
  combined	
  
with	
  inconsistent	
  feature	
  attributes	
  (including	
  the	
  varied	
  stratigraphic	
  profiles	
  and	
  reflection	
  
profiles	
  within	
  the	
  tested	
  area),	
  suggests	
  further	
  research	
  should	
  be	
  completed	
  to	
  address	
  
inconsistencies	
  in	
  results.	
  Initial	
  questions	
  that	
  reflect	
  data	
  needed	
  to	
  address	
  preservation	
  issues	
  
and	
  increase	
  opportunities	
  for	
  interpretation	
  include:	
  

• Are	
  the	
  GPR	
  results	
  accurate	
  in	
  terms	
  of	
  the	
  location	
  of	
  the	
  alignment	
  and	
  the	
  depth	
  of	
  the	
  
channel	
  below	
  the	
  modern	
  ground	
  surface?	
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• What	
  conditions	
  account	
  for	
  the	
  variability	
  or	
  absence	
  of	
  detectable	
  geophysical	
  data?	
  
Similar	
  physical	
  properties	
  among	
  channel	
  deposits	
  and	
  the	
  surrounding	
  sediment?	
  
Significant	
  disturbance?	
  

• Are	
  channel	
  deposits	
  intact?	
  If	
  so,	
  can	
  different	
  use-­‐episodes	
  be	
  identified?	
  
• Are	
  different	
  sedimentation	
  patterns	
  identified	
  between	
  the	
  north	
  and	
  south	
  sides	
  of	
  the	
  

compuerta	
  consistent?	
  If	
  so,	
  are	
  such	
  patterns	
  the	
  result	
  of	
  intentional	
  water	
  control	
  
measures	
  such	
  as	
  a	
  head	
  gate	
  in	
  the	
  compuerta?	
  	
  

• Are	
  channel	
  berms	
  intact?	
  If	
  so,	
  is	
  there	
  evidence	
  of	
  canal	
  maintenance?	
  
• Is	
  the	
  acequia	
  alignment	
  identified	
  in	
  aerial	
  photographs	
  and	
  in	
  GPR	
  reflection	
  profiles	
  

associated	
  with	
  Mission-­‐period	
  construction	
  and	
  use?	
  Are	
  there	
  earlier	
  or	
  later	
  iterations	
  
that	
  reflect	
  different	
  generations	
  of	
  the	
  channel?	
  	
  

	
  
While	
  a	
  large	
  portion	
  of	
  the	
  feature	
  is	
  buried,	
  the	
  compuerta	
  and	
  the	
  extant	
  portion	
  of	
  the	
  swale	
  
that	
  extends	
  north	
  and	
  south	
  from	
  the	
  compuerta,	
  remain	
  exposed	
  at	
  the	
  modern	
  ground	
  surface.	
  
The	
  extant	
  swale	
  and	
  compuerta	
  are	
  both	
  in	
  fair	
  condition	
  with	
  evidence	
  of	
  minor	
  to	
  moderate	
  
disturbance	
  or	
  deterioration.	
  Deterioration	
  factors	
  require	
  preservation	
  maintenance	
  be	
  completed	
  
within	
  a	
  reasonable	
  time	
  frame	
  to	
  prevent	
  loss	
  of	
  integrity.	
  	
  

Disturbance	
  factors	
  affecting	
  the	
  extant	
  swale	
  consist	
  primarily	
  of	
  bioturbation,	
  with	
  evidence	
  of	
  
active	
  rodent	
  and	
  insect	
  disturbance.	
  Vegetation	
  encroachment	
  suggests	
  that	
  there	
  is	
  potential	
  for	
  
root	
  disturbance	
  as	
  well.	
  Human	
  impacts	
  consist	
  of	
  a	
  dirt	
  road	
  trace	
  constructed	
  over	
  the	
  southern	
  
end	
  of	
  the	
  swale,	
  as	
  well	
  as	
  disturbance	
  associated	
  with	
  archaeological	
  investigations	
  in	
  the	
  1990s.	
  
Additional	
  	
  disturbance	
  from	
  human	
  impacts,	
  including	
  the	
  construction	
  of	
  an	
  ADA-­‐accessible	
  trail	
  
across	
  the	
  alignment	
  and	
  the	
  archaeological	
  testing	
  that	
  was	
  completed	
  prior	
  to	
  its	
  construction,	
  
have	
  affected	
  the	
  buried	
  portion	
  of	
  the	
  acequia	
  alignment	
  beyond	
  the	
  extant	
  swale.	
  	
  

Deterioration	
  and	
  material	
  loss	
  due	
  to	
  weathering	
  and	
  structural	
  movement	
  were	
  observed	
  within	
  
the	
  compuerta.	
  Structural	
  displacement	
  may	
  be	
  a	
  result	
  of	
  lateral	
  pressure	
  exerted	
  by	
  the	
  
surrounding	
  sediment.	
  Vegetation	
  encroachment	
  has	
  occurred	
  within	
  structure	
  cracks,	
  while	
  
biological	
  colonization	
  has	
  occurred	
  on	
  the	
  brick,	
  mortar,	
  and	
  plaster	
  surfaces.	
  	
  

The	
  recommended	
  treatment	
  for	
  the	
  swale	
  and	
  compuerta,	
  which	
  continue	
  to	
  function	
  as	
  the	
  
primary	
  interpretive	
  features	
  associated	
  with	
  the	
  acequia,	
  is	
  preservation.	
  Preservation	
  
maintenance	
  recommendations	
  for	
  the	
  swale	
  include	
  development	
  of	
  an	
  Integrated	
  Pest	
  
Management	
  Plan	
  that	
  coordinates	
  with	
  other	
  features	
  within	
  the	
  Park	
  unit.	
  Vegetation	
  
encroachment	
  may	
  be	
  mitigated	
  by	
  removing	
  saplings	
  and	
  shrubs	
  that	
  have	
  taken	
  root	
  within	
  the	
  
swale	
  and	
  by	
  thinning	
  the	
  understory	
  within	
  the	
  surrounding	
  area.	
  Further	
  assessment	
  of	
  the	
  
impact	
  of	
  root	
  activity	
  associated	
  with	
  surrounding	
  trees	
  should	
  be	
  completed	
  alongside	
  future	
  
ground	
  disturbing	
  activity	
  within	
  the	
  vicinity	
  of	
  the	
  acequia,	
  including	
  future	
  archaeological	
  testing.	
  	
  

Treatment	
  recommendations	
  for	
  preservation	
  maintenance	
  on	
  the	
  compuerta	
  include	
  mitigation	
  of	
  
lateral	
  pressure	
  exerted	
  by	
  the	
  surrounding	
  bermed	
  sediment	
  and	
  improvement	
  of	
  drainage	
  paths	
  
for	
  surface	
  runoff.	
  Removal	
  of	
  intrusive	
  bio-­‐organic	
  and	
  vegetative	
  growth	
  from	
  the	
  surface	
  
materials	
  and	
  structural	
  cracks	
  should	
  be	
  completed	
  in	
  preparation	
  for	
  repair	
  of	
  material	
  loss,	
  
structural	
  cracks,	
  and	
  surface	
  deterioration.	
  Repair	
  mortar	
  and	
  plaster	
  should	
  be	
  aesthetically	
  and	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  

	
  

108	
  
	
  

structurally	
  compatible	
  with	
  the	
  historic	
  materials	
  used	
  to	
  construct	
  the	
  compuerta.	
  Repair	
  
materials	
  should	
  be	
  developed	
  in	
  consultation	
  with	
  the	
  results	
  of	
  material	
  analyses	
  conducted	
  by	
  
Meadors,	
  Inc.	
  in	
  2012	
  (the	
  full	
  report	
  is	
  included	
  in	
  Appendix	
  C).	
  	
  

In	
  order	
  to	
  increase	
  the	
  visibility	
  of	
  the	
  acequia	
  on	
  the	
  landscape	
  and	
  expand	
  interpretation	
  
opportunities,	
  as	
  well	
  as	
  reduce	
  vegetation	
  encroachment,	
  this	
  report	
  recommends	
  rehabilitation	
  of	
  
the	
  buried	
  acequia	
  alignment.	
  Recommendations	
  outlined	
  for	
  rehabilitation	
  integrate	
  ongoing	
  
landscape	
  restoration	
  and	
  grounds	
  maintenance	
  activities	
  within	
  the	
  Park,	
  coordinating	
  with	
  the	
  
2013	
  Grounds	
  Maintenance	
  Plan.	
  	
  Reseeding	
  of	
  the	
  areas	
  to	
  the	
  north	
  and	
  south	
  of	
  the	
  compuerta	
  
has	
  been	
  completed,	
  increasing	
  the	
  density	
  of	
  shallow	
  rooted	
  ground	
  cover	
  within	
  the	
  area.	
  This	
  
report	
  recommends	
  that	
  reseeding	
  activities	
  continue,	
  in	
  consultation	
  with	
  ecologists	
  from	
  the	
  
Sonoran	
  Desert	
  Network.	
  	
  Consultation	
  should	
  identify	
  additional	
  appropriate	
  species	
  that	
  add	
  to	
  
the	
  historic	
  integrity	
  of	
  the	
  landscape,	
  as	
  well	
  as	
  invasive	
  or	
  unwanted	
  species	
  and	
  appropriate	
  
removal	
  guidelines.	
  	
  

As	
  part	
  of	
  the	
  rehabilitation	
  of	
  the	
  buried	
  acequia	
  alignment,	
  this	
  report	
  recommends	
  periodic	
  
vegetation	
  maintenance	
  that	
  will	
  delineate	
  a	
  clear	
  path	
  reflecting	
  the	
  location	
  of	
  the	
  buried	
  
alignment.	
  This	
  will	
  increase	
  the	
  overall	
  visibility	
  of	
  the	
  feature	
  without	
  direct	
  disturbance	
  of	
  
buried	
  stratigraphy.	
  The	
  acequia	
  alignment	
  to	
  the	
  north	
  of	
  the	
  compuerta	
  should	
  be	
  developed	
  into	
  
a	
  pedestrian	
  trail	
  that	
  incorporates	
  interpretive	
  signage	
  that	
  orients	
  visitors	
  to	
  the	
  significance	
  of	
  
the	
  feature	
  and	
  the	
  activities	
  involved	
  in	
  its	
  preservation.	
  Trail	
  development	
  to	
  the	
  south	
  of	
  the	
  
compuerta	
  is	
  not	
  recommended	
  at	
  this	
  time,	
  given	
  the	
  current	
  staffing	
  levels,	
  though	
  periodic	
  
vegetation	
  maintenance	
  should	
  be	
  completed	
  in	
  this	
  area.	
  The	
  feasibility	
  for	
  extending	
  the	
  trail	
  
south	
  of	
  the	
  compuerta	
  should	
  be	
  reassessed	
  after	
  the	
  northern	
  portion	
  is	
  in	
  place.	
  	
  

Rehabilitation	
  of	
  the	
  buried	
  acequia	
  alignment	
  will	
  require	
  further	
  research	
  to	
  confirm	
  and	
  expand	
  
on	
  the	
  results	
  of	
  initial	
  geophysical	
  and	
  archaeological	
  work	
  documenting	
  the	
  location	
  of	
  the	
  
feature.	
  A	
  preliminary	
  design	
  for	
  future	
  research	
  is	
  included	
  in	
  Appendix	
  A.	
  Additionally,	
  the	
  
potential	
  effects	
  of	
  the	
  trail	
  development	
  on	
  the	
  buried	
  acequia	
  alignment	
  will	
  need	
  to	
  be	
  
considered	
  prior	
  to,	
  and	
  periodically	
  after,	
  implementation.	
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APPENDIX A 

PRELIMINARY DESIGN FOR FURTHER RESEARCH ON THE ACEQUIA 

The	
  synthesis	
  of	
  past	
  research	
  and	
  current	
  conditions	
  of	
  the	
  historic	
  acequia	
  provide	
  a	
  baseline	
  for	
  
assessing	
  deficiencies	
  in	
  existing	
  data	
  and	
  opportunities	
  for	
  further	
  investigation.	
  This	
  assessment	
  
shows	
  that	
  archaeological	
  testing	
  is	
  required	
  to	
  inventory	
  and	
  document	
  the	
  subsurface	
  condition	
  
and	
  integrity	
  of	
  the	
  acequia	
  and	
  to	
  ensure	
  accurate	
  data	
  is	
  being	
  interpreted	
  to	
  the	
  public	
  (via	
  the	
  
proposed	
  interpretive	
  trail	
  alignment).	
  	
  Several	
  additional	
  objectives	
  of	
  testing	
  include	
  further	
  
clarification	
  of	
  past	
  research	
  results,	
  as	
  well	
  as	
  the	
  assessment	
  of	
  the	
  potential	
  effects	
  of	
  proposed	
  
preservation	
  treatments	
  and	
  landscape	
  rehabilitation.	
  The	
  testing	
  requirements	
  offer	
  an	
  
opportunity	
  to	
  collect	
  additional	
  data	
  associated	
  with	
  a	
  wide	
  range	
  of	
  research	
  questions	
  
addressing	
  the	
  technology,	
  use,	
  and	
  maintenance	
  practices	
  associated	
  with	
  the	
  acequia.	
  	
  Such	
  
information	
  may	
  add	
  to	
  an	
  understanding	
  of	
  the	
  Colonial-­‐period	
  lifeways	
  and	
  subsequent	
  reuse	
  of	
  
the	
  site.	
  	
  

Initial	
  consultation	
  with	
  geomorphologist,	
  Fred	
  Nials,	
  resulted	
  in	
  an	
  extensive	
  outline	
  of	
  research	
  
objectives	
  and	
  primary	
  methods	
  for	
  investigation.	
  This	
  preliminary	
  design	
  for	
  further	
  research	
  is	
  
based	
  on	
  questions	
  and	
  methods	
  provided	
  by	
  Nials	
  in	
  consultations	
  with	
  Park	
  personnel	
  and	
  
Drachman	
  Institute	
  staff.	
  The	
  information	
  outlined	
  below	
  should	
  be	
  integrated	
  into	
  a	
  formal	
  
research	
  design	
  and	
  treatment	
  plan	
  prior	
  to	
  further	
  testing	
  of	
  the	
  acequia.	
  	
  

RESEARCH	
  ORIENTATION	
  
	
  
Additional	
  data	
  are	
  needed	
  to	
  confirm	
  the	
  location	
  and	
  condition	
  of	
  the	
  buried	
  acequia	
  alignment	
  
are	
  needed	
  to	
  proceed	
  with	
  recommended	
  preservation	
  treatments	
  and	
  interpretive	
  trail	
  
development,	
  the	
  proposed	
  archaeological	
  testing	
  plan	
  includes	
  destructive	
  methods.	
  Thus,	
  it	
  is	
  
critical	
  to	
  maximize	
  the	
  information	
  gained	
  from	
  testing	
  efforts.	
  Several	
  broad	
  research	
  themes	
  and	
  
associated	
  questions	
  are	
  outlined	
  below	
  that	
  will	
  guide	
  the	
  data	
  collection.	
  
	
  
Geological/geomorphic	
  context	
  
The	
  geological	
  setting	
  of	
  the	
  mission	
  site	
  likely	
  played	
  a	
  role	
  in	
  the	
  site’s	
  selection	
  and	
  layout.	
  The	
  
success	
  of	
  irrigated	
  fields	
  was	
  contingent	
  upon	
  adequate	
  availability	
  of	
  flood	
  waters	
  and	
  surface	
  
flow	
  within	
  the	
  Santa	
  Cruz	
  River.	
  Further,	
  erosion	
  and	
  deposition	
  patterns	
  from	
  flooding	
  and	
  valley	
  
side	
  runoff	
  affect	
  the	
  integrity	
  of	
  the	
  floodplain	
  stratigraphy	
  and	
  the	
  historic	
  features	
  buried	
  within	
  
it.	
  A	
  comprehensive	
  assessment	
  of	
  the	
  geomorphic	
  context	
  will	
  inform	
  interpretations	
  of	
  past	
  
research	
  results,	
  guide	
  the	
  placement	
  of	
  archaeological	
  test	
  units,	
  and	
  provide	
  needed	
  context	
  to	
  
investigate	
  the	
  remaining	
  broad	
  research	
  questions.	
  	
  
	
  
Questions	
  to	
  be	
  addressed	
  include:	
  

• What	
  geological	
  or	
  geomorphic	
  factors	
  were	
  involved	
  in	
  construction	
  of	
  the	
  acequia?	
  
• What	
  are	
  the	
  primary	
  formation	
  processes	
  affecting	
  the	
  acequia?	
  
• How	
  does	
  the	
  modern	
  topography	
  compare	
  to	
  the	
  Colonial-­‐period	
  ground	
  surface?	
  
• What	
  were	
  environmental	
  conditions	
  during	
  the	
  construction	
  and	
  use	
  of	
  the	
  acequia?	
  
• How	
  did	
  irrigation	
  affect	
  the	
  local	
  environment	
  (i.e.	
  salinization,	
  argilization,	
  piping,	
  

nutrient	
  depletion	
  of	
  soils)?	
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Location	
  and	
  design	
  of	
  irrigation	
  system	
  	
  	
  
A	
  ground	
  penetrating	
  radar	
  study	
  was	
  completed	
  for	
  a	
  section	
  of	
  the	
  acequia	
  madre	
  between	
  2012	
  
and	
  2013.	
  Additional	
  testing	
  offers	
  an	
  opportunity	
  to	
  not	
  only	
  confirm	
  but	
  also	
  expand	
  on	
  the	
  
results	
  of	
  this	
  study.	
  Historic	
  documentation	
  from	
  other	
  Colonial	
  Period	
  mission	
  irrigation	
  systems	
  
suggest	
  that	
  there	
  is	
  additional	
  irrigation	
  and	
  field	
  infrastructure	
  beyond	
  the	
  acequia	
  madre,	
  most	
  
likely	
  extending	
  toward	
  the	
  Santa	
  Cruz	
  River	
  (Bossler	
  and	
  Johnson	
  2012:89,	
  see	
  also	
  Part	
  One	
  of	
  
this	
  report).	
  
	
  
While	
  extensive	
  plowing	
  has	
  graded	
  the	
  ground	
  surface,	
  it	
  is	
  unclear	
  whether	
  such	
  ground	
  
disturbing	
  activity	
  completely	
  destroyed	
  the	
  Colonial	
  period	
  irrigation	
  infrastructure.	
  High	
  
resolution	
  topographic	
  data	
  can	
  provide	
  information	
  regarding	
  remaining	
  patterns	
  associated	
  with	
  
buried	
  historic	
  irrigation	
  infrastructure.	
  	
  
	
  
Questions	
  to	
  be	
  addressed	
  include:	
  

• Does	
  the	
  location	
  of	
  the	
  buried	
  acequia	
  alignment	
  correspond	
  with	
  the	
  mapped	
  alignment	
  
produced	
  by	
  geophysical	
  testing?	
  

• Are	
  lateral	
  and	
  distribution	
  canals	
  preserved?	
  Are	
  individual	
  fields	
  preserved?	
  
• Does	
  the	
  design	
  of	
  the	
  irrigation	
  infrastructure	
  reflect	
  patterns	
  associated	
  with	
  other	
  

Pimeria	
  Alta	
  colonial	
  communities?	
  
	
  

Construction,	
  maintenance	
  and	
  use	
  of	
  the	
  acequia	
  madre	
  	
  
Historic	
  documents	
  describing	
  water	
  use	
  negotiations	
  between	
  the	
  mission	
  community	
  at	
  
Tumacácori	
  and	
  the	
  presidio	
  of	
  Tubac	
  suggest	
  that	
  the	
  acequia	
  system	
  was	
  constructed	
  by	
  1777	
  
(Bossler	
  and	
  Johnson	
  2012:26).	
  	
  However,	
  records	
  that	
  describe	
  the	
  construction	
  of	
  the	
  irrigation	
  
infrastructure	
  are	
  lacking.	
  Stratigraphic	
  profiles	
  (that	
  include	
  bank/berm	
  deposits)	
  have	
  the	
  
potential	
  to	
  yield	
  significant	
  information	
  reflecting	
  the	
  construction	
  techniques,	
  preparation	
  of	
  
channel	
  base	
  and	
  banks,	
  functionality	
  and	
  use-­‐episodes,	
  maintenance	
  practices,	
  and	
  associated	
  
environmental	
  conditions.	
  Furthermore,	
  it	
  is	
  unclear	
  whether	
  the	
  acequia	
  channel	
  was	
  reused	
  
and/or	
  remodeled	
  during	
  the	
  course	
  of	
  the	
  Colonial	
  period	
  and	
  subsequent	
  occupations	
  of	
  the	
  site.	
  	
  
	
  
Questions	
  to	
  be	
  addressed	
  include:	
  

• When	
  was	
  the	
  acequia	
  constructed?	
  
• How	
  was	
  the	
  acequia	
  constructed?	
  
• Is	
  there	
  evidence	
  of	
  preparation	
  and/or	
  maintenance?	
  Can	
  the	
  frequency	
  of	
  maintenance	
  

activities	
  be	
  discerned?	
  
• Is	
  there	
  evidence	
  for	
  remodeling	
  or	
  reconstruction	
  episodes?	
  
• Was	
  the	
  acequia	
  modified	
  during	
  subsequent	
  occupations	
  of	
  the	
  site?	
  

	
  
Cultural	
  influences	
  
The	
  mission	
  community	
  was	
  characterized	
  by	
  cultural	
  diversity.	
  Specific	
  canal	
  traits,	
  artifacts	
  
encountered,	
  and	
  age	
  of	
  use	
  episodes	
  can	
  provide	
  information	
  about	
  the	
  cultural	
  influences	
  on	
  the	
  
construction	
  and	
  use	
  of	
  the	
  acequia.	
  Historical	
  records	
  from	
  Tumacácori	
  and	
  other	
  Pimeria	
  Alta	
  
missions	
  may	
  supplement	
  the	
  archaeological	
  evidence	
  in	
  determining	
  cultural	
  traditions	
  involving	
  
irrigation	
  practice.	
  	
  
	
  
Questions	
  to	
  be	
  address	
  include:	
  

• Is	
  there	
  evidence	
  of	
  irrigation	
  at	
  the	
  site	
  prior	
  to	
  the	
  Colonial	
  period?	
  
• Are	
  there	
  morphological	
  traits	
  associated	
  with	
  the	
  compuerta	
  that	
  correspond	
  to	
  historic	
  

and/or	
  ethnographic	
  data	
  associated	
  with	
  a	
  particular	
  cultural	
  group?	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  

	
  

114	
  
	
  

• Were	
  different	
  technologies	
  and/or	
  maintenance	
  and	
  use	
  practices	
  employed	
  over	
  time?	
  
• Is	
  there	
  a	
  relationship	
  between	
  the	
  site	
  topography,	
  the	
  dog-­‐leg	
  turn	
  in	
  the	
  acequia	
  

alignment	
  within	
  the	
  garden	
  area,	
  and	
  the	
  45-­‐degree	
  angle	
  of	
  the	
  northwest	
  corner	
  of	
  the	
  
garden	
  wall	
  where	
  the	
  acequia	
  leaves	
  the	
  garden	
  area?	
  

	
  
Chronology	
  
Several	
  of	
  the	
  research	
  questions	
  presented	
  above	
  are	
  contingent	
  upon	
  reconstructing	
  temporal	
  
chronologies.	
  Chronological	
  data	
  may	
  be	
  obtained	
  through	
  both	
  relative	
  and	
  absolute	
  means.	
  In	
  situ	
  
temporally	
  diagnostic	
  artifacts	
  may	
  be	
  used	
  to	
  date	
  the	
  specific	
  contexts	
  in	
  which	
  they	
  are	
  found,	
  
providing	
  relative	
  temporal	
  data	
  for	
  surrounding	
  deposits.	
  Absolute	
  dating	
  methods,	
  including	
  
radiocarbon	
  and	
  archaeomagnetic	
  dating	
  can	
  provide	
  finer	
  sequences	
  for	
  specific	
  contexts.	
  
Chronological	
  data	
  will	
  be	
  critical	
  should	
  several	
  iterations	
  or	
  remodeling	
  episodes	
  associated	
  with	
  
the	
  acequia	
  be	
  observed.	
  	
  
	
  
METHODS	
  
	
  
Due	
  to	
  the	
  ephemeral	
  natural	
  of	
  the	
  acequia	
  and	
  its	
  associated	
  stratigraphy	
  observed	
  in	
  previous	
  
research,	
  further	
  investigation	
  and	
  analysis	
  should	
  be	
  conducted	
  in	
  collaboration	
  with	
  a	
  geologist,	
  
geomorphologist,	
  or	
  geoarchaeologist.	
  	
  	
  
	
  
LIDAR	
  mapping	
  of	
  site	
  topography	
  
A	
  high-­‐resolution	
  digital	
  elevation	
  model	
  of	
  the	
  site	
  can	
  be	
  produced	
  using	
  LIDAR.	
  Patterns	
  
identified	
  in	
  the	
  topography	
  of	
  the	
  site	
  may	
  reflect	
  extant	
  irrigation	
  infrastructure	
  and	
  can	
  be	
  
investigated	
  further	
  through	
  additional	
  test	
  excavation	
  or	
  non-­‐destructive	
  geophysical	
  sensing	
  
methods.	
  
	
  
Test	
  unit	
  excavation	
  
In	
  order	
  to	
  reconstruct	
  the	
  Mission-­‐period	
  ground	
  surface	
  associated	
  with	
  agricultural	
  activities,	
  a	
  
series	
  of	
  small	
  test	
  units	
  should	
  be	
  excavated	
  over	
  a	
  portion	
  of	
  the	
  agricultural	
  area	
  within	
  the	
  site.	
  
Nials	
  estimates	
  that	
  eight	
  to	
  ten	
  units	
  would	
  be	
  needed	
  to	
  document	
  the	
  paleosol	
  associated	
  with	
  
the	
  Colonial	
  period	
  occupation	
  of	
  the	
  site.	
  	
  
	
  
Burton’s	
  1994	
  Unit	
  6	
  and	
  Moss	
  and	
  Burghardt’s	
  2012	
  Trench	
  2	
  (see	
  Part	
  Two	
  of	
  this	
  report	
  for	
  
descriptions)	
  should	
  be	
  reopened	
  and	
  assessed	
  by	
  the	
  project	
  geomorphologist.	
  	
  
	
  
Four	
  to	
  five	
  additional	
  backhoe	
  trenches	
  should	
  be	
  widely	
  spaced	
  along	
  the	
  buried	
  alignment	
  in	
  
profile.	
  The	
  location	
  of	
  new	
  test	
  units	
  should	
  be	
  determined	
  by	
  the	
  project	
  geomorphologist	
  after	
  
an	
  assessment	
  of	
  erosion	
  and	
  deposition	
  patterns	
  affecting	
  the	
  integrity	
  of	
  the	
  site	
  and	
  feature	
  is	
  
assessed.	
  	
  Ideally,	
  the	
  backhoe	
  trenches	
  should	
  expose	
  the	
  full	
  acequia	
  channel,	
  including	
  preserved	
  
bank	
  deposits,	
  and	
  a	
  representative	
  sample	
  of	
  the	
  associated	
  floodplain	
  stratigraphy.	
  Some	
  backhoe	
  
trenches	
  may	
  be	
  excavated	
  beyond	
  the	
  known	
  location	
  of	
  the	
  acequia	
  channel	
  in	
  order	
  to	
  assess	
  or	
  
rule	
  out	
  the	
  possibility	
  of	
  multiple	
  iterations	
  or	
  reconstruction	
  episodes.	
  
	
  
An	
  additional	
  test	
  unit	
  should	
  be	
  placed	
  on	
  the	
  exterior	
  edges	
  of	
  both	
  compuerta	
  walls	
  to	
  expose	
  
the	
  surrounding	
  stratigraphy	
  prior	
  to	
  preservation	
  maintenance	
  treatments	
  outlined	
  in	
  Part	
  Five	
  of	
  
this	
  report.	
  
	
  
Geomorphic	
  profiles	
  of	
  the	
  floodplain	
  stratigraphy,	
  as	
  well	
  as	
  feature	
  profiles	
  of	
  the	
  buried	
  channel	
  
should	
  be	
  completed	
  for	
  each	
  test	
  trench.	
  Profiles	
  should	
  be	
  drawn	
  by	
  or	
  in	
  close	
  consultation	
  with	
  
the	
  project	
  geomorphololgist	
  or	
  geoarchaeologist	
  to	
  ensure	
  accurate	
  and	
  adequate	
  detail	
  is	
  



Preservation	
  Plan	
  –	
  Acequia	
  and	
  Compuerta	
  –	
  Tumacácori	
  National	
  Historical	
  Park	
  
	
  
115	
  	
  

included.	
  Profiles	
  should	
  include	
  description	
  of	
  sediment	
  color,	
  texture,	
  compaction,	
  and	
  inclusions	
  
as	
  the	
  information	
  would	
  be	
  a	
  primary	
  source	
  of	
  data	
  used	
  in	
  analysis.	
  	
  
	
  
Sampling	
  
Soil	
  samples	
  for	
  texture	
  analysis	
  and	
  ostracod	
  content	
  should	
  be	
  collected	
  by	
  or	
  in	
  consultation	
  
with	
  the	
  project	
  geomorphologist.	
  Curated	
  samples	
  collected	
  during	
  previous	
  investigations	
  may	
  be	
  
used	
  in	
  lieu	
  collecting	
  new	
  samples	
  from	
  the	
  reopened	
  units.	
  Texture	
  analysis	
  and	
  ostracod	
  content	
  
would	
  contribute	
  to	
  the	
  reconstruction	
  of	
  water	
  sources	
  and	
  rate	
  of	
  flow	
  within	
  the	
  channel.	
  
Radiocarbon	
  samples	
  could	
  be	
  collected	
  on	
  a	
  judgmental	
  basis	
  from	
  appropriate	
  contexts	
  to	
  
provide	
  absolute	
  dates	
  for	
  specific	
  strata	
  or	
  identifiable	
  use-­‐episodes.	
  If	
  heavily	
  burned	
  or	
  oxidized	
  
surfaces	
  are	
  identified	
  within	
  the	
  acequia,	
  archaeomagnetic	
  dates	
  could	
  be	
  obtained.	
  The	
  feasibility	
  
for	
  thermoluminescence	
  dating	
  of	
  buried	
  sediments	
  and	
  location	
  of	
  appropriate	
  sample	
  contexts	
  
within	
  the	
  acequia	
  stratigraphy	
  should	
  be	
  assess	
  by	
  the	
  project	
  geomorphologist.	
  The	
  location	
  of	
  all	
  
samples	
  should	
  be	
  documented	
  to	
  allow	
  for	
  future	
  reconstruction	
  of	
  the	
  sample’s	
  context.	
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Introduction  
 The purpose of this project was to map the historic acequia (irrigation canal) at the site, 
which is visible in a few locations at the site.  Associated with this canal is a compuerta (weir) 
that is still visible on the surface and some linear depressions and tree alignments, which are 
likely showing the location of the canal.  Ground-penetrating radar (GPR) is a geophysical 
method that has been shown to be excellent for this type of mapping elsewhere in Arizona 
(Conyers 2012).  
  

Two sets of GPR data were collected.  One grid of data was collected on Dec. 3, 2012 as 
a way to provide a first test the method and also to map the canal system in preparation for 
planting that was scheduled for the next day.  A report on that project was sent to Jeremy Moss 
on January 4, 2013.  The results of that pilot project showed that the canal was visible in many 
reflection profiles, but not all of the data.  The canal fill appeared to be poorly differentiated 
from the surrounding sediment in some areas, and therefore was less visible in reflection profiles.  
Elsewhere the canal was very visible, probably clay was preserved in the channel and produced a 
distinct reflection surface.   
  

A second set of GPR reflection data were collected on March 11, 2013.  Four grids of 
data were collected at the direction of Jeremy Moss.   Help in acquisition was provided by 
Andrew Perew and Alyssa Cunial from the University of Arizona.  The reflection data in both 
surveys were collected using the GSSI SIR-3000 system with a 400 MHz dipole antenna.  Grids 
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were laid out with tape measures and grid corners were identified with metal pins and nails with 
pink flagging tape for later surveying into the site grid system.   All reflection data were placed 
into space using a survey wheel encoder device attached to the radar antennas.  The corners of all 
grids were also measured to permanent landmarks as a back-up.  These data were processed in 
several different ways to yield horizontal amplitude slice maps and vertical linear profiles.  
Amplitude slice maps allow for spatial analysis of buried materials in plan view, while profile 
analysis aids in determining vertical structure of layers in the ground, materials within those 
layers and their depth.   The location of the 4 grids is shown in Figure 1.  Grid 3 in this map is 
almost the same location as the single grid collected on Dec. 3, 2012.  All grid corners were 
surveyed into space and the grid corner nails still remain visible as of July, 2013 (Jeremy Moss 
personal communication July 3, 2013).  

 
 
Figure 1:  Location of the GPR grids at the site.  Grid 3 is in the same location as the single grid of data 
collected in Dec. 2012.  
 
GPR: Use and Background  
 Ground-penetrating radar data are acquired by transmitting pulses of radar energy into the 
ground from a surface antenna, reflecting the energy off buried objects, features, or bedding 
contacts and then detecting the reflected waves back at the ground surface with a receiving 
antenna.  When collecting radar reflection data, surface radar antennas are moved along the 
ground in transects within a surveyed grid and a large number of subsurface reflections are 
collected along each line.  As radar energy moves through various materials, the velocity of the 
waves will change depending on the physical and chemical properties of the material through 
which they are traveling (Conyers 2013, 2012).  The greater the contrast in physical, electrical, 
and magnetic properties between two materials at an interface, the stronger is the reflected 
signal, and therefore the greater the amplitude of reflected waves.  When travel times of energy 
pulses are measured, and their velocity through the ground is calculated, distance (or depth in the 
ground) can be accurately measured (Conyers and Lucius 1996).  Each time a radar pulse 
traverses a material with a different composition or water saturation, the velocity will change and 
a portion of the radar energy will reflect back to the surface and be recorded.  The remaining 
energy will continue to pass into the ground to be further reflected, until it finally dissipates with 
depth.  The success of GPR surveys in archaeology is largely dependent on soil and sediment 
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mineralogy, clay content, ground moisture, depth of burial, surface topography and vegetation.  
Electrically conductive or highly magnetic materials will quickly attenuate radar energy and 
prevent its transmission to depth. The best conditions for energy propagation are therefore dry 
sediments and soil, especially those without an abundance of clay. The presence of mineralogical 
clays or salts in soil can attenuate radar energy very quickly, which affects how deep the energy 
can potentially resolve features of interest.  In the area surveyed, the relatively dry sand and silt 
was found attenuate energy below about 1.2 meters, which was sufficient to resolve the historic 
canal.  Resolution was moderate, with interfaces about 3-4 cm in thickness visible in many 
profiles, as long as there was sufficient chemical and physical difference between the layers.   
For example, interfaces where clay and either sand or silt are found are good at reflecting radar 
energy; probably because the clay retains moisture and the coarser grained sediments do not.  It 
is the water retention differences that provide the differences, producing reflections (Conyers 
2012).  If these layers contained more similar percentages of retained water, the difference in 
reflection would be less, and therefore these units would be less visible with GPR.   
 
Processing Procedures    
 The initial data processing involved the generation of amplitude slice-maps (Conyers 
2013, 2012).  Amplitude slice-maps are a two-dimensional tool for viewing differences in 
reflected amplitudes across a given surface at various depths.  Reflected radar amplitudes are of 
interest because they reflect the degree of physical and chemical differences in the buried 
materials.  Strong, or high amplitude reflections often indicate dense buried materials, such as 
solid rock foundations or other historic features.  Amplitude slice-maps are generated through 
comparison of reflected amplitudes between raw vertical profiles.  This allows for spatial 
mapping and three-dimensional interpretation of radar data.   These maps were good at mapping 
a portion of the canal in Grid 3 but had almost no utility in the other study areas for reasons 
discussed below.   
  

In the amplitude map method, wave strengths (as measured by amplitude values) are 
recorded as digital values and analyzed at each location in a grid where there is a reflection 
recorded.  The amplitudes of all traces are compared to the amplitudes of all nearby traces along 
that profile and between adjacent transects.  A map is then produced that shows amplitudes in 
map view, but also with depth in the ground.  The database can then be “sliced” horizontally and 
displayed to show the variation in reflection amplitudes at a sequence of depths in the ground. 
Often when this is done changes in the soil related to disturbances such as digging can become 
visible, making many features visible to the human eye as color changes in map view.  Using the 
computer program Surfer 9, grid files were created and the data interpolated using the Minimum 
Curvature method.  From the original .dzt files (raw data), a series of image files were created for 
cross-referencing to the amplitude slice maps that were produced.   
  

Slicing of the data generally begins with the reversal of even numbered profiles, to 
compensate for the data collection technique. This is needed because the data are collected while 
moving up and back along transects.  Since every other line is collected in the opposite direction, 
reversal is necessary prior to mapping the data.   Following profile reversal, our protocol requires 
the creation of .xyz files.  This step creates a Cartesian coordinate grid into which the data are 
eventually incorporated.  The final step is the actual generating of amplitude slice-maps.  
Amplitude slice-maps are created in a program called GPR Process and saved in ASCI text 
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format.  This is a three column text file containing X, Y, and amplitude value information.  The 
Z coordinate for every point in a single file is the same, because each file represents a discrete 
depth unit.  One text file is created for each grid at every depth that is sliced.   
  

After slicing, the data are imported into Surfer 9 where the areas between the regular 
grids of known values are statistically interpolated.  Interpolation involves any of a number of 
techniques used to estimate an unknown value in a continuous dataset using the known values of 
nearby points.  This is used to estimate points that lie between transects.  The primary 
assumption in continuous data sets is that points close together will be more similar than those 
farther apart.   
  

Following spatial interpolation, the data were rendered into horizontal slice maps 
depicting reflection intensity as a continuum of rainbow colors (ROYGBIV).  The ROYGBIV 
scale begins with violet and white for low reflection amplitude and progress through the visual 
spectrum to red for very high intensities.  To illustrate a greater contrast in physical, electrical, 
and magnetic properties between two materials at an interface, white was substituted in for 
violet; therefore, white represents the lowest reflections or no reflection at all.  Because the 
intensities depicted on these maps are relative to the data in each grid, the colors do not indicate 
specific intensities, but rather a relative span from low to high.  
  

There are several criteria established as a rubric for the identification and classification of 
subsurface features at the site.  Maps were considered in isolation and anomalous high and low 
intensities were selected for further investigation.  The assumption being, that those intensities at 
or around the measures of central tendency of the data, represent site matrix and undisturbed 
stratigraphy.  On the other hand, areas of anomalous high and low intensities are indicative of 
something intrusive in the ground that is different from the “background”, or matrix of the site.  
In addition, the radar profile through the potential feature had to show a truncation of horizontal 
stratigraphy over depth. 
  

While amplitude-slice maps are a valuable aid in data interpretation, they are not always 
definitive.   This was especially the case here as the amplitudes collected came from not only the 
canals, but from sediment along their edges, buried utilities, trash and debris dumped in this area 
in the past, and complex stratigraphy in general.   For this reason all reflection profiles in all 
grids (a total of 154 profiles) was viewed and interpreted in two-dimensional vertical profiles.  
These interpretations were then correlated with the amplitude maps, which proved useful in some 
cases.  For the most part it was a manual interpretation of the profiles that was best suited for 
mapping this irrigation canal.   
  

It was also found after the March 2013 data were collected that there were a number of 
differences in reflection contrasts between those profiles and the ones collected in December 
2012.  The two grids of data were then overlaid and all profiles could be compared and 
contrasted.   
  

Excavations of one canal area just south of the  compuerta showed that there were only 
subtle variations in soil types, and no evidence of “clean out” sediments on the canal margins 
(Figure 2).  This excavation information does not discuss detailed sediment types in this 
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stratigraphic sequence, but does appear to show that sediment filled in the canals in at least two 
events, as there are two “silt layers” different from the other sediments in this excavation.  

 
 
Figure 2:  Excavation results of one area of the acequia just south of the  compuerta.  From Jeremy Moss 
report on 2004-2005 new lands testing.  
 
Comparison of Dec. 2012 data to those collected in March 2013 

It was immediately apparent that the reflection data collected during the two different 
times was substantial.  This phenomenon has been found elsewhere, especially when the ground 
has variable moisture content (Conyers 2012).   The overlay of the two grids (the single grid 
collected in Dec. 2012 and Grid 3 in March 2013) is found in Fig 3.   
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Figure 3:  Overlay of the March 2013 and Dec. 2012 grids (upper map) with a comparison to the 
amplitude map from 30-60 cm depth in Grid 3. December profile numbers are shown at the top of the 
overlay. March profile number at bottom. Red profile lines show significant Dec. profiles.  
  
 All the reflection profiles were then compared between the two grids collected at two 
different times (and with inferred differences in moisture within buried layers).  When the Dec. 
2012 data were collected there had been .22 inches of precipitation at Tumacácori since Oct. 1, 
2012 (TUMA Weather Station- Hobo chipset).  The last significant rainfall was 2.49 inches in 
September.  These data suggest that the late summer rains at Tumacácori had likely drained 
through the more permeable sediments (sand and sandy silt) by the time the GPR data were 
collected in early December.  The only units that would have retained water by December, 2012 
were the impermeable clays.  In contrast from Jan. 1, 2013 until the GPR data were collected on 
March 11, 2013, 2.11 inches of rain had fallen at Tumacácori.  Of the total precipitation, .42 
inches of rain fell on March 8th and 9th, 2013, only two days before the March 11th survey. That 
significant precipitation was likely still retained in many of the sediment layers at the site.  This 
would have led to less contrast in retained water within the various units at the time the March 
data were collected, and therefore lower amplitudes in the recorded radar waves. 
  
 The lower reflection contrast in radar waves in the March, 2013 is exactly what can be 
seen in profiles.  In Figure 4 a comparison of two reflection profiles in these two moisture 
regimes shows how the edges of the canal and its bottom produced high amplitude reflections in 
December, 2012 with the same feature is almost invisible in March, 2013.  
  
 In general, after about 2.1 inches of rain, the ground in March, 2013 would have 
contained sediments that were more similar in water saturation, as the layers had not yet had a 
chance to differentially drain.  By December 3, 2012, with no rainfall for about 2 months or 
more, the only sediments that retained water were the units with more clay.  This created a 
higher contrast between coarse and finer-grained sediment layers in December, and the canal was 
therefore more visible in GPR reflection profiles.   
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Figure 4: Comparison of March and December reflection profiles over the same feature in Grid 3.  The 
canal is quite visible (especially its base) in Dec. but is almost invisible in March.  
 
  

The canal edges are also more visible in reflection profiles collected in December (Figure 
5).  This is likely caused by clay in the “clean out” sediments deposited on the margins of the 
canals, which retains more moisture.  While there is little sediment analysis at the site, canals 
usually contain finer-grained sediment deposition, which needs to be cleaned out periodically.  
That finer-grained material has a much lower permeability, and therefore retains more water.  
With more water retention in the clays layers, and less in the interbedded coarser grained 
sediment, the variation in the physical and chemical constituents that are responsible for radar 
wave reflection are more pronounced (Conyers 2012).  The canal edges are therefore more 
pronounced in the December data.  This is visible in many of the profiles.  More analysis of 
sediments may help with interpretation of the GPR data. 
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Figure 5: Comparison of profiles where the edges of the canals are more visible in  
December than in March.   This is likely caused by the contrast in water saturation between canal clean-
out sediments after 3 months of no rain.   
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Data interpretation 
 
Grid 1: 
 This grid of data consists of 34 reflection profiles separated 2 meters, within a 66x20 
meter grid south of the compuerta to just north of the residence (Figure 1).  A few of the profiles 
cross the concrete path in the northwest portion of the grid.   The canal is visible in 18 of the 34 
profiles.  In some profiles the feature is very visible (Figure 6).  The locations of canals such as 
these are shown in Figure 9.  Many of the profiles show a plethora of metal, pipes and other 
debris, which obscures the canal (Figure 7).   It is likely that trenches that were dug to emplace 
metal pipes might have destroyed the canal in some areas.  There are also areas that appear to be 
very disturbed (Figures 7 and 9), and the canal is only visible in a few of the profiles in these 
areas.  In many of the profiles in this grid the canal is very difficult to identify (Figure 8), which 
is likely caused by little differentiation in sediment types and therefore small variations in 
moisture content, or both.   
  
 In the vicinity of the metal debris and other disruptions, the canal appears to be wider 
than elsewhere (Figure 9).  Perhaps it was partially eroded here?  Or am I seeing the results of 
digging and other excavations that have partially destroyed the canal in this area?  It is difficult 
to know which.  In Grid 1 the canal appears to be almost straight, and is only disturbed in the 
area where there is a good deal of metal and buried pipes (Figure 9).  It trends directly into the 
walled backyard of the residence.   

 
 

 
 
Figure 6:  Canal in Grid 1 that shows a well-developed profile with high radar reflection amplitudes.  
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Figure 7:  Example of buried metal pipes and other debris that obscures the canal in some of these 
profiles in Grid 1.  
 

 
 
Figure 8:   A very weakly reflective canal in Grid 1.  
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Figure 9:  Amplitude maps and manual interpretation of profiles in Grid 1.  The interpreted canal trend is 
shown in red.   
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Grid 2: 
 
 This grid is located in an area south of the tall wall that bounds the residence area and the 
garage-maintenance area (Figure 1).  The ground was very compacted here due to vehicle 
movement on the road and parking areas.  The canal is only visible in 3 of the 8 profiles in this 
grid, which is 13x14 meters in dimension.  The reflection profile closest to the wall along the 
north edge of the grid shows the canal much like those profiles collected in other grids (Figure 
10).  In this area of the grid a near-surface stratigraphic layer has been truncated by the canal 
excavation, and a “gap” in the amplitude map is visible there (Figure 11).  Elsewhere in his grid 
the canal is not visible, or has been destroyed.  The trend of this canal is directly toward the line 
of trees visible just to the south of the grid along the margin of the plowed field.  
 
  

 
 
Figure 10: Reflection profile in Grid 2, showing it much like in other profiles in other grids.  This profile 
was collected against the wall to the north, which bounds the maintenance area and the parking area for 
the RV. 
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Figure 11: Grid 2 reflection amplitude map and a manual interpretation of the profiles in this grid.  
          
 
Grid 3:   
 
 Grid 3 was collected over top of the same grid collected in December, 2012, with a few 
minor variations in profile lengths (Figure 2).  A total of 41 profiles were collected here in a grid 
that was 80x15 meters in maximum extent (Figure 12).  In this area the canal is quite visible in 
both the data sets during different moisture regimes.  It was very interesting how the banks or 
edges of some of the canal were visible in the amplitude map (Figure 12).   In the March 2013 
profiles only 11 of the profiles showed the canal.  In the December, 2012 data set 13 of the 
profiles showed the canal, most in different areas of the survey area.  When the two 
interpretations from the two grids are integrated, a trend line of the canal was made (Figure 12).  
This map shows a similar “jog” in the canal that Jeremy Moss sees in historic aerial photos of the 
area.  The trend of the canal is also visible in the amplitude map, with the high amplitudes likely 
caused by canal-margin clean-out sediments.   
  

The canal trend in Figure 12 is the most accurate interpretation of the canal’s reach.  It is 
mostly the same as the trend interpreted in the Dec. 2012 data, with one small difference near the 
“jog” at between 54 and 64 meters (Figure 12).  The earlier interpretation shows a much more 
drastic jog at this area of Grid 3 (Figure 3).  That earlier interpretation is probably inaccurate due 
to slippage of the survey wheel or poor acquisition procedures when Jeremy Moss and I alone 
collected this grid under very rushed circumstances.  An overlay of the canal trend in Figure 12 
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will probably match up very well with the color changes visible in an aerial photo shown me by 
Jeremy Moss, which was collected in the 1960s.   
 

 
 
Figure 12: Manual interpretation and amplitude map of Grid 3 (March 2013). The canal trend can be seen 
in both images.   
 
 
 In 2012, archaeological testing was completed in the approximate location of the present 
concrete path shown in Figure 12. A test trench was placed just north of the compuerta mound in 
the projected location of the acequia. Profiles reveal the faint outline of a broad ditch filled with 
soil of the same composition as the surrounding soil with no layers or silt deposits visible (Figure 
13). There was one thin silty-clay lens identified that could be a previous canal bottom, but there 
was a general lack of differentiation. This lack of soil differentiation could account for some of 
the inconclusive GPR results. It appears that is some locations the sediments/soils within and 
along the acequia differ, while in other locations sediments are too similar to be detected using 
GPR. 
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Figure 13. Profile of possible acequia remnant just north of the compuerta (TT2). Red arrow pointing at 
bottom contact (silty clay lens). More clayey soil above contact. South profile. 
 
 
Grid 4: 
 
 This grid is located north of Grid 3 in the open area along the dirt road leading from the 
picnic area toward the maintenance area to the south.  Thick vegetation precluded GPR data 
collection in some of the grid (Figure 14) and only 4 individual profiles were collected there.  A 
total of 12 profiles were collected here in a grid that was 18x14 meters in extent, with the 4 
additional profiles to the north.  The amplitude maps in this grid were not useful, likely due to 
the differential compaction along the dirt road, which affected energy coupling and produced 
anomalous features.  Only 4 of the profiles exhibited the canal in cross-section.  The projection 
of the canal from Grid 3 to the north shows an arc-trending toward the line of trees and the 
depression north of the grid.   
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Figure 14: Grid 4 profiles with a manual interpretation of canals.  
 
 
Overall Acequia Interpretation 
 
 The canal projection was placed on an aerial photo of the site in Figure 15.  There are a 
few “jogs” in the canal, one within Grid 3, and another somewhere under the residence backyard 
between Grids 1 and 2.  This trend nicely connects the line of trees to the south of Grid 2 and the 
line of trees north of Grid 4.  The compuerta exposed on the surface is between Grids 1 and 3.   
 

 
 
Figure 15:  Composite interpretation of the GPR-mapped grid in the study area, with the grid 
locations shown.   
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In an attempt to delineate where in the grids the canal shows up “best” the following table 

was compiled to help place its trend into space (Table 1).   All measurements in Table 1 were 
made from the base line of each grid (delineated in the detailed grids shown above). 

 
 
Table 1:  Location of the “best” canal locations in each grid.  The first number in each line is the profile 
number, shown in Figures 9, 11, 12 and 13.  

 
Grid 1: 
1: 9.6-10.8 
4: 7.6-8.0: distance problems due to tree in profile 
5: 9.3-10.2 
11: 8.5-9.3 
13: hazy…eroded 
14: 8.6-9.8 
15: 8.7-9.7 
16,17,18,20,21,23,26,30: partially eroded but still vaguely visible 
32: 8.8-10 
34: 8.0-9 
 
Grid 2: 
35: 6.2-7.3 
37: 5.8-6.7 
38: 5.8-6.7 
 
Grid 3: 
54: 4.9-5.8 
55: 4.8-5.6 
56: 5.2-6 
57: 5.0-5.9 
58: 5.0-6.1 
66: 4.9-5.6 
72: 7.0-8.0 
75: 9.6-11.0 
81: 10.5-11.5 
83: 11.2-12.5: best of all profiles! 
 
Grid 4: 
84: 5.9-6.3 
87: 7.2-8.2 
89: 9.6-10.3 
95: 15.5-16.4 

   
 The “best” areas of canals in each grid is a little misleading, as these are GPR 
interpretations, not necessarily geological or archaeological interpretations.  They are denoted as 
“best” in Table 1 because they were visible in GPR reflection profiles.  To be visible in those 
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profiles there had to have been a significant amount of radar energy reflected from buried 
interfaces in the canal.  Usually this is caused by changes in water saturation, which varies due to 
changes in porosity, permeability and bulk density.  These variables may not be what is “visible” 
to the human eye in an excavation, but are physical and chemical changes only.   
 
Conclusions  
  
 Ground-penetrating radar was capable of showing the historic irrigation canal in 49 of the 
154 reflection profiles collected.  While this is only a 32% success rate in imaging the canal in 
individual profiles, the interpretations where it is visible are still capable of showing the trend of 
this linear feature.  The 68% of the profiles that did not show the canal had the following 
possible problems: 
 

1. The canal did not have sediments in it, or along it, which were different enough in 
chemistry or physical composition from those marginal to the canal.  The lack of 
differences precluded the production of radar reflections along those indistinct interfaces. 
 

2. The sediments associated with the canal both within it and adjacent to it retained water in 
different ways, which sometimes produced reflections and sometimes didn’t.  This was 
especially true when comparing the December, 2012 and March, 2013 data sets.  The 
December data often showed the canals better because the clay units retained moisture 
after many months of no precipitation, which contrasted from the coarser units that had 
shed much of their moisture.   In March the winter moisture had not yet drained from the 
coarser units, and therefore there was less contrast from which to reflect energy as the 
two both retained water. 
 

3. Disturbances from excavations for utilities and perhaps debris burial in the past destroyed 
or impacted the canal in some other way, especially in portions of Grid 1. 
 

4. Energy transmission coupling changed from compaction along the road and parking areas 
affected recorded reflections, making a subtle canal reflection signature almost invisible.  
This was the case in Grids 2 and 4.  

 
Overall, the project was quite successful, and the historic acequia was visible and mapped 

across the study area.   
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ĐƌĞĂƚĞ�ƚŚĞ�ƌĞƉůŝĐĂƟŽŶ�ŵŝǆĞƐ�ǁŚŝĐŚ�ǁĞƌĞ�ƚŚĞŶ�ŵĂĚĞ�ĂŶĚ�ĐƵƌĞĚ�ŝŶ�Ă�ůĂďŽƌĂƚŽƌǇ�ƐĞƫŶŐ͘�dŚĞ�ƚĞƐƟŶŐ�
ŵĞƚŚŽĚŽůŽŐǇ�ŝŶĐůƵĚĞĚ�ĂŶĂůǇǌŝŶŐ�ƐĞƫŶŐ�ƟŵĞ�ƵƐŝŶŐ�ƚŚĞ�sŝĐĂƚ�ŶĞĞĚůĞ͕�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ůŝŵĞͲƉŽǌǌŽůĂŶŝĐ�
ƐƚƌĞŶŐƚŚ�ĚĞǀĞůŽƉŵĞŶƚ�ďǇ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ͕�ĂŶĚ�ĞǀĂůƵĂƟŶŐ�ƉŽǌǌŽůĂŶŝĐŝƚǇ�ƚŚƌŽƵŐŚ�ƚŚĞ�
ůŝŵĞ�ĐŽŵďŝŶĂƟŽŶ�ƚĞƐƚ͘��hŶĚĞƌǁĂƚĞƌ�ƐĞƫŶŐ�ƚĞƐƚƐ�ǁĞƌĞ�ƉĞƌĨŽƌŵĞĚ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĐŽŶĮƌŵ�Žƌ�ŶĞŐĂƚĞ�ƚŚĞ�
ƉŽǌǌŽůĂŶŝĐŝƚǇ�ŽĨ�ĞĂĐŚ�ĂŐŐƌĞŐĂƚĞ�ƐƚƵĚŝĞĚ͘��dŚĞ�ĚĂƚĂ�ĨƌŽŵ�ĞĂĐŚ�ƚĞƐƚ�ǁĂƐ�ĨƵƌƚŚĞƌ�ĂŶĂůǇǌĞĚ�ĂŶĚ�ĐŽŵƉĂƌĞĚ�
ĂŵŽŶŐ�ƚŚĞ�ƚŚƌĞĞ�ĨŽƌŵƵůĂƟŽŶƐ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ŵŽƐƚ�ĐŽŵƉĂƟďůĞ�ĂŶĚ�ĂƉƉƌŽƉƌŝĂƚĞ��
ƌĞƉůŝĐĂƟŽŶ�ĨŽƌŵƵůĂ͘�

Attention:
 Jeremy Moss, Chief of Resource Management
 Tumacácori National Historical Park 
 P.O. Box 8067
 Tumacácori Arizona 85640

Figure 1: WŚŽƚŽŐƌĂƉŚ�ŽĨ�ĐŽŵƉƵĞƌƚĂ�͘�/ŵĂŐĞ�ƚĂŬĞŶ�ĨƌŽŵ�ƚŚĞ�EŽƌƚŚĞĂƐƚ�ĐŽƌŶĞƌ͘
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/Ŷ�^ĞƉƚĞŵďĞƌ�ŽĨ�ϮϬϭϮ͕��ĞƩǇ�WƌŝŵĞ�ŽĨ�DĞĂĚŽƌƐ��ŽŶƐĞƌǀĂƟŽŶ�ĐŽŶĚƵĐƚĞĚ�Ă�ƐŝƚĞ�ǀŝƐŝƚ�ƚŽ�ƚŚĞ�ĂĐĞƋƵŝĂ�
Ăƚ�dƵŵĂĐĄĐŽƌŝ�EĂƟŽŶĂů�,ŝƐƚŽƌŝĐĂů�WĂƌŬ͘�^ĂŵƉůĞƐ�ǁĞƌĞ�ƚĂŬĞŶ�ĨƌŽŵ�ƚŚĞ�ĐŽŵƉƵĞƌƚĂ͕�ůŽĐĂƚĞĚ�ǁŝƚŚŝŶ�ƚŚĞ�
ŽƌĐŚĂƌĚ�ǁĂůůƐ�;ƐĞĞ�ƐŝƚĞ�ŵĂƉ�ŝŶ�ĂƉƉĞŶĚŝǆ�Ɖ͘ϯϵͿ͘�dŚĞ�ĨƵŶĐƟŽŶ�ŽĨ�ƚŚĞ�ƐŝƚĞ�ŝƐ�ĐƵƌƌĞŶƚůǇ�ƵŶŬŶŽǁŶ͕�ĂůƚŚŽƵŐŚ�
ŝƚ�ŝƐ�ůŝŬĞůǇ�ƚŚĂƚ�ƚŚĞ�ĨĞĂƚƵƌĞ�ŝŵƉŽƵŶĚĞĚ�ǁĂƚĞƌ�ďǇ�ƌĞƐƚƌŝĐƟŶŐ�ĂŶĚ�ƐůŽǁŝŶŐ�ŇŽǁ�ĚŽǁŶƐƚƌĞĂŵ�ĨƌŽŵ�ƚŚĞ�
ĂĐĞƋƵŝĂ�ǁŚŝĐŚ�ƚŚĞŶ�ĨĞĚ�ǁĂƚĞƌ�ŝŶƚŽ�ůĂƚĞƌĂů�ĚŝƚĐŚĞƐ͘�dŚĞ�ĐŽŵƉƵĞƌƚĂ�ŝƐ�ĂůƐŽ�ƚŚŽƵŐŚƚ�ƚŽ�ŚĂǀĞ�ƐĞƌǀĞĚ�ĂƐ�Ă�
ůĂƵŶĚƌǇ�ƚĂŶŬ�ĨŽƌ�ƚŚĞ�ŵŝƐƐŝŽŶ͘

dŚĞ�ĐŽŵƉƵĞƌƚĂ�ƐƚƌƵĐƚƵƌĞ�ŝƐ�ďƵŝůƚ�ŽĨ�ĮƌĞĚ�ĂĚŽďĞ�ďƌŝĐŬƐ�ďŽŶĚĞĚ�ƚŽŐĞƚŚĞƌ�ǁŝƚŚ�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ĂŶĚ�
ƚƌĞĂƚĞĚ�ǁŝƚŚ�Ă�ƉůĂƐƚĞƌ�ĮŶŝƐŚ�ŽŶ�ďŽƚŚ�ƚŚĞ�ǁĂůůƐ�ĂŶĚ�ŇŽŽƌ�ŽĨ�ƚŚĞ�ƐƚƌƵĐƚƵƌĞ͘�dŚĞ�ƉůĂƐƚĞƌ�ŝƐ�ĮŶŝƐŚĞĚ�ǁŝƚŚ�Ă�
ǁĂƐŚ�ƚŚĂƚ�ŝƐ�ƉŝŐŵĞŶƚĞĚ�ǁŝƚŚ�ďƌŝĐŬ�ĚƵƐƚ͕�ŐŝǀŝŶŐ�ƚŚĞ�ƐƚƌƵĐƚƵƌĞ�ŝƚƐ�ƉŝŶŬͲĐŽůŽƌĞĚ�ĮŶŝƐŚ͘

�ƵƌŝŶŐ�ƚŚĞ�ƐŝƚĞ�ǀŝƐŝƚ�DĞĂĚŽƌƐ��ŽŶƐĞƌǀĂƟŽŶ�ǁŽƌŬĞĚ�ŝŶ�ĐŽůůĂďŽƌĂƟŽŶ�ǁŝƚŚ�ƌĞƉƌĞƐĞŶƚĂƟǀĞƐ�ĨƌŽŵ�ƚŚĞ�
EĂƟŽŶĂů�WĂƌŬ�^ĞƌǀŝĐĞ�;:ĞƌĞŵǇ�DŽƐƐ�ĂŶĚ��ůĞǆ�>ŝŵͿ�ƚŽ�ƐĞůĞĐƚ�ůŽĐĂƟŽŶƐ�ĨŽƌ�ƚŚĞ�ĞǆƚƌĂĐƟŽŶ�ŽĨ�ďĞĚĚŝŶŐ�
ŵŽƌƚĂƌ�ĂŶĚ�ƉůĂƐƚĞƌ�ƐĂŵƉůĞƐ�ƚŽ�ďĞ�ĂŶĂůǇǌĞĚ�ƉĞƚƌŽŐƌĂƉŚŝĐĂůůǇ�ďǇ�,ŝŐŚďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƚĂŶƚƐ͕�/ŶĐ͘�
ĂŶĚ�ƚŚĞŶ�ĨƵƌƚŚĞƌ�ƚĞƐƚĞĚ�ďǇ�DĞĂĚŽƌƐ��ŽŶƐĞƌǀĂƟŽŶ͘�dŚĞ�ĞǆƚƌĂĐƟŽŶƐ�ƐŝƚĞƐ�ŽĨ�ƚŚĞ�ƉůĂƐƚĞƌ�ĂŶĚ�ďĞĚĚŝŶŐ�
ŵŽƌƚĂƌ�ƐĂŵƉůĞƐ�ĂƌĞ�ŶŽƚĞĚ�ŝŶ�ƚŚĞ�ŝŵĂŐĞƐ�ďĞůŽǁ͘

Figure 2:�WŚŽƚŽ�ŽĨ�ĐŽŵƉƵĞƌƚĂ�ƐŚŽǁŝŶŐ�ůŽĐĂƟŽŶƐ�ŽĨ�ƐĂŵƉůĞ�ĞǆƚƌĂĐƟŽŶ͘

Site Visit & Sampling

WůĂƐƚĞƌ
^ĂŵƉůĞ

DŽƌƚĂƌ
^ĂŵƉůĞ
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Figure 3:�WůĂŶ�ŽĨ�ĐŽŵƉƵĞƌƚĂ�ƐŚŽǁŝŶŐ�ůŽĐĂƟŽŶƐ�ŽĨ�ƐĂŵƉůĞƐ�ĂŶĚ�ƉƌĞǀŝŽƵƐ�ƌĞƉĂŝƌ͘ �;DĂƉ�ĐŽƵƌƚĞƐǇ�ŽĨ�EW^͘Ϳ

WůĂƐƚĞƌ�^ĂŵƉůĞ

dŚĞ�ƉůĂƐƚĞƌ�ƐĂŵƉůĞ�ǁĂƐ�ƚĂŬĞŶ�ĚŝƌĞĐƚůǇ�ĨƌŽŵ�ƚŚĞ�^ŽƵƚŚǁĞƐƚ�ĐŽƌŶĞƌ�ŽĨ�ƚŚĞ�ĐŽŵƉƵĞƌƚĂ͘�dŚĞ�ŵĂƚĞƌŝĂů�ƐĞ-
ůĞĐƚĞĚ�ĨŽƌ�ƐĂŵƉůŝŶŐ�ŚĂĚ�ƉƌĞǀŝŽƵƐůǇ�ďĞĞŶ�ĚŝƐůŽĚŐĞĚ�ĂŶĚ�ǁĂƐ�ĨŽƵŶĚ�ǁŝƚŚ�ƚŚĞ�ƉůĂƐƚĞƌ�ƐƵƌĨĂĐĞ�ůǇŝŶŐ�ĚŽǁŶ�
ŽŶ�ƚŚĞ�ƐƚƌƵĐƚƵƌĞ͘�dŚĞ�ƐĂŵƉůĞ�ĐŽŶƚĂŝŶĞĚ�ďŽƚŚ�ƚŚĞ�ďƌŝĐŬ�ƐƵďƐƚƌĂƚĞ�ĂŶĚ�ŽǀĞƌůǇŝŶŐ�ƉůĂƐƚĞƌ͘ �dŚĞ�ƉůĂƐƚĞƌ�
ƐĂŵƉůĞ�ǁĂƐ�ĐƵƚ�ŽŶ�ƐŝƚĞ�ǁŝƚŚ�Ă�ƐĂǁ�ĂŶĚ�ŚĂůĨ�ŽĨ�ƚŚĞ�ŵĂƚĞƌŝĂů�ǁĂƐ�ƌĞƚĂŝŶĞĚ�ďǇ�ƚŚĞ�EĂƟŽŶĂů�WĂƌŬ�^ĞƌǀŝĐĞ�
ĨŽƌ�ƚŚĞŝƌ�ƌĞĐŽƌĚƐ͘�

dŚĞ�ƐĂŵƉůĞ�ĂŶĂůǇǌĞĚ�ďǇ�DĞĂĚŽƌƐ��ŽŶƐĞƌǀĂƟŽŶ�ĐŽŶƚĂŝŶĞĚ�Ă�ƉůĂƐƚĞƌ�ůĂǇĞƌ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϭ͘Ϯ͟�ƚŚŝĐŬ�
ǁŝƚŚ�Ă�ǀĞƌǇ�ƚŚŝŶ�ĂŶĚ�ƐŵŽŽƚŚ�ƌĞĚ�ĮŶŝƐŚ�ůĂǇĞƌ͘ ���ůĂƌŐĞ�ƉŽƌƟŽŶ�ŽĨ�ƚŚŝƐ�ƐĂŵƉůĞ�ǁĂƐ�ƐĞŶƚ�ƚŽ�,ŝŐŚďƌŝĚŐĞ�
DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͘�ĨŽƌ�ĨƵƌƚŚĞƌ�ĂŶĂůǇƐŝƐ͘�

�ĞĚĚŝŶŐ�DŽƌƚĂƌ�^ĂŵƉůĞ

dŚĞ�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ƐĂŵƉůĞ�ǁĂƐ�ƚĂŬĞŶ�ĨƌŽŵ�ƚŚĞ�EŽƌƚŚǁĞƐƚ�ĐŽƌŶĞƌ�ŽĨ�ƚŚĞ�ĐŽŵƉƵĞƌƚĂ�ƐƚƌƵĐƚƵƌĞ͘�dŚĞ�
ƐĂŵƉůĞ�ƚĂŬĞŶ�ĨŽƌ�ĂŶĂůǇƐŝƐ�ŚĂĚ�Ă�ĚĂƌŬ�ďƌŽǁŶ�ƐƵƌĨĂĐĞ�ŽŶ�ƚŚĞ�ĞǆƉŽƐĞĚ�ĨĂĐĞƐ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌ͘ �tŚĞŶ�ďƌŽ-
ŬĞŶ͕�ƚŚĞ�ŝŶƚĞƌŝŽƌ�ĐŽůŽƌ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌ�ǁĂƐ�ůŝŐŚƚ�ďĞŝŐĞ�ƚŽ�ŐƌĂǇ͘�dŚĞ�ŵŽƌƚĂƌ�ǁĂƐ�ǁĞůů�ĐŽŚĞƐŝǀĞ�ĂŶĚ�ĚŝĚ�ŶŽƚ�
ĞĂƐŝůǇ�ĐƌƵŵďůĞ�ǁŚĞŶ�ƚŽƵĐŚĞĚ͘�^ŵĂůů�ůŝŵĞ�ŝŶĐůƵƐŝŽŶƐ�ĂŶĚ�ďƌŝĐŬ�ĨƌĂŐŵĞŶƚƐ�ĐŽƵůĚ�ďĞ�ƐĞĞŶ�ŝŶ�ƚŚĞ�ŚĂŶĚ�
ƐĂŵƉůĞ͘�

dŚŝƐ�ƐĂŵƉůĞ�ǁĂƐ�ĂůƐŽ�ĐŚŽƐĞŶ�ĨŽƌ�ĂŶĂůǇƐŝƐ�ďǇ�,ŝŐŚďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͘�ŝŶ�ŽƌĚĞƌ�ƚŽ�ŐĂŝŶ�Ă�
ŐƌĞĂƚĞƌ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌ Ɛ͛�ŽƌŝŐŝŶĂů�ĐŽŵƉŽŶĞŶƚƐ͘�
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Figure 4: WŚŽƚŽ�ŽĨ�ůŽŽƐĞ�ďƌŝĐŬ�ĂŶĚ�ƉůĂƐƚĞƌ�ƐĂŵƉůĞ�ƉƌŝŽƌ�ƚŽ�
ƌĞŵŽǀĂů͘

Figure 5A:�WŚŽƚŽ�ŽĨ�ƉůĂƐƚĞƌ�ƐĂŵƉůĞ�ĂŌĞƌ�ƚƵƌŶŝŶŐ�ŝƚ�ŽǀĞƌ�ƚŽ�
ĞǆƉŽƐĞ�ƚŚĞ�ƉůĂƐƚĞƌ�ĮŶŝƐŚ͘�

Figure 5B:��ůŽƐĞͲƵƉ�ƉŚŽƚŽ�ŽĨ�ƉůĂƐƚĞƌ�ƐĂŵƉůĞ͘

Plaster Sample
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Figure 6:�WŚŽƚŽ�ŽĨ�ĐŽŵƉƵĞƌƚĂ�ǁĂůů�ƉƌŝŽƌ�ƚŽ�ƌĞŵŽǀŝŶŐ�ƚŚĞ�
ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ƐĂŵƉůĞ͘

Figure 7:�WŚŽƚŽ�ŽĨ�ĞǆƉŽƐĞĚ�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ĂŌĞƌ�ƌĞŵŽǀ-
ŝŶŐ�ƚŚĞ�ďƌŝĐŬ�ĂďŽǀĞ͘

Figure 8:�WŚŽƚŽ�ŽĨ�ƚŚĞ�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ĞǆƚƌĂĐƟŽŶ�ƐŝƚĞ�
ĂŌĞƌ�ƌĞŵŽǀĂů�ŽĨ�ƚŚĞ�ƐĂŵƉůĞ͘

Figure 9:�WŚŽƚŽ�ŽĨ�ƚŚĞ�ĐŽŵƉƵĞƌƚĂ�ǁĂůů�ĂŌĞƌ�ƚŚĞ�ŵŽƌƚĂƌ�
ƐĂŵƉůĞ�ǁĂƐ�ƌĞŵŽǀĞĚ͘

Figure 10:��ůŽƐĞͲƵƉ�ƉŚŽƚŽ�ŽĨ�ĞǆƚƌĂĐƟŽŶ�ƐŝƚĞ͘

Bedding Mortar Sample
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Figure 11:�WŚŽƚŽ�ŽĨ�ďƵůŬ�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ƐĂŵƉůĞ͘�WŚŽƚŽ�
ƚĂŬĞŶ�ĨƌŽŵ�ĂďŽǀĞ͘

Figure 13:�WŚŽƚŽ�ŽĨ�ďƵůŬ�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ƐĂŵƉůĞ͘�WŚŽƚŽ�
ƚĂŬĞŶ�ŽĨ�ƐĂŵƉůĞ�ƐĞĐƟŽŶ͘

Figure 12:�WŚŽƚŽ�ŽĨ�ďƵůŬ�ƉůĂƐƚĞƌ�ƐĂŵƉůĞ͘�WŚŽƚŽ�ƚĂŬĞŶ�ĨƌŽŵ�
ĂďŽǀĞ͘

Figure 14:�WŚŽƚŽ�ŽĨ�ďƵůŬ�ƉůĂƐƚĞƌ�ƐĂŵƉůĞ͘�WŚŽƚŽ�ƚĂŬĞŶ�ŽĨ�
ƐĂŵƉůĞ�ƐĞĐƟŽŶ͘

Figure 15:�WŚŽƚŽ�ŽĨ�ďƵůŬ�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ƐĂŵƉůĞ͘� Figure 16:�WŚŽƚŽ�ŽĨ�ďƵůŬ�ƉůĂƐƚĞƌ�ƐĂŵƉůĞ͘�

Bulk Samples
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Table 1͗�&ŝŶĚŝŶŐƐ�ďǇ�,ŝŐŚďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͘

WĞƚƌŽŐƌĂƉŚŝĐ�ĂŶĂůǇƐŝƐ�ŽĨ�ŵŽƌƚĂƌ�ĂŶĚ�ƉůĂƐƚĞƌ�ƐĂŵƉůĞƐ�ƚĂŬĞŶ�ĨƌŽŵ�ƚŚĞ�dƵŵĂĐĄĐŽƌŝ�ĂĐĞƋƵŝĂ�ŝŶ�^ĞƉƚĞŵ-
ďĞƌ͕ �ϮϬϭϮ�ŝŶĚŝĐĂƚĞĚ�ƚŚĂƚ�ƚŚĞ�ŵŽƌƚĂƌ�ĂŶĚ�ƉůĂƐƚĞƌ�ǁĞƌĞ�ĐŽŵƉŽƐĞĚ�ŽĨ�ůŝŵĞ�ǁŝƚŚ�ǀŽůĐĂŶŝĐ�ƐĂŶĚ�ĂŐŐƌĞŐĂƚĞ͘�
�ůƚŚŽƵŐŚ�ƚŚĞ�ĂŐŐƌĞŐĂƚĞ�ĐŽŵƉŽŶĞŶƚ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌ�ĂŶĚ�ƉůĂƐƚĞƌ�ŝƐ�ƐŝŵŝůĂƌ͕ �ƚŚĞ�ƉƌŽƉŽƌƟŽŶƐ�ŽĨ�ůŝŵĞ�ƚŽ�
ƐĂŶĚ�ĂŶĚ�ƚŚĞ�ŝŶĚŝǀŝĚƵĂů�ƐĂŶĚ�ŐƌĂĚĂƟŽŶ�ǁĞƌĞ�ĚŝīĞƌĞŶƚ�ďĞƚǁĞĞŶ�ƚŚĞ�ƚǁŽ�ƐĂŵƉůĞƐ͘��ƌŝĐŬ�ĚƵƐƚ�ǁĂƐ�ŶŽƚ�
ĚĞƚĞĐƚĞĚ�ĂƐ�ĂŶ�ĂĚĚŝƟǀĞ�ƚŽ�ƚŚĞ�ŵŽƌƚĂƌ�ĂŶĚ�ƉůĂƐƚĞƌ͕ �ĂƐ�ŽƌŝŐŝŶĂůůǇ�ŚǇƉŽƚŚĞƐŝǌĞĚ͕�ďƵƚ�ǁĂƐ�ĨŽƵŶĚ�ĂƐ�Ă�
ĐŽŵƉŽŶĞŶƚ�ŽĨ�ƚŚĞ�ǁĂƐŚ�ĂƉƉůŝĞĚ�ƚŽ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŽĨ�ƚŚĞ�ƉůĂƐƚĞƌ͘ �dŚĞ�ďƌŝĐŬ�ĚƵƐƚ�ƉĂƌƟĐůĞƐ�ĂƌĞ�ĞŵďĞĚĚĞĚ�
ŝŶƚŽ�ƚŚĞ�ůŝŵĞ�ƉĂƐƚĞ�Ăƚ�Ă�ĚĞƉƚŚ�ŽĨ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�Ϭ͘ϱ�ŵŵ͕�ŝŶĚŝĐĂƟŶŐ�ƚŚĂƚ�ƚŚŝƐ�ƐƵƌĨĂĐĞ�ĮŶŝƐŚ�ŝƐ�ŽƌŝŐŝŶĂů�
ƚŽ�ƚŚĞ�ƉůĂƐƚĞƌ�ŝŶƐƚĂůůĂƟŽŶ͘�dŚĞ�ďƌŝĐŬ�ĚƵƐƚ�ŵĂǇ�ŚĂǀĞ�ƌĞĂĐƚĞĚ�ǁŝƚŚ�ƚŚĞ�ůŝŵĞ�ĂŶĚ�ƐůŝŐŚƚůǇ�ŝŶĐƌĞĂƐĞĚ�ƚŚĞ�
ŚǇĚƌĂƵůŝĐŝƚǇ�ĂŶĚ�ƐƚƌĞŶŐƚŚ�ŽĨ�ƚŚĞ�ƉůĂƐƚĞƌ͕ �ďƵƚ�ĂƐ�ŽŶůǇ�Ă�ƐƵƌĨĂĐĞ�ĮŶŝƐŚ͕�ŝƚ�ƐŚŽƵůĚ�ŶŽƚ�ďĞ�ĐŽŶƐŝĚĞƌĞĚ�Ă�
ŵĂũŽƌ�ƉŽǌǌŽůĂŶŝĐ�ĐŽŵƉŽŶĞŶƚ�ďƵƚ�ůŝŬĞůǇ�ŵŽƌĞ�ŽĨ�ĂŶ�ĂĞƐƚŚĞƟĐ�ƚƌĞĂƚŵĞŶƚ͘�

�ůƚŚŽƵŐŚ�ŶŽƚ�ĚĞƚĞƌŵŝŶĞĚ�ĐŽŶĐůƵƐŝǀĞůǇ͕ �ƚŚĞ�ǀŽůĐĂŶŝĐ�ƐĂŶĚ�ĂŐŐƌĞŐĂƚĞ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ŵŽƌƚĂƌ�ĂŶĚ�ƉůĂƐƚĞƌ�
ƉŽƚĞŶƟĂůůǇ�ĂĐƚĞĚ�ĂƐ�Ă�ƉŽǌǌŽůĂŶ͕�ĐŽŶƚƌŝďƵƟŶŐ�ƚŽ�ŝƚƐ�ƐƚƌĞŶŐƚŚ�ĂŶĚ�ĚƵƌĂďŝůŝƚǇ͘�^ŝůŝĐĞŽƵƐ�ĮŶĞƐ�ŽĨ�ǀŽůĐĂŶŝĐ�
ŽƌŝŐŝŶ�ǁĞƌĞ�ĚĞƚĞĐƚĞĚ�ŝŶ�ďŽƚŚ�ƐĂŵƉůĞƐ͕�ĂĐĐŽƵŶƟŶŐ�ĨŽƌ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϱй�ŽĨ�ĂŐŐƌĞŐĂƚĞ�ǁĞŝŐŚƚ͘�dŚĞƐĞ�
ĮŶĞƐ�ŵĂǇ�ŚĂǀĞ�ďĞĞŶ�Ă�ĐŽŵƉŽŶĞŶƚ�ŽĨ�ƚŚĞ�ƵŶǁĂƐŚĞĚ�ƐĂŶĚ�ĂŐŐƌĞŐĂƚĞ͕�Žƌ�ƚŚĞǇ�ŵĂǇ�ŚĂǀĞ�ďĞĞŶ�ĂĚĚĞĚ�
ĂƐ�Ă�ƐĞƉĂƌĂƚĞ�ĐŽŵƉŽŶĞŶƚ�ĨŽƌ�ƚŚĞŝƌ�ƐƚƌĞŶŐƚŚͲĞŶŚĂŶĐŝŶŐ�ĐĂƉĂďŝůŝƟĞƐ͘�sŽůĐĂŶŝĐ�ŵĂƚĞƌŝĂůƐ�ĂƌĞ�ŬŶŽǁŶ�
ƚŽ�ŚĂǀĞ�ƉŽǌǌŽůĂŶŝĐ�ƉŽƚĞŶƟĂů�ǁŚĞŶ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ůŝŵĞ�ĚƵĞ�ƚŽ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ƐŝůŝĐĂ�ĂŶĚ�ĂůƵŵŝŶĂ͘�
�ŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ�ĂŶĚ�ĐŚĞŵŝĐĂů�ĂŶĂůǇƐŝƐ�ƉĞƌĨŽƌŵĞĚ�ďǇ�,ŝŐŚďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�
/ŶĐ͘�ƐƵƉƉŽƌƚƐ�ƚŚĂƚ�ƚŚĞƌĞ�ǁĂƐ�Ă�ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶ�ďĞƚǁĞĞŶ�ƚŚĞ�ǀŽůĐĂŶŝĐ�ƐĂŶĚƐ�ĂŶĚ�ůŝŵĞ͘��ŚĞŵŝĐĂů�
ĂŶĂůǇƐŝƐ�ĚĞƚĞƌŵŝŶĞĚ�ƚŚĂƚ�ƚŚĞ�ǀŽůĐĂŶŝĐ�ĂŐŐƌĞŐĂƚĞ�ŚĂĚ�Ă�ŚŝŐŚ�ƐŽůƵďŝůŝƚǇ�ŝŶ�ĂůŬĂůŝŶĞ�ŵĂƚĞƌŝĂů͕�ƐƵŐŐĞƐƟŶŐ�
ŝƚƐ�ƉŽǌǌŽůĂŶŝĐ�ƉŽƚĞŶƟĂů�ƚŚƌŽƵŐŚ�ŝƚƐ�ĂďŝůŝƚǇ�ƚŽ�ĐŽŵďŝŶĞ�ǁŝƚŚ�ůŝŵĞ͘�dŚĞ�ŚŝŐŚ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ƚŚĞ�
ƉůĂƐƚĞƌ�ƐĂŵƉůĞ�ĂůƐŽ�ƐƵŐŐĞƐƚƐ�ƚŚĂƚ�ƚŚĞƌĞ�ŝƐ�Ă�ƌĞĂĐƟŽŶ�ďĞǇŽŶĚ�ŶŽƌŵĂů�ůŝŵĞ�ĐĂƌďŽŶĂƟŽŶ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�
ƚŚĞ�ŚŝŐŚ�ƐƚƌĞŶŐƚŚ�ŽĨ�ƚŚĞ�ƉůĂƐƚĞƌ͘ �

Petrographic Analysis

WƌŽƉŽƌƟŽŶƐ�
;ůŝŵĞ͗ƐĂŶĚͿ

�ŽŵƉƌĞƐƐŝǀĞ�
^ƚƌĞŶŐƚŚ�;ƉƐŝͿ

,ǇĚƌĂƵůŝĐŝƚǇ�/ŶĚĞǆ��
(SiO2 + Al2O3Ϳͬ�ĂKͿ

�ĞĚĚŝŶŐ�DŽƌƚĂƌ ϭ͗Ϯ͘Ϭ Eͬ� ͘Ϭϳ

WůĂƐƚĞƌ ϭ͗Ϯ͘ϲ ϭϯϬϬͲϭϲϬϬ ͘Ϭϵ
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dŚĞ�ĚĞĮŶŝƟŽŶ�ŽĨ�͞ƉŽǌǌŽůĂŶ͕͟ �ĂĐĐŽƌĚŝŶŐ�ƚŽ���^dD��ϲϭϴ�^ƚĂŶĚĂƌĚ�^ƉĞĐŝĮĐĂƟŽŶ�ĨŽƌ��ŽĂů�&ůǇ��ƐŚ�ĂŶĚ�
ZĂǁ�Žƌ��ĂůĐŝŶĞĚ�EĂƚƵƌĂů�WŽǌǌŽůĂŶ�ĨŽƌ�hƐĞ�ŝŶ��ŽŶĐƌĞƚĞ�ŝƐ�͞Ă�ƐŝůŝĐĞŽƵƐ�Žƌ�ƐŝůŝĐĞŽƵƐ�ĂŶĚ�ĂůƵŵŝŶŽƵƐ�ŵĂƚĞ-
ƌŝĂů�ǁŚŝĐŚ͕�ŝŶ�ŝƚƐĞůĨ͕ �ƉŽƐƐĞƐƐĞƐ�ůŝƩůĞ�Žƌ�ŶŽ�ĐĞŵĞŶƟƟŽƵƐ�ǀĂůƵĞ�ďƵƚ�ǁŚŝĐŚ�ǁŝůů͕�ŝŶ�ĮŶĞůǇ�ĚŝǀŝĚĞĚ�ĨŽƌŵ�ŝŶ�
ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ŵŽŝƐƚƵƌĞ͕�ƌĞĂĐƚ�ĐŚĞŵŝĐĂůůǇ�ǁŝƚŚ�ĐĂůĐŝƵŵ�ŚǇĚƌŽǆŝĚĞ�Ăƚ�ŽƌĚŝŶĂƌǇ�ƚĞŵƉĞƌĂƚƵƌĞ�ƚŽ�ĨŽƌŵ�
ĐŽŵƉŽƵŶĚƐ�ƉŽƐƐĞƐƐŝŶŐ�ĐĞŵĞŶƟƟŽƵƐ�ƉƌŽƉĞƌƟĞƐ͘͟ �sŽůĐĂŶŝĐ�ŵĂƚĞƌŝĂůƐ͕�ƉĂƌƟĐƵůĂƌůǇ�ƉƵŵŝĐĞ�ĂŶĚ�ĂƐŚ�
ĨƌŽŵ�ǀŽůĐĂŶŝĐ�ĞƌƵƉƟŽŶƐ͕�ŐĞŶĞƌĂůůǇ�ĐŽŶƚĂŝŶ�ŚŝŐŚ�ƉƌŽƉŽƌƟŽŶƐ�ŽĨ�ƐŝůŝĐĂ�ĂŶĚ�ĂůƵŵŝŶĂ�ŝŶ�ǀŝƚƌĞŽƵƐ�ĨŽƌŵ�
ǁŚŝĐŚ�ǁŝůů�ƌĞĂĚŝůǇ�ĐŽŵďŝŶĞ�ǁŝƚŚ�ůŝŵĞ�ƚŽ�ĨŽƌŵ�ĐĂůĐŝƵŵ�ƐŝůŝĐĂƚĞ�ŚǇĚƌĂƚĞ͕�ƚŚĞ�ƌĞĂĐƟŽŶ�ƉƌŽĚƵĐƚ�ƚŚĂƚ�ŝƐ�
ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�ƚŚĞ�ŵŽĚŝĮĐĂƟŽŶ�ŽĨ�ƉƌŽƉĞƌƟĞƐ�ŝŶ�ƉŽǌǌŽůĂŶͲůŝŵĞ�ŵŽƌƚĂƌƐ͕�ŝŶĐůƵĚŝŶŐ�ŚŝŐŚĞƌ�ƐƚƌĞŶŐƚŚ͕�
ĚĞĐƌĞĂƐĞĚ�ƐĞƫŶŐ�ƟŵĞ͕�ĂŶĚ�ĂďŝůŝƚǇ�ƚŽ�ƐĞƚ�ŝŶ�ǁĂƚĞƌ�ĂŶĚ�ǁŝƚŚŽƵƚ�ĞǆƉŽƐƵƌĞ�ƚŽ�ĐĂƌďŽŶ�ĚŝŽǆŝĚĞ͘��

^ŝŶĐĞ��ŶƟƋƵŝƚǇ͕ �ǀŽůĐĂŶŝĐ�ŵĂƚĞƌŝĂůƐ�ŚĂǀĞ�ďĞĞŶ�ƵƟůŝǌĞĚ�ďǇ�ǀĂƌŝŽƵƐ�ĐŝǀŝůŝǌĂƟŽŶƐ�ƚŽ�ĐƌĞĂƚĞ�ƉŽǌǌŽůĂŶŝĐ�
ŵŽƌƚĂƌƐ͘�/Ŷ�ĨĂĐƚ͕�ƚŚĞ�ZŽŵĂŶƐ�ƵƐĞĚ�Ă�ǀŽůĐĂŶŝĐ�ŵĂƚĞƌŝĂů�ĐĂůůĞĚ�ƉŽǌǌŽůĂŶĂ�ĨƌŽŵ�ƚŚĞ�ƚŽǁŶ�ŽĨ�WŽƵǌǌŝůŝ͕�/ƚĂůǇ�
ƚŽ�ŵĂŬĞ�ƐŽŵĞ�ŽĨ�ƚŚĞ�ĞĂƌůŝĞƐƚ�ŚǇĚƌĂƵůŝĐ�ŵŽƌƚĂƌƐ͘�/ƚ�ŝƐ�ĨƌŽŵ�ƚŚŝƐ�ŵĂƚĞƌŝĂů�ƚŚĂƚ�ƚŚĞ�ƚĞƌŵ�͞ƉŽǌǌŽůĂŶ͟�ŽƌŝŐŝ-
ŶĂƚĞƐ͕�ĂůƚŚŽƵŐŚ�ŝƚ�ŝƐ�ŶŽǁ�ĂƉƉůŝĞĚ�ŵŽƌĞ�ŐĞŶĞƌĂůůǇ�ƚŽ�Ă�ŶƵŵďĞƌ�ŽĨ�ŶĂƚƵƌĂůůůǇͲŽĐĐƵƌŝŶŐ�ĂŶĚ�ŵĂŶͲŵĂĚĞ�
ŵĂƚĞƌŝĂůƐ�ƚŚĂƚ�ĞǆŚŝďŝƚ�Ă�ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶ�ǁŝƚŚ�ůŝŵĞ͘�sŽůĐĂŶŝĐ�ƉŽǌǌŽůĂŶƐ�ǁĞƌĞ�ĂůƐŽ�ǁŝĚĞůǇ�ƵƐĞĚ�ĚƵƌ-
ŝŶŐ�ƚŚĞ�ϭϵƚŚ�ĐĞŶƚƵƌǇ�ŝŶ�ĞŶŐŝŶĞĞƌŝŶŐ�ǁŽƌŬƐ͕�ƉĂƌƟĐƵůĂƌůǇ�ƚŚŽƐĞ�ŝŶ�ŵĂƌŝŶĞ�ĞŶǀŝƌŽŶŵĞŶƚƐ͘�

Pozzolanic Volcanic Materials

dŚĞ�ŐŽĂů�ŽĨ�ƚŚĞ�ƚĞƐƟŶŐ�ƉƌŽŐƌĂŵ�ǁĂƐ�ƚŽ�ƉƌŽĚƵĐĞ�Ă�ŵŽƌƚĂƌ�ŵŝǆ�ƚŚĂƚ�ǁŽƵůĚ�ƌĞƉůŝĐĂƚĞ�ĂƐ�ĐůŽƐĞůǇ�ĂƐ�ƉŽƐ-
ƐŝďůĞ�ƚŚĞ�ŽƌŝŐŝŶĂů�ŵŽƌƚĂƌ�ŵĂƚĞƌŝĂů�ŝŶ�ƚĞƌŵƐ�ŽĨ�ĐŽŵƉŽƐŝƟŽŶ͕�ƉŚǇƐŝĐĂů�ƉƌŽƉĞƌƟĞƐ�ĂŶĚ�ĂƉƉĞĂƌĂŶĐĞ͘�&Žƌ�
ƚŚĞ�ƉƵƌƉŽƐĞƐ�ŽĨ�ĂƵƚŚĞŶƟĐŝƚǇ�ĂŶĚ�ĐŽŵƉĂƟďŝůŝƚǇ͕ �ŽŶůǇ�ƉƵƌĞ�ůŝŵĞ�ĂŶĚ�ƐĂŶĚ�ǁĞƌĞ�ƚŽ�ďĞ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ŵŝǆ͘�
dŚĞ�EĂƟŽŶĂů�WĂƌŬ�^ĞƌǀŝĐĞ�ĞǆƉƌĞƐƐĞĚ�ƚŚĂƚ�WŽƌƚůĂŶĚ�ĐĞŵĞŶƚ�ĂŶĚ�ĂĚĚŝƟǀĞƐ�ǁĞƌĞ�ŶŽƚ�ĂĐĐĞƉƚĂďůĞ�ĨŽƌ�
ĐŽŶƐĞƌǀĂƟŽŶ�ŵŽƌƚĂƌƐ�ƵƐĞĚ�ŽŶ�ƐŝƚĞ͘�dŚĞ�ƉĞƚƌŽŐƌĂƉŚŝĐ�ĂŶĚ�ĐŚĞŵŝĐĂů�ĂŶĂůǇƐĞƐ�ƉĞƌĨŽƌŵĞĚ�ďǇ�,ŝŐŚďƌŝĚŐĞ�
DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͘�ƉƌŽǀŝĚĞĚ�ĚĂƚĂ�ƌĞŐĂƌĚŝŶŐ�ƚŚĞ�ŵĂƚĞƌŝĂů�ĐŽŵƉŽƐŝƟŽŶ�ĂŶĚ�ƉƌŽƉŽƌƟŽŶƐ�ŽĨ�ƚŚĞ�
ŽƌŝŐŝŶĂů�ŵŽƌƚĂƌ͕ �ǁŚŝĐŚ�ŐƵŝĚĞĚ�ƚŚĞ�ƐĞůĞĐƟŽŶ�ŽĨ�ĂŐŐƌĞŐĂƚĞƐ�ĂŶĚ�ƉƌŽƉŽƌƟŽŶŝŶŐ͘��ƵĞ�ƚŽ�ƚŚĞ�ƐŝŵŝůĂƌŝƚǇ�
ďĞƚǁĞĞŶ�ƚŚĞ�ƉƌŽƉŽƌƟŽŶƐ�ŽĨ�ƉůĂƐƚĞƌ�ĂŶĚ�ŵŽƌƚĂƌ�ŵŝǆĞƐ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�,ŝŐŚďƌŝĚŐĞ�;ϭ͗Ϯ͘ϲ�ĂŶĚ�ϭ͗ϮͿ͕�Ă�
ƌĞƉƌĞƐĞŶƚĂƟǀĞ�ϭ͗Ϯ�ŵŝǆ�ǁŝůů�ďĞ�ƵƐĞĚ�ĨŽƌ�ƚŚĞ�ĞǆƉĞƌŝŵĞŶƚĂů�ƉƌŽŐƌĂŵ͘���ĞĐĂƵƐĞ�ƉĞƚƌŽŐƌĂƉŚŝĐ�ĂŶĚ�ĐŚĞŵŝ-
ĐĂů�ĂŶĂůǇƐŝƐ�ƐƵŐŐĞƐƚĞĚ�ƚŚĂƚ�ƚŚĞ�ŽƌŝŐŝŶĂů�ŵŽƌƚĂƌ�ĐŽŶƚĂŝŶĞĚ�ǀŽůĐĂŶŝĐ�ĂŐŐƌĞŐĂƚĞ�ǁŚŝĐŚ�ŵĂǇ�ŚĂǀĞ�ďĞĞŶ�
ƉŽǌǌŽůĂŶŝĐ͕�ƚŚĞ�ƚĞƐƟŶŐ�ƉƌŽŐƌĂŵ�ǁĂƐ�ĚĞƐŝŐŶĞĚ�ďŽƚŚ�ƚŽ�ĞǀĂůƵĂƚĞ�ƚŚĞ�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ƉŽƚĞŶƟĂů�ƌĞƉůŝĐĂƟŽŶ�
ŵŽƌƚĂƌƐ�ĂŶĚ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚĞƚŚĞƌ�ƚŚĞ�ŵŽĚĞƌŶ͕�ůŽĐĂů�ǀŽůĐĂŶŝĐ�ƐĂŶĚƐ�ƉƌŽǀŝĚĞĚ�ďǇ�ƚŚĞ�EĂƟŽŶĂů�WĂƌŬ�
^ĞƌǀŝĐĞ�ǁŽƵůĚ�ƉƌŽĚƵĐĞ�Ă�ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶ͘�

Goals of Testing Program
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'ƌĂƉŚ�ϭ͗�^ŝĞǀĞ�ĂŶĂůǇƐŝƐ�ƌĞƐƵůƚƐ�ĨŽƌ�ƐĂŵƉůĞƐ��Ͳ��ŝŶ�ĐŽŵƉĂƌŝƐŽŶ�ǁŝƚŚ�ŽƌŝŐŝŶĂů�ĂŐŐƌĞŐĂƚĞ

Materials

dǁŽ�ĚŝīĞƌĞŶƚ�ƚǇƉĞƐ�ŽĨ�ĂŐŐƌĞŐĂƚĞ�ŝŶĐůƵĚŝŶŐ�Ă�ŐƌĂǀĞů�ĂŶĚ�Ă�ǀŽůĐĂŶŝĐ�ƌŽĐŬ�ǁĞƌĞ�ƐĞůĞĐƚĞĚ�ďǇ�ƌĞƉƌĞƐĞŶƚĂ-
ƟǀĞƐ�Ăƚ�dƵŵĂĐĄĐŽƌŝ�EĂƟŽŶĂů�,ŝƐƚŽƌŝĐĂů�WĂƌŬ�ĂŶĚ�ƐĞŶƚ�ƚŽ�ƚŚĞ�DĞĂĚŽƌƐ��ŽŶƐĞƌǀĂƟŽŶ�>ĂďŽƌĂƚŽƌǇ�ĨŽƌ�
ƚĞƐƟŶŐ͘���ĐŽƌƌĞƐƉŽŶĚŝŶŐ�ŵĂƉ�ĚĞŶŽƟŶŐ�ƐĂŵƉůĞ�ůŽĐĂƟŽŶƐ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�ŝŶ�ƚŚĞ��ƉƉĞŶĚŝǆ͘���ĐŽŶƚƌŽů�
ƐĂŶĚ͕�^ĂŵƉůĞ��͕�ǁĂƐ�ĐŚŽƐĞŶ�ĨƌŽŵ�Ă��ŚĂƌůĞƐƚŽŶ�ƐĂŶĚ�ŵŝŶĞ�ĂƐ�ŝƚ�ŚĂĚ�ƚŚĞ�ĐůŽƐĞƐƚ�ŐƌĂĚĂƟŽŶ�ŽĨ�ůŽĐĂů�Ăůů�
ƚŚĞ�ůŽĐĂů�ƐĂŶĚƐ�ƚŽ�ƚŚĞ�ŽƌŝŐŝŶĂů�dƵŵĂĐĄĐŽƌŝ�ƐĂŶĚ͘�ϭϬϬ�Ő�ŽĨ�ĞĂĐŚ�ƐĂŵƉůĞ�ǁĞƌĞ�ƚŚĞŶ�ƐŝĞǀĞĚ�ŝŶ�ŽƌĚĞƌ�ƚŽ�
ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�ŐƌĂŝŶ�ƐŝǌĞ�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�ĞĂĐŚ�ĂŶĚ�ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�ƚŚĞ�ĚŝƐƚƌŝďƵƟŽŶ�ĞƐƚĂďůŝƐŚĞĚ�ďǇ�,ŝŐŚ-
ďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͘�ĨƌŽŵ�ƚŚĞ�ŽƌŝŐŝŶĂů�ŵŽƌƚĂƌ͘ �

dŚĞ�ĐŽŶƚƌŽů�ƐĂŶĚ�ǁĂƐ�Ă�ĐŽŶĐƌĞƚĞ�ƐĂŶĚ�ĨƌŽŵ�ƚŚĞ�DƵƌƌĂǇ�^ĂŶĚ�ŵŝŶĞ�ŝŶ�^ƵŵŵĞƌǀŝůůĞ͕�^�͘�dŚŝƐ�ĂŐŐƌĞŐĂƚĞ�
ŝƐ�Ă�ĐŽĂƌƐĞ�ĂŶŐƵůĂƌ�ƐĂŶĚ�ĐŽŵƉŽƐĞĚ�ŵĂŝŶůǇ�ŽĨ��ǁŚŝƚĞ�ƚŽ�ŐƌĂǇ�ƐŝůŝĐĂ�ƋƵĂƌƚǌ�ǁŝƚŚ�ǀĞƌǇ�ŵŝŶŽƌ�ĐŽŶƐƟƚƵƚĞƐ�
ŽĨ�ĨĞůĚƐƉĂƌ�ĂŶĚ�ŵĂŐŶĞƟƚĞ͘�dŚĞ�ĐŽŶƚƌŽů�ĂŐŐƌĞŐĂƚĞ͕�^ĂŵƉůĞ��͕�ŚĂĚ�Ă�DƵŶƐĞůů�ĐŽůŽƌ�ĐŽĚĞ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�
Ϯ͘ϱz�ϴͬϭ�͞tŚŝƚĞ͟�ĂŶĚ�Ă�ŶŽŵŝŶĂů�ƚŽƉ�ĂŐŐƌĞŐĂƚĞ�ƐŝǌĞ�Ăƚ�ƚŚĞ�EŽ͘�ϴ�;Ϯ͘ϯϴŵŵͿ�ƐŝĞǀĞ͘�dŚĞ�ƉĞĂŬ�ĂďƵŶĚĂŶĐĞ�
ŽĨ�ŐƌĂŝŶƐ�ǁĂƐ�ĨŽƵŶĚ�ƚŽ�ůŝĞ�ďĞƚǁĞĞŶ�ƚŚĞ�EŽ�ϯϬ�;Ϭ͘ϱϵϱ�ŵŵͿ�ĂŶĚ�EŽ͘�ϱϬ�;Ϭ͘Ϯϵϳ�ŵŵͿ�ƐŝĞǀĞƐ͘��ƉƉƌŽǆŝ-
ŵĂƚĞůǇ�ϵϬй�ŽĨ�ƚŚĞ�ŐƌĂŝŶƐ�ǁŝƚŚŝŶ�ƚŚĞ�ĂŐŐƌĞŐĂƚĞ�ůŝĞ�ĂďŽǀĞ�ƚŚĞ�EŽ͘�ϱϬ�^ŝĞǀĞ͘�

dŚĞ�ǀŽůĐĂŶŝĐ�ƌŽĐŬ͕�ƌĞĨĞƌƌĞĚ�ƚŽ�ĂƐ�^ĂŵƉůĞ��͕�ǁĂƐ�ƐĂŵƉůĞĚ�ĨƌŽŵ�dƵŵĂĐĄĐŽƌŝ�DŽƵŶƚĂŝŶ�ďǇ�ƚŚĞ�EW^͘�
dŚĞ�ƌŽĐŬ�ŝƐ�ĂŶ�ĞǆƚƌƵƐŝǀĞ�ƌŚǇŽůŝƚĞ�ƚŽ�ƌŚǇŽͲĚĂĐŝƟĐ�ƚƵī�ƚŚĂƚ�ƌĂŶŐĞƐ�ĨƌŽŵ�ƉŝŶŬ�ƚŽ�ǇĞůůŽǁͲƉŝŶŬ͘�>ĂƌŐĞ�ƌŽĐŬ�
ƐĂŵƉůĞƐ�ǁĂƐ�ĐƌƵƐŚĞĚ�ŝŶ�ƚŚĞ�ůĂďŽƌĂƚŽƌǇ�ǁŝƚŚ�Ă�ŚĂŵŵĞƌ�ĂŶĚ�ĐŚŝƐĞů�ŝŶƚŽ�ƐŝǌĞƐ�ƚŚĂƚ�ǀŝƐƵĂůůǇ�ŵĂƚĐŚĞĚ�
ƚŚŽƐĞ�ŽĨ�ƚŚĞ�ŐƌĂǀĞů�;^ĂŵƉůĞ��Ϳ͘�dŚĞ�ĐƌƵƐŚĞĚ�ŐƌĂŶŝƚĞ�ǁĂƐ�ŚŝŐŚůǇ�ĂŶŐƵůĂƌ�ĂŶĚ�ǁĂƐ�ĐŽŵƉŽƐĞĚ�ŽĨ�ĂŶŐƵůĂƌ�
ƋƵĂƌƚǌ�ĂŶĚ�ĨĞůĚƐƉĂƌƐ�ǁŝƚŚ�ƉŽƐƐŝďůĞ�ďŝŽƟƚĞ�ĂŶĚ�ŚŽƌŶďůĞŶĚĞ͘�dŚĞ�ƐĂŵƉůĞƐ�ŚĂƐ�Ă�DƵŶƐĞůů��ŽůŽƌ�ĐŽĚĞ�ĂƉ-
ƉƌŽǆŝŵĂƚĞůǇ�Ϯ͘ϱ�zZ�ϴ͘ϱͬϭ�͞tŚŝƚĞ͟�ĂŶĚ�Ă�ŶŽŵŝŶĂů�ƚŽƉ�ĂŐŐƌĞŐĂƚĞ�ƐŝǌĞ�Ăƚ�ƚŚĞ�EŽ͘�ϴ�;Ϯ͘ϯϴŵŵͿ�ƐŝĞǀĞ͘�dŚĞ�
ƉĞĂŬ�ĂďƵŶĚĂŶĐĞ�ůŝĞƐ�ďĞƚǁĞĞŶ�ƚŚĞ�EŽ͘�ϴ�ĂŶĚ�EŽ͘�ϯϬ�;Ϭ͘ϱϵϱ�ŵŵͿ�ƐŝĞǀĞƐ͘�

Materials & Methodology
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Table 2͗�&ŽƌŵƵůĂƟŽŶƐ�ĂŶĚ�WƌŽƉŽƌƟŽŶƐ�ƵƐĞĚ�ŝŶ�dĞƐƟŶŐ

^ĂŵƉůĞ���ǁĂƐ�Ă�ƵŶǁĂƐŚĞĚ�ƐĂŶĚͲŐƌĂǀĞů��ŵŝǆ�ƐĂŵƉůĞĚ�ĨƌŽŵ�ĂůůƵǀŝĂů�ĚĞƉŽƐŝƚƐ�ĨƌŽŵ�ƚŚĞ�dƵŵĂĐĄĐŽƌŝ�
DŽƵŶƚĂŝŶƐ͘�dŚŝƐ�ŵĂƚĞƌŝĂů�ǁĂƐ�ĐŽŵƉŽƐĞĚ�ŽĨ�ƐŵĂůů�ŐƌĂŝŶƐ�ŽĨ�ƌŚǇŽůŝƚĞ�ƚƵī͕�ƋƵĂƌƚǌ�ƉĂƌƟĐůĞƐ͕�ĨƌĂŐŵĞŶƚƐ�ŽĨ�
Ă�ǀĂƌŝĞƚǇ�ŽĨ�ŐƌĂŶŝƟĐ�ƌŽĐŬƐ�ĂŶĚ�ŽƌŐĂŶŝĐ�ŵĂƩĞƌ͘ �dŚĞ�ƐĂŵƉůĞ�ǁĂƐ�ƌŽƵŶĚĞĚ�ƚŽ�ƐƵďĂŶŐƵůĂƌ�ŝŶ�ĐŽŵƉŽƐŝƟŽŶ�
ĂŶĚ�ŚĂĚ�Ă�ŶŽŵŝŶĂů�ƚŽƉ�ƐŝǌĞ�ĂďŽǀĞ�ƚŚĞ�EŽ�ϴ�ƐŝĞǀĞ͘�dŚŝƐ�ĂŐŐƌĞŐĂƚĞ�ǁĂƐ�ĨƵƌƚŚĞƌ�ŵĂŶŝƉƵůĂƚĞĚ�ŽŶůǇ�ƌĞ-
ƚĂŝŶŝŶŐ�ϱϬй�ŽĨ�ƚŚĞ�ĂŐŐƌĞŐĂƚĞ�ƌĞƚĂŝŶĞĚ�ƚŚĞ�EŽ͘�ϴ�ƐŝĞǀĞ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĂƉƉƌŽǆŝŵĂƚĞ�ƚŚĞ�ŽƌŝŐŝŶĂů�ĂŐŐƌĞŐĂƚĞ�
ŐƌĂĚĂƟŽŶ͘��dŚĞ�ƉĞĂŬ�ĂďƵŶĚĂŶĐĞ�ĨŽƌ�ƚŚĞ�ŵĂŶŝƉƵůĂƚĞĚ�ƐĞĚŝŵĞŶƚ�ǁĂƐ�ƉƌĞƐĞŶƚ�ďĞƚǁĞĞŶ�ƚŚĞ�EŽ͘�ϴ�ĂŶĚ�
EŽ͘�ϭϲ�ƐŝĞǀĞƐ�ǁŝƚŚ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϲϯй�ŽĨ�ƚŚĞ�ĂŐŐƌĞŐĂƚĞ�ŝŶ�ƚŚŝƐ�ƌĂŶŐĞ͘�dŚĞ�ƐĂŵƉůĞ�ŚĂĚ�Ă�DƵŶƐĞůů�ĐŽůŽƌ�
ĐŽĚĞ�ŽĨ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϱzZ�ϳͬϮ�͞WŝŶŬŝƐŚ�ŐƌĂǇ͘͟

�ůů�ĂŐŐƌĞŐĂƚĞ�ǁĂƐ�ƚĞƐƚĞĚ�ĨŽƌ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ���ů-͕�^KϮ
4-͕�EKϯ

-͕�ĂŶĚ�EKϮ
-�ĂŶŝŽŶƐ�ƚŽ�ŝŶĚŝĐĂƚĞ�ƚŚĞ�ƉƌĞƐĞŶĐĞ�

ŽĨ�ƐĂůƚƐ�ǁŝƚŚŝŶ�ƚŚĞ�ƐĂŵƉůĞƐ͘�EŽ�ƐŝŐŶŝĮĐĂŶƚ�ĐŽŶĐĞŶƚƌĂƟŽŶƐ�ǁĞƌĞ�ĚŝƐĐŽǀĞƌĞĚ�ĂŶĚ�ƚŚĞ�ƌĞƐƵůƚƐ�ĐĂŶ�ďĞ�
ĨŽƵŶĚ�ŝŶ�ƚŚĞ��ƉƉĞŶĚŝǆ͘� 

>ŝŵĞ�ĐŚŽƐĞŶ�ĨŽƌ�ƐĂŵƉůĞ�ŵŝǆŝŶŐ�ǁĂƐ�Ă�ĚƌǇ�ŚǇĚƌĂƚĞ��ŚĞŵƐƚĂƌ�dǇƉĞ�^�ůŝŵĞ�ĂŶĚ�ǁĂƐ�ƉƌŽǀŝĚĞĚ�ďǇ�EW^�ĂƐ�
ŝƚ�ŝƐ�ŶŽƚ�ƌĞĂĚŝůǇ�ĂǀĂŝůĂďůĞ�ŝŶ�^ŽƵƚŚ��ĂƌŽůŝŶĂ͘�dŚŝƐ�ůŝŵĞ�ǁĂƐ�ĐŚŽƐĞŶ�ďĞĐĂƵƐĞ�ŝƚ�ŝƐ�ƚŚĞ�ƚǇƉĞ�ŽĨ�ůŝŵĞ�ƚŚĂƚ�ŝƐ�
ƚǇƉŝĐĂůůǇ�ƵƐĞĚ�Ăƚ�dƵŵĂĐĄĐŽƌŝ�EĂƟŽŶĂů�,ŝƐƚŽƌŝĐ�WĂƌŬ�ĨŽƌ�ĐŽŶƐĞƌǀĂƟŽŶ�ƉƌŽũĞĐƚƐ͕�ĂŶĚ�ŝƐ�ůŝŬĞůǇ�ƚŚĞ�ƚǇƉĞ�ŽĨ�
ůŝŵĞ�ƚŚĂƚ�ǁŝůů�ďĞ�ƵƐĞĚ�ĨŽƌ�ŽŶ�ƐŝƚĞ�ŝŵƉůĞŵĞŶƚĂƟŽŶ͘

Figure 17:�sŽůĐĂŶŝĐ�ZŽĐŬ�ƉƌŝŽƌ�ƚŽ�ĐƌƵƐŚŝŶŐ�;^ĂŵƉůĞ��Ϳ�������������������Figure 18:�hŶǁĂƐŚĞĚ�ŐƌĂǀĞů�ĂŐŐƌĞŐĂƚĞ�;^ĂŵƉůĞ��Ϳ

Lime Aggregate
&ŽƌŵƵůĂƟŽŶ�� ϭ�ƉĂƌƚ Ϯ�ƉĂƌƚƐ�ĐŽŶƚƌŽů�ƐĂŶĚ
&ŽƌŵƵůĂƟŽŶ�� ϭ�ƉĂƌƚ Ϯ�ƉĂƌƚƐ�ĐƌƵƐŚĞĚ�ƐƚŽŶĞ

&ŽƌŵƵůĂƟŽŶ�� ϭ�ƉĂƌƚ Ϯ�ƉĂƌƚƐ�ŐƌĂǀĞů
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&ŽƌŵƵůĂƟŽŶ
 
�Ɛ�ĚŝƐĐƵƐƐĞĚ�ƉƌĞǀŝŽƵƐůǇ͕ �ĂŶĂůǇƐŝƐ�ďǇ�,ŝŐŚďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ�ŽĨ�ŽƌŝŐŝŶĂů�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ĂŶĚ�
ƉůĂƐƚĞƌ�ŝŶĚŝĐĂƚĞĚ�ƚŚĞ�ĨŽƌŵƵůĂƟŽŶ�ƚŽ�ďĞ�Ă�ϭ͗Ϯ�ŵŝǆ�ďǇ�ǀŽůƵŵĞ�ǁŝƚŚ�ůŝŵĞ�ĞƋƵĂƚĞĚ�ƚŽ�Ă�ĚƌǇ�ŚǇĚƌĂƚĞ�ĨŽƌ�
ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ĂŶĚ�ϭ͗Ϯ͘ϲ�ĨŽƌ�ƉůĂƐƚĞƌ͘ ��ůů�ĨŽƌŵƵůĂƟŽŶƐ�ŵĂĚĞ�ŝŶ�ƚŚĞ�ůĂďŽƌĂƚŽƌǇ�ǁĞƌĞ�ŵĂĚĞ�ĂĐĐŽƌĚŝŶŐ�
ƚŽ�ƚŚŝƐ�ĚĞƚĞƌŵŝŶĂƟŽŶ͕�ƵƐŝŶŐ�ƚŚĞ�ƉƌŽƉŽƌƟŽŶƐ�ŽĨ�ƚŚĞ�ŽƌŝŐŝŶĂů�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ͘ �

WƌĞƉĂƌĂƟŽŶ�ŽĨ�^ĂŵƉůĞƐ

WƌŝŽƌ�ƚŽ�ƐĂŵƉůĞ�ŵŝǆŝŶŐ͕�Ăůů�ĂŐŐƌĞŐĂƚĞ�ǁĂƐ�ĚƌŝĞĚ�ŝŶ�ĂŶ�ŽǀĞŶ�Ăƚ�ϭϭϬΣ�ĨŽƌ�Ϯϰ�ŚŽƵƌƐ�ĂŶĚ�ůĞŌ�ƚŽ�ĐŽŽů�ŝŶ�Ă�
ĚĞƐŝĐĐĂƚŽƌ͘ �,ǇĚƌĂƚĞĚ�ůŝŵĞ�ǁĂƐ�ƉƌĞͲƐŝŌĞĚ�ƚŚƌŽƵŐŚ�Ă�ƐŝĞǀĞ�ƉƌŝŽƌ�ƚŽ�ƵƐĞ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ƌĞŵŽǀĞ�Ăůů�ĐůƵŵƉƐ͘�
^ĂŵƉůĞƐ�ĨŽƌ�ƐĞƫŶŐ�ƟŵĞ�ĂŶĚ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚĞƐƚƐ�ǁĞƌĞ�ŝŶŝƟĂůůǇ�ŵŝǆĞĚ�ĚƌǇ�ďǇ�ǀŽůƵŵĞ�ďǇ�ŚĂŶĚ�
ƵƐŝŶŐ�Ă�ƚƌŽǁĞů͘�^ŵĂůů�ĂŵŽƵŶƚƐ�ŽĨ�ĚĞŝŽŶŝǌĞĚ�ǁĂƚĞƌ�ǁĞƌĞ�ƉůĂĐĞĚ�ŝŶƚŽ�ƚŚĞ�ŵŝǆ�ƵŶƟů�Ă�ƐƵĸĐŝĞŶƚ�ƋƵĂŶƟƚǇ�
ŚĂĚ�ďĞĞŶ�ĂĚĚĞĚ�ƚŽ�ĨŽƌŵ�Ă�ǁŽƌŬĂďůĞ�ĐŽŶƐŝƐƚĞŶĐǇ͘�dŚĞ�ŵŽƌƚĂƌ�ǁĂƐ�ƚŚĞŶ�ŵŝǆĞĚ�ǁŝƚŚ�Ă�Ěƌŝůů�ĨŽƌ�ĮǀĞ�ĐŽŶ-
ƐĞĐƵƟǀĞ�ŵŝŶƵƚĞƐ͘�DŝǆŝŶŐ�ǁĂƐ�ĐŽŵƉůĞƚĞĚ�ǁŚĞŶ�ƚŚĞ�ŵŽƌƚĂƌ�ǁĂƐ�ĂďůĞ�ƚŽ�ƌĞŵĂŝŶ�ŽŶ�ĂŶ�ŝŶǀĞƌƚĞĚ�ƚƌŽǁĞů͕��
Ă�ƚĞƐƚ�ŽŌĞŶ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ĮĞůĚ�ƚŽ�ĞǀĂůƵĂƚĞ�ǁŚĞŶ�Ă�ŵŽƌƚĂƌ�ŚĂƐ�ďĞĞŶ�ƉƌŽƉĞƌůǇ�ŵŝǆĞĚ͘�dŚĞ�ŵĂƐƐ�ŽĨ�ĞĂĐŚ�
ĐŽŵƉŽŶĞŶƚ�ǁĂƐ�ƌĞĐŽƌĚĞĚ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĞŶƐƵƌĞ�ƚŚĞ�ŵŝǆ�ĐŽƵůĚ�ďĞ�ƌĞƉůŝĐĂƚĞĚ͘��^ĂŵƉůĞƐ�ǁĞƌĞ�ƚƌĂŶƐĨĞƌƌĞĚ�
ŝŶƚŽ�ƚŚĞ�ŵŽůĚƐ�ĂŶĚ�ƐƚŽƌĞĚ�ŝŶ�ƚŚĞ�ĐƵƌŝŶŐ�ĐŚĂŵďĞƌ�ĂƐ�ƐŽŽŶ�ĂƐ�ƉŽƐƐŝďůĞ͘

^ĂŵƉůĞƐ�ƌĞƋƵŝƌŝŶŐ�ƐƉĞĐŝĂůŝǌĞĚ�ƉƌĞƉĂƌĂƟŽŶ�ŵĞƚŚŽĚƐ͕�ƐƵĐŚ�ĂƐ�ƚŚŽƐĞ�ĨŽƌ�ƚŚĞ�ůŝŵĞ�ĐŽŵďŝŶĂƟŽŶ�ĂŶĚ�
ƵŶĚĞƌǁĂƚĞƌ�ƐĞƫŶŐ�ƟŵĞ�ƚĞƐƚƐ͕�ǁĞƌĞ�ƉƌĞƉĂƌĞĚ�ĨŽůůŽǁŝŶŐ�ƐƉĞĐŝĮĐ�ŵĞƚŚŽĚƐ�ǁŚŝĐŚ�ĂƌĞ�ĚĞƐĐƌŝďĞĚ�ŝŶ�ƚŚĞ�
ŝŶĚŝǀŝĚƵĂů�ƚĞƐƟŶŐ�ƐĞĐƟŽŶ͘

�ƵƌŝŶŐ

��ŵŽĚŝĮĞĚ�ƌĞůĂƟǀĞ�ŚƵŵŝĚŝƚǇ�ĐŚĂŵďĞƌ�ǁĂƐ�ĐƌĞĂƚĞĚ�ĨŽƌ�ĐƵƌŝŶŐ�ƚŚĞ�ŵŽƌƚĂƌ�ƐĂŵƉůĞƐ�ŝŶ�ďĞƚǁĞĞŶ�ƚĞƐƟŶŐ͘�
ϱ�ƚƌĂǇƐ�ŽĨ�ĚĞŝŽŶŝǌĞĚ�ǁĂƚĞƌ�ǁĞƌĞ�ƉůĂĐĞĚ�ŝŶ�Ă�ŚŽŽĚĞĚ�ďĂŬŝŶŐ�ƌĂĐŬ�ĂŶĚ�Ă�ĚŝŐŝƚĂů�ŚǇŐƌŽŵĞƚĞƌ�ǁĂƐ�ƉůĂĐĞĚ�
ŝŶƐŝĚĞ�ƚŽ�ŵŽŶŝƚŽƌ�ƚŚĞ�ƚĞŵƉĞƌĂƚƵƌĞ�ĂŶĚ�ƌĞůĂƟǀĞ�ŚƵŵŝĚŝƚǇ͘�dŚĞ�ƌĞůĂƟǀĞ�ŚƵŵŝĚŝƚǇ�ǁĂƐ�ŬĞƉƚ�ĂƐ�ĐůŽƐĞ�ƚŽ�
ϵϬй�ĂƐ�ƉŽƐƐŝďůĞ�ĂŶĚ�ĂĚĚŝƟŽŶĂů�ǁĂƚĞƌ�ǁĂƐ�ĂĚĚĞĚ�ƚŽ�ƚŚĞ�ƚƌĂǇƐ�ǁŚĞŶ�ŶĞĞĚĞĚ͘��ŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�
ƐĂŵƉůĞƐ�ǁĞƌĞ�ĐƵƌĞĚ�ĨŽƌ�ϯϬ�ĚĂǇƐ�ŝŶ�Ă�ĐƵƌŝŶŐ�ĐŚĂŵďĞƌ�Ăƚ�ĐŽŶƚƌŽůůĞĚ�Ăƚ�ϵϬй�ƌĞůĂƟǀĞ�ŚƵŵŝĚŝƚǇ͘��
^ĞƫŶŐ�ƟŵĞ�ƐĂŵƉůĞƐ�ǁĞƌĞ�ƐƚŽƌĞĚ�ŝŶ�ƚŚĞ�ĐŚĂŵďĞƌ�ƵŶƟů�ƚĞƐƟŶŐ�ǁĂƐ�ĐŽŵƉůĞƚĞ͘��ƵƌŝŶŐ�ƚŚĞ�ĞŶƟƌĞ�ƚĞƐƚ-
ŝŶŐ�ƉĞƌŝŽĚ͕�ƚĞŵƉĞƌĂƚƵƌĞƐ�ƌĂŶŐĞĚ�ǁŝƚŚŝŶ�ƚŚĞ�ĐŚĂŵďĞƌ�ĨƌŽŵ�ϳϬ͘Ϯ�ƚŽ�ϳϱ͘Ϭ�ĚĞŐƌĞĞƐ�&ĂŚƌĞŶŚĞŝƚ͘�dŚŝƐ�ŝƐ�ĂŶ�
ĂĐĐĞƉƚĂďůĞ�ƌĂŶŐĞ�ĨŽƌ�ĐƵƌŝŶŐ�ĐŽŶĚŝƟŽŶƐ͘

Figure 19:��ƌǇ�ŵŝǆŝŶŐ�ŵŽƌƚĂƌ�ŝŶŐƌĞĚŝĞŶƚƐ͘�� � �����������������Figure 20:�DŽůĚŝŶŐ�ŽĨ��ŽŵƉƌĞƐƐŝǀĞ�^ƚƌĞŶŐƚŚ�ĐƵďĞƐ
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Figure 21:�&ŽƌŵƵůĂƟŽŶ���ĂƌƌĂŶŐĞĚ�ďǇ�ŐƌĂĚĂƟŽŶ�� � ��Figure 22͗�KƌŝŐŝŶĂů�ƉůĂƐƚĞƌ�ǁŝƚŚ�ĞŵďĞĚĚĞĚ�ďƌŝĐŬ�ƐƵƌĨĂĐĞ��
� � � � � � � ��ĮŶŝƐŚ�;ďŽƩŽŵͿ

Testing Methodology

/ŶƚƌŽĚƵĐƟŽŶ

dŚĞ�ƉƵƌƉŽƐĞ�ŽĨ�ƚŚĞ�ƚĞƐƟŶŐ�ƉŚĂƐĞ�ǁĂƐ�ƚŽ�ĨŽƌŵƵůĂƚĞ�Ă�ƌĞƉůŝĐĂƟŽŶ�ŵŽƌƚĂƌ�ƚŚĂƚ�ŵĂƚĐŚĞƐ�ƚŚĞ�ŽƌŝŐŝŶĂůƐ�
ƵƐŝŶŐ�ůŽĐĂů�ƐĂŶĚƐ�ŽĨ�ŬŶŽǁŶ�ǀŽůĐĂŶŝĐ�ŽƌŝŐŝŶ�ĨƌŽŵ�ƚŚĞ�ƌĞŐŝŽŶ͕�ĂŶĚ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ǁŚĞƚŚĞƌ�ƚŚĞ�ƐĂŶĚƐ�
ƉƌŽǀŝĚĞĚ�ĂƌĞ�ƉŽǌǌŽůĂŶŝĐ͘�dŚĞ�ƐĂŶĚƐ�ƚŚĂƚ�ǁĞƌĞ�ƉƌŽǀŝĚĞĚ�ǁĞƌĞ�ĐŚĂƌĂĐƚĞƌŝǌĞĚ�ďĂƐĞĚ�ŽŶ�ŐƌĂĚĂƟŽŶ͕�ĐŽůŽƌ͕ �
ĂŶĚ�ƚĞǆƚƵƌĞ͘�dŚĞǇ�ǁĞƌĞ�ǀŝƐƵĂůůǇ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĞ�ŽƌŝŐŝŶĂů�ƐĂŶĚƐ�ĞǆƚƌĂĐƚĞĚ�ĨƌŽŵ�ƚŚĞ�ƉůĂƐƚĞƌ�ĂŶĚ�ŵŽƌƚĂƌ�
ƐĂŵƉůĞƐ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĞŶƐƵƌĞ�ƚŚĞŝƌ�ĐŽŵƉŽƐŝƟŽŶƐ�ǁĞƌĞ�ƐŝŵŝůĂƌ�ĂŶĚ�ǁŽƵůĚ�ƉŽƚĞŶƟĂůůǇ�ƉƌŽĚƵĐĞ�ĐŽŵƉĂƚ-
ŝďůĞ�ŵŽƌƚĂƌƐ͘�

�Ɛ�ĚŝƐĐƵƐƐĞĚ�ƉƌĞǀŝŽƵƐůǇ͕ �ďƵůŬ�ƐĂŵƉůĞƐ�ŽĨ�ďŽƚŚ�^ĂŵƉůĞ���Θ���ĐŽŶƚĂŝŶĞĚ�ĂƉŚĂŶŝƟĐ�ƌŚǇŽůŝƟĐ�ĂŶĚ�ƌŚǇŽͲ
ĚĂĐŝƟĐ�ĂŐŐƌĞŐĂƚĞ�ĂŶĚ�ĂƌĞ�ůŝŬĞůǇ�ǀŽůĐĂŶŝĐ�ŝŶ�ŽƌŝŐŝŶ͘�dŚĞƐĞ�ĐŽŵƉŽƐŝƟŽŶƐ�ĂƌĞ�ƐŝŵŝůĂƌ�ƚŽ�ƚŚĞ�ŶĂƚƵƌĂů�ǀŽůĐĂ-
ŶŝĐ�ƐĂŶĚƐ͕�ĂŶĂůǇǌĞĚ�ďǇ�,ŝŐŚďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͕�ǁŚŝĐŚ�ǁĞƌĞ�ĚĞƚĞƌŵŝŶĞĚ�ƚŽ�ďĞ�ĐŽŵƉŽƐĞĚ�
ŽĨ�ĚĂĐŝƚĞ�ĂŶĚ�ƌŚǇŽůŝƚĞ͘�

dŚĞ�ƉŽǌǌŽůĂŶŝĐ�ƉŽƚĞŶƟĂů�ŽĨ�ƚŚĞ�ǀŽůĐĂŶŝĐ�ĮŶĞƐ�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ƚŚƌŽƵŐŚ�Ă�ƐŝŵƉůĞ�ůŝŵĞ�ĐŽŵďŝŶĂƟŽŶ�
ƚĞƐƚ�ŝŶ�ǁŚŝĐŚ�ƚŚĞ�ĮŶĞƐ�ǁĞƌĞ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ŚǇĚƌĂƚĞĚ�ůŝŵĞ�ĂŶĚ�ǁĂƚĞƌ�ĂŶĚ�ŽďƐĞƌǀĞĚ�ĨŽƌ�ƐĞǀĞŶ�ĚĂǇƐ͘�
dŚĞ�ĂďŝůŝƚǇ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌƐ�ƚŽ�ƐĞƚ�ďǇ�ƚŚĞ�ĐŽŵďŝŶĞĚ�ƉƌŽĐĞƐƐĞƐ�ŽĨ�ĐĂƌďŽŶĂƟŽŶ�ĂŶĚ�ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶƐ�
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Figure 23:�WƌĞƉĂƌĂƟŽŶ�ŽĨ�>ŝŵĞ��ŽŵďŝŶĂƟŽŶ�dĞƐƚ�^ĂŵƉůĞƐ

ǁĂƐ�ŵĞĂƐƵƌĞĚ�ƚŚƌŽƵŐŚ�ƚŚĞ�ƐĞƫŶŐ�ƟŵĞ�ƚĞƐƚ͘�dŚĞ�ƵŶĚĞƌǁĂƚĞƌ�ƐĞƫŶŐ�ƟŵĞ�ƚĞƐƚ�ǁĂƐ�ƵƐĞĚ�ĂƐ�Ă�ĐŽŶĮƌ-
ŵĂƚŽƌǇ�ĞǆƉĞƌŝŵĞŶƚ�ƚŽ�ŝĚĞŶƟĨǇ�ƉŽǌǌŽůĂŶŝĐŝƚǇ�ĂŶĚ�ŵĞĂƐƵƌĞ�ƚŚĞ�ĂďŝůŝƚǇ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌ�ƚŽ�ƐĞƚ�ƵŶĚĞƌǁĂƚĞƌ�
ƐŽůĞůǇ�ďǇ�ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ĐĞŵĞŶƟƟŽƵƐ�ĐŽŵƉŽƵŶĚƐ͘���ŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚĞƐƚƐ�ǁĞƌĞ�ƵƐĞĚ�ƚŽ�ĞǀĂůƵ-
ĂƚĞ�ƚŚĞ�ƐƚƌĞŶŐƚŚ�ŝŵƉĂƌƚĞĚ�ďǇ�ƚŚĞ�ƉŽǌǌŽůĂŶŝĐ�ĂŐŐƌĞŐĂƚĞ�ǁŚĞŶ�ĐŽŵƉĂƌĞĚ�ƚŽ�Ă�ŶŽŶ�ƉŽǌǌŽůĂŶŝĐ�ĐŽŶƚƌŽů͘�
KǀĞƌĂůů͕�ƚŚĞ�ĚĂƚĂ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ƚŚĞ�ƚĞƐƟŶŐ�ƉƌŽŐƌĂŵ�ǁŝůů�ŚĞůƉ�ŝŶĚŝĐĂƚĞ�ƚŚĞ�ŵŽƐƚ�ĂƉƉƌŽƉƌŝĂƚĞ�ĂŐŐƌĞ-
ŐĂƚĞ�ƚŽ�ƌĞĐŽŵŵĞŶĚ�ĨŽƌ�ĨƵƚƵƌĞ�ƌĞƉůŝĐĂƟŽŶ�ŵŽƌƚĂƌƐ�ĨŽƌ�ƚŚĞ�ŚŝƐƚŽƌŝĐĂůůǇ�ƐŝŐŶŝĮĐĂŶƚ�ĂĐĞƋƵŝĂ͘�

>ŝŵĞ��ŽŵďŝŶĂƟŽŶ�dĞƐƚ

>ŝŵĞ�ĐŽŵďŝŶĂƟŽŶ�ƚĞƐƚ�ŝƐ�ƵƐĞĚ�ƚŽ�ĞǀĂůƵĂƚĞ�ƚŚĞ�ĂďŝůŝƚǇ�ŽĨ�Ă�ƉŽǌǌŽůĂŶ�ƚŽ�ĐŽŵďŝŶĞ�ǁŝƚŚ�ůŝŵĞ�ĂŶĚ�ƚŚĞ�ƚĞƐƚ�
ĐĂŶ�ŝŶĚŝĐĂƚĞ�Ă�ƉŽǌǌŽůĂŶ Ɛ͛�ƌĞƐƉĞĐƟǀĞ�ƌĞĂĐƟǀŝƚǇ͘��dŚĞ�ůŝŵĞ�ĐŽŵďŝŶĂƟŽŶ�ƚĞƐƚ�ŝƐ�Ă�ƐŝŵƉůĞ͕�ĐŚĞŵŝĐĂů�ƚĞƐƚ�
ƚŚĂƚ͕�ǁŚŝůĞ�ŝƚ�ǇŝĞůĚƐ�ůŝƩůĞ�ƋƵĂŶƟƚĂƟǀĞ�ĚĂƚĂ͕�ĐĂŶ�ŝŶĚŝĐĂƚĞ�Ă�ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶ�ƚŚĂƚ�ĐĂŶ�ďĞ�ĚĞƚĞĐƚĞĚ�
ƚŚƌŽƵŐŚ�ǀŝƐƵĂů�ŽďƐĞƌǀĂƟŽŶ͘�dŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ĐĂůĐŝƵŵ�ƐŝůŝĐĂƚĞ�ŚǇĚƌĂƚĞƐ�;�Ͳ^Ͳ,Ϳ�ƌĞƐƵůƟŶŐ�ĨƌŽŵ�ƚŚĞ�
ƌĞĂĐƟŽŶ�ŽĨ�ůŝŵĞ�ĂŶĚ�ƐŝůŝĐĂ�ĂŶĚͬŽƌ�ĂůƵŵŝŶĂ�ŝŶ�ƚŚĞ�ƐƵƉƉŽƐĞĚ�ƉŽǌǌŽůĂŶŝĐ�ŵĂƚĞƌŝĂů�ƌĞƐƵůƚƐ�ŝŶ�ĂŶ�ŝŶĐƌĞĂƐĞ�
ŝŶ�ŵĂƐƐ�ƚŚĂƚ�ĐĂŶ�ďĞ�ĚĞƚĞĐƚĞĚ�ǀŝƐƵĂůůǇ͘�/Ĩ�ŶŽ�ƌĞĂĐƟŽŶ�ŽĐĐƵƌƐ͕�ƚŚĞƌĞ�ǁŝůů�ďĞ�ŶŽ�ĐŚĂŶŐĞƐ�ŝŶ�ŵĂƐƐ͘�dŚŝƐ�
ƚĞƐƚ�ǁĂƐ�ĚŝƐĐƵƐƐĞĚ�ŝŶ��͘�͘��ŽǁƉĞƌ Ɛ͛�ďŽŽŬ�>ŝŵĞ�ĂŶĚ�>ŝŵĞ�DŽƌƚĂƌƐ͕�ƉƵďůŝƐŚĞĚ�ŝŶ�ϭϵϮϳ͕�ĂŶĚ�ŚĂƐ�ďĞĞŶ�
ƐƵĐĐĞƐƐĨƵů�ŝŶ�ŝŶĚŝĐĂƟŶŐ�ƉŽǌǌŽůĂŶŝĐŝƚǇ�ĨŽƌ�ďƌŝĐŬ�ĚƵƐƚ͘���ĐĐŽƌĚŝŶŐ�ƚŽ�ƚŚĞ�ƐŝŵƉůŝĮĞĚ�ƚĞƐƚ͕�Ă�ƋƵĂŶƟƚǇ�ŽĨ�
ƌĂǁ�ŵĂƚĞƌŝĂů�ŝƐ�ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ůŝŵĞ�ǁĂƚĞƌ�ŝŶ�Ă�ƚĞƐƚ�ƚƵďĞ�ĂŶĚ�ŝƐ�ƉĞƌŝŽĚŝĐĂůůǇ�ƐŚĂŬĞŶ�ŽǀĞƌ�ϳ�ĚĂǇƐ͘��ƵƌŝŶŐ�
ƚĞƐƟŶŐ͕�ǁŚĞŶ�Ă�ƉŽǌǌŽůĂŶŝĐ�ŵĂƚĞƌŝĂů�ŝƐ�ƵƐĞĚ͕�ĐĂůĐŝƵŵ�ƐŝůŝĐĂƚĞ�ŚǇĚƌĂƚĞ�ĨŽƌŵƐ�ĂŶĚ�ŝŶĐƌĞĂƐĞƐ�ƚŚĞ�ǀŽůƵŵĞ�
ŽĨ�ƐŽůŝĚ�ŵĂƩĞƌ�ĂŶĚ�ĚĞĐƌĞĂƐĞƐ�ƚŚĞ�ƌĂƚĞ�ŽĨ�ƐĞƩůĞŵĞŶƚ�ĂŌĞƌ�ƐŚĂŬŝŶŐ�ƚŚĞ�ƚƵďĞ͘�dŚŝƐ�ƚĞƐƚ�ĞĂƐŝůǇ�ŝŶĚŝĐĂƚĞƐ�
ƚŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�Ă�ƉŽǌǌŽůĂŶŝĐ�ŵĂƚĞƌŝĂů�ĂŶĚ�ĂůůŽǁƐ�ĨŽƌ�ĐŽŵƉĂƌŝƐŽŶ�ƌĞůĂƟǀĞ�ƉŽǌǌŽůĂŶŝĐŝƚǇ�ĂŵŽŶŐ�ĚŝīĞƌ-
ĞŶƚ�ŵĂƚĞƌŝĂůƐ͘

dŚĞ�ƐĂŵƉůĞƐ�ĨƌŽŵ�ĞĂĐŚ�ĨŽƌŵƵůĂƟŽŶ�ǁĞƌĞ�ƵƐĞĚ�ĨŽƌ�ƚĞƐƟŶŐ͘��ĂĐŚ�ĂŐŐƌĞŐĂƚĞ�ƐĂŵƉůĞ�ǁĂƐ�ƐŝĞǀĞĚ�ĂŶĚ�ŝŶŝ-
ƟĂůůǇ�ŽŶůǇ�ƚŚĞ�ĮŶĞƐ�ƉĂƐƐŝŶŐ�ƚŚƌŽƵŐŚ�ƚŚĞ�EŽ͘�ϮϬϬ�;ϳϰ�ŵŝĐƌŽŶͿ�ƐŝĞǀĞ�ĂƐ�ƌĞƋƵŝƌĞĚ�ďǇ�ƚŚĞ�ƚĞƐƚ͘�,ŽǁĞǀĞƌ͕ �
ĚƵĞ�ƚŽ�ƚŚĞ�ůŝŵŝƚĞĚ�ĂŵŽƵŶƚ�ŽĨ�ĂŐŐƌĞŐĂƚĞ�ƉƌĞƐĞŶƚ�ǁŝƚŚŝŶ�ƚŚŝƐ�ƌĂŶŐĞ�ĨŽƌ�Ăůů�ƐĂŵƉůĞ�ĂŐŐƌĞŐĂƚĞ͕�ĂŐŐƌĞŐĂƚĞ�

Figure 24:�^ĂŵƉůĞ���ĂŌĞƌ�ĂŐŝƚĂƟŽŶ�ŽŶ��ĂǇ�ϭ
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ƉĂƐƐŝŶŐ�ƚŚĞ�EŽ͘�ϭϬϬ�;ϭϰϵ�ŵŝĐƌŽŶͿ�ĂŶĚ�ƌĞƚĂŝŶĞĚ�ŽŶ�ƚŚĞ�EŽ͘�ϮϬϬ�ƐŝĞǀĞ�ǁĞƌĞ�ĂůƐŽ�ƵƐĞĚ͘�

�Ϭ͘ϱ�ŐƌĂŵƐ�ŽĨ�ĮŶĞƐ͕�Ϭ͘ϯ�ŐƌĂŵƐ�ŽĨ�ŚǇĚƌĂƚĞĚ�ůŝŵĞ͕�ĂŶĚ�ϮϬ�ŵ>�ŽĨ�ǁĂƚĞƌ�ǁĂƐ�ƉůĂĐĞĚ�ŝŶ�ĞĂĐŚ�ƚĞƐƚ�ƚƵďĞ͘�
dŚĞ�ƚƵďĞ�ǁĂƐ�ƚŚĞŶ�ƐƚŽƉƉĞĚ�ĂŶĚ�ƐĞĂůĞĚ�ǁŝƚŚ�ĞůĞĐƚƌŝĐĂů�ƚĂƉĞ͘��ĞĨŽƌĞ�ƉŚŽƚŽŐƌĂƉŚƐ�ŽĨ�ĞĂĐŚ�ĨŽƌŵƵůĂƟŽŶ�
ǁĞƌĞ�ƚĂŬĞŶ�ǁŝƚŚ�Ă�ĚŝŐŝƚĂů�ĐĂŵĞƌĂ�ĂŶĚ�ƚŚĞ�ŚĞŝŐŚƚ�ŽĨ�ƚŚĞ�ƐŽůŝĚ�ŵĂƩĞƌ�ǁĂƐ�ŵĂƌŬĞĚ�ĂŶĚ�ƌĞĐŽƌĚĞĚ͘��ǀĞƌǇ�
Ϯϰ�ŚŽƵƌƐ͕�ĞĂĐŚ�ƚĞƐƚ�ƚƵďĞ�ǁĂƐ�ƐŚĂŬĞŶ�ĂŶĚ�ŽďƐĞƌǀĞĚ͘��ŶǇ�ĐŚĂŶŐĞ�ŝŶ�ƚŚĞ�ƐŽůŝĚ�ŵĂƩĞƌ�ǁĂƐ�ƌĞĐŽƌĚĞĚ�ĂŶĚ�
ƉŚŽƚŽŐƌĂƉŚ�ĚĂŝůǇ͘�

^ĞƫŶŐ�dŝŵĞ�dĞƐƚ

^ĞƫŶŐ�ƟŵĞ�ĂƐ�ŵĞĂƐƵƌĞĚ�ďǇ�ƚŚĞ�sŝĐĂƚ�ŝƐ�Ă�ƐƚĂŶĚĂƌĚ�ŵĞƚŚŽĚ�ŝŶ�ĂĐĐŽƌĚĂŶĐĞ�ƚŽ��^dD�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ƚŚĞ�
ƐƉĞĞĚ�ŽĨ�ƐĞƫŶŐ�ĂŶĚ�ŚĂƌĚĞŶŝŶŐ�ŽĨ�Ă�ŵŽƌƚĂƌ͘ �hƐŝŶŐ�Ă�sŝĐĂƚ�ĂƉƉĂƌĂƚƵƐ͕�Ă�ŶĞĞĚůĞ�ŝƐ�ƉůĂĐĞĚ�ŽŶ�ƚŚĞ�ƐƵƌĨĂĐĞ�
ŽĨ�Ă�ŵŽƌƚĂƌ�ĂŶĚ�ĂůůŽǁĞĚ�ƚŽ�ƉůƵŶŐĞ�ŝŶƚŽ�ƚŚĞ�ŵĂƚĞƌŝĂů�Ăƚ�ǀĂƌŝŽƵƐ�ƟŵĞ�ŝŶƚĞƌǀĂůƐ͘�KǀĞƌ�ƟŵĞ͕�ĂƐ�ƚŚĞ�ŵŽƌ-
ƚĂƌ�ŚĂƌĚĞŶƐ�ƚŚĞ�ŶĞĞĚůĞ�ǁŝůů�ƉĞŶĞƚƌĂƚĞ�ůĞƐƐ�ĞǀĞƌǇ�ƌĞĐŽƌĚŝŶŐ�ŝŶƚĞƌǀĂů�ƵŶƟů�ŝƚ�ĐĂŶŶŽƚ�ƉĞŶĞƚƌĂƚĞ�ĂŶǇŵŽƌĞ͘��
/ŶŝƟĂů�ƐĞƫŶŐ�ƟŵĞ�ŽĐĐƵƌƐ�ǁŚĞŶ�ƚŚĞ�ƉĂƐƚĞ�ďĞĐŽŵĞƐ�ĨƵůůǇ�ƉůĂƐƟĐ͕�ƉĞŶĞƚƌĂƟŶŐ�ďĞůŽǁ�Ϯϱ�ŵŵ͘�&ŝŶĂů�ƐĞƚ-
ƟŶŐ�ƟŵĞ�ŽĐĐƵƌƐ�ǁŚĞŶ�ƚŚĞ�ŵŽƌƚĂƌ�ĂĐŚŝĞǀĞƐ�ŚĂƌĚĞŶŝŶŐ�ƐƚĂŐĞ�ĂŶĚ�ƚŚĞ�ŶĞĞĚůĞ�ŶŽ�ůŽŶŐĞƌ�ƉĞŶĞƚƌĂƚĞƐ�ŝŶƚŽ�
ƚŚĞ�ƉĂƐƚĞ͘�

dŚƌĞĞ�ƐĂŵƉůĞƐ�ŽĨ�ĞĂĐŚ�ĨŽƌŵƵůĂƟŽŶ�ǁĞƌĞ�ĐƌĞĂƚĞĚ�ĨŽƌ�ƚŚĞ�ƉƵƌƉŽƐĞƐ�ŽĨ�ƚŚŝƐ�ƚĞƐƚ͘�WƌĞͲƚĞƐƚƐ�ǁŝƚŚ�ĞĂĐŚ�ĨŽƌ-
ŵƵůĂƟŽŶ�ǁĞƌĞ�ŵĂĚĞ�ƉƌŝŽƌ�ƚŽ�ĮŶĂů�ƚĞƐƟŶŐ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĞƐƚĂďůŝƐŚ�Ă�ƟŵĞ�ƚĞƐƟŶŐ�ŝŶƚĞƌǀĂů�ĨŽƌ�ĞĂĐŚ�ƌĞƐƉĞĐ-
ƟǀĞ�ĨŽƌŵƵůĂƟŽŶ͘�WƌŝŽƌ�ƚŽ�ŵŽůĚŝŶŐ͕�ƚŚĞ�ŝŶƐŝĚĞ�ŽĨ�ƚŚĞ�ĐŽŶŝĐĂů�sŝĐĂƚ�ŵŽůĚƐ�ǁĞƌĞ�ĐŽĂƚĞĚ�ǁŝƚŚ�ƉĞƚƌŽůĞƵŵ�
ũĞůůǇ͘�KŶĐĞ�ƚŚĞ�ĨŽƌŵƵůĂƟŽŶ�ǁĂƐ�ŵŝǆĞĚ�ĂŶĚ�ƌĞĂĚǇ�ƚŽ�ďĞ�ŵŽůĚĞĚ͕�Ă�ďĂůů�ŽĨ�ŵŽƌƚĂƌ�ǁĂƐ�ŵĂĚĞ�ĂŶĚ�ƚŽƐƐĞĚ�
ďĂĐŬ�ĂŶĚ�ĨŽƌƚŚ�ϲ�ƟŵĞƐ�ďĞƚǁĞĞŶ�ŐůŽǀĞĚ�ŚĂŶĚƐ�ŚĞůĚ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϲ�ŝŶĐŚĞƐ�ĂƉĂƌƚ�ĂƐ�ŵĂŶĚĂƚĞĚ�ďǇ�
�^dD��Ͳϭϵϭ͘�dŚĞ�ďĂůů�ŽĨ�ŵŽƌƚĂƌ�ǁĂƐ�ƚŚĞŶ�ƉƵƐŚĞĚ�ŝŶƚŽ�ƚŚĞ�ŵŽůĚ�ĨƌŽŵ�ƚŚĞ�ďŽƩŽŵ�;ůĂƌŐĞƌͿ�ĞŶĚ�ƐŽ�ƚŚĂƚ�
ƐŽŵĞ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌ�ƉĂƐƐĞĚ�ƚŚƌŽƵŐŚ�ƚŚĞ�ŵŽůĚ�ĂŶĚ�ƐĂƚ�ƉƌŽƵĚ�ŽŶ�ƚŽƉ͘�dŚĞ�ĮůůĞĚ�ŵŽůĚ�ǁĂƐ�ƚŚĞŶ�ƉůĂĐĞĚ�
ŽŶ�Ă�ƉůĞǆŝŐůĂƐƐ�ƉůĂƚĞ͘���ƐŚĂƌƉ�ƚƌŽǁĞů�ǁĂƐ�ƵƐĞĚ�ƚŽ�ƌĞŵŽǀĞ�ĞǆĐĞƐƐ�ŵĂƚĞƌŝĂů�ĨƌŽŵ�ƚŚĞ�ƚŽƉ�ŽĨ�ƚŚĞ�ŵŽůĚ�
ŝŶ�ŽŶĞ�ƐǁŝƉĞ͘�dŚĞ�ŝŶƚĞƌĨĂĐĞ�ďĞƚǁĞĞŶ�ƚŚĞ�ŵŽůĚ�ĂŶĚ�ƉůĞǆŝŐůĂƐƐ�ǁĂƐ�ƚŚĞŶ�ƐĞĂůĞĚ�ǁŝƚŚ�ƉůƵŵďĞƌƐ�ƉƵƩǇ�
ƚŽ�ĞŶƐƵƌĞ�Ă�ƐĞĐƵƌĞ�ďĂƐĞ͘�^ĂŵƉůĞƐ�ǁĞƌĞ�ƚŚĞŶ�ƐƚŽƌĞĚ�ŝŶ�ƚŚĞ�ĐƵƌŝŶŐ�ĐŚĂŵďĞƌ�ĨŽůůŽǁŝŶŐ�ŵŽůĚŝŶŐ�ĂŶĚ�
ďĞƚǁĞĞŶ�Ăůů�ƌĞĂĚŝŶŐƐ͘�dĞƐƟŶŐ�ǁĂƐ�ƉĞƌĨŽƌŵĞĚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ��^dD��Ͳϭϵϭ�^ƚĂŶĚĂƌĚ�dĞƐƚ�DĞƚŚŽĚƐ�ĨŽƌ�
dŝŵĞ�ŽĨ�^ĞƫŶŐ�ŽĨ�,ǇĚƌĂƵůŝĐ��ĞŵĞŶƚ�ďǇ�sŝĐĂƚ�EĞĞĚůĞ͘�WĞŶĞƚƌĂƟŽŶ�ĚĞƉƚŚ�ǁĂƐ�ƌĞĐŽƌĚĞĚ�Ăƚ�ĞĂĐŚ�ƌĞĂĚŝŶŐ�
ĂůŽŶŐ�ǁŝƚŚ�ƚŚĞ�ĐƵƌƌĞŶƚ�ƚĞŵƉĞƌĂƚƵƌĞ�ĂŶĚ�ƌĞůĂƟǀĞ�ŚƵŵŝĚŝƚǇ�ǁŝƚŚŝŶ�ƚŚĞ�ĐŚĂŵďĞƌ͘ �dĞƐƟŶŐ�ĐŽŶƟŶƵĞĚ�ƵŶƟů�
Ăůů�ϯ�ĨŽƌŵƵůĂƟŽŶƐ�ƌĞĂĐŚĞĚ�ĮŶĂů�ƐĞƚ͘�

hŶĚĞƌǁĂƚĞƌ�^ĞƫŶŐ�dŝŵĞ�dĞƐƚ

dŚĞ�ƵŶĚĞƌǁĂƚĞƌ�ƐĞƚ�ƚĞƐƚ�ŝƐ�Ă�ǀĂƌŝĂƟŽŶ�ƚŽ�ƚŚĞ�ƐƚĂŶĚĂƌĚ�ƐĞƫŶŐ�ƟŵĞ�ƚĞƐƚ�ĂƐ�ƉĞƌĨŽƌŵĞĚ�ŝŶ�ƚŚŝƐ�ĞǆƉĞƌŝ-
ŵĞŶƚ͘�dŚŝƐ�ƚĞƐƚ�ŝƐ�ƵƐĞĚ�ƚŽ�ŵĞĂƐƵƌĞ�ƚŚĞ�ƐĞƫŶŐ�ƟŵĞ�ŽŶ�Ă�ůŝŵĞͲƉŽǌǌŽůĂŶ�ŵŽƌƚĂƌ�ƚŚĂƚ�ŝƐ�ƐƵďŵĞƌŐĞĚ�ŝŶ�
ǁĂƚĞƌ�ǁŝƚŚŽƵƚ�ĂĐĐĞƐƐ�ƚŽ�ĐĂƌďŽŶ�ĚŝŽǆŝĚĞ͘�dŚŝƐ�ĞǆƉĞƌŝŵĞŶƚ�ŝƐ�ďĂƐĞĚ�ŽŶ�ƚŚĞ�ĂƐƐƵŵƉƟŽŶ�ƚŚĂƚ�ĂĐƟǀĞ� 
ƉŽǌǌŽůĂŶƐ�ǁŝůů�ĐĂƵƐĞ�Ă�ůŝŵĞͲďĂƐĞĚ�ŵŽƌƚĂƌ�ƚŽ�ƐĞƚ�ƵŶĚĞƌ�ǁĂƚĞƌ�ǁŚŝůĞ�ŶŽŶ�ƉŽǌǌŽůĂŶŝĐ�ĐŽŶƚƌŽůƐ�ǁŝůů�ŶŽƚ�ƐĞƚ�
ŝŶ�ƚŚĞƐĞ�ĐŽŶĚŝƟŽŶƐ͘�dŚŝƐ�ĞǆƉĞƌŝŵĞŶƚ�ǁĂƐ�ŝŶŝƟĂůůǇ�ƉƌŽƉŽƐĞĚ�ďǇ�&ƌĞŶĐŚ�ĐŚĞŵŝƐƚ�&ĞƌĞƚ�ǁŚŽ�ƐƵŐŐĞƐƚĞĚ�
ŵŽĚŝĨǇŝŶŐ�ƚŚĞ�ƐƚĂŶĚĂƌĚ�ƐĞƚ�ƟŵĞ�ƚĞƐƚ�ďǇ�ƉůĂĐŝŶŐ�ƚŚĞ�ƐƉĞĐŝŵĞŶƐ�ƵŶĚĞƌǁĂƚĞƌ͘ ��ĐĐŽƌĚŝŶŐ�ƚŽ�ŚŝƐ�ƌĞƐĞĂƌĐŚ͕�
ĂĐƟǀĞ�ƉŽǌǌŽůĂŶƐ�ƐŚŽƵůĚ�ƌĞĂĐŚ�ŝŶŝƟĂů�ƐĞƚ�ŝŶ�ůĞƐƐ�ƚŚĂŶ�ϱϬ�ŚŽƵƌƐ�ĂŶĚ�ĮŶĂů�ƐĞƚ�ŝŶ�ůĞƐƐ�ƚŚĂŶ�ϭϬϬ�ŚŽƵƌƐ͘�WŽŽƌ�
ĂŶĚ�ŵŝůĚůǇ�ƉŽǌǌŽůĂŶŝĐ�ŵĂƚĞƌŝĂůƐ�ǁŝůů�ƐĞƚ�ĂŌĞƌ�ϭϬϬ�ŚŽƵƌƐ�ĂŶĚ�ŶŽŶ�ƉŽǌǌŽůĂŶŝĐ�ŵĂƚĞƌŝĂůƐ�ǁŝůů�ŶŽƚ�ƐĞƚ�ĚƵƌ-
ŝŶŐ�ƚŚŝƐ�ĞǆƉĞƌŝŵĞŶƚ�;DŽƌĂŶĚ�Θ�'ŝůůŝĂŶĚ�ϭϵϱϬ͗�ϭϭϲͿ͘

KŶĞ�ƐĂŵƉůĞ�ĨƌŽŵ�ĞĂĐŚ�ĨŽƌŵƵůĂƟŽŶ�ǁĂƐ�ƚĞƐƚĞĚ�ŝŶ�ƚŚŝƐ�ĞǆƉĞƌŝŵĞŶƚ͘�^ĂŵƉůĞƐ�ǁĞƌĞ�ĐƌĞĂƚĞĚ�ǁŝƚŚ�ĞĂĐŚ�
ĂŐŐƌĞŐĂƚĞ�ƵƐŝŶŐ�Ă�ϰ͗ϭ�ƉŽǌǌŽůĂŶ͗�ŚǇĚƌĂƚĞĚ�ůŝŵĞ�ŵŝǆ�ŵĞĂƐƵƌĞĚ�ďǇ�ǁĞŝŐŚƚ͘�KŶůǇ�ƉŽǌǌŽůĂŶŝĐ�ŵĂƚĞƌŝĂů�
ƉĂƐƐŝŶŐ�ƚŚĞ�EŽ͘�ϭϬϬ�;Ϭ͘ϭϰϵ�ŵŵͿ�ƐŝĞǀĞ�ǁĂƐ�ƵƐĞĚ�ĚƵƌŝŶŐ�ƚŚŝƐ�ƚĞƐƚ͘��ƌǇ�ůŝŵĞ�ĂŶĚ�ƐĂŶĚ�ĮŶĞƐ�ǁĞƌĞ�ŚĂŶĚ�
ŵŝǆĞĚ�ŝŶ�Ă�ďƵĐŬĞƚ�ǁŝƚŚ�Ă�ƚƌŽǁĞů͘�tĂƚĞƌ�ǁĂƐ�ŵŝǆĞĚ�ƵŶƟů�ƚŚĞ�ŵŝǆ�ĨŽƌŵĞĚ�Ă�ƉĂƐƚĞ�ĐŽŶƐŝƐƚĞŶĐǇ͘�dŚĞ�
ĂŵŽƵŶƚ�ŽĨ�ǁĂƚĞƌ�ƵƐĞĚ�ǁĂƐ�ƌĞĐŽƌĚĞĚ�ĨŽƌ�ĞĂĐŚ�ĨŽƌŵƵůĂƟŽŶ͘�

�ŶŽƵŐŚ�ŵĂƚĞƌŝĂů�ǁĂƐ�ƵƐĞĚ�ƚŽ�Įůů�Ă�ĐǇůŝŶĚƌŝĐĂů�ŐůĂƐƐ�ũĂƌ͘ �dŚĞ�ƉĂƐƚĞ�ǁĂƐ�ĨŽƌŵĞĚ�ŝŶƚŽ�ƚŚĞ�ũĂƌ�ďǇ�ŚĂŶĚ͕�ĂŶĚ�
ĐŽŵƉƌĞƐƐĞĚ�ƚŽ�ĞŶƐƵƌĞ�ƚŚĞƌĞ�ǁĞƌĞ�ŶŽ�Ăŝƌ�ďƵďďůĞƐ͘�ϭϬϬ�ŵ>�ŽĨ�ĚĞŝŽŶŝǌĞĚ�ǁĂƚĞƌ�ǁĂƐ�ƵƐĞĚ�ƚŽ�ĐŽǀĞƌ�ƚŚĞ�
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Figure 27: WƌĞƉĂƌĂƟŽŶ�ŽĨ�ƵŶĚĞƌǁĂƚĞƌ�ƐĞƚ�ƐĂŵƉůĞƐ͘

&ŝŐƵƌĞ�Ϯϱ͗�&ŽƌŵƵůĂƟŽŶ���ƉƌŝŽƌ�ƚŽ�ƚĞƐƟŶŐ͘  Figure 26͗�&ŽƌŵƵůĂƟŽŶ���ƵŶĚĞƌŐŽŝŶŐ�ƐĞƫŶŐ�
ƟŵĞ�ƚĞƐƟŶŐ͘

Figure 28:�&ŽƌŵƵůĂƟŽŶ���ƚĞƐƚĞĚ�ĨŽƌ�ƵŶĚĞƌǁĂ-
ƚĞƌ�ƐĞƚ͘
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Figure 29͗��ůů�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ĐƵďĞƐ�ĂŌĞƌ�ďĞŝŶŐ�ĐĂƌĞĨƵůůǇ�ƌĞŵŽǀĞĚ�ĨƌŽŵ�ƚŚĞ�ŵŽůĚƐ͘

ƉĂƐƚĞ�ĨŽůůŽǁĞĚ�ďǇ�Ă�ůĂǇĞƌ�ŽĨ�ŵŝŶĞƌĂů�Žŝů�ƚŽ�ƉƌĞǀĞŶƚ�ƚŚĞ�ŝŶŐƌĞƐƐ�ŽĨ�ĐĂƌďŽŶ�ĚŝŽǆŝĚĞ͘����ůŝĚ�ǁĂƐ�ŬĞƉƚ�ŽŶ�
ƚŚĞ�ũĂƌ�Ăƚ�Ăůů�ƟŵĞƐ�ďĞƚǁĞĞŶ�ƌĞĂĚŝŶŐƐ͘�

��sŝĐĂƚ�ŶĞĞĚůĞ�ǁĂƐ�ƵƐĞĚ�ƚŽ�ƉĞƌĨŽƌŵ�ƚŚĞ�ƐĞƫŶŐ�ƟŵĞ�ƚĞƐƚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ��^dD��Ͳϭϵϭ�^ƚĂŶĚĂƌĚ�dĞƐƚ�
DĞƚŚŽĚƐ�ĨŽƌ�dŝŵĞ�ŽĨ�^ĞƫŶŐ�ŽĨ�,ǇĚƌĂƵůŝĐ��ĞŵĞŶƚ�ďǇ�sŝĐĂƚ�EĞĞĚůĞ͘�ZĞĂĚŝŶŐƐ�ǁĞƌĞ�ƚĂŬĞŶ�ŽŶĐĞ�Ă�ĚĂǇ�
ƵŶƟů�ŝŶŝƟĂů�ƐĞƚ�ƟŵĞ�ǁĂƐ�ƌĞĂĐŚĞĚ͘�ZĞĂĚŝŶŐƐ�ǁĞƌĞ�ŝŶĐƌĞĂƐĞĚ�Ăƚ�ƚŚŝƐ�ƉŽŝŶƚ�ƚŽ�ŽďƚĂŝŶ�Ă�ƉƌĞĐŝƐĞ�ĐĂůĐƵůĂ-
ƟŽŶ�ŽĨ�ĮŶĂů�ƐĞƚ�ƟŵĞ͘�dĞƐƟŶŐ�ĞŶĚĞĚ�ĂŌĞƌ�ϳ�ĚĂǇƐ�ŝĨ�ƚŚĞƌĞ�ǁĂƐ�ŶŽ�ŝŶĚŝĐĂƟŽŶ�ŽĨ�ĐƵƌŝŶŐ͘�
�ŽŵƉƌĞƐƐŝǀĞ�^ƚƌĞŶŐƚŚ�dĞƐƚ

dŚĞ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚĞƐƚ�ŝƐ�Ă�ĐŽŵŵŽŶ�ƚĞƐƚ�ƵƐĞĚ�ƚŽ�ƋƵĂŶƟĨǇ�ƚŚĞ�ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶ�ŝŶĚŝƌĞĐƚůǇ�
ƚŚƌŽƵŐŚ�ƐƚƌĞŶŐƚŚ�ĞŶŚĂŶĐĞŵĞŶƚ͘��dŚĞŽƌĞƟĐĂůůǇ͕ �ƚĞƐƚ�ƐĂŵƉůĞƐ�ĐŽŶƚĂŝŶŝŶŐ�ƉŽǌǌŽůĂŶŝĐ�ŵĂƚĞƌŝĂů�ǁŝůů�ŚĂǀĞ�
Ă�ŚŝŐŚĞƌ�ƐƚƌĞŶŐƚŚ�ƚŚĂŶ�Ă�ƐƉĞĐŝŵĞŶ�ǁŝƚŚŽƵƚ�ĂĐƟǀĞ�ƉŽǌǌŽůĂŶŝĐ�ŵĂƚĞƌŝĂů͘��ĚĚŝƟŽŶĂůůǇ͕ �ƚŚĞ�ŵŽƌĞ�ƌĞĂĐƟǀĞ�
ƚŚĞ�ƉŽǌǌŽůĂŶŝĐ�ŵĂƚĞƌŝĂů͕�ƚŚĞ�ŚŝŐŚĞƌ�ƚŚĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌ�ƐĂŵƉůĞ͘��

ϯ�ƐĂŵƉůĞƐ�ŽĨ�ĞĂĐŚ�ĨŽƌŵƵůĂƟŽŶ�ǁĞƌĞ�ƵƐĞĚ�ĨŽƌ�ƚŚĞ�ƉƵƌƉŽƐĞƐ�ŽĨ�ƚŚŝƐ�ƚĞƐƚ͘�&ƌĞƐŚ�ŵŽƌƚĂƌ�ǁĂƐ�ƉůĂĐĞĚ�ŝŶ�
ƐƉĞĐŝĮĐĂůůǇ�ŵĂĚĞ�Ϯ�ŝŶĐŚ�ƐƋƵĂƌĞ�ƐĂƉĞůĞ�ǁŽŽĚ�ŵŽůĚƐ͘�dŚĞ�ŝŶƚĞƌŝŽƌ�ŽĨ�ĞĂĐŚ�ĐŽŵƉĂƌƚŵĞŶƚ�ǁĂƐ�ĐŽĂƚĞĚ�
ǁŝƚŚ�ŵŝŶĞƌĂů�Žŝů�ƉƌŝŽƌ�ƚŽ�ŵŽůĚŝŶŐ͘�DŽƌƚĂƌ�ǁĂƐ�ƉĂĐŬĞĚ�ŝŶƚŽ�ƚŚĞ�ŵŽůĚƐ�ƵƐŝŶŐ�Ă�ƚƌŽǁĞů͘�dŚĞ�ĐŽŵƉĂƌƚ-
ŵĞŶƚƐ�ǁŝƚŚŝŶ�ƚŚĞ�ŵŽůĚ�ǁĞƌĞ�ŽǀĞƌĮůůĞĚ�ǁŝƚŚ�ŵŽƌƚĂƌ�ǁŚŝĐŚ�ǁĂƐ�ƚŚĞŶ�ƉƌĞƐƐĞĚ�ŝŶƚŽ�ƚŚĞ�ĐƵďĞƐ�ĂƐ�ŵƵĐŚ�
ĂƐ�ƉŽƐƐŝďůĞ͘����ƚƌŽǁĞů�ǁĂƐ�ƚŚĞŶ�ŚĞůĚ�Ăƚ�Ă�ƐůŝŐŚƚ�ĂŶŐůĞ�ƚŽ�ƐůŝĐĞ�Žī�ƚŚĞ�ĞǆĐĞƐƐ�ŵŽƌƚĂƌ�Ăƚ�ƚŚĞ�ƚŽƉ�ĂŶĚ�
ŵĂŬĞ�ŝƚ�ŇƵƐŚ�ǁŝƚŚ�ƚŚĞ�ŵŽůĚ͘�^ĂŵƉůĞƐ�ǁĞƌĞ�ƚŚĞŶ�ƐƚŽƌĞĚ�ŝŶ�ƚŚĞŝƌ�ŵŽůĚƐ�ŝŶ�ƚŚĞ�ĐƵƌŝŶŐ�ĐŚĂŵďĞƌ�ƚŽ�ƚŚĞ�
ŶĞǆƚ�ƐĞǀĞŶ�ĚĂǇƐ͘��ŌĞƌ�ƐĞǀĞŶ�ĚĂǇƐ�ŽĨ�ĐƵƌŝŶŐ͕�ƐĂŵƉůĞƐ�ǁĞƌĞ�ƌĞŵŽǀĞĚ�ĨƌŽŵ�ƚŚĞ�ŵŽůĚƐ�ĂŶĚ�ǁĞƌĞ�ƌĞ-
ƚƵƌŶĞĚ�ƚŽ�ƚŚĞ�ďĂŬĞƌƐ�ƌĂĐŬ�ĨŽƌ�ĐƵƌŝŶŐ͘�^ĂŵƉůĞƐ�ǁĞƌĞ�ƌĞŵŽǀĞĚ�ĨƌŽŵ�ƚŚĞ�ĐƵƌŝŶŐ�ĐŚĂŵďĞƌ�Ăƚ�ϯϬ�ĚĂǇƐ�ĂŶĚ�
ƚĞƐƚĞĚ�ĂĐĐŽƌĚŝŶŐ�ƚŽ��^dD�ϭϬϵ�^ƚĂŶĚĂƌĚ�dĞƐƚ�DĞƚŚŽĚ�ĨŽƌ��ŽŵƉƌĞƐƐŝǀĞ�^ƚƌĞŶŐƚŚ�ŽĨ�,ǇĚƌĂƵůŝĐ��ĞŵĞŶƚ�
DŽƌƚĂƌƐ͘��/Ŷ�ƉƌĞƉĂƌĂƟŽŶ�ĨŽƌ�ƚĞƐƟŶŐ͕�ĞĂĐŚ�ƐĂŵƉůĞ�ǁĂƐ�ŵĞĂƐƵƌĞĚ�ǁŝƚŚ�ĐĂůŝƉĞƌƐ�ĂŶĚ�ďƌƵƐŚĞĚ�ĐůĞĂŶ�ƚŽ�
ƌĞŵŽǀĞ�ůŽŽƐĞ�ƐĂŶĚ�ŐƌĂŝŶƐ�Žƌ�ŝŶĐƌƵƐƚĂƟŽŶƐ�ĨƌŽŵ�ƚŚĞ�ĨĂĐĞƐ�ŽĨ�ƚŚĞ�ĐƵďĞƐ͘�

^ĂŵƉůĞƐ�ǁĞƌĞ�ƚĞƐƚĞĚ�ŝŶ�ĐŽŵƉƌĞƐƐŝŽŶ�ďǇ�^Žŝů��ŽŶƐƵůƟŶŐ͕�/E��Ăƚ�ƚŚĞŝƌ�ůĂďŽƌĂƚŽƌǇ�ŝŶ��ŚĂƌůĞƐƚŽŶ͕�^�͘�
DŽƌƚĂƌ�ĐƵďĞƐ�ǁĞƌĞ�ƉůĂĐĞĚ�ŽŶ�ƚŚĞ�ƚƌƵĞ�ƉůĂŶĞ�ƐƵƌĨĂĐĞ�ŽĨ�ƚŚĞ�ƚĞƐƟŶŐ�ŵĂĐŚŝŶĞ͘���ĐŽŶƐƚĂŶƚ�ĨŽƌĐĞ�ǁĂƐ�ĂƉ-
ƉůŝĞĚ�ĨƌŽŵ�ĂďŽǀĞ�ƵŶƟů�ƚŚĞ�ĐƵďĞƐ�ĨĂŝůĞĚ�ĚƵĞ�ƚŽ�ƐƚƌĞƐƐĞƐ͘�dŚŝƐ�ĨŽƌĐĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ƌĞĂĐŚ�ƚŚŝƐ�ǁĂƐ�ƵƐĞĚ�ƚŽ�
ĐĂůĐƵůĂƚĞ�ƚŚĞ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ͘
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Figure 30:�&ŽƌŵƵůĂƟŽŶ���ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ĐƵďĞƐ�ĂŌĞƌ�ƚŚĞǇ�ǁĞƌĞ�ƌĞŵŽǀĞĚ�ĨƌŽŵ�ƚŚĞ�
ŵŽůĚƐ͘
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Table 3͗�>ŝŵĞ��ŽŵďŝŶĂƟŽŶ�dĞƐƚ��ĂƚĂ

Testing Results

/ŶƚƌŽĚƵĐƟŽŶ

dĞƐƚƐ�ƵƐĞĚ�ĨŽƌ�ƚŚĞ�ƉƵƌƉŽƐĞƐ�ŽĨ�ƚŚŝƐ�ƐƚƵĚǇ�ǁĞƌĞ�ƉĞƌĨŽƌŵĞĚ�Ăƚ�ƚŚĞ�DĞĂĚŽƌƐ��ŽŶƐĞƌǀĂƟŽŶ�>ĂďŽƌĂƚŽƌǇ�
ďĞƚǁĞĞŶ��Ɖƌŝů�ĂŶĚ�:ƵŶĞ�ϮϬϭϯ͘�dŚĞ�ĚĂƚĂ�ĂŶĚ�ƌĞƐƵůƚƐ�ĂƌĞ�ĚĞƐĐƌŝďĞĚ�ďĞůŽǁ�ǁŝƚŚ�ƚŚĞ�ĨƵůů�ĚĂƚĂ�ƉƌĞƐĞŶƚĞĚ�
ŝŶ�ĂŶ�ĂƉƉĞŶĚŝǆ�ĂƩĂĐŚĞĚ�ƚŽ�ƚŚŝƐ�ƌĞƉŽƌƚ͘��ŶĂůǇƐŝƐ�ŽĨ�ƚŚĞ�ĚĂƚĂ�ĂŶĚ�ĮŶĂů�ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ�ĐĂŶ�ďĞ�ĨŽƵŶĚ�
ŝŶ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƐĞĐƟŽŶ͘

>ŝŵĞ��ŽŵďŝŶĂƟŽŶ�dĞƐƚ

dŚĞ�ůŝŵĞ�ĐŽŵďŝŶĂƟŽŶ�ƚĞƐƚƐ�ƐƵĐĐĞƐƐĨƵůůǇ�ŝŶĚŝĐĂƚĞĚ�Ă�ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶ�ƚŚƌŽƵŐŚ�ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�
ĐĂůĐŝƵŵ�ƐŝůŝĐĂƚĞ�ŚǇĚƌĂƚĞ�ŝŶ�ƐĂŵƉůĞ�ĨŽƌŵƵůĂƟŽŶ��͕�ƚŚĞ�ĐƌƵƐŚĞĚ�ǀŽůĐĂŶŝĐ�ƌŽĐŬ͕�ĂŶĚ�&ŽƌŵƵůĂƟŽŶ���ŐƌĂǀĞů͘�
&ƌŽŵ�ƚŚĞ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƐŽůŝĚ�ŵĂƩĞƌ�ĂŶĚ�ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ƚŚĞƐĞ�ƌĞĂĐƟŽŶ�ƉƌŽĚƵĐƚƐ͕�ŝƚ�ĐĂŶ�ďĞ�ŝŵƉůŝĞĚ�ƚŚĂƚ�
&ŽƌŵƵůĂƟŽŶ���ĂŶĚ���ĂƌĞ�ƉŽǌǌŽůĂŶŝĐ͘�'ƌŽǁƚŚ�ŝŶ�ƐŽůŝĚ�ŵĂƩĞƌ�ǁĂƐ�ŶŽƚ�ǀŝƐƵĂůůǇ�ĚĞƚĞĐƚĞĚ�ŝŶ�ƚŚĞ�ĐŽŶƚƌŽů�
&ŽƌŵƵůĂƟŽŶ��͘�dŚĞ�ƚĞƐƚ�ǁĂƐ�ĂďůĞ�ƚŽ�ƉƌŽǀŝĚĞ�ƐŽŵĞ�ůĞǀĞů�ŽĨ�ĚŝīĞƌĞŶƟĂƟŽŶ�ŝŶ�ƚŚĞ�ĚĞŐƌĞĞ�ŽĨ�ƉŽǌǌŽůĂŶŝĐŝ-
ƚǇ�ďĞƚǁĞĞŶ�&ŽƌŵƵůĂƟŽŶƐ���ĂŶĚ��͕�ǁŚŝĐŚ�ǁĂƐ�ĐŽŶƐŝƐƚĞŶƚ�ǁŝƚŚ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽĨ�ŽƚŚĞƌ�ƚĞƐƚƐ͘�&ŽƌŵƵůĂƟŽŶ���
ƐŚŽǁĞĚ�ƚŚĞ�ŐƌĞĂƚĞƐƚ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƐŽůŝĚ�ŵĂƩĞƌ͕ �ǁŝƚŚ�ĂŶ�ĂǀĞƌĂŐĞ�ŝŶĐƌĞĂƐĞ�ŽĨ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϭϰϴй͕�ǁŚŝůĞ�
&ŽƌŵƵůĂƟŽŶ���ĚŝƐƉůĂǇĞĚ�ĂŶ�ĂǀĞƌĂŐĞ�ŝŶĐƌĞĂƐĞ�ŽĨ�ŽŶůǇ�ϱϴ͘ϲй͘�
 

&ŽƌŵƵůĂƟŽŶ �ǀĞƌĂŐĞ�/ŶŝƟĂů�
,ĞŝŐŚƚ�;ŵŵͿ

�ǀĞƌĂŐĞ�&ŝŶĂů�
,ĞŝŐŚƚ�;ŵŵͿ

/ŶĐƌĞĂƐĞ�;йͿ

A ϭϭ͘ϯ ϭϭ͘ϯ Ϭ͘Ϭ

B ϵ͘ϳ Ϯϰ͘Ϭ ϭϰϴ͘ϯ

C ϵ͘ϳ ϭϱ͘ϯ ϱϴ͘ϲ

Sample Key

&ŽƌŵƵůĂƟŽŶ�� �ŽŶƚƌŽůͲ��ŽŶĐƌĞƚĞ�^ĂŶĚ
&ŽƌŵƵůĂƟŽŶ�� �ƌƵƐŚĞĚ�sŽůĐĂŶŝĐ�^ƚŽŶĞ
&ŽƌŵƵůĂƟŽŶ�� 'ƌĂǀĞů

EŽƚĞ͗�^ĂŵƉůĞ�ĨŽƌŵƵůĂƟŽŶ�Ϭ͘ϲ͗ϭ�ůŝŵĞ�ƚŽ�ĂŐŐƌĞŐĂƚĞ
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'ƌĂƉŚ�Ϯ͗�>ŝŵĞ��ŽŵďŝŶĂƟŽŶ�dĞƐƚ�ZĞƐƵůƚƐ
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Figure 31:�^ŽůŝĚ�ŵĂƩĞƌ�ŝŶ�&ŽƌŵƵůĂƟŽŶ���ĂŌĞƌ�ĚĂǇ�ϭ͘� Figure 32: ^ŽůŝĚ�ŵĂƩĞƌ�&ŽƌŵƵůĂƟŽŶ���ĂŌĞƌ�ĚĂǇ�ϳ͘
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Table 4:  ^ĞƫŶŐ�dŝŵĞ�dĞƐƚ�ZĞƐƵůƚƐ

Testing Results

^ĞƫŶŐ�dŝŵĞ�dĞƐƚ

^ĞƫŶŐ�ƟŵĞ�ĚĂƚĂ�ĨŽƌ�Ăůů�ĨŽƌŵƵůĂƟŽŶƐ�ǁĂƐ�ŝŶ�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚŽƐĞ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�ƚŚĞ�>ŝŵĞ��ŽŵďŝŶĂ-
ƟŽŶ�dĞƐƚ͘��dŚĞ�ŝŶŝƟĂů�ĂŶĚ�ĮŶĂů�ƐĞƚ�ƟŵĞƐ�ǁĞƌĞ�ƌĞĐŽƌĚĞĚ�ĨŽƌ�ĞĂĐŚ�ĨŽƌŵƵůĂƟŽŶ�ĂŶĚ�ŝƐ�ĚŝƐƉůĂǇĞĚ�ďĞůŽǁ͘�
&ŽƌŵƵůĂƟŽŶ���ŚĂĚ�ƚŚĞ�ĨĂƐƚĞƐƚ�ŝŶŝƟĂů�ĂŶĚ�ĮŶĂů�ƐĞƚ͕�ǁŝƚŚ�ĂŶ�ĞůĂƉƐĞĚ�ĂǀĞƌĂŐĞ�ƟŵĞ�ŽĨ�ϯ͘ϲϳ�ĂŶĚ�Ϯϲ͘Ϭϴ�
ŚŽƵƌƐ͕�ƌĞƐƉĞĐƟǀĞůǇ͘�&ŽƌŵƵůĂƟŽŶ��͕�ƚŚĞ�ŐƌĂǀĞů͕�ĨŽůůŽǁĞĚ�ǁŝƚŚ�ĂŶ�ŝŶŝƟĂů�ƐĞƚ�Ăƚ�ϱϬ�ŚŽƵƌƐ�ĂŶĚ�Ă�ĮŶĂů�ƐĞƚ�
Ăƚ�Ϯϯϵ�ŚŽƵƌƐ͘�&ŽƌŵƵůĂƟŽŶ��͕�ƚŚĞ�ĐŽŶƚƌŽů�ƚŽŽŬ�ƚŚĞ�ůŽŶŐĞƐƚ�ƟŵĞ�ƚŽ�ƐĞƚ�ǁŝƚŚ�ĂŶ�ŝŶŝƟĂů�ƐĞƚ�Ăƚ�ĂƉƉƌŽǆŝ-
ŵĂƚĞůǇ�ϭϲϮ�ŚŽƵƌƐ�;ϳ�ĚĂǇƐͿ�ĂŶĚ�Ă�ĮŶĂů�ƐĞƚ�Ăƚ�;Ϯ͘ϱ�ǁĞĞŬƐͿ͘
 

&ŽƌŵƵůĂƟŽŶ �ǀĞƌĂŐĞ�/ŶŝƟĂů�
^Ğƚ�;ŚŽƵƌƐͿ

�ǀĞƌĂŐĞ�&ŝŶĂů�
^Ğƚ�;ŚŽƵƌƐͿ

A ϭϲϮ͘ϲϳ ϰϯϴ͘ϬϬ

B ϯ͘ϲϳ Ϯϲ͘Ϭϴ

C ϱϬ͘ϬϬ Ϯϯϵ

Sample Key

&ŽƌŵƵůĂƟŽŶ�� �ŽŶƚƌŽůͲ��ŽŶĐƌĞƚĞ�^ĂŶĚ
&ŽƌŵƵůĂƟŽŶ�� �ƌƵƐŚĞĚ�sŽůĐĂŶŝĐ�^ƚŽŶĞ
&ŽƌŵƵůĂƟŽŶ�� 'ƌĂǀĞů

EŽƚĞ͗�^ĂŵƉůĞ�ĨŽƌŵƵůĂƟŽŶ�ϭ͗Ϯ�ůŝŵĞ�ƚŽ�ĂŐŐƌĞŐĂƚĞ
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'ƌĂƉŚ�ϯ͗�ZĞƐƵůƚƐ�ŽĨ�^ĞƫŶŐ�dŝŵĞ�dĞƐƚ
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Figure 33:�^ĂŵƉůĞ���ĨŽůůŽǁŝŶŐ�ƚĞƐƟŶŐ͘ Figure 34:�^ĂŵƉůĞ���ƵŶĚĞƌŐŽŝŶŐ�ĂĐƟǀĞ�ƚĞƐƟŶŐ͘
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Table 5͗�hŶĚĞƌǁĂƚĞƌ�^Ğƚ�dĞƐƚ�ZĞƐƵůƚƐ

Testing Results

hŶĚĞƌǁĂƚĞƌ�^Ğƚ�dĞƐƚ

dŚŝƐ�ƚĞƐƚ�ƐŚŽǁĞĚ�ƚŚĂƚ�ŽŶůǇ�&ŽƌŵƵůĂƟŽŶ��͕�ĐƌƵƐŚĞĚ�ǀŽůĐĂŶŝĐ�ƌŽĐŬ͕�ŚĂĚ�ƚŚĞ�ĂďŝůŝƚǇ�ƚŽ�ƐĞƚ�ƵŶĚĞƌǁĂƚĞƌ͘ ��
&ŽƌŵƵůĂƟŽŶ���ƌĞĂĐŚĞĚ�ŝŶŝƟĂů�ƐĞƚ�ŝŶ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϱϭ�ŚŽƵƌƐ�ĂŶĚ�ĮŶĂů�ƐĞƚ�Ăƚ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϭϮϯ�ŚŽƵƌƐ͘�
dŚĞ�ĐŽŶƚƌŽů�ĚŝƐƉůĂǇĞĚ�ŶŽ�ĞǀŝĚĞŶĐĞ�ŽĨ�ƐĞƫŶŐ�ĚƵƌŝŶŐ�ƚŚĞ�ǁĞĞŬ�ƚĞƐƟŶŐ�ƉĞƌŝŽĚ͕�ĂŌĞƌ�ǁŚŝĐŚ�ƚŚĞ�ƚĞƐƚ�ǁĂƐ�
ĚŝƐĐŽŶƟŶƵĞĚ͘�&ŽƌŵƵůĂƟŽŶ��͕�ŐƌĂǀĞů͕�ŝŶŝƟĂůůǇ�ƐŚŽǁĞĚ�Ă�ĚĞĐƌĞĂƐĞ�ŝŶ�ƚŚĞ�ŶĞĞĚůĞ Ɛ͛�ƉĞŶĞƚƌĂƟŽŶ�ĚĞƉƚŚ͕�
ŝŶĚŝĐĂƟŶŐ�ƚŚĂƚ�ƚŚĞ�ƐĂŵƉůĞ�ǁĂƐ�ďĞŐŝŶŶŝŶŐ�ƚŽ�ƐĞƚ͘�,ŽǁĞǀĞƌ͕ �ƚŚĞ�ƐĂŵƉůĞ�ĚŝĚ�ŶŽƚ�ƐŚŽǁ�ĂŶǇ�ĨƵƌƚŚĞƌ�ŝŶĚŝ-
ĐĂƟŽŶ�ŽĨ�ƌĞĂĐŚŝŶŐ�ĮŶĂů�ƐĞƚ�ĚƵƌŝŶŐ�ƚŚĞ�ǁĞĞŬ�ƚĞƐƟŶŐ�ƉĞƌŝŽĚ͘� 

&ŽƌŵƵůĂƟŽŶ �ǀĞƌĂŐĞ�/ŶŝƟĂů�
^Ğƚ�;ŚŽƵƌƐͿ

�ǀĞƌĂŐĞ�&ŝŶĂů�
^Ğƚ�;ŚŽƵƌƐͿ

A EŽ�^Ğƚ EŽ�^Ğƚ

B ϱϭ ϭϮϯ

C EŽ�^Ğƚ EŽ�^Ğƚ

Sample Key

&ŽƌŵƵůĂƟŽŶ�� �ŽŶƚƌŽůͲ��ŽŶĐƌĞƚĞ�^ĂŶĚ
&ŽƌŵƵůĂƟŽŶ�� �ƌƵƐŚĞĚ�sŽůĐĂŶŝĐ�^ƚŽŶĞ
&ŽƌŵƵůĂƟŽŶ�� 'ƌĂǀĞů

EŽƚĞ͗�^ĂŵƉůĞ�ĨŽƌŵƵůĂƟŽŶ�ϭ͗ϰ�ůŝŵĞ�ƚŽ�ĂŐŐƌĞŐĂƚĞ
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'ƌĂƉŚ�ϰ͗�hŶĚĞƌǁĂƚĞƌ�^Ğƚ�dĞƐƚ�ZĞƐƵůƚƐ
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Figure 35͗�&ŽƌŵƵůĂƟŽŶ���ƵŶĚĞƌŐŽŝŶŐ�dĞƐƟŶŐ͘� Figure 36͗��ůů�ƉƌĞƉĂƌĞĚ�ƐĂŵƉůĞƐ
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Table 6: �ŽŵƉƌĞƐƐŝǀĞ�^ƚƌĞŶŐƚŚ�dĞƐƚ�ZĞƐƵůƚƐ

Testing Results

�ŽŵƉƌĞƐƐŝǀĞ�^ƚƌĞŶŐƚŚ�dĞƐƚ

&ŽƌŵƵůĂƟŽŶ��͕�ƚŚĞ�ŵŽƌƚĂƌ�ĐŽŶƚĂŝŶŝŶŐ�ƚŚĞ�ĐƌƵƐŚĞĚ�ǀŽůĐĂŶŝĐ�ƌŽĐŬ͕�ŚĂĚ�Ă�ƐŝŐŶŝĮĐĂŶƚůǇ�ŚŝŐŚĞƌ�ĐŽŵƉƌĞƐ-
ƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚŚĂŶ�&ŽƌŵƵůĂƟŽŶƐ���Žƌ��͘�&ŽƌŵƵůĂƟŽŶ��͕�ƚŚĞ�ĐŽŶƚƌŽů͕�ƐŚŽǁĞĚ�ĂŶ�ĂǀĞƌĂŐĞ�ĐŽŵƉƌĞƐƐŝǀĞ�
ƐƚƌĞŶŐƚŚ�ŽĨ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϱϬ͘�&ŽƌŵƵůĂƟŽŶ���ƐŚŽǁĞĚ�ĂŶ�ĂǀĞƌĂŐĞ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ĂƉƉƌŽǆŝ-
ŵĂƚĞůǇ�ϴϯ͘ϯ�ƉƐŝ͘�&ŽƌŵƵůĂƟŽŶ���ŚĂĚ�ĂŶ�ĂǀĞƌĂŐĞ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ϮϮϱ�ƉƐŝ͕�ǁĞůů�ĂďŽǀĞ�ƚŚĞ�ŽƚŚĞƌ�
ƚǁŽ�ĨŽƌŵƵůĂƟŽŶƐ͘�dŚĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�&ŽƌŵƵůĂƟŽŶ���ǁĂƐ�ϴϭ͘ϱй�ŚŝŐŚĞƌ�ƚŚĂŶ�ƚŚĂƚ�ŽĨ�ƚŚĞ�ĐŽŶƚƌŽů�ĂŶĚ�
ϲϰ͘Ϭй�ŚŝŐŚĞƌ�ƚŚĂŶ�ƚŚĂƚ�ĨŽƌ�&ŽƌŵƵůĂƟŽŶ��͕�ƚŚĞ�ŵŽƌƚĂƌ�ĐŽŶƚĂŝŶŝŶŐ�ƚŚĞ�ŐƌĂǀĞů͘�

&ŽƌŵƵůĂƟŽŶ �ŽŵƉƌĞƐƐŝǀĞ�
^ƚƌĞŶŐƚŚ�;ƉƐŝͿ

�ǀĞƌĂŐĞ�
�ŽŵƉƌĞƐƐŝǀĞ�
^ƚƌĞŶŐƚŚ�;ƉƐŝͿ

A

Ϯϱ

41.7ϱϬ
ϱϬ

B

ϭϳϱ

225.0ϮϮϱ

Ϯϳϱ

C

ϭϬϬ

83.3ϳϱ

ϳϱ

Sample Key

&ŽƌŵƵůĂƟŽŶ�� �ŽŶƚƌŽůͲ��ŽŶĐƌĞƚĞ�^ĂŶĚ
&ŽƌŵƵůĂƟŽŶ�� �ƌƵƐŚĞĚ�sŽůĐĂŶŝĐ�^ƚŽŶĞ
&ŽƌŵƵůĂƟŽŶ�� 'ƌĂǀĞů

EŽƚĞ͗�^ĂŵƉůĞ�ĨŽƌŵƵůĂƟŽŶ�ϭ͗Ϯ�ůŝŵĞ�ƚŽ�ĂŐŐƌĞŐĂƚĞ
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'ƌĂƉŚ�ϱ͗��ŽŵƉƌĞƐƐŝǀĞ�^ƚƌĞŶŐƚŚ�dĞƐƚ�ZĞƐƵůƚƐ
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Discussion of Results

/ŶƚƌŽĚƵĐƟŽŶ

dŚĞ�ƚĞƐƟŶŐ�ŵĞƚŚŽĚŽůŽŐǇ�ǁĂƐ�ĂďůĞ�ƚŽ�ƉƌŽǀŝĚĞ�ǀĂƌǇŝŶŐ�ĂŵŽƵŶƚƐ�ŽĨ�ŝŶĨŽƌŵĂƟŽŶ�ƌĞŐĂƌĚŝŶŐ�ĞĂĐŚ�ĨŽƌŵƵ-
ůĂƟŽŶƐ�ŝŶĚŝǀŝĚƵĂů�ƉŽǌǌŽůĂŶŝĐŝƚǇ͘�dŚĞ�ƌĞƐƵůƚƐ�ĂƌĞ�ŝŶƚĞƌƉƌĞƚĞĚ�ŝŶ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƐĞĐƟŽŶ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ŵĂŬĞ�
ĐŽŶĐůƵƐŝŽŶƐ�ĂŶĚ�ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ͘

>ŝŵĞ��ŽŵďŝŶĂƟŽŶ�dĞƐƚ

dŚĞ�ůŝŵĞ�ĐŽŵďŝŶĂƟŽŶ�ƚĞƐƚ�ŝŶĚŝĐĂƚĞĚ�ƚŚĂƚ�&ŽƌŵƵůĂƟŽŶ���ŚĂĚ�ƚŚĞ�ŚŝŐŚĞƐƚ�ĚĞŐƌĞĞ�ŽĨ�ƉŽǌǌŽůĂŶŝĐŝƚǇ͕ �ǁŝƚŚ�
ĂŶ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƐŽůŝĚ�ŵĂƩĞƌ�ŽĨ�ŽǀĞƌ�ϭϰϴй�ŝŶĚŝĐĂƟŶŐ�ƚŚĂƚ�ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ĐĂůĐŝƵŵ�ƐŝůŝĐĂƚĞ�ŚǇĚƌĂƚĞƐ�ŝƐ�
ĂĐƟǀĞ�ĂŶĚ�ƌĂƉŝĚ͘�&ŽƌŵƵůĂƟŽŶ��͕�ƚŚĞ�ŵŽƌƚĂƌ�ĐŽŶƚĂŝŶŝŶŐ�ƚŚĞ�ŐƌĂǀĞů͕�ƐŚŽǁĞĚ�Ă�ŵƵĐŚ�ůŽǁĞƌ�ĚĞŐƌĞĞ�ŽĨ�
ĂĐƟǀŝƚǇ͕ �ďƵƚ�ŚĂĚ�ĂŶ�ŝŶŝƟĂů�ŝŶĐƌĞĂƐĞ�ŝŶ�ƐŽůŝĚ�ŵĂƩĞƌ�ĂŵŽƵŶƟŶŐ�ƚŽ�ϱϴй͘��ƵĞ�ƚŽ�ƚŚĞ�ůŽǁĞƌ�ŝŶĐƌĞĂƐĞ�ŝŶ�
ƐŽůŝĚ�ŵĂƩĞƌ͕ �ŝƚ�ĐĂŶ�ďĞ�ĞǆƚƌĂƉŽůĂƚĞĚ�ƚŚĂƚ�&ŽƌŵƵůĂƟŽŶ���ĨŽƌŵĞĚ�ůĞƐƐ�ĐĂůĐŝƵŵ�ƐŝůŝĐĂƚĞ�ŚǇĚƌĂƚĞ�ŵĂƩĞƌ�
ĂŶĚ�ŝƐ�ƚŚĞƌĞĨŽƌĞ�ůĞƐƐ�ƉŽǌǌŽůĂŶŝĐ͘�&Žƌ�ĐŽŵƉĂƌŝƐŽŶ�ƉƵƌƉŽƐĞƐ͕�&ŽƌŵƵůĂƟŽŶ��͕�ĚŝƐƉůĂǇĞĚ�ŶŽ�ŝŶĐƌĞĂƐĞ�ŝŶ�
ƐŽůŝĚ�ŵĂƩĞƌ͕ �ĂŶĚ�ƚŚĞƌĞĨŽƌĞ�ƚĞƐƚ�ĚŝĚ�ŶŽƚ�ŝŶĚŝĐĂƚĞ�ĂŶǇ�ĚĞŐƌĞĞ�ŽĨ�ƉŽǌǌŽůĂŶŝĐŝƚǇ�ĨŽƌ�ƚŚŝƐ�ĨŽƌŵƵůĂƟŽŶ͘

�/ƚ�ŝƐ�ŝŵƉŽƌƚĂŶƚ�ƚŽ�ŶŽƚĞ�ƚŚĂƚ�ƚŚŝƐ�ƚĞƐƚ�ĚŽĞƐ�ŶŽƚ�ŶĞĐĞƐƐĂƌŝůǇ�ŵĞĂƐƵƌĞ�ĂŶǇ�ŝŶŚĞƌĞŶƚ�ƉƌŽƉĞƌƚǇ�ŽĨ�ĞĂĐŚ�ƉŽǌ-
ǌŽůĂŶŝĐ�ŵĂƚĞƌŝĂů͕�ďƵƚ�ƐŝŵƉůǇ�ŝŶĚŝĐĂƚĞƐ�ŚŽǁ�ƌĞĂĐƟǀĞ�ĞĂĐŚ�ƌĞƐƉĞĐƟǀĞ�ŵĂƚĞƌŝĂů�ŝƐ�ƵŶĚĞƌ�ƚŚĞƐĞ�ĞǆƉĞƌŝ-
ŵĞŶƚĂů�ĐŽŶĚŝƟŽŶƐ͘�hůƟŵĂƚĞůǇ͕ �ƚŚĞ�ĚĞŐƌĞĞ�ŽĨ�ƌĞĂĐƟǀŝƚǇ�ĚĞƚĞƌŵŝŶĞĚ�ƚŚƌŽƵŐŚ�ƚŚĞ�ůŝŵĞ�ĐŽŵďŝŶĂƟŽŶ�ƚĞƐƚ�
ǁĂƐ�ŝŶ�ĚŝƌĞĐƚ�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ĚĂƚĂ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�ƚŚĞ�ƐĞƫŶŐ�ƟŵĞ�ƚĞƐƚƐ�ĂŶĚ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�
ƚĞƐƚƐ͘

^ĞƫŶŐ�dŝŵĞ�dĞƐƚ

�dŚĞ�ĚĂƚĂ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ƚŚĞ�ƐĞƫŶŐ�ƟŵĞ�ƚĞƐƚ�ƉƌŽǀĞĚ�ƚŽ�ďĞ�ĂŶ�ĞǆĐĞůůĞŶƚ�ŝŶĚŝĐĂƚŽƌ�ŽĨ�ƉŽǌǌŽůĂŶŝĐŝƚǇ͘�
WŽǌǌŽůĂŶƐ�ĚĞĐƌĞĂƐĞ�ƚŚĞ�ƐĞƫŶŐ�ƟŵĞ�ŽĨ�Ă�ŵŽƌƚĂƌ�ĂƐ�ƚŚĞ�ƌĞĂĐƟǀĞ�ƐŝůŝĐĂ�ĂŶĚ�ĂůƵŵŝŶĂ�ǁŝƚŚŝŶ�ƚŚĞ�ŵĂƚĞƌŝĂů�
ƌĞĂĐƚ�ǁŝƚŚ�ĐĂůĐŝƵŵ�ŚǇĚƌŽǆŝĚĞ�ƚŽ�ƉƌŽĚƵĐĞ�ĐĂůĐŝƵŵ�ƐŝůŝĐĂƚĞ�ŚǇĚƌĂƚĞƐ͘�dŚĞ�ƐĞƫŶŐ�ŽĨ�ƉŽǌǌŽůĂŶŝĐ�ŵŽƌƚĂƌƐ�
ŽĐĐƵƌƐ�ƚǁŽĨŽůĚ�ďǇ�ĐĂƌďŽŶĂƟŽŶ�ŽĨ�ƚŚĞ�ůŝŵĞ�ĂŶĚ�ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ƚŚĞƐĞ�ĐĂůĐŝƵŵ�ƐŝůŝĐĂƚĞ�ŚǇĚƌĂƚĞƐ͘�dŚŝƐ�
ĐŽŵďŝŶĞĚ�ƉƌŽĐĞƐƐ�ĂůůŽǁƐ�ĨŽƌ�Ă�ŵŽƌĞ�ƌĂƉŝĚ�ƐĞƫŶŐ�ƟŵĞ�ƚŚĂŶ�ŵŽƌƚĂƌƐ�ƐŝŵƉůǇ�ĐƵƌĞĚ�ƚŚƌŽƵŐŚ�ĐĂƌďŽŶ-
ĂƟŽŶ͘�

&ŽƌŵƵůĂƟŽŶ��͕�Ă�ƐĂŶĚͲůŝŵĞ�ŵŽƌƚĂƌ�ŚĂĚ�ƚŚĞ�ůŽŶŐĞƐƚ�ƐĞƫŶŐ�ƟŵĞ�ĂƐ�ĐƵƌŝŶŐ�ŽĐĐƵƌƌĞĚ�ŽŶůǇ�ƚŚƌŽƵŐŚ�
ĐĂƌďŽŶĂƟŽŶ͘�&ŽƌŵƵůĂƟŽŶ��͕�ƚŚĞ�ŵŽƐƚ�ƌĞĂĐƟǀĞ�ĨŽƌŵƵůĂƟŽŶ�ǁŝƚŚ�ƚŚĞ�ǀŽůĐĂŶŝĐ�ƌŽĐŬ͕�ŚĂĚ�ƚŚĞ�ŵŽƐƚ�
ƌĂƉŝĚ�ƐĞƚ�ƟŵĞ�ŽĨ�Ăůů�ĨŽƌŵƵůĂƟŽŶƐ�ĚƵĞ�ƚŽ�ƚŚĞ�ƉŽǌǌŽůĂŶŝĐ�ǀŽůĐĂŶŝĐ�ĂŐŐƌĞŐĂƚĞ͘�/ƚ�ĐĂŶ�ďĞ�ĂƐƐƵŵĞĚ�ƚŚĂƚ�
ƚŚĞ�ƌĂƉŝĚ�ƐĞƫŶŐ�ƟŵĞ�ŽĐĐƵƌƌĞĚ�ŵŽƐƚůǇ�ƚŚƌŽƵŐŚ�ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ƚŚĞ�ĐĂůĐŝƵŵ�ƐŝůŝĐĂƚĞ�ŚǇĚƌĂƚĞƐ�ĂŶĚ�
ǁŝƚŚ�ŵŝŶŽƌ�ŝŶŇƵĞŶĐĞ�ĨƌŽŵ�ĐĂƌďŽŶĂƟŽŶ͘��&ŽƌŵƵůĂƟŽŶ��͕�ŚĂĚ�Ă�ĨĂƐƚĞƌ�ƐĞƚ�ƟŵĞ�ƚŚĂŶ�ƚŚĞ�ŶŽŶ�ƉŽǌǌŽůĂŶŝĐ�
&ŽƌŵƵůĂƟŽŶ���ďƵƚ�ǁĂƐ�ŵƵĐŚ�ŵŽƌĞ�ĚĞƉĞŶĚĞŶƚ�ŽŶ�ĐĂƌďŽŶĂƟŽŶ�ƚŚĂŶ�&ŽƌŵƵůĂƟŽŶ��͘��Ɛ�ŝŶĚŝĐĂƚĞĚ�ďǇ�
ƚŚĞ�ůŝŵĞ�ĐŽŵďŝŶĂƟŽŶ�ƚĞƐƚ�ĚĞƐĐƌŝďĞĚ�ĂďŽǀĞ͕�ƚŚĞ�ĨŽƌŵĂƟŽŶ�ŽĨ�ĐĂůĐŝƵŵ�ƐŝůŝĐĂƚĞ�ŚǇĚƌĂƚĞƐ�ůŝŬĞůǇ�ŽĐĐƵƌƌĞĚ�
ŵƵĐŚ�ƐůŽǁĞƌ�ŝŶ�ƐĂŵƉůĞƐ�ŵĂĚĞ�ǁŝƚŚ�ƚŚĞƐĞ�ĨŽƌŵƵůĂƟŽŶƐ�ŵĂŬŝŶŐ�ŝƚ�ůĞƐƐ�ƉŽǌǌŽůĂŶŝĐ�ƚŚĂŶ�&ŽƌŵƵůĂƟŽŶ��͘�
�Ŷ�ŝŵƉŽƌƚĂŶƚ�ĐŽŶƐŝĚĞƌĂƟŽŶ�ǁŚĞŶ�ĚŝƐĐƵƐƐŝŶŐ�ƚŚŝƐ�ĚĂƚĂ�ŝƐ�ƚŚĂƚ�ƚŚĞ�ĐƵƌŝŶŐ�ĐŽŶĚŝƟŽŶƐ�ŽĨ�ƚŚŝƐ�ŵŽƌƚĂƌ�
Ăƚ�ϵϬй�ƌĞůĂƟǀĞ�ŚƵŵŝĚŝƚǇ�ŐƌĞĂƚůǇ�ŝŶŇƵĞŶĐĞĚ�ƚŚĞ�ĚĂƚĂ�ƉƌĞƐĞŶƚĞĚ�ŝŶ�ƚŚŝƐ�ƌĞƉŽƌƚ͘�/ƚ�ŝƐ�ůŝŬĞůǇ�ƚŚĂƚ�ǁŚĞŶ�
ŵŽƌƚĂƌƐ�ĂƌĞ�ŵŝǆĞĚ�ĂŶĚ�ůĂŝĚ�ŝŶ�ƚŚĞ�ĮĞůĚ͕�ƚĞŵƉĞƌĂƚƵƌĞ͕�ƌĞůĂƟǀĞ�ŚƵŵŝĚŝƚǇ͕ �ĂŶĚ�ĞǆƉŽƐƵƌĞ�ƚŽ�ĐĂƌďŽŶ�Ěŝ-
ŽǆŝĚĞ�ŝŶ�ƚŚĞ�ĂƚŵŽƐƉŚĞƌĞ�ǁŝůů�ŐƌĞĂƚůǇ�ĂůƚĞƌ�ƚŚĞ�ƐĞƫŶŐ�ƟŵĞƐ�ĚĞƚĞƌŵŝŶĞĚ�ƵŶĚĞƌ�ůĂďŽƌĂƚŽƌǇ�ĐŽŶĚŝƟŽŶƐ͘��
,ŽǁĞǀĞƌ͕ �ŝƚ�ŝƐ�ůŝŬĞůǇ�ƚŚĂƚ�ŝŶ�ƚŚĞƐĞ�ĐŽŶĚŝƟŽŶƐ�ƚŚĂƚ�ƌĞƐƵůƚƐ�ǁŽƵůĚ�ďĞ�ĐŽŶƐŝƐƚĞŶƚ�ǁŝƚŚ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽĨ�ƚŚĞ�
ĐŽŶƚƌŽůůĞĚ�ĐƵƌĞ�ŝŶ�ƚĞƌŵƐ�ŽĨ�ƌĞůĂƟǀĞ�ƐƉĞĞĚƐ�Ăƚ�ǁŚŝĐŚ�ƚŚĞ�ŵŽƌƚĂƌƐ�ƐĞƚ͘



MEADORS CONSERVATION

RESTORATION                        CONSERVATION                       ARCHITECTURE                     CONSTRUCTION                      DESIGN SERVICES                       ARTISANS

LABORATORY MORTAR TESTING
dƵŵĂĐĄĐŽƌŝ�EĂƟŽŶĂů�,ŝƐƚŽƌŝĐĂů�WĂƌŬ

Tumacácori͕���

Page 29

Discussion (continued)

hŶĚĞƌǁĂƚĞƌ�^ĞƫŶŐ�dŝŵĞ�dĞƐƚ

dŚĞ�ƵŶĚĞƌǁĂƚĞƌ�ƐĞƫŶŐ�ĨƵƌƚŚĞƌ�ŝŶĚŝĐĂƚĞĚ�ƚŚĞ�ƉŽǌǌŽůĂŶŝĐ�ŶĂƚƵƌĞ�ŽĨ�&ŽƌŵƵůĂƟŽŶ���ĂŶĚ�ǁĂƐ�ĂŐƌĞĞ-
ŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ŽƉĞŶ�Ăŝƌ�ƐĞƫŶŐ�ƟŵĞ�ĚĂƚĂ�ŽĨ�ƚŚĞ�ƐĂŵĞ�ĨŽƌŵƵůĂƟŽŶ͘��ƵƌŝŶŐ�ƚŚĞ�ƚĞƐƟŶŐ�ƉƌŽŐƌĂŵ͕�ŽŶůǇ�
&ŽƌŵƵůĂƟŽŶ���ƐĞƚ�ƵŶĚĞƌ�ǁĂƚĞƌ͘ ��Ɛ�ĞǆƉĞĐƚĞĚ͕�ƚŚĞ�ĐŽŶƚƌŽů�ĚŝĚ�ŶŽƚ�ƐĞƚ�ĚƵƌŝŶŐ�ƚŚĞ�ƚĞƐƟŶŐ�ƟŵĞ�ƉĞƌŝŽĚ͘�
&ŽƌŵƵůĂƟŽŶ��͕�ĚĞƐƉŝƚĞ�ƐŚŽǁŝŶŐ�ƐŽŵĞ�ŝŶĚŝĐĂƟŽŶƐ�ŽĨ�ƉŽǌǌŽůĂŶŝĐŝƚǇ�ŝŶ�ŽƚŚĞƌ�ƚĞƐƚƐ͕�ĚŝĚ�ŶŽƚ�ƐĞƚ�ĚƵƌŝŶŐ�
ƚŚĞ�ƚĞƐƟŶŐ�ƉĞƌŝŽĚ͘�/ŶŝƟĂů�ƌĞĂĚŝŶŐƐ�ŝŶĚŝĐĂƚĞĚ�ƚŚĂƚ�ƐĞƫŶŐ�ǁĂƐ�ŽĐĐƵƌƌŝŶŐ͕�ďƵƚ�ƚŚŝƐ�ĚŝĚ�ŶŽƚ�ĐŽŶƟŶƵĞ�ŝŶƚŽ�
ĨŽƌ�ƚŚĞ�ǁĞĞŬ�ƚĞƐƟŶŐ�ƉĞƌŝŽĚ͘�dŚĞ�ďĞŚĂǀŝŽƌ�ĞǆŚŝďŝƚĞĚ�ďǇ�ƚŚŝƐ�ĨŽƌŵƵůĂƟŽŶ�ŝƐ�ƐŝŵŝůĂƌ�ƚŽ�ƚŚĂƚ�ŝŶ�ƚŚĞ�ůŝŵĞ�
ĐŽŵďŝŶĂƟŽŶ�ƚĞƐƚ͕�ĂƐ�ƚŚĞƌĞ�ǁĂƐ�ŝŶŝƟĂů�ŝŶĐƌĞĂƐĞ�ŝŶ�ƐŽůŝĚ�ŵĂƩĞƌ�ďƵƚ�ĚŝĚ�ŶŽƚ�ĐŽŶƟŶƵĞ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�
ƚĞƐƚ͘���ĚĚŝƟŽŶĂůůǇ͕ �ŝƚ�ŝƐ�ƉŽƐƐŝďůĞ�ƚŚĂƚ�ƚŚĞ�ƚĞƐƟŶŐ�ƟŵĞ�ƉĞƌŝŽĚ�ŽĨ�ŽŶĞ�ǁĞĞŬ�ǁĂƐ�ŶŽƚ�ƐƵĸĐŝĞŶƚ�ƟŵĞ�ĨŽƌ�
ƚŚĞ�ŵĂƚĞƌŝĂů�ƚŽ�ƐĞƚ�ƐŽůĞůǇ�ďǇ�ƚŚŝƐ�ƚǇƉĞ�ŽĨ�ƌĞĂĐƟŽŶ͘��

dŚĞ�ďĞŚĂǀŝŽƌ�ŽĨ�&ŽƌŵƵůĂƟŽŶ���ĚƵƌŝŶŐ�ƚŚŝƐ�ƚĞƐƚ�ŝƐ�ƉĂƌƟĐƵůĂƌůǇ�ŶŽƚĂďůĞ�ĂƐ�ŽƵƌ�ĚĂƚĂ�ĞǆƚĞŶĚƐ�ƐůŝŐŚƚůǇ�
ďĞǇŽŶĚ�ƚŚĞ�ƌĂŶŐĞ�ƌĞĐŽŵŵĞŶĚĞĚ�ďǇ�ƚŚĞ�&ƌĞŶĐŚ�ĐŚĞŵŝƐƚ�&ĞƌĞƚ͘���ĐĐŽƌĚŝŶŐ�ƚŽ�&ĞƌĞƚ͕�ĂĐƟǀĞ�ƉŽǌǌŽůĂŶƐ�
ƐŚŽƵůĚ�ƌĞĂĐŚ�ŝŶŝƟĂů�ƐĞƚ�Ăƚ�ůĞƐƐ�ƚŚĂŶ�ϱϬ�ŚŽƵƌƐ�ĂŶĚ�ĮŶĂů�ƐĞƚ�ŝŶ�ůĞƐƐ�ƚŚĂŶ�ϭϬϬ�ŚŽƵƌƐ͘��ůƚŚŽƵŐŚ�&ŽƌŵƵůĂ-
ƟŽŶ���ĚŝĚ�ŶŽƚ�ƌĞĂĐŚ�ĮŶĂů�ƐĞƚ�ǁŝƚŚŝŶ�ƚŚĞ�ƉĂƌĂŵĞƚĞƌƐ�ĞƐƚĂďůŝƐŚĞĚ�ďǇ�&ĞƌĞƚ�ĨŽƌ�Ă�ŚŝŐŚůǇ�ƌĞĂĐƟǀĞ�ƉŽǌǌŽ-
ůĂŶ͕�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ŝƚ�ĚŝĚ�ƐĞƚ�ƵŶĚĞƌǁĂƚĞƌ͕ �ĐŽŵďŝŶĞĚ�ǁŝƚŚ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽĨ�ŽƚŚĞƌ�ƚĞƐƚƐ͕�ĐůĞĂƌůǇ�ŝŶĚŝĐĂƚĞƐ�ƚŚĂƚ�
ŝƐ�Ăƚ�ůĞĂƐƚ�ŵŽĚĞƌĂƚĞůǇ�ƉŽǌǌŽůĂŶŝĐ͘��EŽ�ŵŽƌƚĂƌ�ƚŚĂƚ�ĚŽĞƐ�ŶŽƚ�ĐŽŶƚĂŝŶ�ŚǇĚƌĂƵůŝĐ�Žƌ�ƉŽǌǌŽůĂŶŝĐ�ĐŽŵƉŽ-
ŶĞŶƚƐ�ǁŽƵůĚ�ďĞ�ĐĂƉĂďůĞ�ŽĨ�ƐĞƫŶŐ�ƵŶĚĞƌ�ǁĂƚĞƌ͘ �

�ŽŵƉƌĞƐƐŝǀĞ�^ƚƌĞŶŐƚŚ�dĞƐƟŶŐ

dŚĞ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ�ĚĂƚĂ�ĐŽŵƉůŝŵĞŶƚƐ�ƚŚĞ�ŽƚŚĞƌ�ĚĂƚĂ�ŽďƚĂŝŶĞĚ�ĨƌŽŵ�ƚŚĞ�ĂĨŽƌĞŵĞŶ-
ƟŽŶĞĚ�ĞǆƉĞƌŝŵĞŶƚƐ͘�&ŽƌŵƵůĂƟŽŶ���ĚŝƐƉůĂǇĞĚ�ƚŚĞ�ůŽǁĞƐƚ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ĂƐ�ĞǆƉĞĐƚĞĚ�ĨŽƌ�ůŝŵĞͲ
ƐĂŶĚ�ŵŽƌƚĂƌ͘ �dŚĞ�ĚŝīĞƌĞŶĐĞƐ�ŽĨ�ƉŽǌǌŽůĂŶŝĐ�ĂĐƟǀŝƚǇ�ďĞƚǁĞĞŶ�&ŽƌŵƵůĂƟŽŶƐ���ĂŶĚ���ǁĞƌĞ�ǀĞƌǇ�ĂƉƉĂƌĞŶƚ�
ŝŶ�ƚŚŝƐ�ĞǆƉĞƌŝŵĞŶƚ͘�&ŽƌŵƵůĂ���ǁŝƚŚ�ƚŚĞ�ŚŝŐŚĞƐƚ�ĂĐƟǀŝƚǇ�ŽƵƚ�ŽĨ�ƚŚĞ�ƚŚƌĞĞ�ĨŽƌŵƵůĂƟŽŶƐ�ŚĂĚ�ƚŚĞ�ŚŝŐŚĞƐƚ�
ĂǀĞƌĂŐĞ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ϮϮϱ�ƉƐŝ͘�&ŽƌŵƵůĂƟŽŶ��͕�ǁŝƚŚ�Ă�ƌĞůĂƟǀĞůǇ�ůŽǁ�ƉŽǌǌŽůĂŶŝĐ�ĂĐƟǀŝƚǇ�ŚĂĚ�
Ă�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ϴϯ͕�ǁŚŝĐŚ�ǁĂƐ�ĐůŽƐĞƌ�ƚŽ�ƚŚĞ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ƚŚĞ�ĐŽŶƚƌŽů�;ϰϯ�ƉƐŝͿ�
ƚŚĂŶ�ƚŚĂƚ�ŽĨ�&ŽƌŵƵůĂƟŽŶ��͘�/Ŷ�ĂĚĚŝƟŽŶ͕�&ŽƌŵƵůĂƟŽŶ���ǁĂƐ�ϱ͘ϰ�ƟŵĞƐ�ƐƚƌŽŶŐĞƌ�ƚŚĂŶ�ƚŚĞ�ĐŽŶƚƌŽů���ĂŶĚ�
Ϯ͘ϳϱ�ƟŵĞƐ�ƐƚƌŽŶŐĞƌ�ƚŚĂŶ��͘�dŚĞƌĞĨŽƌĞ�ƚŚŝƐ�ĚĂƚĂ�ǁŚĞŶ�ĐŽŵƉĂƌĞĚ�ĂŵŽŶŐ�Ăůů�ƚŚƌĞĞ�ĨŽƌŵƵůĂƟŽŶƐ�ŝƐ�ŝŶ�
ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ƌĞƐƵůƚƐ�ĨƌŽŵ�ƚŚĞ�ŽƚŚĞƌ�ƚĞƐƚƐ͘�

,ŽǁĞǀĞƌ͕ �ƚŚĞ�ĚĂƚĂ�ŝƐ�ŶŽƚ�ŝŶ�ĐŽŵƉůĞƚĞ�ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚƐ�ĚĞƚĞƌŵŝŶĞĚ�ďǇ�,ŝŐŚ-
ďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͘�dŚĞ�ƚǁŽ�ƐĂŵƉůĞƐ�;,ŝŐŚďƌŝĚŐĞ�ƐĂŵƉůĞƐ�η�ϭ�ĂŶĚ�ϮͿ�ŽĨ�ŽƌŝŐŝŶĂů�ƉůĂƐƚĞƌ�
ǁĞƌĞ�ĚĞƚĞƌŵŝŶĞĚ�ƚŽ�ŚĂǀĞ�Ă�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ϭϯϯϬ�ĂŶĚ�ϭϲϲϬ�ƉƐŝ͘�/ƚ�ƐŚŽƵůĚ�ďĞ�ŶŽƚĞĚ�ƚŚĂƚ�ƚŚĞ�
ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ�ƉĞƌĨŽƌŵĞĚ�ďǇ�,ŝŐŚďƌŝĚŐĞ�ǁĂƐ�ĚŽŶĞ�ŽŶ�ŶŽŶͲƐƚĂŶĚĂƌĚ�ƚĞƐƚ�ƐŝǌĞƐ�ĂŶĚ�ƚŚĞ�
ĚĂƚĂ�ĨƌŽŵ�ǁŚŝĐŚ�ƐŚŽƵůĚ�ďĞ�ƵƐĞĚ�ĂƐ�ƌĞĨĞƌĞŶĐĞ�ŽŶůǇ͘��ƵƌŝŶŐ�ƟŵĞ�ĐĞƌƚĂŝŶůǇ�ŝŶŇƵĞŶĐĞĚ�ƚŚĞ�ƌĞƐƵůƚƐ�ŽĨ�
ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ͕�ŵĂŬŝŶŐ�ŝƚ�ĚŝĸĐƵůƚ�ƚŽ�ĐŽŵƉĂƌĞ�ƚŚĞ�ĚĂƚĂ�ŽĨ�ŽƌŝŐŝŶĂů�ƐĂŵƉůĞƐ�ǁŝƚŚ�ŶĞǁůǇͲ
ĐƌĞĂƚĞĚ�ƐĂŵƉůĞƐ͘�/ƚ�ƐŚŽƵůĚ�ďĞ�ĞǆƉĞĐƚĞĚ�ƚŚĂƚ�ƚŚĞ�ŽƌŝŐŝŶĂů�ŵŽƌƚĂƌ�ƐĂŵƉůĞƐ�ǁŽƵůĚ�ŚĂǀĞ�ƐŝŐŶŝĮĐĂŶƚůǇ�
ŚŝŐŚĞƌ�ƐƚƌĞŶŐƚŚ�ƚŚĂŶ�ƚŚĞ�ĨƌĞƐŚůǇͲĐƌĞĂƚĞĚ�ƌĞƉůŝĐĂƟŽŶ�ƐĂŵƉůĞƐ�ďĞĐĂƵƐĞ�ĐŽŵƉůĞƚĞ�ĐĂƌďŽŶĂƟŽŶ�ǁŽƵůĚ�
ŚĂǀĞ�ůŝŬĞůǇ�ŽĐĐƵƌƌĞĚ�ŝŶ�ƚŚĞ�ŽƌŝŐŝŶĂů�ƐĂŵƉůĞƐ͕�ǁŚŝĐŚ�ŚĂǀĞ�ŚĂĚ�ŵĂŶǇ�ǇĞĂƌƐ�ƚŽ�ĐƵƌĞ͕�ǁŚĞƌĞĂƐ�ƚŚĞ�ŶĞǁůǇͲ
ĐƌĞĂƚĞĚ�ƐĂŵƉůĞƐ�ŽŶůǇ�ŚĂĚ�ϯϬ�ĚĂǇƐ�ƚŽ�ĐƵƌĞ͕�ĂŶĚ�ůŝŬĞůǇ�ŚĂĚ�ŶŽƚ�ƌĞĂĐŚĞĚ�ĨƵůů�ĐĂƌďŽŶĂƟŽŶ͘�&ƵƌƚŚĞƌŵŽƌĞ͕�
ƚŚĞ�ƐĂŵƉůĞƐ�ƚĞƐƚĞĚ�ďǇ�,ŝŐŚďƌŝĚŐĞ�ŝŶĐůƵĚĞĚ�ƚŚĞ�ŽƌŝŐŝŶĂů�ďƵƌŶŝƐŚĞĚ�ĮŶŝƐŚ͕�ǁŚŝĐŚ�ŚĂƐ�ďĞĞŶ�ƚŚŽƵŐŚƚ�ƚŽ�
ŝŶĐƌĞĂƐĞ�ƚŚĞ�ŚĂƌĚŶĞƐƐ�ĂŶĚ�ŽǀĞƌĂůů�ƐƚƌĞŶŐƚŚ�ŽĨ�Ă�ŵĂƚĞƌŝĂů͘�/Ŷ�ĂĚĚŝƟŽŶ͕�ĂƐ�ƚŚĞ�ƐĂŵƉůĞƐ�ǁĞƌĞ�ƚĞƐƚĞĚ�Ăƚ�
ϯϬ�ĚĂǇ�ĐƵƌĞ�ƟŵĞ͕�ƚŚĞƌĞ�ŵĂǇ�ŚĂǀĞ�ŶŽƚ�ďĞĞŶ�ƐƵĸĐŝĞŶƚ�ƟŵĞ�ĨŽƌ�Ă�ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶ�ƚŽ�ĚĞǀĞůŽƉ�ƚŽ�ŝƚƐ�
ŐƌĞĂƚĞƐƚ�ƉŽƚĞŶƟĂů�ĚƵƌŝŶŐ�ƚŚŝƐ�ƉĞƌŝŽĚ͘�ZĞƐĞĂƌĐŚ�ŝŶĚŝĐĂƚĞƐ�ƚŚĂƚ�ƚŚĞ�ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶ�ĐĂŶ�ďĞ�ƐůŽǁ�ƚŽ�
ŽĐĐƵƌ͘ ��ƵĞ�ƚŽ�ƚŚŝƐ͕�ůŽǁ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƌĞƐƵůƚƐ�ƉƌŽǀŝĚĞĚ�ďǇ�ƚŚĞ�ƐĂŵƉůĞƐ�ŵĂǇ�ŶŽƚ�ďĞ�ŝŶĚŝĐĂƟǀĞ�ŽĨ�
ƚŚĞ�ƉŽǌǌŽůĂŶƐ͛�ƌĞĂĐƟǀŝƚǇ͘�/ƚ�ŝƐ�ůŝŬĞůǇ�ƚŚĂƚ͕�ŝĨ�ĂůůŽǁĞĚ�Ă�ůŽŶŐĞƌ�ĐƵƌŝŶŐ�ƉĞƌŝŽĚ�ŶŽƚ�ƉĞƌŵŝƩĞĚ�ďǇ�ƚŚĞ�ƟŵĞ�
ĐŽŶƐƚƌĂŝŶƚƐ�ŽĨ�ƚŚŝƐ�ƉƌŽũĞĐƚ͕�Ăůů�ĨŽƌŵƵůĂƟŽŶƐ�ǁŽƵůĚ�ƐŚŽǁ�Ă�ƐŝŐŶŝĮĐĂŶƚ�ŝŶĐƌĞĂƐĞ�ŝŶ�ƐƚƌĞŶŐƚŚ͘�
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Discussion (continued)

�ůƐŽ͕�ŝƚ�ŝƐ�ƉŽƐƐŝďůĞ�ƚŚĂƚ�ĚƵĞ�ƚŽ�ƚŚĞ�ůŽǁ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚƐ�ĚĞƚĞƌŵŝŶĞĚ�ĂĐƌŽƐƐ�Ăůů�ƚŚƌĞĞ�ĨŽƌŵƵůĂ-
ƟŽŶƐ͕�ƚŚĞƌĞ�ŵĂǇ�ĞǆŝƐƚ�ĂŶ�ĞƌƌŽƌ�ŝŶ�ƐĂŵƉůĞ�ƉƌĞƉĂƌĂƟŽŶ�ƚŚĂƚ�ĚĞĐƌĞĂƐĞƐ�ƚŚĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌ�ďĞŝŶŐ�
ŵŝǆĞĚ�ĂŶĚ�ŵŽůĚĞĚ͘�WĂĐŬŝŶŐ�ƚŚĞ�ŵŽůĚƐ�ĨŽƌ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƐĂŵƉůĞƐ�ĂŶĚ�ĂǀŽŝĚŝŶŐ�͞ĚĞƉŽƐŝƚ�ůĂǇ-
ĞƌƐ͟�ǁŝƚŚŝŶ�ƚŚĞ�ĐƵďĞ�ǁĂƐ�ƉĂƌƟĐƵůĂƌůǇ�ĚŝĸĐƵůƚ�ĚƵĞ�ƚŽ�ƚŚĞ�ůĂƌŐĞ�ĂŐŐƌĞŐĂƚĞ�ƐŝǌĞ͘��ƵƌŝŶŐ�ƚŚĞ�ƉƌĞƉĂƌĂƟŽŶ�
ŽĨ�ƚŚĞ�ƐĂŵƉůĞƐ͕�ŝƚ�ǁĂƐ�ĞǆĐĞĞĚŝŶŐůǇ�ŵŽƌĞ�ĚŝĸĐƵůƚ�ƚŽ�ĨƵůůǇ�ĐŽŵƉƌĞƐƐ�&ŽƌŵƵůĂƟŽŶƐ���Θ���ŝŶƚŽ�ƚŚĞ�ŵŽůĚƐ�
ƚŚĂŶ�&ŽƌŵƵůĂƟŽŶ��͘��dŚĞ�ƉƌĞƐĞŶĐĞ�ŽĨ�ƚŚĞ�ůĂƌŐĞ�ĂŶŐƵůĂƌ�ĂŐŐƌĞŐĂƚĞ�ĐƌĞĂƚĞĚ�ǀŽŝĚƐ�ǁŝƚŚŝŶ�ƚŚĞ�ƐĂŵƉůĞ�
ƚŚĂƚ�ǁĞƌĞ�ŶŽƚ�ĞĂƐŝůǇ�ĮůůĞĚ�ďǇ�ƚŚĞ�ƐŵĂůůĞƌ�ŐƌĂŝŶ�ƐŝǌĞƐ͘�dŚĞƐĞ�ǀŽŝĚƐ�ĐĂŶ�ĚĞĐƌĞĂƐĞ�ƚŚĞ�ĐŽŵƉƌĞƐƐŝǀĞ�
ƐƚƌĞŶŐƚŚ�ƌĞƐƵůƚƐ�ĂƐ�ƚŚĞǇ�ŽīĞƌ�ŶŽ�ƌĞƐŝƐƚĂŶĐĞ�ĚƵƌŝŶŐ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ͘�

'ƌĞĂƚĞƌ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƌĞƐƵůƚƐ�ŵĂǇ�ďĞ�ŽďƚĂŝŶĞĚ�ďǇ�ƵƐŝŶŐ�ŵŽƌĞ�ĮŶĞůǇ�ŐƌĂĚĞĚ�ĂŐŐƌĞŐĂƚĞ�ƚŚĂŶ�
ƚŚŽƐĞ�ĞŵƉůŽǇĞĚ�ĚƵƌŝŶŐ�ƚŚŝƐ�ĞǆƉĞƌŝŵĞŶƚ͘�dŚĞ�ĂŐŐƌĞŐĂƚĞ�ŐƌĂĚĂƟŽŶ�ĐŚŽƐĞŶ�ĨŽƌ�ĂŶĂůǇƐŝƐ�ǁĂƐ�ďĂƐĞĚ�ƵƉŽŶ�
ƚŚĞ�ĮŶĚŝŶŐƐ�ďǇ�,ŝŐŚďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͘���ƐůŝŐŚƚ�ĐŚĂŶŐĞ�ŝŶ�ƚŚĞ�ŐƌĂĚĂƟŽŶ�ŽĨ�ƚŚĞ�ŽƌŝŐŝŶĂů�
ƐĂŶĚƐ�ŵĂǇ�ƉƌŽĚƵĐĞ�ƚŚĞ�ĚĞƐŝƌĞĚ�ƌĞƐƵůƚƐ�ǁŝƚŚŽƵƚ�ĂůƚĞƌŝŶŐ�ƚŚĞ�ĐŽŵƉĂƟďŝůŝƚǇ�ŽĨ�ƚŚĞ�ƌĞƉůŝĐĂƟŽŶ�ŵĂƚĞƌŝĂůƐ͘�

�ĚĚŝƟŽŶĂůůǇ͕ �ĨƵƌƚŚĞƌ�ƚĞƐƟŶŐ�ǁŝƚŚ�ĂŶ�ŝŶĐƌĞĂƐĞĚ�ǁĂƚĞƌ�ĐŽŶƚĞŶƚ�ĐŽƵůĚ�ƉŽƐƐŝďůǇ�ŝŵƉƌŽǀĞ�ƚŚĞ�ĐŽŶƐŽůŝĚĂ-
ƟŽŶ�ŽĨ�ƚŚĞ�ĐƵďĞƐ͘��Ɛ�ŵĞŶƟŽŶĞĚ�ƉƌĞǀŝŽƵƐůǇ͕ �Ăůů�ƚŚĞ�ŵŽƌƚĂƌƐ�ŵĂĚĞ�ĨŽƌ�ƚĞƐƟŶŐ�ƉƌŝŽƌ�ƚŽ�ŵŽůĚŝŶŐ�ƉĂƐƐĞĚ�
ƚŚĞ�ŝŶǀĞƌƚĞĚ�ƚƌŽǁĞů�ƚĞƐƚ͕�ǁŚŝĐŚ�ŝŶĚŝĐĂƚĞĚ�ƚŚĂƚ�ĂŶ�ĂĚĞƋƵĂƚĞ�ĂŵŽƵŶƚ�ŽĨ�ǁĂƚĞƌ�ŚĂĚ�ďĞĞŶ�ĂĚĚĞĚ�ƚŽ�ƚŚĞ�
ŵŝǆ͘�,ŽǁĞǀĞƌ͕ �ŝŶĐƌĞĂƐĞĚ�ǁĂƚĞƌ�ĐŽŶƚĞŶƚ�ďĞǇŽŶĚ�ƚŚĂƚ�ƌĞƋƵŝƌĞĚ�ĨŽƌ�ƚŚĞ�ƚƌŽǁĞů�ƚĞƐƚ�ŵĂǇ�ŝŵƉƌŽǀĞ�ƚŚĞ�
ŝŵŵĞĚŝĂƚĞ�ǁŽƌŬĂďŝůŝƚǇ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌ�ĂŶĚ�ĞŶƐƵƌĞ�ƚŚĂƚ�ƚŚĞ�ŵŽůĚ�ĂƌĞ�ŵŽƌĞ�ƐƵĐĐĞƐƐĨƵůůǇ�ĮůůĞĚ�ĂƐ�ƚŚĞ�
ŝŶĐƌĞĂƐĞĚ�ŇƵŝĚŝƚǇ�ŽĨ�ƚŚĞ�ŵŝǆ�ǁŝůů�ĂůůŽǁ�ǀŽŝĚƐ�ƚŽ�ďĞ�ŵŽƌĞ�ĞĂƐŝůǇ�ĮůůĞĚ�ƚŚĂŶ�ƉƌĞǀŝŽƵƐůǇ�ƚĞƐƚĞĚ͘��,ŽǁĞǀĞƌ͕ �
ŝƚ�ŝƐ�ŝŵƉŽƌƚĂŶƚ�ƚŽ�ŶŽƚĞ�ƚŚĂƚ�ŵŽƌƚĂƌ�ǁŝƚŚ�Ă�ŚŝŐŚ�ǁĂƚĞƌ�ĐŽŶƚĞŶƚ�ĐĂŶ�ŚĂǀĞ�ĂĚǀĞƌƐĞ�ĂīĞĐƚƐ�ŽŶ�ƚŚĞ�ǁŽƌŬ-
ĂďŝůŝƚǇ�ĂŶĚ�ůŽŶŐ�ƚĞƌŵ�ĚƵƌĂďŝůŝƚǇ�ŽĨ�ƚŚĞ�ŵĂƚĞƌŝĂů͘�

�ŽŶĐůƵƐŝŽŶƐ

dŚĞ�ƌĞƐƵůƚƐ�ŽĨ�Ăůů�ƚŚĞ�ƚĞƐƚƐ�ƐŚŽǁĞĚ�ƚŚĂƚ�&ŽƌŵƵůĂƟŽŶ��͕�ƚŚĞ�ĐƌƵƐŚĞĚ�ǀŽůĐĂŶŝĐ�ƐƚŽŶĞ͕�ǁĂƐ�ŵŽƐƚ�ƉŽǌǌŽůĂ-
ŶŝĐ�ďĂƐĞĚ�ƵƉŽŶ�ŝƚƐ�ďĞŚĂǀŝŽƌ�ŽŶ�ƚŚĞ�ƚĞƐƚĞĚ�ƉƌŽƉĞƌƟĞƐ͘��ůů�ƚĞƐƚƐ�ǁĞƌĞ�ĂďůĞ�ƚŽ�ĐŽŶĮƌŵ�ƚŚĂƚ�ƚŚŝƐ�ĨŽƌŵƵůĂ-
ƟŽŶ�ŚĂƐ�ŶŽƚ�ŽŶůǇ�ƐŽŵĞ�ĚĞŐƌĞĞ�ŽĨ�ƉŽǌǌŽůĂŶŝĐŝƚǇ͕ �ďƵƚ�ĂůƐŽ�ǁĂƐ�ŚŝŐŚůǇ�ƌĞĂĐƟǀĞ�ǁŚĞŶ�ĐŽŵƉĂƌĞĚ�ĂŵŽŶŐ�
Ăůů�ĨŽƌŵƵůĂƟŽŶƐ͘�&ŽƌŵƵůĂƟŽŶ��͕�ƚŚĞ�ĐƌƵƐŚĞĚ�ŐƌĂǀĞů�ŵŽƌƚĂƌ͕ �ĚŝĚ�ƐŚŽǁ�ƐŽŵĞ�ŝŶĚŝĐĂƟŽŶƐ�ŽĨ�Ă�ŵŝůĚ�
ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶ͕�ďƵƚ�ƚŚŝƐ�ĐĂŶŶŽƚ�ďĞ�ĚĞƚĞƌŵŝŶĞĚ�ĐŽŶĐůƵƐŝǀĞůǇ�ĨƌŽŵ�ƚŚĞ�ĚĂƚĂ�ĐŽůůĞĐƚĞĚ�ĨƌŽŵ�ƚŚĞƐĞ�
ĞǆƉĞƌŝŵĞŶƚƐ�͘��
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Replication Mortar

ZĞƉůŝĐĂƟŽŶ�DŽƌƚĂƌ

&ŽůůŽǁŝŶŐ�ƚŚĞ�ƐĞůĞĐƟŽŶ�ŽĨ�&ŽƌŵƵůĂƟŽŶ��͕�ƉƌĞƉĂƌĞĚ�ƐĂŵƉůĞƐ�ǁĞƌĞ�ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�ƚŚĞ�dƵŵĂĐĄĐŽƌŝ��
ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ŝĨ�ƚŚĞƌĞ�ǁĂƐ�Ă�ǀŝƐƵĂů�ŵĂƚĐŚ�ďĞƚǁĞĞŶ�ƚŚĞ�ƌĞƉůŝĐĂƟŽŶ�ĂŶĚ�ŽƌŝŐŝŶĂů�ŵĂƚĞƌŝ-
ĂůƐ͘�dŚĞ�ŽƌŝŐŝŶĂů�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�ǁĂƐ�ĚĞƐĐƌŝďĞĚ�ďǇ�,ŝŐŚďƌŝĚŐĞ�ĂƐ�ůŝŐŚƚ�ďƌŽǁŶŝƐŚ�ŐƌĂǇ�ŝŶ�ĐŽůŽƌ�ǁŝƚŚ�Ă�
DƵŶƐĞůů�ĐŽůŽƌ�ĐŽĚĞ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϭϬzZ�ϲ͘ϱͬϮ�͞ůŝŐŚƚ�ŐƌĂǇ͟�ǁŚŝůĞ�ƚŚĞ�ƉůĂƐƚĞƌ�ǁĂƐ�ůŝŐŚƚ�ďƵī�ƚŽ�ŶĞĂƌůǇ�
ǁŚŝƚĞ�ǁŝƚŚ�Ă�DƵŶƐĞůů�ĐŽĚĞ�ϭϬzZ�ϳ͘ϱͲϴͬϭ�͞ůŝŐŚƚ�ŐƌĂǇ͘͟ �^ĂŵƉůĞ�ĚŝƐĐƐ�ŽĨ�ƵŶƉŝŐŵĞŶƚĞĚ�&ŽƌŵƵůĂƟŽŶ���
ǁĞƌĞ�ďƌŝŐŚƚ�ǁŚŝƚĞ�ŝŶ�ĐŽůŽƌ�ĂŶĚ�ŚĂǀĞ�Ă�DƵŶƐĞůů�ĐŽůŽƌ�ĐŽĚĞ�ŽĨ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�Eͬϵ�͞ǁŚŝƚĞ͘͟ �dŚŝƐ�ĚŝīĞƌ-
ĞŶĐĞ�ŝŶ�ĐŽůŽƌ�ŶĞĐĞƐƐŝƚĂƚĞĚ�ƚŚĞ�ĐƌĞĂƟŽŶ�ŽĨ�ƐĂŵƉůĞ�ŵŽƌƚĂƌ�ĚŝƐĐƐ�ǁŝƚŚ�ǀĂƌǇŝŶŐ�ĂŵŽƵŶƚƐ�ŽĨ�ƉŝŐŵĞŶƚ�ŝŶ�
ŽƌĚĞƌ�ƚŽ�ĞŶƐƵƌĞ�ǀŝƐƵĂů�ĐŽŶƟŶƵŝƚǇ�ďĞƚǁĞĞŶ�ƚŚĞ�ŶĞǁ�ĂŶĚ�ŽůĚ�ŵĂƚĞƌŝĂůƐ͘�

ϭͲϭͬϮ�ŝŶĐŚ�ĐŝƌĐƵůĂƌ�ƐĂŵƉůĞ�ĚŝƐĐƐ�ǁĞƌĞ�ŵĂĚĞ�ŽĨ�&ŽƌŵƵůĂƟŽŶ���ǁŝƚŚ�ǀĂƌǇŝŶŐ�ĂŵŽƵŶƚƐ�ŽĨ�ǇĞůůŽǁ�ŝƌŽŶ�
ŽǆŝĚĞ�ƉŝŐŵĞŶƚ�;ƌĞĚ�ƐŚĂĚĞͿ͘��ƵĞ�ƚŽ�ƚŚĞ�ďƵī�ƚŽ�ŐƌĂǇ�ĐŽůŽƌ�ŽĨ�ƚŚĞ�&ŽƌŵƵůĂƟŽŶ���ĂŐŐƌĞŐĂƚĞ͕�ǀĞƌǇ�ƐŵĂůů�
ƉƌŽƉŽƌƟŽŶƐ�ŽĨ�ƉŝŐŵĞŶƚ�ǁĞƌĞ�ƐĞůĞĐƚĞĚ�ĨŽƌ�ƌĞƉůŝĐĂƟŽŶ�ƚƌŝĂůƐ�ǁŚŝĐŚ�ŝŶĐůƵĚĞĚ�ƐĂŵƉůĞƐ�ŵĂĚĞ�ǁŝƚŚ�ϭͬϮϱϲ͕�
ϭͬϱϭϮ͕�ĂŶĚ�ϭͬϭϬϮϰ�ƉĂƌƚƐ�ƉŝŐŵĞŶƚ͘�dŚĞ�ƐĂŵƉůĞƐ�ǁĞƌĞ�ůĞŌ�ƚŽ�ĐƵƌĞ�ĨŽƌ�ƐĞǀĞƌĂů�ĚĂǇƐ�ĂŶĚ�ƚŚĞŶ�ǀŝƐƵĂůůǇ�
ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĞ�ŽƌŝŐŝŶĂů�ŵĂƚĞƌŝĂů�ŝŶ�ŽƌĚĞƌ�ƚŽ�ŽďƚĂŝŶ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ͘�>ĂŝƚĂŶĐĞ�ǁĂƐ�
ƌĞŵŽǀĞĚ�ĨƌŽŵ�ƚŚĞ�ƌĞƉůŝĐĂƟŽŶ�ĚŝƐĐƐ�ƉƌŝŽƌ�ƚŽ�ĐŽůŽƌ�ŵĂƚĐŚŝŶŐ�ƵƐŝŶŐ�Ă�ďƌŝƐƚůĞ�ďƌƵƐŚ͘�

Figure 39: KƌŝŐŝŶĂů�ŵŽƌƚĂƌ�;ƚŽƉͿ�ǁŝƚŚ�ƵŶƉŝŐŵĞŶƚĞĚ�ƌĞƉůŝĐĂƟŽŶ�ŵŽƌƚĂƌ�;ůĞŌͿ͕�ϭͬϭϬϮϰ�ƉĂƌƚƐ�ƉŝŐŵĞŶƚĞĚ�
ŵŽƌƚĂƌ�;ŵŝĚĚůĞͿ͕�ĂŶĚ�ϭͬϱϭϮ�ƉĂƌƚƐ�ƉŝŐŵĞŶƚĞĚ�ŵŽƌƚĂƌ�;ƌŝŐŚƚͿ͘
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Replication Mortar (continued)

ZĞĐŽŵŵĞŶĚĂƟŽŶ�ĨŽƌ�ZĞƉůŝĐĂƟŽŶ��ĞĚĚŝŶŐ�DŽƌƚĂƌ�ĂŶĚ�WůĂƐƚĞƌ

� ϭ�ƉĂƌƚ��ŚĞŵƐƚĂƌ�dǇƉĞ�^�,ǇĚƌĂƚĞĚ�>ŝŵĞ
� Ϯ�ƉĂƌƚƐ��ƌƵƐŚĞĚ�sŽůĐĂŶŝĐ�ZŽĐŬ�ĨƌŽŵ�dƵŵĂĐĄĐŽƌŝ�DŽƵŶƚĂŝŶ
� ϭͬϱϭϮ�ƉĂƌƚƐ�zĞůůŽǁ�/ƌŽŶ�KǆŝĚĞ�WŝŐŵĞŶƚͲ�ZĞĚ�^ŚĂĚĞ

ZĞĐŽŵŵĞŶĚĂƟŽŶƐ�ĨŽƌ�ZĞƉůŝĐĂƟŽŶ�DŽƌƚĂƌ�DĂƚĞƌŝĂůƐ

� ϭͬϱϭϮ�WĂƌƚƐ�zĞůůŽǁ�KǆŝĚĞ�WŝŐŵĞŶƚͲZĞĚ�^ŚĂĚĞ�;zĞůůŽǁ�ϲϵϰϬ�WŝŐŵĞŶƚͿ�;�ĂǇĨĞƌƌŽǆ�ϵϰϬͿ
� �ǀĂŝůĂďůĞ�ĨƌŽŵ��ĚŝƐŽŶ��ŽĂƟŶŐƐ�ŝŶ�ϭ�ůď͘�ĂŶĚ�ϱ�ůď͘�ĐŽŶƚĂŝŶĞƌƐ�ĂƐ��ƌǇ��ŽůŽƌ�WĂŬ͕�ϯ�EŽƌƚŚǁĞƐƚ��
� �ƌŝǀĞ͕�WůĂŝŶǀŝůůĞ͕��d�ϬϲϬϲϮ�;ϴϲϬͲϳϰϳͲϮϮϮϬͿ͕�ŚƩƉ͗ͬͬǁǁǁ͘ĞĚŝƐŽŶĐŽĂƟŶŐƐ͘ĐŽŵͬƐƚŽƌĞͬ

dŚĞ�ƌĞƋƵŝƌĞĚ�ǀŽůƵŵĞ�ŽĨ�ƉŝŐŵĞŶƚ�ŶĞĐĞƐƐĂƌǇ�ƚŽ�ĂĐŚŝĞǀĞ�ƚŚĞ�ĚĞƐŝƌĞĚ�ĐŽůŽƌ�ŵĂǇ�ǀĂƌǇ�ǁŚĞŶ�ĐŽŵďŝŶĞĚ
ǁŝƚŚ�ƚŚĞ�ĂŐŐƌĞŐĂƚĞ͘��ƵƌĞĚ�ƐĂŵƉůĞƐ�ƐŚŽƵůĚ�ďĞ�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĞ�ŽƌŝŐŝŶĂů�ƚŽ�ĞŶƐƵƌĞ�ĂŶ�ĂĞƐƚŚĞƟĐ
ŵĂƚĐŚ͘��ůů�ƉĂƌƚƐ�ĨŽƌ�ĞĂĐŚ�ƐƉĞĐŝĮĞĚ�ŵŽƌƚĂƌ�ŵŝǆ�ƐŚŽƵůĚ�ďĞ�ŵŝǆĞĚ�ďǇ�ǀŽůƵŵĞ�ĂŶĚ�ŶŽƚ�ďǇ�ǁĞŝŐŚƚ͘��ƌǇ
ŝŶŐƌĞĚŝĞŶƚƐ�ƐŚŽƵůĚ�ďĞ�ǁĞůů�ŵŝǆĞĚ�ƉƌŝŽƌ�ƚŽ�ƚŚĞ�ĂĚĚŝƟŽŶ�ŽĨ�Ă�ǁĂƚĞƌ͘

Figure 40: KƌŝŐŝŶĂů�ŵŽƌƚĂƌ�ǁŝƚŚ�ƐĞůĞĐƚĞĚ�ϭͬϱϭϮ�ƉĂƌƚƐ�ƉŝŐŵĞŶƚ�ƌĞƉůŝĐĂƟŽŶ�ŵŝǆ͘�
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Surface Finish

,ŝŐŚďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͘�ĐŽŶĐůƵĚĞĚ�ƚŚĂƚ�ďƌŝĐŬ�ĚƵƐƚ�ƉĂƌƟĐůĞƐ�ǁĞƌĞ�ĞŵďĞĚĚĞĚ�ŝŶ�ƚŚĞ�ůŝŵĞ�
ƉůĂƐƚĞƌ�ƉĂƐƚĞ͘�^ĞǀĞƌĂů�ĚŝīĞƌĞŶƚ�ĂƉƉůŝĐĂƟŽŶ�ŵĞƚŚŽĚƐ�ǁĞƌĞ�ƚĞƐƚĞĚ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ŝĨ�Ă�ƐŝŵŝůĂƌ�ĮŶ-
ŝƐŚ�ĐŽƵůĚ�ďĞ�ƌĞƉůŝĐĂƚĞĚ�ĞŝƚŚĞƌ�ƚŚƌŽƵŐŚ�ƚŚĞ�ĂƉƉůŝĐĂƟŽŶ�ŽĨ�ůŝŵĞǁĂƐŚ�Žƌ�Ă�ĨƌĞƐĐŽ�ŽŶ�Ă�ŚĂƌĚĞŶĞĚ�ƉůĂƐƚĞƌ�
ƐƵƌĨĂĐĞ͘�

ZĞƉůŝĐĂƟŽŶ�>ŝŵĞǁĂƐŚ

/Ŷ�ĂŶ�ĞīŽƌƚ�ƚŽ�ĨƵƌƚŚĞƌ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ďƌŝĐŬ�ƉĂƌƟĐůĞƐ�ĞŵďĞĚĚĞĚ�ŝŶ�ƚŚĞ�ƐƵƌĨĂĐĞ�ůĂǇĞƌ�ŽĨ�ƚŚĞ�ƉůĂƐƚĞƌ�
DĞĂĚŽƌƐ��ŽŶƐĞƌǀĂƟŽŶ�ƌĞƐĞĂƌĐŚĞĚ�ĂǀĂŝůĂďůĞ�ŚŝƐƚŽƌŝĐ�ƐŽƵƌĐĞƐ�ƚŽ�ŐĂƚŚĞƌ�ŝŶĨŽƌŵĂƟŽŶ�ŽŶ�ƚŚĞ�ƵƐĞ�ŽĨ�ďƌŝĐŬ�
ĚƵƐƚ�ǁĂƐŚĞƐ�ŽŶ�ƉůĂƐƚĞƌ͕ �ŚŝƐƚŽƌŝĐ�ƌĞĐŝƉĞƐ͕�ĂŶĚ�ĂƉƉůŝĐĂƟŽŶ�ŵĞƚŚŽĚƐ͘����ĐŽŵďŝŶĂƟŽŶ�ŽĨ�ŚŝƐƚŽƌŝĐ�ƌĞƐĞĂƌĐŚ�
ĂŶĚ�ůĂď�ƚĞƐƟŶŐ�ǁĂƐ�ƵƐĞĚ�ƚŽ�ĚĞǀĞůŽƉ�Ă�ƚĞƐƟŶŐ�ƉƌŽƚŽĐŽů�ĨŽƌ�ŵŝǆŝŶŐ�ĂŶĚ�ĂƉƉůǇŝŶŐ�Ă�ƌĞƉůŝĐĂƟŽŶ�ďƌŝĐŬ�
ǁĂƐŚ͘

WƌĞƉĂƌĂƟŽŶ

dǁŽ�ďƌŝĐŬƐ�ǁĞƌĞ�ƐĞŶƚ�ƚŽ�DĞĂĚŽƌƐ�ďǇ�ƚŚĞ�EW^�ĨŽƌ�ƵƐĞ�ĚƵƌŝŶŐ�ƚŚŝƐ�ƉŚĂƐĞ�ŽĨ�ƚĞƐƟŶŐ͘��ƌŝĐŬ���;&ŝŐƵƌĞ�ϰϮͿ�
ǁĂƐ�Ă�ŵŽĚĞƌŶ�ŵĂĚĞ�ďƌŝĐŬ�ĨƌŽŵ�DĞǆŝĐŽ�ƚŚĂƚ�ŝƐ�ĐƵƌƌĞŶƚůǇ�ƵƐĞĚ�Ăƚ�ƚŚĞ�ƉĂƌŬ�ĨŽƌ�ƌĞƉĂŝƌƐ�ƚŽ�ƚŚĞ�ŚŝƐƚŽƌŝĐ�
ŵĂƐŽŶƌǇ͘��ƌŝĐŬ���;&ŝŐƵƌĞ�ϰϭͿ�ǁĂƐ�Ă�&ƌĂŶĐŝƐĐĂŶ�ĞƌĂ�ŚŝƐƚŽƌŝĐ�ďƌŝĐŬ͘��ŽƚŚ�ďƌŝĐŬƐ�ǁĞƌĞ�ŐƌŽƵŶĚ�ƵƉ�ƵƐŝŶŐ�Ă�
ŵŽƌƚĂƌ�ĂŶĚ�ƉĞƐƚůĞ�ĂŶĚ�ƐŝĞǀĞĚ�ƵƐŝŶŐ�ƚŚĞ�EŽ�ϮϬϬ�;�Ϭ͘Ϭϳϰ�ŵŵͿ�ƐŝĞǀĞ�ĂƐ�ŽŶůǇ�ƚŚĞ�ĮŶĞƐ�ǁĞƌĞ�ƌĞƚĂŝŶĞĚ�ĨŽƌ�
ƐĂŵƉůĞ�ƉƌĞƉĂƌĂƟŽŶ͘��&ŽƵƌ�ϭ�͗�ϰ�ůŝŵĞ�ƚŽ�ǁĂƚĞƌ�ǁĂƐŚĞƐ��ŽĨ�ĞĂĐŚ�ďƌŝĐŬ�ƚǇƉĞ�ǁĞƌĞ�ŵĂĚĞ�ƵƐŝŶŐ�ĞĂĐŚ�ďƌŝĐŬ�
ĚƵƐƚ�ƚǇƉĞ�ŝŶ��ϱй͕�ϭϬй͕�ϭϱй͕�ĂŶĚ�ϮϬй�ƉĂƌƚƐ�ŽĨ�ďƌŝĐŬ�ĚƵƐƚ�ďǇ�ǁĞŝŐŚƚ�ƚŽ�ƚŚĞ�ĚƌǇ�ŚǇĚƌĂƚĞ͘�tŚĞŶ�ƉƌĞ-
ƉĂƌĞĚ͕�ƐŽůƵƟŽŶƐ�ŚĂĚ�Ă�ĐŽŶƐŝƐƚĞŶĐǇ�ƐŝŵŝůĂƌ�ƚŽ�ŵŝůŬ͘�

�ƉƉůŝĐĂƟŽŶ

>ŝŵĞǁĂƐŚ�ƐĂŵƉůĞƐ�ǁĞƌĞ�ĂƉƉůŝĞĚ�ŽŶ�Ϯ�ŝŶĐŚ�ĐƵďĞĚ�ƐĂŵƉůĞƐ�ƚŚĂƚ�ǁĞƌĞ�ŶŽƚ�ƵƐĞĚ�ĚƵƌŝŶŐ�ĐŽŵƉƌĞƐƐŝŽŶ�
ƚĞƐƟŶŐ͘�KŶĞ�ĨĂĐĞ�ŽĨ�ĞĂĐŚ�ĐƵďĞ�ǁĂƐ�ĚŝǀŝĚĞĚ�ŝŶƚŽ�ƚǁŽ�ƐĞĐƟŽŶƐ�ƚŽ�ĂůůŽǁ�ĨŽƌ�ĐŽŵƉĂƌŝƐŽŶ�ďĞƚǁĞĞŶ�ƚǁŽ�
ĚŝīĞƌĞŶƚ�ǁĂƐŚĞƐ͘�WƌŝŽƌ�ƚŽ�ĂƉƉůŝĐĂƟŽŶ͕�ƚŚĞ�ƐĂŵƉůĞƐ�ǁĞƌĞ�ƚŚŽƌŽƵŐŚůǇ�ƐĂƚƵƌĂƚĞĚ�ǁŝƚŚ�ĚĞŝŽŶŝǌĞĚ�ǁĂƚĞƌ�
ƵŶƟů�ŝƚ�ŐůŝƐƚĞŶĞĚ�ďƵƚ�ǁĂƐ�ŶŽƚ�ĚƌŝƉƉŝŶŐ͘��ĂĐŚ�ůŝŵĞǁĂƐŚ�ƐŽůƵƟŽŶ�ǁĂƐ�ƚŚŽƌŽƵŐŚůǇ�ĂŐŝƚĂƚĞĚ�ƚŽ�ĞŶƐƵƌĞ�ƚŚĞ�
ƐŽůƵƟŽŶ�ǁĂƐ�ŝŶ�ƐƵƐƉĞŶƐŝŽŶ�ĂŶĚ�ƚŚĞŶ�ĂƉƉůŝĞĚ�ǁŝƚŚ�Ă�ďƌƵƐŚ͘�tĂƐŚĞƐ�ǁĞƌĞ�ĂƉƉůŝĞĚ�ƚǁŝĐĞ�Ă�ĚĂǇ�ĨŽƌ�ƚŚƌĞĞ�
ĚĂǇƐ͘�

Results

�ŌĞƌ�ϲ�ĂƉƉůŝĐĂƟŽŶƐ͕�ŝƚ�ǁĂƐ�ĂƉƉĂƌĞŶƚ�ƚŚĂƚ�Ăůů�ƚŚĞ�ůŝŵĞǁĂƐŚĞƐ�ŝŵƉĂƌƚĞĚ�ĐŽůŽƌ�ƚŽ�ƚŚĞ�ŽƌŝŐŝŶĂů�ŵŽƌƚĂƌ�ƚŽ�
Ă�ǀĂƌǇŝŶŐ�ĚĞŐƌĞĞ͘��Ɛ�ĞǆƉĞĐƚĞĚ͕�ƚŚĞ�ǁĂƐŚ�ǁŝƚŚ�ƚŚĞ�ŚŝŐŚĞƐƚ�ƉƌŽƉŽƌƟŽŶ�ŽĨ�ďƌŝĐŬ�ĚƵƐƚ�ĐĂƵƐĞĚ�ƚŚĞ�ŐƌĞĂƚ-
ĞƐƚ�ĐŚĂŶŐĞ�ŝŶ�ĐŚƌŽŵĂ�ĨŽƌ�ďŽƚŚ�ďƌŝĐŬ�ĚƵƐƚ�ƚǇƉĞƐ͘�dŚĞ�ϮϬй�ůŝŵĞǁĂƐŚ�ĨŽƌŵƵůĂƟŽŶ�ĨŽƌ�ďƌŝĐŬ�ĚƵƐƚ��͕�ƚŚĞ�
ŵŽĚĞƌŶ�DĞǆŝĐĂŶ�ďƌŝĐŬ͕�ǁĂƐ�ůŝŐŚƚ�ƉŝŶŬ�ŝŶ�ĐŽůŽƌ�ĂŶĚ�ŚĂĚ�Ă�DƵŶƐĞůů�ĐŽůŽƌ�ĐŽĚĞ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�ϱzZ�ϴͬϭ�
͞ǁŚŝƚĞ͘͟ �dŚĞ�ϮϬй�ůŝŵĞǁĂƐŚ�ĨŽƌŵƵůĂƟŽŶ�ŽĨ�ďƌŝĐŬ�ĚƵƐƚ��͕�ƚŚĞ�ŚŝƐƚŽƌŝĐ�&ƌĂŶĐŝƐĐĂŶ�ĞƌĂ�ďƌŝĐŬ͕�ǁĂƐ�ĂůƐŽ�
ůŝŐŚƚ�ƉŝŶŬ�ŝŶ�ĐŽůŽƌ�ĂŶĚ�ŚĂĚ�Ă�DƵŶƐĞůů�ĐŽůŽƌ�ĐŽĚĞ�ŽĨ�ϱzZ�ϴͬϭ�͞ǁŚŝƚĞ͟�;&ŝŐƵƌĞ�ϰϯͿ͘�dŚĞ�ĂƉƉůŝĞĚ�ǁĂƐŚĞƐ�
ĚŝĚ�ŶŽƚ�ŵĂƚĐŚ�ƚŚĞ�ŽƌŝŐŝŶĂů�ĐŽůŽƌ�ŽĨ�ƚŚĞ�ƉůĂƐƚĞƌ͕ �ǁŚŝĐŚ�ŝƐ�ůŝŐŚƚ�ƌĞĚĚŝƐŚ�ďƌŽǁŶ�ŝŶ�ĐŽůŽƌ�ǁŝƚŚ�Ă�DƵŶƐĞůů�
ĐŽůŽƌ�ĐŽĚĞ�ĂƉƉƌŽǆŝŵĂƚĞůǇ�Ϯ͘ϱzZ�ϲͬϯ͘

dŚĞƌĞĨŽƌĞ�ĂŶ�ĂĚĚŝƟŽŶĂů�ƚĞƐƚ�ǁĂƐ�ŵĂĚĞ�ƵƐŝŶŐ�Ă�ůŝŵĞǁĂƐŚ�ǁŝƚŚ�Ă�ĚĂƌŬĞƌ�ƌĞĚ�Đ͘�ϭϳϭϮ�ŚŝƐƚŽƌŝĐ�ďƌŝĐŬ�
ƐĂŵƉůĞĚ�ĨŽƌŵ�ĂŶ�ĂƌĐŚĂĞŽůŽŐŝĐĂů�ƐŝƚĞ�ŝŶ��ŚĂƌůĞƐƚŽŶ͕�^�͘�dŚĞ�ďƌŝĐŬ�ĚƵƐƚ�ǁĂƐ�ƉƌĞƉĂƌĞĚ�ĂƐ�ĚĞƐĐƌŝďĞĚ�
ĞĂƌůŝĞƌ�ŝŶ�Ă�ϮϬй�ĨŽƌŵƵůĂƟŽŶ�ĂŶĚ�ĂƉƉůŝĞĚ�ƚŽ�ƚŚĞ�ďĂĐŬƐŝĚĞ�ŽĨ�ŽŶĞ�ŽĨ�ƚŚĞ�ĞĂƌůŝĞƌ�ĐƵďĞƐ͘��ŌĞƌ�Ϯ�ĂƉƉůŝĐĂ-
ƟŽŶƐ͕�ƚŚĞƌĞ�ǁĂƐ�Ă�ŶŽƟĐĞĂďůĞ�ĚŝīĞƌĞŶĐĞ�ŝŶ�ƚŚĞ�ĐŽůŽƌ͘ �dƌŝĂůƐ�ǁĞƌĞ�ĂůƐŽ�ŵĂĚĞ�ǁŝƚŚ�ƚŚĞ��ƌŝĐŬ�ĚƵƐƚ���ŝŶ�Ă�
ϭ͗ϯ�ůŝŵĞ�ƚŽ�ǁĂƚĞƌ�ǁĂƐŚ�ĨŽƌŵƵůĂƟŽŶ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĚĞƚĞƌŵŝŶĞ�ŝĨ�Ă�ĚĞĞƉĞƌ�ĐŽůŽƌ�ĐŽƵůĚ�ďĞ�ŝŵƉĂƌƚĞĚ�ƚŽ�ƚŚĞ�
ƐƵƌĨĂĐĞ�ŽĨ�ƚŚĞ�ŵŽƌƚĂƌ͘
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Surface Finish (continued)

�ŽŶĐůƵƐŝŽŶƐ�ĂŶĚ�ZĞĐŽŵŵĞŶĚĂƟŽŶƐ

�ŌĞƌ�ƐĞǀĞƌĂů�ĂƉƉůŝĐĂƟŽŶƐ�ƵƐŝŶŐ�ƚŚĞ�ĚĂƌŬĞƌ��ŚĂƌůĞƐƚŽŶ�ďƌŝĐŬ�ůŝŵĞǁĂƐŚ͕�ŝƚ�ǁĂƐ�ĂƉƉĂƌĞŶƚ�ƚŚĂƚ�Ă�ĚĞĞƉĞƌ�
ƌĞĚ�ƚŽ�ƉƵƌƉůĞ�ĐŽůŽƌ�ǁĂƐ�ŝŵƉĂƌƚĞĚ�ƚŽ�ƚŚĞ�ŵŽƌƚĂƌ͘ �/ƚ�ŝƐ�ůŝŬĞůǇ�ƚŚĂƚ�ƵƐŝŶŐ�Ă�ĚĞĞƉĞƌ�ĂŶĚ�ƉŽƐƐŝďůǇ�ŵŽƌĞ�ĮƌĞĚ�
ďƌŝĐŬ�ǁŝůů�ĂůůŽǁ�ĨŽƌ�ƚŚĞ�ƌĞĐƌĞĂƟŽŶ�ŽĨ�Ă�ǁĂƐŚ�ƐŝŵŝůĂƌ�ƚŽ�ƚŚĞ�ŽƌŝŐŝŶĂů͘�/Ŷ�ŽƌĚĞƌ�ƚŽ�ƌĞƉůŝĐĂƚĞ�ƚŚĞ�ĮŶŝƐŚ�
ĞǆĂĐƚůǇ͕ �ŝƚ�ŝƐ�ƌĞĐŽŵŵĞŶĚĞĚ�ƚŚĂƚ�ĨƵƌƚŚĞƌ�ƐƚƵĚǇ�ďĞ�ƵŶĚĞƌƚĂŬĞŶ�ƵƐŝŶŐ�Ă�ǁŝĚĞƌ�ƐĞůĞĐƟŽŶ�ŽĨ�ƉŽƚĞŶƟĂů�ďƌŝĐŬ�
ĚƵƐƚ�ƐŽƵƌĐĞƐ͘�

�ĂƐĞĚ�ŽŶ�ǀŝƐƵĂů�ŽďƐĞƌǀĂƟŽŶ�ŽĨ�ƚŚĞ�ĂƉƉůŝĞĚ�ůŝŵĞǁĂƐŚ�ŝƚ�ǁĂƐ�ĂƉƉĂƌĞŶƚ�ƚŚĂƚ�ƚŚĞ�ĮŶŝƐŚ�ƐĞĞŶ�ŽŶ�ƚŚĞ�ŽƌŝŐŝ-
ŶĂů�ƉůĂƐƚĞƌ�ĐŽƵůĚ�ŶŽƚ�ďĞ�ƌĞƉůŝĐĂƚĞĚ�ƵƐŝŶŐ�ƚŚŝƐ�ŵĞƚŚŽĚ�ŽĨ�ĂƉƉůŝĐĂƟŽŶ͘�

�ƵĞ�ƚŽ�ƚŚĞ�ǀŝƐƵĂů�ĂƉƉĞĂƌĂŶĐĞ�ĂŶĚ�ďĞŚĂǀŝŽƌ�ŽĨ�ƚŚĞ�ŵĂƚĞƌŝĂůƐ�ŝŶ�ƚŚĞ�ůĂďŽƌĂƚŽƌǇ͕ �ŝƚ�ŝƐ�ůŝŬĞůǇ�ƚŚĞ�ƌĞĚ�ĮŶŝƐŚ�
ĐŽĂƚ�ǁĂƐ�ŶŽƚ�Ă�ůŝŵĞǁĂƐŚ͕�ďƵƚ�ůŝŬĞůǇ�ŝŵďĞĚĚĞĚ�ŝŶƚŽ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŽĨ�ƚŚĞ�ĨƌĞƐŚůǇ�ůĂŝĚ�ƉůĂƐƚĞƌ͘ ��dŚŝƐ�ŝƐ�ŝŶ�
ĂŐƌĞĞŵĞŶƚ�ǁŝƚŚ�ƚŚĞ�ĮŶĚŝŶŐƐ�ŽĨ�,ŝŐŚďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͘���ĚĚŝƟŽŶĂůůǇ͕ �ƚŚĞ�ŐƌĂŝŶǇ�ĂƐƉĞĐƚ�
ĂŶĚ�ǀŝƐŝďůĞ�ĂŐŐƌĞŐĂƚĞ�ŽĨ�ƚŚĞ�ƐƵƌĨĂĐĞ�ǁĂƐŚ�ŝŶĚŝĐĂƚĞ�ƚŚĂƚ�Ă�ƚŚŽƌŽƵŐŚ�ĐĂƌďŽŶĂƟŽŶ�ƉƌŽĐĞƐƐ�ŚĂĚ�ŽĐĐƵƌƌĞĚ͘�
dŚĞ�ǀĂƌŝĂďůĞ�ĚŝƐƉĞƌƐŝŽŶ�ŽĨ�ƚŚĞ�ƉŝŐŵĞŶƚ�ƚŚƌŽƵŐŚŽƵƚ�ƚŚĞ�ŐƌĂŝŶƐ�ŚŝŐŚůŝŐŚƚƐ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ƚŚĞ�ƉŝŐŵĞŶƚ�
ĚŽĞƐ�ŶŽƚ�ĨŽƌŵ�Ă�ůĂǇĞƌ�ĚŝƐƟŶĐƟǀĞ�ĨƌŽŵ�ƚŚĞ�ƵŶĚĞƌůǇŝŶŐ�ƉůĂƐƚĞƌ͘ �dŚĞƐĞ�ĐŽŶĚŝƟŽŶƐ�ĂƌĞ�ŝŶĚŝĐĂƟǀĞ�ŽĨ�ĨƌĞƐĐŽ�
ĮŶŝƐŚ͘�

&ƌĞƐĐŽ�ŝƐ�Ă�ŵĞƚŚŽĚ�ŽĨ�ƉĂŝŶƟŶŐ�ŝŶ�ǁŚŝĐŚ�ƉŝŐŵĞŶƚƐ�ĂƌĞ�ŐƌŽƵŶĚ�ƵƉ�ŝŶ�ƐƵƐƉĞŶƐŝŽŶ�ŝŶƚŽ�ůŝƋƵŝĚ�ƉŝŐŵĞŶƚ�ĚŝƐ-
ƉĞƌƐŝŽŶ�ĂŶĚ�ĂƉƉůŝĞĚ�ƚŽ�ĂŶ�ƵŶĐƵƌĞĚ�ůŝŵĞ�ƐƵďƐƚƌĂƚĞ͘�dŚĞ�ƉŝŐŵĞŶƚƐ�ĂƌĞ�ĚƌĂǁŶ�ŝŶ�ƚŚƌŽƵŐŚ�ĐĂƉŝůůĂƌǇ�ĂĐƟŽŶ͘�
�Ɛ�ƚŚĞ�ĐĂůĐŝƚĞ�ĐƌǇƐƚĂůůŝǌĞƐ͕�ƚŚĞ�ƉŝŐŵĞŶƚ�ŝƐ�ůŽĐŬĞĚ�ŝŶ�ƚŚĞ�ŐƌĂŝŶ�ƐƚƌƵĐƚƵƌĞ�ĐƌĞĂƟŶŐ�Ă�ĚƵƌĂďůĞ�ƐƵƌĨĂĐĞ͘�>ŝŵĞ�
ƐƚĂďůĞ�ǁĂƚĞƌ�ƐŽůƵďůĞ�ŶĂƚƵƌĂů�ƉŝŐŵĞŶƚƐ�ƐƵĐŚ�ĂƐ�ďƌŝĐŬ�ĚƵƐƚ�ĂƌĞ�ĐŽŵŵŽŶůǇ�ƉĂŝŶƚĞĚ�ŽǀĞƌ�Ă�ǁŚŝƚĞ�ůŝŵĞ�
ƉůĂƐƚĞƌ͘ �dƌĂĚŝƟŽŶĂůůǇ�ĚƵƌŝŶŐ�ƚŚŝƐ�ĂƉƉůŝĐĂƟŽŶ͕�ƚŚĞ�ůĞƐƐ�ǁĂƚĞƌ�ƵƐĞĚ�ǁŝƚŚ�ƚŚĞ�ƉŝŐŵĞŶƚ͕�ƚŚĞ�ŵŽƌĞ�ŽƉĂƋƵĞ�
ƚŚĞ�ĮŶĂů�ĨƌĞƐĐŽ�ǁŝůů�ďĞ͘��dŚŝƐ�ƚǇƉĞ�ŽĨ�ĮŶŝƐŚ�ǁŽƵůĚ�ďĞ�ŶĞĐĞƐƐĂƌǇ�ĨŽƌ�ƚŚĞ�ƐƚƌƵĐƚƵƌĞƐ�ƐƵĐŚ�ĂƐ�ƚŚĞ�ĂĐĞƋƵŝĂ�
ĂƐ�ŝƚ�ǁĂƐ�ƌĞƐŝƐƚĂŶƚ�ƚŽ�ĐŽŶƐƚĂŶƚ�ǁĂƚĞƌ�ĂĐƟŽŶ�ĂŶĚ�ĞǀĞƌ�ĐŚĂŶŐŝŶŐ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ĐŽŶĚŝƟŽŶƐ͘��

,ŝƐƚŽƌŝĐĂůůǇ͕ �ĨƌĞƐŚ�ƉůĂƐƚĞƌ͕ �ŵŽƌƚĂƌ͕ �ĂŶĚ�ĨƌĞƐĐŽ�ƐƵƌĨĂĐĞƐ�ǁĞƌĞ�ŽŌĞŶ�ďƵƌŶŝƐŚĞĚ�ƚŽ�ĐƌĞĂƚĞ�Ă�ĐŽŵƉĂĐƚ͕�ŚĂƌĚ͕�
ĂŶĚ�ƐŵŽŽƚŚ�ǁĂƚĞƌ�ƉƌŽŽĨ�ƐƵƌĨĂĐĞ͘�dŚĞ�ĂĐƚ�ŽĨ�ƉŽůŝƐŚŝŶŐ�ƚŚĞ�ƐƵƌĨĂĐĞ�ĐƌĞĂƚĞƐ�Ă�ĚĞŶƐĞ�ŶŽŶ�ƉŽƌŽƵƐ�ƐƚƌƵĐ-
ƚƵƌĞ�Ăƚ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŽĨ�ƚŚĞ�ŵĂƚĞƌŝĂů͕�ĚĞĐƌĞĂƐŝŶŐ�ƚŚĞ�ƐƵƌĨĂĐĞ�ƉĞƌŵĞĂďŝůŝƚǇ�ǁŚŝůĞ�ŝŶĐƌĞĂƐŝŶŐ�ƚŚĞ�ƐƚƌĞŶŐƚŚ�
ĂŶĚ�ŚĂƌĚĞŶŝŶŐ�ŽĨ�ƚŚĞ�ŵĂƚĞƌŝĂů͘��ƵƌŶŝƐŚĞĚ�ƐƵƌĨĂĐĞƐ�ǁŽƵůĚ�ĂůůŽǁ�ĨŽƌ�ĞĂƐŝĞƌ�ŵĂŝŶƚĞŶĂŶĐĞ�ŝŶ�ĂƌĞĂƐ�ƉƌŽŶĞ�
ƚŽ�ďŝŽŐƌŽǁƚŚ�ĂŶĚ�ĞƌŽƐŝŽŶ͕�ƐƵĐŚ�ĂƐ�ƚŚĞ�ĂĐĞƋƵŝĂ͘�

>ŝƚĞƌĂƚƵƌĞ�ĨƌŽŵ�ƚŚĞ�ĞĂƌůǇ�ϭϴƚŚ�ĐĞŶƚƵƌǇ�ƌĞĐŽŵŵĞŶĚƐ�ƚŚĞ�ƵƐĞ�ŽĨ�ƌŝǀĞƌ�ĐŽďďůĞƐ�Žƌ�ƐŚĞĞƉƐŬŝŶ�ŝŶ�ŽƌĚĞƌ�
ƚŽ�ďƵƌŶŝƐŚ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŽĨ�ƚŚĞ�ƉůĂƐƚĞƌ͘ ��ƵƌŶŝƐŚŝŶŐ�ŚĂƐ�ďĞĞŶ�ƵƐĞĚ�ĂƐ�ĞĂƌůǇ�ĂƐ�ϳϬϬϬ�����ŽŶ�ƚŚĞ�DĂƐŬ�ŽĨ�
:ĞƌŝĐŚŽ�ĂŶĚ�ŝŶ�DǇĐĞŶĂĞĂŶ�ĂŶĚ�DŝŶŽĂŶ�ƐĞƩůĞŵĞŶƚƐ�ĂƐ�ĞĂƌůǇ�ĂƐ�ϭϱϬϬ����͘�

�ĂƐĞĚ�ƵƉŽŶ�ƚŚĞ�ĂǀĂŝůĂďůĞ�ĞǀŝĚĞŶĐĞ�ĂŶĚ�ƚĞƐƚ�ƐĂŵƉůĞƐ�ƉƌĞƉĂƌĞĚ�ŝŶ�ƚŚĞ�ůĂďŽƌĂƚŽƌǇ�ŝƚ�ŝƐ�ůŝŬĞůǇ�ƚŚĂƚ�ƚŚĞ�ƉŝŐ-
ŵĞŶƚĞĚ�ĮŶŝƐŚ�ĂůŽŶŐ�ƚŚĞ�ƉůĂƐƚĞƌ�ƐƵƌĨĂĐĞ�ǁĂƐ�Ă�ďƵƌŶŝƐŚĞĚ�ďƌŝĐŬ�ǁĂƐŚ�ĮŶŝƐŚ�ĂƉƉůŝĞĚ�ŝŶ�Ă�ĨƌĞƐĐŽ�ĨĂƐŚŝŽŶ�
;&ŝŐƵƌĞ�ϰϰͿ͘�dŚĞ�ĨŽůůŽǁŝŶŐ�ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ�ĂƌĞ�ďĂƐĞĚ�ƵƉŽŶ�ŚŝƐƚŽƌŝĐ�ƌĞƐĞĂƌĐŚ�ƚĞǆƚƐ�ĐƵƌƌĞŶƚůǇ�ĂǀĂŝůĂďůĞ�
ĂŶĚ�ŚĂǀĞ�ŶŽƚ�ďĞĞŶ�ĞǆƚĞŶƐŝǀĞůǇ�ƚĞƐƚĞĚ�ŝŶ�ƚŚĞ�ůĂďŽƌĂƚŽƌǇ͘�,ŽǁĞǀĞƌ͕ �ůŽĐĂůůǇ�ďĂƐĞĚ�ƌĞƐĞĂƌĐŚ�ŶŽƚ�ƌĞĂĚŝůǇ�
ĂǀĂŝůĂďůĞ�ƚŽ�DĞĂĚŽƌƐ�ŵĂǇ�ƉƌŽǀŝĚĞ�ŵŽƌĞ�ĂƉƉƌŽƉƌŝĂƚĞ�ŝŶƐŝŐŚƚ�ŝŶƚŽ�ŚŝƐƚŽƌŝĐ�ƐƵƌĨĂĐĞ�ĮŶŝƐŚ�ƚĞĐŚŶŝƋƵĞƐ�ĂŶĚ�
ƌĞŐŝŽŶĂůůǇ�ƵƐĞĚ�ĂƉƉůŝĐĂƟŽŶ�ŵĞƚŚŽĚƐ͘�

��ĨƵůů�ƐƚƵĚǇ�ŽĨ�ƚŚĞ�ĞŵďĞĚĚĞĚ�ďƌŝĐŬ�ƉůĂƐƚĞƌ�ĮŶŝƐŚ�ŚĂƐ�ŶŽƚ�ďĞĞŶ�ĐŽŵƉůĞƚĞĚ�ĂŶĚ�ƚŚĞƌĞĨŽƌĞ�ŽƵƌ�ƌĞƐƵůƚƐ�
ƐŚŽƵůĚ�ŽŶůǇ�ƐĞƌǀĞ�ĂƐ�ĂŶ�ŝŶĚŝĐĂƟŽŶ�ŽĨ�ƉŽƚĞŶƟĂů�ĂƉƉůŝĐĂƟŽŶ�ƚĞĐŚŶŝƋƵĞƐ͘��DĞĂĚŽƌƐ��ŽŶƐĞƌǀĂƟŽŶ�ŚĂƐ�ŶŽƚ�
ƚĞƐƚĞĚ�ƚŚĞƐĞ�ĂƉƉůŝĐĂƟŽŶ�ŵĞƚŚŽĚƐ�ŝŶ�ůĂƌŐĞ�ƐĐĂůĞ�ĨŽƌŵĂƚ�ĂŶĚ�ŽŶ�Ăůů�ƉůĂƐƚĞƌ�ĨŽƌŵƵůĂƟŽŶƐ͘�dŚĞ�ĨŽůůŽǁŝŶŐ�
ƌĞĐŽŵŵĞŶĚĂƟŽŶƐ�ŚĂǀĞ�ďĞĞŶ�ƐĞůĞĐƚĞĚ�ĨƌŽŵ�ŚŝƐƚŽƌŝĐ�ƚĞǆƚƐ�ƚŚĂƚ�ĚĞƚĂŝůĞĚ�ƉƌŽĐĞƐƐĞƐ�ƚŽ�ĐƌĞĂƚĞ�ĮŶŝƐŚĞƐ�
ƐŝŵŝůĂƌ�ƚŽ�ƚŚŽƐĞ�ƐĞĞŶ�Ăƚ�dƵŵĂĐĄĐŽƌŝ͘�/ƚ�ŝƐ�ƐƚƌŽŶŐůǇ�ƌĞĐŽŵŵĞŶĚĞĚ�ƚŚĂƚ�ƚŚŽƌŽƵŐŚ�ƚĞƐƟŶŐ�ŝƐ�ƉĞƌĨŽƌŵĞĚ�
ďĞĨŽƌĞ�Ă�ĮŶĂů�ĨŽƌŵƵůĂƟŽŶ�ĂŶĚ�ĂƉƉůŝĐĂƟŽŶ�ƚĞĐŚŶŝƋƵĞ�ŝƐ�ĐŚŽƐĞŶ͘�
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WƌĞƉĂƌĂƟŽŶ�DĞƚŚŽĚƐ͗

Dŝǆ�Ăůů�ĚƌǇ�ŵĂƚĞƌŝĂůƐ�ĂŶĚ�ƚŚĞŶ�ĂĚĚ�ĞŶŽƵŐŚ�ǁĂƚĞƌ�ƚŽ�ŚĂǀĞ�Ă�ǁŽƌŬĂďůĞ�ĐŽŶƐŝƐƚĞŶĐǇ͘��ĂƌĞ�ƐŚŽƵůĚ�ďĞ�
ƚĂŬĞŶ�ǁŚĞŶ�ƵƐŝŶŐ�ĂƌƟĮĐŝĂů�ƉŝŐŵĞŶƚƐ�ǁŝƚŚŝŶ�ƚŚŝƐ�ůĂǇĞƌ�ĂƐ�ĐĞƌƚĂŝŶ�ƉŝŐŵĞŶƚƐ�ĐĂŶ�ďĞ�ƚŽǆŝĐ�ǁŚĞŶ�ĐŽŵ-
ďŝŶĞĚ�ǁŝƚŚ�ůŝŵĞ͘�,ŝŐŚ�ŵĂŐŶĞƐŝƵŵ�Žƌ�ĚŽůŽŵŝƟĐ�ůŝŵĞ�ŝƐ�ŶŽƚ�ƌĞĐŽŵŵĞŶĚĞĚ�ĨŽƌ�ƚŚŝƐ�ƚǇƉĞ�ŽĨ�ĂƉƉůŝĐĂƟŽŶ�
ĂŶĚ�ŽŶůǇ�ŚŝŐŚ�ĐĂůĐŝƵŵ�ůŝŵĞ�ƐŚŽƵůĚ�ďĞ�ƵƐĞĚ͘
 
ZĞĐŽŵŵĞŶĚĂƟŽŶ�ĨŽƌ�>ŝŵĞǁĂƚĞƌ͗

ϭ�ƉĂƌƚ�ůŝŵĞ�;ƉŽǁĚĞƌĞĚ�ŚǇĚƌĂƚĞĚ�dǇƉĞ�^Ϳ
ϱ�ƉĂƌƚƐ�ǁĂƚĞƌ

Dŝǆ�ƚŚĞ�ůŝŵĞ�ĂŶĚ�ǁĂƚĞƌ�ƚŽŐĞƚŚĞƌ�ƵŶƟů�ƚŚĞ�ůŝŵĞ�ŝƐ�ĐŽŵƉůĞƚĞůǇ�ƐůĂŬĞĚ͘�^Ɵƌ�ĂŶĚ�ĂůůŽǁ�ƚŚĞ�ŵŝǆƚƵƌĞ�ƚŽ�
ƐĞƉĂƌĂƚĞ͘�ZĞƉĞĂƚ�ƚŚŝƐ�ƉƌŽĐĞƐƐ�Ϯ�ƟŵĞƐ�ĂŶĚ�ƌĞƚĂŝŶ�ƚŚĞ�ĂůŬĂůŝ�ǁĂƚĞƌ�ŽŶ�ƚŽƉ�ŽĨ�ƚŚŝƐ�ŵŝǆƚƵƌĞ͘�tŚĞŶ�ƵƐŝŶŐ�
ůŝŵĞǁĂƚĞƌ�ĨŽƌ�ĨƌĞƐĐŽ�ĂƉƉůŝĐĂƟŽŶ͕�ĂǀŽŝĚ�ƌĞŵŝǆŝŶŐ�ƚŚĞ�ďŽƩŽŵ�ŽĨ�ƚŚĞ�ďƵĐŬĞƚ�ĂŶĚ�ŽŶůǇ�ƵƐĞ�ƚŚĞ�ǁĂƚĞƌ�ŽŶ�
ƚŽƉ͘

ZĞĐŽŵŵĞŶĚĂƟŽŶ�ĨŽƌ�&ƌĞƐĐŽ͗

ϭ�ƉĂƌƚ�ďƌŝĐŬ�ĚƵƐƚ
ϯ�ƚŽ�ϱ�ƉĂƌƚƐ�ůŝŵĞ�ǁĂƚĞƌ

ZƵŶ�Ă�ǁĞƚ�ďƌƵƐŚ�ĂĐƌŽƐƐ�ƚŚĞ�ƐƵƌĨĂĐĞ�ŽĨ�ƚŚĞ�ƉůĂƐƚĞƌ�ĂŌĞƌ�ŝƚ�ŚĂƐ�ƐĞƚ͘�/Ĩ�ƚŚĞ�ǁĂƚĞƌ�ŝƐ�ĂďƐŽƌďĞĚ�ǁŝƚŚŝŶ�ϲϬ�
ƐĞĐŽŶĚƐ͕�ƚŚĞ�ƉůĂƐƚĞƌ�ŝƐ�ƌĞĂĚǇ�ƚŽ�ďĞ�ƉĂŝŶƚĞĚ͘��ŶƐƵƌĞ�ƚŚĂƚ�ƚŚĞ�ƉůĂƐƚĞƌ�ƐƵƌĨĂĐĞ�ŝƐ�ŚĂƌĚ�ĞŶŽƵŐŚ�ĂƐ�ƚŽ�ŶŽƚ�
ĚĞƚĞƌŝŽƌĂƚĞ�ǁŚĞŶ�ďƌƵƐŚĞĚ�ďƵƚ�ŶŽƚ�ĞǆĐĞƐƐŝǀĞůǇ�ĚƌǇ�ĂƐ�ƚŽ�ŝŶŚŝďŝƚ�ĂĚŚĞƐŝŽŶ�ŽĨ�ƉŝŐŵĞŶƚƐ�ĂŶĚ�ůŝŵĞ�ŽŶ�ƚŚĞ�
ƐƵƌĨĂĐĞ͘�

�ƉƉůǇ�ƚŚĞ�ŵŝǆƚƵƌĞ�ǁŝƚŚ�Ă�ƐǇŶƚŚĞƟĐ�ďƌŝƐƚůĞ�ďƌƵƐŚ�ŝŶ�Ă�ƐŵĂůů�ǁŽƌŬĂďůĞ�ĂƌĞĂ͘�^Ɵƌ�ƚŚĞ�ŵŝǆƚƵƌĞ�Ăƚ�ĞĂĐŚ�
ƉĂƐƐ�ǁŝƚŚ�ƚŚĞ�ďƌƵƐŚ�ƚŽ�ĞŶƐƵƌĞ�ĞƋƵĂů�ĚŝƐƉĞƌƐŝŽŶ�ŽĨ�ƚŚĞ�ďƌŝĐŬ�ĚƵƐƚ�ƉĂƌƟĐůĞƐ�ŝŶ�ĞǀĞƌǇ�ĂƉƉůŝĐĂƟŽŶ͘��Ž�ŶŽƚ�
ĂƉƉůǇ�ŝŶ�ůŽŶŐ�ƐƚƌŽŬĞƐ�ĂƐ�ƚŚŝƐ�ǁŝůů�ƌĞƐƵůƚ�ŝŶ�ƐƚƌĞĂŬŝŶŐ�ŽĨ�ƚŚĞ�ƉŝŐŵĞŶƚ͘

KŶĐĞ�ƚŚĞ�ŵŝǆƚƵƌĞ�ŚĂƐ�ƐĞƚ͕�ƚŚĞ�ƐƵƌĨĂĐĞ�ĐĂŶ�ďĞ�ďƵƌŶŝƐŚĞĚ�Žƌ�ƉŽůŝƐŚĞĚ�ǁŝƚŚ�ǀĂƌŝĞƚǇ�ŽĨ�ŵĂƚĞƌŝĂůƐ�ŝŶ�ŽƌĚĞƌ�
ƚŽ�ŽďƚĂŝŶ�ƚŚĞ�ĚĞƐŝƌĞĚ�ĞīĞĐƚ͘�dŚŝƐ�ǁŝůů�ƌĞƋƵŝƌĞ�ŐƌĞĂƚĞƌ�ƚĞƐƟŶŐ�ĂŶĚ�ĞǆƉĞƌŝŵĞŶƚĂƟŽŶ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ŐĞƚ�ƚŚĞ�
ĚĞƐŝƌĞĚ�ůŽŽŬ͘�'ĞŶĞƌĂůůǇ͕ �ƚŚĞ�ƚŚŝŶŶĞƌ�ƚŚĞ�ƉŝŐŵĞŶƚĞĚ�ůĂǇĞƌ͕ �ƚŚĞ�ŵŽƌĞ�ƉŽůŝƐŚĞĚ�ƚŚĞ�ƐƵƌĨĂĐĞ�ĂƉƉĞĂƌƐ͘�
&ŽůůŽǁŝŶŐ�ƚŚŝƐ͕�ŝƚ�ŝƐ�ƌĞĐŽŵŵĞŶĚĞĚ�ƚŚĂƚ�ƚŚĞ�ĂƌĞĂ�ŝƐ�ƉƌŽƚĞĐƚĞĚ�ĨƌŽŵ�ƌĂŝŶ�ĨŽƌ�ϯ�ǁĞĞŬƐ�ŝŶ�ŽƌĚĞƌ�ƚŽ�ĞŶƐƵƌĞ�
ƉƌŽƉĞƌ�ĐĂƌďŽŶĂƟŽŶ͘��

Surface Finish (continued)
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Figure 41: ,ŝƐƚŽƌŝĐ�&ƌĂŶĐŝƐĐĂŶ�ƉĞƌŝŽĚ�ďƌŝĐŬ�ƐĞůĞĐƚĞĚ�ĨŽƌ�
ƐƚƵĚǇ͘�

Figure 43:�&ŽƌŵƵůĂƟŽŶ���ƉůĂƐƚĞƌ�ǁŝƚŚ�ϮϬй�,ŝƐƚŽƌŝĐ�&ƌĂŶ-
ĐŝƐĐĂŶ�ƉĞƌŝŽĚ�ďƌŝĐŬ�ĚƵƐƚ�ůŝŵĞǁĂƐŚ�ĂƉƉůŝĞĚ�ĂŌĞƌ�ϱ�ĂƉƉůŝĐĂ-
ƟŽŶƐ͘�^ĂŵƉůĞƐ�ƵƐŝŶŐ�ĞŝƚŚĞƌ�ďƌŝĐŬ�ǁĞƌĞ�ŝĚĞŶƟĐĂů�ŝŶ�ĐŽůŽƌ�
;DƵŶƐĞůů�ĐŽůŽƌ�ĐŽĚĞ�ŽĨ�ϱzZ�ϴͬϭ�͞ǁŚŝƚĞ͟Ϳ�ĂŶĚ�ƚĞǆƚƵƌĞ͘�
EŽƚĞ͗�>ŝŐŚƚ�ĚŝƐƉĞƌƐŝŽŶ�ŽĨ�ďƌŝĐŬ�ĚƵƐƚ�ǁŝƚŚ�ŝŶĐŽŶƐŝƐƚĞŶƚ�
ĚĞƉŽƐŝƟŽŶ�;ƵƉƉĞƌ�ƌŝŐŚƚͿ͘�;30ǆ�ŵĂŐŶŝĮĐĂƟŽŶ͕�ZĞŇĞĐƚĞĚͬ
YƵĂƌƚǌ�,ĂůŽŐĞŶͿ

Figure 42:�DŽĚĞƌŶ�DĞǆŝĐĂŶ�ďƌŝĐŬ�ƐĞůĞĐƚĞĚ�ĨŽƌ�ĮŶŝƐŚ�ƐƚƵĚǇ͘

Figure 44:�DĞǆŝĐĂŶ�ďƌŝĐŬ�ĨƌĞƐĐŽ�ƐĂŵƉůĞ͘�^ĂŵƉůĞƐ�ƵƐŝŶŐ�
ĞŝƚŚĞƌ�ďƌŝĐŬ�ǁĞƌĞ�ŝĚĞŶƟĐĂů�ŝŶ�ĐŽůŽƌ�;DƵŶƐĞůů�ĐŽůŽƌ�ĐŽĚĞ�
ŽĨ�ϱzZ�ϳͬϰ͞ƉŝŶŬ͟Ϳ�ĂŶĚ�ƚĞǆƚƵƌĞ͘�EŽƚĞ͗��ǀĞŶ�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�
ďƌŝĐŬ�ĚƵƐƚ�ĂŶĚ�ĚĂƌŬĞƌ�ĂƉƉĞĂƌĂŶĐĞ�ƚŚĂŶ�ůŝŵĞǁĂƐŚ͘��;30ǆ�
ŵĂŐŶŝĮĐĂƟŽŶ͕�ZĞŇĞĐƚĞĚͬYƵĂƌƚǌ�,ĂůŽŐĞŶͿ

Wash & Fresco Samples
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Final Recommendations

�ĂƐĞĚ�ƵƉŽŶ�ƚŚĞ�ĚĂƚĂ�ŽďƚĂŝŶĞĚ�ƚŚƌŽƵŐŚ�ůĂďŽƌĂƚŽƌǇ�ƚĞƐƟŶŐ͕�&ŽƌŵƵůĂƟŽŶ���ŝƐ�ƚŚĞ�ŵŽƐƚ�ƉŽǌǌŽůĂŶŝĐ�ŵŽƌ-
ƚĂƌ�ŽƵƚ�ŽĨ�ƚŚĞ�ƐĂŵƉůĞƐ�ƚĞƐƚĞĚ͘�&ŽƌŵƵůĂƟŽŶ���ĚŝƐƉůĂǇĞĚ�ůŽǁ�ƚŽ�ŵŽĚĞƌĂƚĞ�ƉŽǌǌŽůĂŶŝĐŝƚǇ�ĂŶĚ�ƐŚŽƵůĚ�ƐƟůů�
ďĞ�ĐŽŶƐŝĚĞƌĞĚ�ĂƐ�Ă�ƉŽƐƐŝďůĞ�ĂŐŐƌĞŐĂƚĞ�ĨŽƌ�Ă�ƌĞƉůŝĐĂƟŽŶ�ŵŝǆ͘�

dŚƌŽƵŐŚ�ƚŚĞ�ƉƌĞǀŝŽƵƐ�ĂŶĂůǇƐŝƐ�ďǇ�,ŝŐŚďƌŝĚŐĞ�DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͕�ŝƚ�ǁĂƐ�ĚĞƚĞƌŵŝŶĞĚ�ƚŚĂƚ�ƚŚĞ�
ŽƌŝŐŝŶĂů�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�;ϭ͗ϮͿ�ĂŶĚ�ƉůĂƐƚĞƌ�;ϭ͗Ϯ͘ϲͿ�ǁĞƌĞ�Ă�ŵŝǆƚƵƌĞ�ŽĨ�ůŝŵĞ�ƚŽ�ƐĂŶĚ͕�ƵƐŝŶŐ�ĂŶ�ĂŐŐƌĞŐĂƚĞ�
ŽĨ�ǀŽůĐĂŶŝĐ�ŽƌŝŐŝŶ�ƚŚĂƚ�ůŝŬĞůǇ�ƐĞƌǀĞĚ�ĂƐ�Ă�ƉŽǌǌŽůĂŶ͘�dŚĞ�ŐƌĂŝŶ�ƐŝǌĞ�ĚŝƐƚƌŝďƵƟŽŶ�ĂŶĚ�ĂƉƉĞĂƌĂŶĐĞ�ŽĨ�ƚŚĞ�
ŽƌŝŐŝŶĂů�ĂŐŐƌĞŐĂƚĞ�ǁĂƐ�ĐůŽƐĞůǇ�ŵĂƚĐŚĞĚ�ƚŽ�ƚŚĞ�ǀŽůĐĂŶŝĐ�ĂŐŐƌĞŐĂƚĞ�ƉƌŽǀŝĚĞĚ�ďǇ�ƚŚĞ�EĂƟŽŶĂů�WĂƌŬ�
^ĞƌǀŝĐĞ͘�dŚĞ�ůĂďŽƌĂƚŽƌǇ�ĞǆƉĞƌŝŵĞŶƚƐ�ĞŵƉůŽǇĞĚ�ďǇ�DĞĂĚŽƌƐ��ŽŶƐĞƌǀĂƟŽŶ�ŝŶĚŝĐĂƚĞĚ�ƚŚĂƚ͕�ŽƵƚ�ŽĨ�ƚŚĞ�
ĂŐŐƌĞŐĂƚĞ�ƉƌŽǀŝĚĞĚ�ďǇ�ƚŚĞ�EĂƟŽŶĂů�WĂƌŬ�^ĞƌǀŝĐĞ͕�ƚŚĞ�ĐƌƵƐŚĞĚ�ǀŽůĐĂŶŝĐ�ƌŽĐŬ�ŚĂĚ�ƚŚĞ�ŚŝŐŚĞƐƚ�ĚĞŐƌĞĞ�
ŽĨ�ƉŽǌǌŽůĂŶŝĐŝƚǇ͘��ŶĂůǇƐŝƐ�ďǇ�,ŝŐŚďƌŝĚŐĞ�ŝŶĚŝĐĂƚĞĚ�ƚŚĂƚ�ƚŚĞ�ŽƌŝŐŝŶĂů�ŵŽƌƚĂƌ�ĂŶĚ�ƉůĂƐƚĞƌ�ĐŽŶƚĂŝŶĞĚ�
ǀŽůĐĂŶŝĐ�ƐĂŶĚƐ�ƚŚĂƚ�ƐĞƌǀĞĚ�ĂƐ�Ă�ŶĂƚƵƌĂů�ƉŽǌǌŽůĂŶ͘��EŽ�ƐƚƵĚŝĞƐ�ƚŽ�ĚĂƚĞ�ŚĂǀĞ�ďĞĞŶ�ĂďůĞ�ƚŽ�ĂƐĐĞƌƚĂŝŶ�ƚŚĞ�
ĚĞŐƌĞĞ�ŽĨ�ƉŽǌǌŽůĂŶŝĐŝƚǇ�ŽĨ�ƚŚĞ�ŽƌŝŐŝŶĂů�ǀŽůĐĂŶŝĐ�ƐĂŶĚ�ƵƐĞĚ�ŝŶ�ƚŚĞ�ŽƌŝŐŝŶĂů�ĨŽƌŵƵůĂƟŽŶ͕�Žƌ�ǁŚĞƚŚĞƌ�
ǀŽůĐĂŶŝĐ�ĮŶĞƐ�ǁĞƌĞ�ĂĚĚĞĚ�ŝŶƚĞŶƟŽŶĂůůǇ�ĂƐ�Ă�ŬŶŽǁŶ�ƉŽǌǌŽůĂŶŝĐ�ĂĚĚŝƟǀĞ�Žƌ�ƚŚĞǇ�ǁĞƌĞ�Ă�ĐŽŵƉŽŶĞŶƚƐ�
ŽĨ�ƚŚĞ�ƵŶǁĂƐŚĞĚ�ƐĂŶĚƐ͘�,ŽǁĞǀĞƌ͕ �ĂƐ�ŝŶĚŝĐĂƚĞĚ�ŝŶ�ƚŚŝƐ�ƐƚƵĚǇ͕ �ƵƐĞ�ŽĨ�ĨŽƌŵƵůĂƟŽŶ���ĂƐ�Ă�ƌĞƉůŝĐĂƟŽŶ�
ŵŝǆƚƵƌĞ�ŵĂǇ�ƐĞƌǀĞ�ĂƐ�ƚŚĞ�ŵŽƐƚ�ĐŽŵƉĂƟďůĞ�ĨŽƌŵƵůĂƟŽŶ�ŽĨ�ƚŚŽƐĞ�ƚĞƐƚĞĚ�ĚƵĞ�ƚŽ�ƚŚĞ�ǀŽůĐĂŶŝĐ�ŽƌŝŐŝŶ�ĂŶĚ�
ŝŶŚĞƌĞŶƚ�ƉŽǌǌŽůĂŶŝĐŝƚǇ�ŽĨ�ƚŚĞ�ĂŐŐƌĞŐĂƚĞ͕�ƉĂƌƟĐůĞ�ƐŝǌĞ�ĚŝƐƚƌŝďƵƟŽŶ�ĂŶĚ�ĂƉƉĞĂƌĂŶĐĞ�ŽĨ�ƚŚĞ�ĂŐŐƌĞŐĂƚĞ͕�
ƌĞůĂƟǀĞůǇ�ůŽǁ�ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ͕�ĂŶĚ�ŽǀĞƌĂůů�ŵŝǆƚƵƌĞ�ƉƌŽƉŽƌƟŽŶƐ͘�

�ƚ�ƚŚĞ�ĐŽŶĐůƵƐŝŽŶ�ŽĨ�ƚŚŝƐ�ƚĞƐƟŶŐ͕�&ŽƌŵƵůĂƟŽŶ���ĂƉƉĞĂƌƐ�ƚŽ�ďĞ�ĂŶ�ĂƉƉƌŽƉƌŝĂƚĞ�ŵŽƌƚĂƌ�ŵŝǆ�ĂƐ�ŝƚ�ĐůŽƐĞůǇ�
ŝŵŝƚĂƚĞƐ�ƚŚĞ�ƉƌŽƉĞƌƟĞƐ�ĂŶĚ�ĂƉƉĞĂƌĂŶĐĞ�ŽĨ�ƚŚĞ�ŽƌŝŐŝŶĂů�ŵŽƌƚĂƌ�ĂŶĚ�ŚĂƐ�ƐŚŽǁŶ�ƉŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟǀŝƚǇ͘�
dŚĞ�ƉŽǌǌŽůĂŶŝĐŝƚǇ�ŽĨ�ƚŚĞ�ŵŝǆ�ĐĂŶ�ƉƌŽǀŝĚĞ�ŐƌĞĂƚĞƌ�ƐƚƌĞŶŐƚŚ�ĂŶĚ�ĚƵƌĂďŝůŝƚǇ�ĨŽƌ�ƚŚĞ�ŵŽƌƚĂƌ�ǁŝƚŚŽƵƚ�ƚŚĞ�
ŶĞĐĞƐƐŝƚǇ�ŽĨ�ŝŶĐŽƌƉŽƌĂƟŶŐ�ĂŶǇ�ĂĚĚŝƟǀĞƐ͕�WŽƌƚůĂŶĚ�ĐĞŵĞŶƚ͕�Žƌ�ŶĂƚƵƌĂůůǇ�ŚǇĚƌĂƵůŝĐ�ůŝŵĞ͘�dŚĞ�ƉŽǌǌŽ-
ůĂŶŝĐ�ůŝŵĞ�ŵŽƌƚĂƌ�ŵĂǇ�ďĞ�ƉŚǇƐŝĐĂůůǇ�ĐŽŵƉĂƟďůĞ�ǁŝƚŚ�ĞǆŝƐƟŶŐ�ŽƌŝŐŝŶĂů�ŵŽƌƚĂƌ�ĂŶĚ�ƐŽŌ͕�ĂĚŽďĞ�ďƌŝĐŬ�
ƐƵďƐƚƌĂƚĞ�ǁŚŝůĞ�ƉƌŽǀŝĚŝŶŐ�ŐƌĞĂƚĞƌ�ĚƵƌĂďŝůŝƚǇ�ƚŚĂŶ�Ă�ƚƌĂĚŝƟŽŶĂů�ůŝŵĞ�ĂŶĚ�ŶŽŶͲƉŽǌǌŽůĂŶŝĐ�ƐĂŶĚ�ŵŽƌƚĂƌ͘ �
,ŽǁĞǀĞƌ�ƚŚĞ�ĐƵƌƌĞŶƚ�ƉŽǌǌŽůĂŶŝĐ�ƐƚƌĞŶŐƚŚ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ƚŚŝƐ�ŵŽƌƚĂƌ�ƉĂƐƚ�ϯϬ�ĚĂǇƐ�ƌĞŵĂŝŶƐ�ƵŶŬŶŽǁŶ�
ĂŶĚ�ƐŚŽƵůĚ�ďĞ�ĨƵƌƚŚĞƌ�ŝŶǀĞƐƟŐĂƚĞĚ�ďĞĨŽƌĞ�ƚŚŝƐ�ĨŽƌŵƵůĂƟŽŶ�ŝƐ�ƐĞůĞĐƚĞĚ�ĨŽƌ�ƵƐĞ͘�/ƚ�ŝƐ�ƉŽƐƐŝďůĞ�ƚŚĂƚ�ƚŚĞ�
ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ƚŚŝƐ�ĨŽƌŵƵůĂƟŽŶ�ŵĂǇ�ƐƵƌƉĂƐƐ�ƚŚĂƚ�ŽĨ�ƚŚĞ�ƐŽŌ�ŵŽƌƚĂƌ�ĂŶĚ�ďƌŝĐŬ�ĂƐ�ƟŵĞ�ƉƌŽ-
ŐƌĞƐƐĞƐ͕�ƉŽƚĞŶƟĂůůǇ�ĐƌĞĂƟŶŐ�Ă�ƐŝƚƵĂƟŽŶ�ŝŶ�ǁŚŝĐŚ�ƚŚĞ�ƌĞƉĂŝƌ�ŵĂƚĞƌŝĂů�ŵĂǇ�ĐĂƵƐĞ�ĨƵƌƚŚĞƌ�ĚĂŵĂŐĞ�ƚŽ�ƚŚĞ�
ŽƌŝŐŝŶĂů�ĨĂďƌŝĐ͘��ĚĚŝƟŽŶĂůůǇ͕ �ƚŚĞ�ƐƚƌĞŶŐƚŚ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�&ŽƌŵƵůĂƟŽŶ���ŵĂǇ�ŝŶĐƌĞĂƐĞ�ĂƐ�ǁĞůů͕�ƉƌŽĚƵĐ-
ŝŶŐ�Ă�ĮŶĂů�ƐƚƌĞŶŐƚŚ�ǀĂůƵĞ�ƐŝŵŝůĂƌ�ƚŽ�ƚŚĂƚ�ŽĨ�ƚŚĞ�ŽƌŝŐŝŶĂů�ŵĂƚĞƌŝĂů͘

�ĂƐĞĚ�ƵƉŽŶ�ĨƵƌƚŚĞƌ�ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ͕�Ă�ŵŝǆ�ŽĨ�ŚǇĚƌĂƚĞĚ�ůŝŵĞ�ƚŽ�ůŽĐĂů�ĐƌƵƐŚĞĚ�ǀŽůĐĂŶŝĐ�ƌŽĐŬ�;&ŽƌŵƵůĂ-
ƟŽŶ��Ϳ�Žƌ�ŐƌĂǀĞů�;&ŽƌŵƵůĂƟŽŶ��Ϳ�ŵĂǇ�ďĞ�ƐĞůĞĐƚĞĚ�ĨŽƌ�ƚŚĞ�ĐŽŶƐĞƌǀĂƟŽŶ�ƚƌĞĂƚŵĞŶƚ�ŽĨ�ƚŚĞ�ĐŽŵƉƵĞƌƚĂ�
ǁŝƚŚŝŶ�ƚŚĞ�ĂĐĞƋƵŝĂ�Ăƚ�dƵŵĂĐĄĐŽƌŝ�EĂƟŽŶĂů�,ŝƐƚŽƌŝĐĂů�WĂƌŬ͘�dŚĞ�ƉƌŽƉŽƌƟŽŶƐ�ŽĨ�ŵĂƚĞƌŝĂůƐ�ƵƐĞĚ�ĨŽƌ�
ƌĞƉůŝĐĂƟŶŐ�ƚŚĞ�ďĞĚĚŝŶŐ�ŵŽƌƚĂƌ�;ϭ͗ϮͿ�ĂŶĚ�ƉůĂƐƚĞƌ�;ϭ͗Ϯ͘ϲͿ�ƐŚŽƵůĚ�ĂĚŚĞƌĞ�ƚŽ�ƚŚĞ�ĮŶĚŝŶŐƐ�ŽĨ�,ŝŐŚďƌŝĚŐĞ�
DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ�;ƐĞĞ�ƌĞƉŽƌƚ�ŝŶ�ĂƉƉĞŶĚŝǆ�Ɖ͘�ϲϳͿ͘
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�Ɛ�ŵĞŶƟŽŶĞĚ�ƉƌĞǀŝŽƵƐůǇ͕ �ĨƵƌƚŚĞƌ�ƐƚƵĚǇ�ƐŚŽƵůĚ�ďĞ�ĐŽŶĚƵĐƚĞĚ�ƚŽ�ƉĞƌĨŽƌŵ�ĂĚĚŝƟŽŶĂů�ĐŽŵƉƌĞƐƐŝǀĞ�
ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ�ŽŶ�ĐƵƌĞĚ�&ŽƌŵƵůĂƟŽŶ���ĂŶĚ���ŵŽƌƚĂƌƐ͘�dĞƐƟŶŐ�ƚŚĞƐĞ�ƐĂŵƉůĞƐ�Ăƚ�ĚŝīĞƌĞŶƚ�ŝŶƚĞƌ-
ǀĂůƐ�ďĞǇŽŶĚ�ƚŚĞ�ϯϬ�ĚĂǇ�ŵĂƌŬ�ǁŝůů�ŝŶĚŝĐĂƚĞ�ƚŚĞ�ƐƚƌĞŶŐƚŚ�ĚĞǀĞůŽƉŵĞŶƚ�ŽǀĞƌ�ƟŵĞ�ŽĨ�ƚŚĞƐĞ�ƉŽǌǌŽůĂŶŝĐ�
ŵĂƚĞƌŝĂůƐ͘�WŽǌǌŽůĂŶŝĐ�ƌĞĂĐƟŽŶƐ�ĂƌĞ�ŬŶŽǁŶ�ƚŽ�ďĞ�ƐůŽǁ�ƚŽ�ĚĞǀĞůŽƉ�ĂŶĚ�ŝƚ�ŝƐ�ůŝŬĞůǇ�ƚŚĂƚ�ƚŚĞ�ƵůƟŵĂƚĞ�
ƐƚƌĞŶŐƚŚ�ŽďƚĂŝŶĞĚ�ďǇ�ƚŚŝƐ�ŵĂƚĞƌŝĂů�ŝƐ�ŚŝŐŚĞƌ�ƚŚĂŶ�ǁĂƐ�ƌĞĐŽƌĚĞĚ�Ăƚ�ϯϬ�ĚĂǇƐ͘�/ĚĞĂůůǇ͕ �ĨƵƌƚŚĞƌ�ĐŽŵƉƌĞƐ-
ƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ƚĞƐƚƐ�ǁŽƵůĚ�ďĞ�ĐŽŶĚƵĐƚĞĚ�ĂŌĞƌ�ĐƵƌŝŶŐ�ĨŽƌ�ϲ�ŵŽŶƚŚƐ�ĂŶĚ�ϭ�ǇĞĂƌ͘ �dĞƐƟŶŐ�ĚƵƌŝŶŐ�ƚŚĞƐĞ�
ƉĞƌŝŽĚƐ�ǁŝůů�ŝŶĚŝĐĂƚĞ�ƚŚĞ�ƌĂƚĞ�ŽĨ�ƐƚƌĞŶŐƚŚ�ĚĞǀĞůŽƉŵĞŶƚ�ďĞƚǁĞĞŶ�&ŽƌŵƵůĂƟŽŶƐ���ĂŶĚ��͕�ĂŶĚ�ŝĨ�ƚŚĞ�ĮŶĂů�
ĐŽŵƉƌĞƐƐŝǀĞ�ƐƚƌĞŶŐƚŚ�ŽĨ�ŚŝŐŚůǇ�ƌĞĂĐƟǀĞ�&ŽƌŵƵůĂƟŽŶ���ǁŝůů�ƐƵƌƉĂƐƐ�ƚŚĂƚ�ŽĨ�ƚŚĞ�ŽƌŝŐŝŶĂů�ŵĂƚĞƌŝĂů͘���Ě-
ĚŝƟŽŶĂůůǇ͕ �ƚĞƐƟŶŐ�ƐĂŵƉůĞƐ�ǁŝƚŚ�Ă�ƐŵĂůůĞƌ�ĂŐŐƌĞŐĂƚĞ�ŐƌĂĚĂƟŽŶ�ĂŶĚ�ŝŶĐƌĞĂƐĞĚ�ǁĂƚĞƌ�ĐŽŶƚĞŶƚ�ŵĂǇ�ĂůůŽǁ�
ĨŽƌ�ŝŶĐƌĞĂƐĞĚ�ƐƚƌĞŶŐƚŚ�ƌĞƐƵůƚƐ͘�

�Ŷ�ĂĚĚŝƟŽŶĂů�ƌĞĐŽŵŵĞŶĚĂƟŽŶ�ĨŽƌ�ĨƵƌƚŚĞƌ�ƚĞƐƟŶŐ�ǁŽƵůĚ�ďĞ�ĨŽƌ�ƚŚĞ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ĐƵƌĞĚ�ƉŽǌ-
ǌŽůĂŶŝĐ�&ŽƌŵƵůĂƟŽŶ���ĂŶĚ���ŵŽƌƚĂƌƐ�ĂŶĚ�ƉůĂƐƚĞƌƐ�ƚŚƌŽƵŐŚ�ƵƐĞ�ŽĨ�ŽƉƟĐĂů�ŵŝĐƌŽƐĐŽƉǇ͘�dŚŝƐ�ǁŝůů�ĂůůŽǁ�
ƚŚĞ�ŵŝĐƌŽ�ƚĞǆƚƵƌĞ�ŽĨ�ƚŚĞ�ƌĞƉůŝĐĂƟŽŶ�ƚŽ�ďĞ�ĐŽŵƉĂƌĞĚ�ǁŝƚŚ�ƚŚĞ�ŝŵĂŐĞƐ�ĂŶĚ�ĮŶĚŝŶŐƐ�ĨƌŽŵ�,ŝŐŚďƌŝĚŐĞ�
DĂƚĞƌŝĂůƐ��ŽŶƐƵůƟŶŐ͕�/ŶĐ͘�sŝƐƵĂů�ŵŝĐƌŽƐĐŽƉŝĐ�ƐŝŵŝůĂƌŝƟĞƐ�ďĞƚǁĞĞŶ�ƚŚĞ�ŽƌŝŐŝŶĂů�ĂŶĚ�ƌĞƉůŝĐĂƟŽŶ�ŵŝǆĞƐ�
ǁŝůů�ŚĞůƉ�ƚŽ�ĨƵƌƚŚĞƌ�ĂƐƐĞƐƐ�ƚŚĞ�ĐŽŵƉĂƟďŝůŝƚǇ�ďĞƚǁĞĞŶ�ƚŚĞƐĞ�ŵĂƚĞƌŝĂůƐ͘��

KŶĐĞ�ƚŚĞ�ĮŶĂů�ĂŐŐƌĞŐĂƚĞ�ŝƐ�ƐĞůĞĐƚĞĚ͕�ƚŚĞ�ĂƉƉůŝĐĂƟŽŶ�ŽĨ�ƚŚĞ�ĨƌĞƐĐŽ�ŶĞĞĚƐ�ƚŽ�ďĞ�ƐƚƵĚŝĞĚ�ŽŶ�Ă�ůĂƌŐĞƌ�
ƐĐĂůĞ͘�/ƚ�ŝƐ�ƌĞĐŽŵŵĞŶĚĞĚ�ƚŚĂƚ�Ϯ�ďǇ�Ϯ�ĨŽŽƚ�ŵŽĐŬƵƉƐ�ďĞ�ĐƌĞĂƚĞĚ�ƚŽ�ƚĞƐƚ�ƚŚĞ�ĂƉƉůŝĐĂƟŽŶ�ŽĨ�ƚŚŝƐ�ĮŶŝƐŚ�
ŽŶ�ƚŚĞ�ƌĞƉůŝĐĂƟŽŶ�ƉůĂƐƚĞƌ͘ �/Ŷ�ĂĚĚŝƟŽŶ�ƚŽ�ƚĞƐƟŶŐ�ƚŚĞ�ĂƉƉůŝĐĂƟŽŶ�ŽĨ�ƚŚĞ�ĨƌĞƐĐŽ͕�ŝƚ�ŝƐ�ƌĞĐŽŵŵĞŶĚĞĚ�ƚŚĞ�
ĚŝīĞƌĞŶƚ�ďƵƌŶŝƐŚŝŶŐ�ƚĞĐŚŶŝƋƵĞƐ�ďĞ�ĞǀĂůƵĂƚĞĚ�ĂƐ�ǁĞůů͕�ƐƵĐŚ�ĂƐ�ƚŚĞ�ƵƐĞ�ŽĨ�ƌŝǀĞƌ�ĐŽďďůĞƐ�Žƌ�ƐŚĞĞƉ Ɛ͛�ƐŬŝŶ�
ƚŽ�ƐŵŽŽƚŚ�ƚŚĞ�ƉůĂƐƚĞƌ�ƐƵƌĨĂĐĞ͘��dŚĞ�ĐƌĞĂƟŽŶ�ŽĨ�Ă�ƚĞƐƚ�ƉĂŶĞů�ĂůůŽǁƐ�ĨŽƌ�ƚŚĞ�ŵŽĐŬͲƵƉ�ƚŽ�ďĞ�ĞĂƐŝůǇ�ĐŽŵ-
ƉĂƌĞĚ�ƚŽ�ƚŚĞ�ŽƌŝŐŝŶĂů�ƉůĂƐƚĞƌ�ƚŽ�ĞŶƐƵƌĞ�ǀŝƐƵĂů�ĐŽŵƉĂƟďŝůŝƚǇ͘�
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Site Map: Ground Plan Tumacácori Mission 1934

�ŽŵƉƵĞƌƚĂ
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Appendix
Map: rock and gravel sample locations
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Salt Tests

&ŽƌŵƵůĂƟŽŶ NO3
- ;ŵŐͬ>Ϳ NO2

-  ;ŵŐͬ>Ϳ SO2
4- ;ŵŐͬ>Ϳ Cl- ;ŵŐͬ>Ϳ

A Ϭ EŽƚ�WƌĞƐĞŶƚ фϮϬϬ ϱϬ

B Ϭ EŽƚ�WƌĞƐĞŶƚ фϮϬϬ Ϭ

C ϭϬ EŽƚ�WƌĞƐĞŶƚ фϮϬϬ Ϭ

�E/KE��KE��EdZ�d/KE^�
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Particle Size Distribution Sample A (Control)

DϮ� Dr� %Dr %Drt� %DƉt

(samƉle�н�cont͘) (DϮ�Ͳ�Dc) �

(g) (g) (Dr�ͬ�Ds)ΎϭϬϬ% 6�%Dr�(on�or�aďove) ϭϬϬ%��Ͳ��Drt%

ϴ ϮϯϲϬ ϭ͘ϱϰ ϰ͘ϵϰ ϯ͘ϰϬ ϯ͘ϲϱ ϯ͘ϲϱ ϵϲ͘ϯϱ
ϭϲ ϭϭϴϬ ϭ͘ϱϰ ϭϱ͘Ϭϴ ϭϯ͘ϱϰ ϭϰ͘ϱϱ ϭϴ͘ϮϬ ϴϭ͘ϴϬ
ϯϬ ϱϵϱ ϭ͘ϱϰ ϰϭ͘ϮϮ ϯϵ͘ϲϴ ϰϮ͘ϲϰ ϲϬ͘ϴϰ ϯϵ͘ϭϲ
ϱϬ Ϯϵϳ ϭ͘ϰϲ Ϯϵ͘ϵϬ Ϯϴ͘ϰϰ ϯϬ͘ϱϲ ϵϭ͘ϰϬ ϴ͘ϲϬ
ϭϬϬ ϭϰϵ ϭ͘ϲϬ ϴ͘ϱϬ ϲ͘ϵϬ ϳ͘ϰϭ ϵϴ͘ϴϮ ϭ͘ϭϴ
ϮϬϬ ϳϰ ϭ͘ϱϬ Ϯ͘ϭϴ Ϭ͘ϲϴ Ϭ͘ϳϯ ϵϵ͘ϱϱ Ϭ͘ϰϱ
WĂŶ Ϭ ϭ͘ϱϮ ϭ͘ϲϮ Ϭ͘ϭϬ Ϭ͘ϭϭ ϵϵ͘ϲϲ Ϭ͘ϯϰ

Sieve�Eumďer
Dc�����������

(g)
Screen�
Size�

Ϭ͘ϬϬ

ϮϬ͘ϬϬ

ϰϬ͘ϬϬ

ϲϬ͘ϬϬ

ϴϬ͘ϬϬ

ϭϬϬ͘ϬϬ

ϭϮϬ͘ϬϬ

ϭϭϬϭϬϬϭϬϬϬϭϬϬϬϬ

Pe
rc
en

t�P
as
si
ng

�(%
)

Particle�Size�(ʅm)

Sieve�Analysis�Sample�A:�Murray�Mine�Concrete�Sand�

^/�s���E�>z^/^���d��^�DW>���
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Particle Size Distribution Sample B (Crushed Volcanic Rock)

MϮ� Mr� %Mr %Mrt� %Mpt

(sample�н�cont͘) (MϮ�Ͳ�Mc) �

(g) (g) (Mr�ͬ�Ms)ΎϭϬϬ% 6�%Mr�(on�or�aďove) ϭϬϬ%��Ͳ��Mrt%

ϴ ϮϯϲϬ ϭ͘ϱϮ Ϯ͘ϯϮ Ϭ͘ϴϬ Ϭ͘ϳϴ Ϭ͘ϳϴ ϵϵ͘ϮϮ
ϭϲ ϭϭϴϬ ϭ͘ϱϴ ϯϭ͘Ϭϰ Ϯϵ͘ϰϲ Ϯϴ͘ϳϱ Ϯϵ͘ϱϯ ϳϬ͘ϰϳ
ϯϬ ϱϵϱ ϭ͘ϲϰ Ϯϴ͘ϲϲ Ϯϳ͘ϬϮ Ϯϲ͘ϯϳ ϱϱ͘ϵϬ ϰϰ͘ϭϬ
ϱϬ Ϯϵϳ ϭ͘ϱϲ ϭϵ͘ϰϰ ϭϳ͘ϴϴ ϭϳ͘ϰϱ ϳϯ͘ϯϲ Ϯϲ͘ϲϰ
ϭϬϬ ϭϰϵ ϭ͘ϱ ϭϮ͘ϴϮ ϭϭ͘ϯϮ ϭϭ͘Ϭϱ ϴϰ͘ϰϬ ϭϱ͘ϲϬ
ϮϬϬ ϳϰ ϭ͘ϱ ϵ͘ϱϮ ϴ͘ϬϮ ϳ͘ϴϯ ϵϮ͘Ϯϯ ϳ͘ϳϳ
WĂŶ Ϭ ϭ͘ϱϮ ϵ͘ϯϲ ϳ͘ϴϰ ϳ͘ϲϱ ϵϵ͘ϴϴ Ϭ͘ϭϮ

Sieve�Eumďer
Mc�����������

(g)
Screen�
Size�

Ϭ

ϮϬ

ϰϬ

ϲϬ

ϴϬ

ϭϬϬ

ϭϮϬ

ϭϭϬϭϬϬϭϬϬϬϭϬϬϬϬ

Pe
rc
en

t�P
as
si
ng

�(%
)

Particle�Size�(ʅm)

Sieve�Analysis�Sample�B:�Crushed�Volcanic�Rock

^/�s���E�>z^/^���d��^�DW>���
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Particle Size Distribution Sample C (Gravel)

MϮ� Mr� %Mr %Mrt� %Mpt

(sample�н�cont͘) (MϮ�Ͳ�Mc) �

(g) (g) (Mr�ͬ�Ms)ΎϭϬϬ% 6�%Mr�(on�or�aďove) ϭϬϬ%��Ͳ��Mrt%

ϴ ϮϯϲϬ ϭ͘ϱϮ ϯϱ͘ϱϬ ϯϯ͘ϵϴ ϯϭ͘ϵϭ ϯϭ͘ϵϭ ϲϴ͘Ϭϵ
ϭϲ ϭϭϴϬ ϭ͘ϱϴ ϯϯ͘ϴϬ ϯϮ͘ϮϮ ϯϬ͘Ϯϲ ϲϮ͘ϭϳ ϯϳ͘ϴϯ
ϯϬ ϱϵϱ ϭ͘ϲϰ Ϯϰ͘ϭϬ ϮϮ͘ϰϲ Ϯϭ͘Ϭϵ ϴϯ͘Ϯϲ ϭϲ͘ϳϰ
ϱϬ Ϯϵϳ ϭ͘ϱϲ ϭϭ͘ϱϲ ϭϬ͘ϬϬ ϵ͘ϯϵ ϵϮ͘ϲϲ ϳ͘ϯϰ
ϭϬϬ ϭϰϵ ϭ͘ϱϬ ϱ͘ϰϬ ϯ͘ϵϬ ϯ͘ϲϲ ϵϲ͘ϯϮ ϯ͘ϲϴ
ϮϬϬ ϳϰ ϭ͘ϱϬ ϯ͘ϭϮ ϭ͘ϲϮ ϭ͘ϱϮ ϵϳ͘ϴϰ Ϯ͘ϭϲ
WĂŶ Ϭ ϭ͘ϱϮ ϯ͘ϳϮ Ϯ͘ϮϬ Ϯ͘Ϭϳ ϵϵ͘ϵϭ Ϭ͘Ϭϵ

Sieve�Eumďer
Mc�����������

(g)
Screen�
Size�

Ϭ͘ϬϬ

ϭϬ͘ϬϬ

ϮϬ͘ϬϬ

ϯϬ͘ϬϬ

ϰϬ͘ϬϬ

ϱϬ͘ϬϬ

ϲϬ͘ϬϬ

ϳϬ͘ϬϬ

ϴϬ͘ϬϬ

ϭϭϬϭϬϬϭϬϬϬϭϬϬϬϬ

Pe
rc
en

t�P
as
si
ng

�(%
)

Particle�Size�(ʅm)

Sieve�Analysis�Sample�C:�Gravel

^/�s���E�>z^/^���d��^�DW>���
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Proportions and Quantities of Components For Setting Time 
and Compressive Strength

&ormulation
,ydrated�
>ime

Concrete�Sand
Crushed�

Volcanic�Rock
Mountain�
Gravel

A 1 2 ͲͲ ͲͲ
B 1 ͲͲ 2 ͲͲ
C 1 ͲͲ ͲͲ 2

Lime�(mL) Aggr�(mL) Water�(ml) Lime�(g) Aggr�(g) Water�(g)
Formulation�A 1 2 509.72 370.46 2885.00 509.72
Formulation�B 1 2 425.20 272.18 1580.68 425.20
Formulation�C 1 2 424.78 279.78 1634.38 424.78

Tumacacori

Mixing�of�Setting�Time�and�Compressive�Strength�Samples
VOLUME Mass

D/y�WZKWKZd/KE^��z�sK>hD�

D/y�WZKWKZd/KE^��z�sK>hD�
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Appendix
Setting Time Data: Formulation A

Date
Elapsed�
Time�(hrs) Temp %RH A1�(mm) A2�(mm) A3�(mm)

Average�
(mm)

ϰͬϴͬϮϬϭϯ ϴ ϳϭ͘Ϭ ϴϵ ϰϬ ϰϬ ϰϬ ϰϬ͘ϬϬ
ϰͬϵͬϮϬϭϯ ϮϬ ϳϭ͘Ϭ ϴϵ ϰϬ ϯϳ ϯϵ ϯϴ͘ϲϳ
ϰͬϵͬϮϬϭϯ ϯϬ ϳϯ͘ϲ ϴϴ ϯϵ ϯϲ ϯϵ ϯϴ͘ϬϬ

ϰͬϭϬͬϮϬϭϯ ϰϰ ϳϮ͘Ϭ ϴϵ ϯϵ ϯϲ ϯϵ ϯϴ͘ϬϬ
ϰͬϭϬͬϮϬϭϯ ϱϯ ϳϰ͘ϭ ϴϳ ϯϵ ϯϴ ϯϳ ϯϴ͘ϬϬ
ϰͬϭϭͬϮϬϭϯ ϲϴ ϳϮ͘ϳ ϴϵ ϯϵ ϯϴ ϯϴ ϯϴ͘ϯϯ
ϰͬϭϭͬϮϬϭϯ ϳϳ ϳϰ͘ϳ ϴϴ ϯϵ ϯϳ ϯϵ ϯϴ͘ϯϯ
ϰͬϭϮͬϮϬϭϯ ϵϮ ϳϯ͘Ϭ ϴϵ ϯϵ ϯϳ ϯϵ ϯϴ͘ϯϯ
ϰͬϭϮͬϮϬϭϯ ϭϬϭ ϳϱ͘Ϭ ϴϴ ϯϵ ϯϵ ϯϯ ϯϳ͘ϬϬ
ϰͬϭϯͬϮϬϭϯ ϭϭϲ ϳϮ͘Ϭ ϴϵ ϯϴ ϯϱ Ϯϵ ϯϰ͘ϬϬ
ϰͬϭϰͬϮϬϭϯ ϭϮϮ͘ϱ ϳϮ͘Ϭ ϴϵ ϯϴ ϯϯ Ϯϴ ϯϯ͘ϬϬ
ϰͬϭϱͬϮϬϭϯ ϭϰϮ ϳϮ͘ϵ ϴϵ Ϯϲ Ϯϵ Ϯϭ Ϯϱ͘ϯϯ
ϰͬϭϱͬϮϬϭϯ ϭϳϯ ϳϯ͘Ϭ ϴϲ Ϯϭ ϭϳ Ϯϱ Ϯϭ͘ϬϬ
ϰͬϭϲͬϮϬϭϯ ϭϲϲ ϳϯ͘Ϯ ϴϲ ϭϳ ϭϰ Ϯϰ ϭϴ͘ϯϯ
ϰͬϭϲͬϮϬϭϯ ϭϵϳ ϳϯ͘Ϯ ϴϴ ϭϴ ϭϰ ϭϵ ϭϳ͘ϬϬ
ϰͬϭϳͬϮϬϭϯ ϭϵϬ ϳϱ͘Ϯ ϴϴ ϭϲ ϭϯ ϭϭ ϭϯ͘ϯϯ
ϰͬϭϳͬϮϬϭϯ ϮϮϭ ϳϯ͘ϴ ϵϬ ϭϱ ϭϯ ϭϮ ϭϯ͘ϯϯ
ϰͬϭϴͬϮϬϭϯ Ϯϭϰ ϳϯ͘ϴ ϵϬ ϭϯ ϭϭ ϭϬ ϭϭ͘ϯϯ
ϰͬϭϵͬϮϬϭϯ Ϯϯϴ ϳϯ͘ϴ ϵϬ ϭϮ ϭϭ ϴ ϭϬ͘ϯϯ
ϰͬϮϭͬϮϬϭϯ ϮϲϮ ϳϯ͘ϰ ϵϬ ϱ ϳ ϰ ϱ͘ϯϯ
ϰͬϮϮͬϮϬϭϯ Ϯϴϲ ϳϬ͘Ϯ ϴϮ ϲ ϳ ϰ ϱ͘ϲϳ
ϰͬϮϯͬϮϬϭϯ ϯϭϬ ϳϭ͘ϴ ϵϬ ϰ ϱ ϯ ϰ͘ϬϬ
ϰͬϮϰͬϮϬϭϯ ϯϯϰ ϳϭ͘ϴ ϵϬ ϯ ϯ Ϯ Ϯ͘ϲϳ
ϰͬϮϱͬϮϬϭϯ ϯϱϴ ϳϭ͘ϴ ϵϬ ϯ Ϯ ϯ Ϯ͘ϲϳ
ϰͬϮϲͬϮϬϭϯ ϯϴϮ ϳϯ͘Ϭ ϵϬ ϯ ϯ ϰ ϯ͘ϯϯ
ϰͬϮϴͬϮϬϭϯ ϰϬϲ ϳϯ͘ϰ ϵϬ Ϯ Ϯ ϯ Ϯ͘ϯϯ
ϱͬϭͬϮϬϭϯ ϰϯϬ ϳϯ͘ϲ ϴϵ ϭ Ϭ Ϭ Ϭ͘ϯϯ
ϱͬϯͬϮϬϭϯ ϰϱϰ ϳϯ͘ϰ ϴϵ Ϭ Ϭ Ϭ Ϭ͘ϬϬ

Tumacacori:�Setting�Time
Formulation�A
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Appendix
Setting Time Data: Formulation A
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Appendix
Setting Time Data: Formulation B

Date
Elapsed�
Time Temp %RH B1�(mm) B2�(mm) B3�(mm)

Average�
(mm)

ϱͬϲͬϮϬϭϯ ϭ͘ϬϬ ϳϯ͘ϱ ϴϯ ϰϬ ϯϰ ϯϴ ϯϳ͘ϯϯ
ϱͬϲͬϮϬϭϯ Ϯ͘ϬϬ ϳϰ͘ϳ ϴϯ ϯϮ ϯϱ ϯϭ ϯϮ͘ϲϳ
ϱͬϲͬϮϬϭϯ ϯ͘ϬϬ ϳϱ ϴϰ ϯϬ Ϯϲ Ϯϰ Ϯϲ͘ϲϳ
ϱͬϲͬϮϬϭϯ ϰ͘ϬϬ ϳϰ͘ϳ ϴϱ ϯϭ ϮϮ ϭϵ Ϯϰ͘ϬϬ
ϱͬϲͬϮϬϭϯ ϱ͘ϬϬ ϳϰ͘ϱ ϴϱ Ϯϰ ϭϲ ϭϵ ϭϵ͘ϲϳ
ϱͬϲͬϮϬϭϯ ϲ͘ϬϬ ϳϰ͘ϱ ϴϱ ϮϮ ϭϯ ϭϬ ϭϱ͘ϬϬ
ϱͬϲͬϮϬϭϯ ϳ͘ϬϬ ϳϰ͘ϳ ϴϱ ϮϮ ϭϳ ϵ ϭϲ͘ϬϬ
ϱͬϲͬϮϬϭϯ ϴ͘ϬϬ ϳϱ ϴϲ ϮϮ ϭϲ ϭϬ ϭϲ͘ϬϬ
ϱͬϲͬϮϬϭϯ ϵ͘ϬϬ ϳϰ͘ϴ ϴϲ ϭϳ ϭϳ ϴ ϭϰ͘ϬϬ
ϱͬϲͬϮϬϭϯ ϭϬ͘ϬϬ ϳϰ͘ϴ ϴϲ ϭϲ ϭϮ ϭϭ ϭϯ͘ϬϬ
ϱͬϲͬϮϬϭϯ ϭϭ͘ϬϬ ϳϰ͘ϴ ϴϲ ϭϬ ϴ ϭϬ ϵ͘ϯϯ
ϱͬϲͬϮϬϭϯ ϭϮ͘ϬϬ ϳϱ ϴϱ ϵ ϵ ϵ ϵ͘ϬϬ
ϱͬϳͬϮϬϭϯ ϭϯ͘ϬϬ ϳϱ ϴϱ ϴ ϵ ϴ ϴ͘ϯϯ
ϱͬϳͬϮϬϭϯ ϭϰ͘ϬϬ ϳϱ ϴϴ ϱ ϳ ϳ ϲ͘ϯϯ
ϱͬϳͬϮϬϭϯ ϭϲ͘ϬϬ ϳϰ͘ϱ ϴϳ ϱ ϲ ϱ ϱ͘ϯϯ
ϱͬϳͬϮϬϭϯ ϭϳ͘ϬϬ ϳϯ͘ϲ ϴϰ ϯ ϰ ϱ ϰ͘ϬϬ
ϱͬϳͬϮϬϭϯ ϭϴ͘ϬϬ ϳϰ͘ϭ ϴϮ ϱ ϰ ϰ ϰ͘ϯϯ
ϱͬϳͬϮϬϭϯ ϮϬ͘ϰϮ ϳϯ͘ϵ ϴϱ ϱ ϰ ϰ ϰ͘ϯϯ
ϱͬϳͬϮϬϭϯ Ϯϭ͘ϰϮ ϳϯ͘ϴ ϴϲ Ϯ ϰ ϯ ϯ͘ϬϬ
ϱͬϳͬϮϬϭϯ ϮϮ͘ϰϮ ϳϯ͘ϴ ϴϲ Ϯ ϯ ϯ Ϯ͘ϲϳ
ϱͬϳͬϮϬϭϯ Ϯϯ͘ϰϮ ϳϯ͘ϴ ϴϲ Ϯ ϯ Ϯ Ϯ͘ϯϯ
ϱͬϳͬϮϬϭϯ Ϯϰ͘ϰϮ ϳϯ͘ϲ ϴϲ ϭ ϭ ϭ ϭ͘ϬϬ
ϱͬϳͬϮϬϭϯ Ϯϱ͘ϰϮ ϳϯ͘ϲ ϴϲ Ϭ ϭ ϭ Ϭ͘ϲϳ
ϱͬϳͬϮϬϭϯ Ϯϲ͘ϰϮ ϳϯ͘ϴ ϴϲ Ϭ Ϭ Ϭ Ϭ͘ϬϬ

Tumacacori:�Setting�Time
Formulation�B
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Setting Time Data: Formulation B
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Appendix
Setting Time Data: Formulation C

Date
Elapsed�
Time Temp %RH C1�(mm) C2�(mm) C3�(mm)

Average�
(mm)

ϲͬϲͬϮϬϭϯ Ϭ ϳϮ͘Ϭ ϴϮ ϰϬ ϰϬ ϰϬ ϰϬ͘ϬϬ
ϲͬϲͬϮϬϭϯ ϭ ϳϰ͘ϱ ϴϲ ϰϬ ϰϬ ϰϬ ϰϬ͘ϬϬ
ϲͬϲͬϮϬϭϯ ϯ ϳϰ͘ϳ ϴϳ ϰϬ ϰϬ ϰϬ ϰϬ͘ϬϬ
ϲͬϲͬϮϬϭϯ ϲ ϳϱ͘ϰ ϴϳ ϯϲ ϰϬ ϯϴ ϯϴ͘ϬϬ
ϲͬϲͬϮϬϭϯ ϴ ϳϰ͘ϳ ϴϲ ϰϬ ϰϬ ϰϬ ϰϬ͘ϬϬ
ϲͬϳͬϮϬϭϯ Ϯϯ ϳϰ͘ϯ ϴϵ ϯϳ ϯϲ ϯϱ ϯϲ͘ϬϬ
ϲͬϳͬϮϬϭϯ Ϯϳ ϳϱ͘ϰ ϴϴ ϯϰ ϰϬ ϯϳ ϯϳ͘ϬϬ
ϲͬϳͬϮϬϭϯ ϯϬ ϳϰ͘ϳ ϴϵ Ϯϲ ϯϳ ϯϱ ϯϮ͘ϲϳ
ϲͬϴͬϮϬϭϯ ϱϬ ϳϰ͘ϭ ϴϵ Ϯϱ Ϯϱ Ϯϳ Ϯϱ͘ϲϳ
ϲͬϵͬϮϬϭϯ ϳϰ ϳϰ͘ϳ ϴϵ ϭϮ Ϯϭ ϭϰ ϭϱ͘ϲϳ

ϲͬϭϬͬϮϬϭϯ ϵϱ ϳϱ͘Ϭ ϵϭϬ ϭϰ ϭϯ ϭϯ ϭϯ͘ϯϯ
ϲͬϭϭͬϮϬϭϯ ϭϭϵ ϳϰ͘ϱ ϵϬ ϳ ϴ ϭϬ ϴ͘ϯϯ
ϲͬϭϮͬϮϬϭϯ ϭϰϯ ϳϯ͘ϵ ϴϴ ϱ ϵ ϴ ϳ͘ϯϯ
ϲͬϭϯͬϮϬϭϯ ϭϲϳ ϳϰ͘ϭ ϴϱ ϯ ϯ ϳ ϰ͘ϯϯ
ϲͬϭϰͬϮϬϭϯ ϭϵϭ ϳϱ͘Ϭ ϴϵ ϭ Ϯ ϲ ϯ͘ϬϬ
ϲͬϭϱͬϮϬϭϯ Ϯϭϱ ϳϱ͘ϲ ϴϵ Ϭ ϭ ϯ ϭ͘ϯϯ
ϲͬϭϲͬϮϬϭϯ Ϯϯϵ ϳϱ͘ϲ ϴϵ Ϭ Ϭ Ϯ Ϭ͘ϲϳ
ϲͬϭϳͬϮϬϭϯ Ϯϲϯ ϳϲ͘ϱ ϴϵ Ϭ Ϭ Ϭ Ϭ͘ϬϬ

Tumacacori:�Setting�Time
Formulation�C

^�dd/E'�d/D����d��&KZDh>�d/KE��
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Setting Time Data: Formulation C
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Underwater Setting Time Data

Date Time
Elapsed�
Time A1�(mm) B1�(mm) C1�(mm)

6ͲMay 11:00�AM 0 30 40 40
7ͲMay 2:00�AM 15 30 40 40
7ͲMay 2:00�PM 27 30 40 37
8ͲMay 2:00�PM 51 30 28 37
9ͲMay 2:00�PM 75 30 15 37
10ͲMay 2:00�PM 99 30 4 37
13ͲMay 2:00�PM 171 30 0 37

Tumacacori
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Appendix
LIme Combination Test Data (Formulations A & B)

Date Time
Elapsed�

Time�(hrs)
A1 A2 A3 A1 A2 A3

4/11/2013 8:00�AM 0 12 11 11 13 11 14
4/12/2013 8:00�AM 24 12 11 11 14 13 15
4/13/2013 1:00�PM 53 12 11 11 16 17 15
4/14/2013 1:00�PM 77 12 11 11 16 17 15
4/15/2013 8:00�AM 96 12 11 11 16 17 15
4/16/2013 8:00�AM 120 12 11 11 16 17 15
4/17/2013 8:00�AM 144 12 11 11 16 17 15
4/18/2013 8:00�AM 168 12 11 11 16 17 15

Formulation�A
Tumacacori:�Lime�Combination�Test

Initial�Reading�(mm) 4�Minutes�after�Agitation�(mm)

Date Time
Elapsed�
Time�(hrs)

B1 B2 B3 B1 B2 B3

ϰͬϯͬϮϬϭϯ ϯ͗ϯϬ�WD Ϭ͘Ϭ ϭϬ ϵ ϭϬ ϭϬ ϵ ϭϬ
ϰͬϰͬϮϬϭϯ ϯ͗ϯϬ�WD Ϯϰ͘Ϭ ϭϬ ϵ ϭϬ ϭϰ ϭϮ ϭϮ
ϰͬϱͬϮϬϭϯ ϯ͗ϯϬ�WD ϰϴ͘Ϭ ϭϯ ϭϭ ϭϭ ϭϵ ϭϱ ϭϲ
ϰͬϲͬϮϬϭϯ ϭ͗ϬϬ�WD ϲϵ͘ϱ ϭϳ ϭϰ ϭϱ Ϯϲ ϮϬ ϮϬ
ϰͬϳͬϮϬϭϯ ϴ͗ϬϬ�WD ϭϬϬ͘ϱ ϭϵ ϭϴ ϭϵ ϯϲ Ϯϴ ϯϭ
ϰͬϴͬϮϬϭϯ ϯ͗ϯϬ�WD ϭϮϬ͘Ϭ ϮϬ ϭϵ Ϯϰ ϰϮ ϯϰ ϰϬ
ϰͬϵͬϮϬϭϯ ϯ͗ϯϬ�WD ϭϰϰ͘Ϭ Ϯϯ Ϯϭ Ϯϱ ϰϰ ϰϭ ϱϯ

ϰͬϭϬͬϮϬϭϯ ϯ͗ϯϬ�WD ϭϲϴ͘Ϭ Ϯϰ Ϯϭ Ϯϳ ϰϱ ϰϮ ϲϯ

Tumacacori:�Lime�Combination�Test
Formulation�B

Initial�Reading�(mm) 4�Minutes�after�Agitation�(mm)

>/D���KD�/E�d/KE�d�^d���d��&KZDh>�d/KE��

>/D���KD�/E�d/KE�d�^d���d��&KZDh>�d/KE��
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LIme Combination Test Data (Formulation C)

Date Time
Elapsed�
Time�(hrs)

C1 C2 C3 C1 C2 C3

ϰͬϯͬϮϬϭϯ ϯ͗ϯϬ�WD Ϭ͘Ϭ ϭϬ ϵ ϭϬ ϭϬ ϵ ϭϬ
ϰͬϰͬϮϬϭϯ ϯ͗ϯϬ�WD Ϯϰ͘Ϭ ϭϬ ϭϬ ϭϭ ϭϭ ϭϳ ϭϴ
ϰͬϱͬϮϬϭϯ ϯ͗ϯϬ�WD ϰϴ͘Ϭ ϭϭ ϭϳ ϭϴ ϭϭ ϭϳ ϭϴ
ϰͬϲͬϮϬϭϯ ϭ͗ϬϬ�WD ϲϵ͘ϱ ϭϭ ϭϳ ϭϴ ϭϭ ϭϳ ϭϴ
ϰͬϳͬϮϬϭϯ ϴ͗ϬϬ�WD ϭϬϬ͘ϱ ϭϭ ϭϳ ϭϴ ϭϭ ϭϳ ϭϴ
ϰͬϴͬϮϬϭϯ ϯ͗ϯϬ�WD ϭϮϬ͘Ϭ ϭϭ ϭϳ ϭϴ ϭϭ ϭϳ ϭϴ
ϰͬϵͬϮϬϭϯ ϯ͗ϯϬ�WD ϭϰϰ͘Ϭ ϭϭ ϭϳ ϭϴ ϭϭ ϭϳ ϭϴ

ϰͬϭϬͬϮϬϭϯ ϯ͗ϯϬ�WD ϭϰϰ͘Ϭ ϭϭ ϭϳ ϭϴ ϭϭ ϭϳ ϭϴ
ϰͬϭϭͬϮϬϭϯ ϯ͗ϯϬ�WD ϭϲϴ͘Ϭ ϭϭ ϭϳ ϭϴ ϭϭ ϭϳ ϭϴ

Tumacacori:�Lime�Combination�Test
Formulation�C

Initial�Reading�(mm) 4�Minutes�after�Agitation�(mm)

>/D���KD�/E�d/KE�d�^d���d��&KZDh>�d/KE��
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Appendix
Compressive Strength Testing (Formulation A & B)

Figure 3:�&ŽƌŵƵůĂƟŽŶ���ƉƌŝŽƌ�ƚŽ�ƚĞƐƟŶŐ͘ 

Figure 1:�&ŽƌŵƵůĂƟŽŶ���ƉƌŝŽƌ�ƚŽ�ƚĞƐƟŶŐ͘ Figure 2͗�&ŽƌŵƵůĂƟŽŶ���ƵŶĚĞƌŐŽŝŶŐ�ĐŽŵƉƌĞƐƐŝǀĞ�
ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ͘

Figure 4͗�&ŽƌŵƵůĂƟŽŶ���ƵŶĚĞƌŐŽŝŶŐ�ĐŽŵƉƌĞƐƐŝǀĞ�
ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ͘
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Appendix
Compressive Strength Testing (Formulation C)

Figure 5:�&ŽƌŵƵůĂƟŽŶ���ƉƌŝŽƌ�ƚŽ�ƚĞƐƟŶŐ͘ Figure 6͗�&ŽƌŵƵůĂƟŽŶ���ƵŶĚĞƌŐŽŝŶŐ�ĐŽŵƉƌĞƐƐŝǀĞ�
ƐƚƌĞŶŐƚŚ�ƚĞƐƟŶŐ͘
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Material Safety Data Sheet
Type S Hydrated Lime

SECTION 1: PRODUCT AND COMPANY IDENTIFICATION
Product Name: Type S Hydrated Lime, Type SA Hydrated Lime

Synonym/s:

Chemical Name: Calcium Magnesium Hydroxide Chemical Formula:  CaOH2
.MgOH2  

Product Use/s: Construction, Water treatment, pH adjustment, FGT

Manufacturer: US Operations: Canadian Operations:
Lhoist North America Lhoist North America of Canada, Inc.
3700 Hulen St. 20303-102B Ave.
Fort Worth, TX 76107 Langley, BC V1M 3H1
817-732-8164 604-888-4333

Emergency Phone: Chemtrec 1-800-424-9300

SECTION 2: HAZARDS IDENTIFICATION
Emergency Overview:

Hazard Pictograms:

Potential Health Effects
Eyes:   Contact can cause severe irritation or burning of eyes, including permanent damage.

Skin:   Contact can cause severe irritation or burning of skin, especially in the presence of moisture.

Ingestion:   This product can cause severe irritation or burning of gastrointestinal tract if swallowed.

Inhalation:   This product can cause severe irritation of the respiratory system. Long-term exposure may
cause permanent damage. Type S hydrated lime is not listed by MSHA, OSHA, or IARC
as a carcinogen. However, this product may contain trace amounts of crystalline silica in 
the form of quartz or crystobalite, which has been classified by IARC as a Group I carcinogen
to humans when inhaled. Inhalation of silica can also cause a chronic lung disorder, silicosis.

Potential Environmental 
Effects:

This material is alkaline and if released into water or moist soil will cause an increase in pH.

SECTION 3: COMPOSITION / INFORMATION ON INGREDIENTS

Ingredient Chemical 
Formula

Common 
Name

Conc.       
(%) CAS

Calcium Hydroxide Ca(OH)2 Portlandite > 50 1305-62-0
Magnesium Hydroxide Mg(OH)2 Brucite > 35 1309-42-8
Magnesium Oxide MgO Periclase < 3 1309-48-4
Calcium Carbonate CaCO3 Limestone < 3 1317-65-3
Crystalline Silica SiO2 Quartz < 1 14808-60-7

Dolomitic Hydrate; Hydrated Dolomitic Lime; Calcium Magnesium Hydroxide; Double 
Hydrated Dolomitic Lime

Type S hydrated lime is an odorless white powder. Contact can cause irritation to eyes, skin, 
respiratory system, and gastrointestinal tract.

(Crystalline Silica is reported as total silica and not just the respirable fraction)

Page 1 of 5
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Material Safety Data Sheet
Type S Hydrated Lime

SECTION 4: FIRST AID MEASURES
Eyes:   Immediately flush eyes with generous amounts of water or eye wash solution if water is

unavailable. Pull back eyelid while flushing to ensure that all Type S hydrated lime dust
has been washed out. Seek medical attention promptly if the initial flushing of the eyes
does not remove the irritant. Do not rub eyes.

Skin:   Brush off or remove as much dry lime as possible. Wash exposed area with large amounts
of water. If burned seriously or if irritation persists, seek medical attention promptly.

Inhalation:   Move victim to fresh air. Seek medical attention. If breathing has stopped, give artificial
respiration.

Ingestion:   Do not induce vomiting. Seek medical attention immediately. Never give anything by mouth
unless instructed to do so by medical personnel.

Medical Conditions 
Aggravated by Exposure:

SECTION 5: FIREFIGHTING MEASURES
Fire Hazards:

Suitable Extinguishing 
Media:

Use dry chemical or CO2 fire extinguisher to extinguish the surrounding fire.

Fire                               
Fighting Instructions:

Hazardous      
Combustion Products:

Not applicable

SECTION 6: ACCIDENTAL RELEASE MEASURES
Spill / Leak Procedures: Do Not use water on bulk material spills.

Use proper personal protective equipment. 

Small Spills: Use dry methods to collect spilled materials. Avoid generating dust. Do not clean up with
compressed air. Store collected materials in dry, sealed plastic or non-aluminum metal 
containers. Residue on surfaces may be water washed.

Large Spills: Use dry methods to collect spilled materials. Evacuate area downwind of clean-up
operations to minimize dust exposure. Store spilled materials in dry, sealed plastic or 
non-aluminum metal containers. 

Containment: Minimize dust generation and prevent bulk release to sewers or waterways.

Clean-up: Residual amounts of material can be flushed with large amounts of water. Equipment can
be washed with either a mild vinegar and water solution, or detergent and water.

SECTION 7: HANDLING AND STORAGE
Handling: Keep in tightly closed plastic or non-aluminum metal containers. Protect containers from

physical damage. Avoid direct skin contact with the material. Avoid breathing any dust.

Storage: Store in a cool, dry, and well-ventilated location. Do not store near acids or other
incompatible materials. Keep away from moisture. Do not store or ship in aluminum
containers.

Keep personnel away from and upwind of fire. Avoid skin contact or inhalation of dust. Wear 
full fire-fighting turn-out gear (full Bunker gear), and respiratory protection (SCBA).

Contact may aggravate disorders of the eyes, skin, gastrointestinal tract, and respiratory 
system.

Type S hydrated lime is not combustible or flammable. However, it reacts vigorously with 
acids, and may release heat sufficient to ignite combustible materials in specific instances. 
Type S hydrated lime is not considered to be an explosion hazard, although reaction with 
acids or other incompatible materials may rupture containers.

Page 2 of 5
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Material Safety Data Sheet
Type S Hydrated Lime

SECTION 8: EXPOSURE CONTROLS / PERSONAL PROTECTION

Ingredient
OSHA PEL, 
TWA 8/40h 

(mg/m3)

ACGIH TLV, 
TWA 8/40h 

(mg/m3)

NIOSH REL, 
TWA 8/40h 

(mg/m3)

NIOSH IDLH 
(mg/m3)

Calcium Hydroxide 15 (total dust)   
5 (respirable) 5 5 n/a

Magnesium Hydroxide n/a n/a n/a n/a
Magnesium Oxide 10 10 n/a n/a

Calcium Carbonate 15 (total dust)   
5 (respirable) 10 10 (total dust)  

5 (respirable) n/a

Crystalline Silica 10/(SiO2% + 2) 
(respirable)

0.025 
(respirable)

0.05          
(respirable) 50

Engineering Controls: Provide ventilation adequate to maintain PELs.

Respiratory Protection: Use NIOSH/MSHA approved respirators if airborne concentration exceeds PELs.

Skin Protection: Use appropriate gloves and footwear to prevent skin contact and the potential for burns. 
Clothing should fully cover arms and legs. Should lime get inside clothing or gloves, remove
the clothing and the lime promptly.

Eye Protection: Use safety glasses with side shields or safety goggles. Contact lenses should not be worn
when working with lime products.

Other: Eye wash fountain/stations and emergency showers should be available.

SECTION 9: PHYSICAL AND CHEMICAL PROPERTIES
Odor: Odorless Physical State:  Solid

Melting Point (°C/°F): dec 580/ 1076

Specific Gravity (g/cc) 2.4 2.6

Vapor Pressure (mm Hg): n/a Vapor Density: n/a Evaporation Rate: n/a

pH (25°C/77°F): 12.4

SECTION 10: STABILITY AND REACTIVITY

Stability: Chemically stable, but slowly reacts with CO2 to form calcium carbonate.
See also Incompatibility below.

Hazardous Decomposition/  
Products: Does not occur

Hazardous 
Polymerization: Does not occur

Incompatibility/        
Conditions to Avoid:

Acids (unless in a controlled process) Organic Acid Anhydrides
Reactive Fluoridated Compounds Nitro-Organic Compounds
Reactive Brominated Compounds Reactive Phosphorous Compounds
Reactive Powdered Metals Interhalogenated Compounds

Solubility in Water:  Slightly soluble in water at 1.02 g/L at 25 oC

Type S hydrated lime should not be mixed or stored with the following materials, due to the 
potential for vigorous reaction and release of heat:

Appearance: White free flowing powder

Boiling Point (°C/°F): n/a Bulk Density: 22-35 lbs/ ft3

Page 3 of 5

Visit
www.lhoist.us

for latest MSDS versions Revision Date August 6, 2012



MEADORS CONSERVATION

RESTORATION                        CONSERVATION                       ARCHITECTURE                     CONSTRUCTION                      DESIGN SERVICES                       ARTISANS

LABORATORY MORTAR TESTING
dƵŵĂĐĄĐŽƌŝ�EĂƟŽŶĂů�,ŝƐƚŽƌŝĐĂů�WĂƌŬ

Tumacácori͕���

Page 62

Material Safety Data Sheet
Type S Hydrated Lime

SECTION 11: TOXICOLOGICAL INFORMATION

Inhalation, skin and eye contact are the most likely routes of exposure.  This material
is irritating to the skin and severely irritating to the eyes.

SECTION 12: ECOLOGICAL INFORMATION

Ecotoxicity: Because of the high pH of this product, it would be expected to produce significant 
ecotoxicity upon exposure to aquatic organisms and aquatic systems in high
concentrations (> 1 g/L).

Environmental Fate: This material shows no bioaccumulation effect or food chain concentration toxicity.
High pH values will rapidly decrease over time as a result of recarbonation.
This material may be used in soil stabilization or remediation and will show very little
mobility in soils.

SECTION 13: DISPOSAL CONSIDERATIONS
Dispose of in accordance with all applicable federal, state, and local environmental
regulations. If this product as supplied, and unmixed, becomes a waste, it will not meet
the criteria of a hazardous waste as defined under the U.S. Resource Conservation and
Recovery Act (RCRA).

SECTION 14: TRANSPORTATION INFORMATION

SECTION 15: REGULATORY INFORMATION
U.S. EPA Regulations: RCRA Hazardous Waste Number (40 CFR 261.33): not listed 

RCRA Hazardous Waste Classification (40 CFR 261): not classified
CERCLA Hazardous Substance (40 CFR 302.4) unlisted specific per RCRA, Sec. 3001;
     CWA, Sec. 311(b)(4); CWA, Sec. 307(a), CAA, Sec. 112
CERCLA Reportable Quantity (RQ), not listed
SARA 311/312 Codes: not listed
SARA Toxic Chemical (40 CFR 372.65): not listed
SARA EHS (Extremely Hazardous Substance) (40 CFR 355): not listed, Threshold 
     Planning Quantity (TPQ): not listed
All chemical ingredients are listed on the US EPA TSCA Inventory List.

OSHA/MSHA 
Regulations: Air Contaminant (29 CFR 1910.1000, Table Z-1, Z-1-A): 5mg/M3 TWA-8

MSHA: not listed
OSHA Specifically Regulated Substance (29 CFR 1910): not listed

State Regulations: Consult state and local authorities for guidance. Components found in this product may
contain trace amounts of inherent naturally occurring elements (such as, but not limited to 
arsenic and cadmium) that may be regulated under California Proposition 65 and other 
States regulations.

Type S hydrated lime is not classified as a hazardous material by US DOT and is not 
regulated by the Transportation of Dangerous Goods (TDG) when shipped by any mode of 
transport.

No LD50/LC50 have been identified for this product's components. Type S hydrated lime is 
not listed by MSHA, OSHA, or IARC as a carcinogen, but this product may contain trace 
amounts of crystalline silica, which has been classified by IARC as carcinogenic to humans 
when inhaled in the form of quartz or crystobalite.
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Material Safety Data Sheet
Type S Hydrated Lime

Canada: WHMIS Classification: "D2A" Materials Causing Other Toxic Effects
WHMIS Classification: "E" Corrosive Materials (listed due to corrosive effect on aluminum)
Canada DSL: Listed

SECTION 16: OTHER INFORMATION
Prepared By: Lhoist North America, Technical Services
Date Prepared: Revision: 2012-3

NFPA Hazard Class: Health: 2 Flammability: 0 Instability: 0  

HMIS Hazard Class: Health: 2* Flammability: 0
Physical 
Hazard: 0      Personal Protection: E

Abbreviations: N/A Not Available or Not Applicable
IARC International Agency for Research on Cancer
IATA International Air Transport Association
ACGIH American Conference of Governmental Industrial Hygienists
TWA Time Weighted Average
PEL Permissible Exposure Limit
TLV Threshold Limit Value
REL Recommended Exposure Limit
dec Decompose

Lhoist North America provides the information contained herein in good faith but makes no representation as to its
comprehensiveness or accuracy.  This document is intended only as a guide to the appropriate precautionary handling
of the material by a properly trained person.  Individuals receiving this information must consult their own technical
and legal advisors and/ or exercise their own judgment in determining its appropriateness for a particular purpose.
Lhoist North America makes no representations or warranties, either express or implied, including without limitation
and warranties of merchantability or fitness for a particular purpose with respect to the information set forth herein
or the product(s) to which the information refers.  Accordingly, Lhoist North America will not be responsible or
liable for any claims, losses or damages resulting from the use of or reliance upon or failure to use this information.

August 6, 2012 �
� �
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404 Irvington Street
Pleasantville, NY 10570
Phone:  (914) 502-0100 
Fax:      (914) 502-0099
www.highbridgematerials.com

MORTAR AND PLASTER ANALYSIS REPORT

Client: National Park Service Client ID: NATI002
Project: Tumacacori National Historic Park Report #: SL0437-01
Location: Tumacacori, AZ Date Received: 09/17/12
Sample Type: Mortar and plaster Report Date: 11/21/12
Delivered by: Client’s representative Chemist: M. Malaj

B. Prime - Meadors, Inc. Petrographer: J. Walsh
Page 1 of 22

Report Summary

x A bedding mortar sample (#1) and plaster sample (#2) from Tumacacori National Historic Park 
in Tumacacori, AZ are examined for this report.

x Both samples are identified as high calcium lime mortars containing a natural volcanic sand.  
The sands are similar in composition and texture though differ in gradation.

x Binder to sand ratios are estimated at 1 : 2.0 and 1 : 2.6 by volume with the lime equated to a 
dry hydrate.

x Brick dust is not detected as an addition to the lime.  However, volcanic fines including 
siliceous glass account for about 5% of the total aggregate weight.  These may simply 
represent an unwashed component of the sand or alternatively an intentional pozzolanic 
addition.  The degree of reactivity is difficult to assess.

x The original materials are well mixed and mostly well consolidated though a higher abundance 
of voids is present in Sample #2 due to the higher sanding.  

x The pigmented finish along the plaster surface is composed of brick dust embedded into the 
fresh lime paste.  

x When freshly fractured, the mortars are mostly uniform in appearance and light-colored.
x Both samples are exceptionally cohesive and indurate though the paste is moderately soft and 

relatively permeable as is expected for lime-rich compositions. 
x Carbonation is virtually complete in both samples.  No deleterious effects of service are 

identified in either sample
x A more detailed discussion of these findings may be found in the “Petrographic Findings and 

Discussion” sections on page 2 of this report.
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1.  Introduction
On September 17th, 2012 Highbridge received two samples from Ms. Betty Prime of Meadors, Inc. on behalf of Jeremy 
Moss and Alex Lim of the National Park Service.  Sample #1 is identified as a bedding mortar and Sample #2 is identified as 
a plaster.  Both are reported to have been sampled from the Tumacacori National Historic Park in Tumacacori, AZ.  At the 
client’s request, compositional analysis is performed on both samples.  The testing includes petrographic examination and 
chemical analysis in order to identify constituents, estimate proportions, and assess material quality.  An acid digestion is also 
included in order to recover graded sand samples. An emphasis is requested on identifying the inclusion of brick dust or any 
other type of pozzolanic material.

Though not requested as part of the testing scope, two compressive strength tests are performed on cubes cut from the plaster 
sample. The testing does not include a formal analysis of the brick masonry or surface finishes or treatments.  Nonetheless, 
some basic petrographic information is provided for these materials where possible. A chemical analysis is performed on an 
extracted sand sample to assess its reactivity and this is also an addition to the original testing scope.

2.  Methods of Examination
The petrographic examination is conducted in accordance with the standard practices contained within ASTM C 1324. Data 
collection is performed by a degreed geologist who by nature of his/her education is qualified to operate the analytical 
equipment employed.  Analysis and interpretation is performed or directed by a supervising petrographer who satisfies the 
qualifications as specified in Section 4 of ASTM C 856.

Chemical analysis was conducted according to the procedures outlined in ASTM C 1324. Water, carbon dioxide and 
aggregate weight percentages are determined gravimetrically. Oxide weight percentages are determined by atomic 
absorption spectroscopy. The methods are modified when accounting for dolomitic lime.  Rather than approximating lime 
through DTA with possible errors due to carbonated lime, dolomitic lime is instead calculated directly from the chemical 
analysis by simultaneous equations based on typical dolomitic lime chemistry.

Compressive strength is performed as a non-standard modification of ASTM C 109. The results should be used for reference 
only and the accuracy is expected to be less than that otherwise expected from the test method when performed in full 
compliance.

3. Petrographic Findings and Discussion

3.1 - General Summary
Both samples are identified as high calcium lime mortars containing a natural volcanic sand.  The sands are similar in 
composition and texture.  Gradations differ with Sample #1 having a coarser grain size than Sample #2.  Binder to sand ratios 
are estimated at 1 : 2.0 and 1 : 2.6 by volume with the lime equated to a dry hydrate.  The sand content approximately 
doubles with the lime considered in putty form.  Brick dust is not detected as an addition to the lime.  However, volcanic 
fines including siliceous glass account for about 5% of the total aggregate weight.  These may simply represent an unwashed 
component of the sand or alternatively an intentional pozzolanic addition.  Chemical arguments suggest that the volcanic 
sand as a whole is partly soluble in alkaline solution and may be expected to react with fresh lime as a natural pozzolan.  The 
degree of reactivity is difficult to assess.  Chemical analysis of the soluble binder does not indicate a significant reaction. In 
contrast, compressive strength testing of Sample #2 suggests a modest reaction with obtained results of 1330 and 1660 psi in 
oven-dried condition.

The original materials are well mixed and mostly well consolidated though a higher abundance of voids is present in Sample 
#2 due to the higher sanding.  The pigmented finish along the plaster surface is composed of brick dust embedded into the 
fresh lime paste.  When freshly fractured, the mortars are mostly uniform in appearance.  Sample #1 is light brownish gray in
color (Munsell color code approximately 10YR 6.5/2) and Sample #2 is light buff to nearly white (Munsell color code 
approximately 10YR 7.5-8/1).  Both samples are exceptionally cohesive and indurate though the paste is moderately soft and 
relatively permeable as is expected for lime-rich compositions. Carbonation is virtually complete in both samples.  No 
deleterious effects of service are identified in either sample.
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3.2 - Materials (Aggregate)
The aggregate in the two examined samples is a natural volcanic sand of similar composition and texture but different 
gradation.  The composition is fairly complex indicating that several bedrock sources may have contributed to the sediment.  
The rock types include mostly aphanitic and sometimes glassy materials of approximately intermediate to somewhat acidic 
composition.  Many are composed of dacite and possibly andesite though rocks as alkaline as latite and trachyte appear to be 
present.  Basalts are entirely absent.  Rhyolites are not positively identified though some grain colors are consistent with the 
more acidic rock types.  Refractive indices of approximately 1.50 seem to suggest higher silica compositions for glasses 
present in the fines.  Porphyritic grains contain an extremely fine-grained feldspar groundmass with phenocrysts consisting of 
plagioclase, quartz, biotite, amphibole, and rare pyroxene.  A low proportion of welded tuff is identified.  Granitic grains are 
also present in minor amounts and these represent a non-volcanic component. No clay coatings or friable materials are 
detected and the sand is considered, hard, non-porous, and durable for use in lime-based mortars.  The volcanic rocks might 
be considered deleterious in portland cement-based mortars due to their high potential for alkali-aggregate reactivity.  
However, this reactivity is considered a potential benefit in lime mortars.

Sands were extracted from both samples through acid digestion.  The aggregate in Sample #1 is dull-lustered, opaque, and 
moderately variegated in appearance.  The average color is reddish gray (Munsell color code approximately 5YR 6/0.5).  
Muted shades of orange, pink, purplish gray and minor green are apparent particularly in the coarser grains.  The sand in 
Sample #2 is more uniform due to a lower quantity of coarse grains.  The average color is a slightly richer reddish gray 
(Munsell color code approximately 2.5Y 6.5/1).  There is a suspicion that the original sands may have been somewhat darker 
than those extracted through acid digestion.  A caustic reaction between the sand and the lime before carbonation may have 
etched the aggregate surfaces resulting in more pastel tones in the recovered sample.

The sand in both samples is moderately soft-textured with equidimensional particles that are subrounded to subangular in 
shape.  Extracted samples were graded through a standard sieve stack and details of the gradation profiles are presented in 
Section 4 below.  The aggregate in Sample #1 is coarse-grained with a nominal top size at the No. 4 sieve.  The peak 
abundance is distributed across two sieve intervals (the No. 8 to the No. 16 and the No. 16 to the No. 30).  The aggregate in 
Sample #2 is medium grained with a nominal top size at the No. 8 sieve.  The peak abundance lies between the No. 30 and 
No. 50 sieves.  The gradation profiles for both samples drops off smoothly so that fines passing a No. 200 sieve represent 
only about 2% of the total extraction.  However, approximately 5% of the recovered weight represents fines passing a No. 
325 sieve.  Microscopic examination of these powders indicates a relatively high content of volcanic glass as well as other 
fine-grained volcanic material.  It could be argued that this material was separately added as a type of trass or natural 
pozzolan.  However, it could also simply represent unwashed clay-sized material from the original sand source.  

Once it was established that the sand consisted largely of volcanic material it was important to understand its solubility.  This 
was desirable so that a chemical digestion procedure could be chosen that would not contaminate the binder signal with 
elements leached from the aggregate.  A portion of Sample #2 was gently disaggregated without crushing the sand particles 
and digested in a dilute hydrochloric acid solution to remove all traces of binder.  The sand was then rinsed and dried.  The
material was split and one half was ground to pass a No. 50 sieve using the same process normally used for the chemical 
analysis of hardened mortar.  The other half was left intact.  Both subsamples were then subjected to the normal mortar 
analysis procedure for major soluble elemental composition including a room temperature acid digestion followed by a hot 
base digestion in a 10 g/L NaOH solution.  The filtrates were analyzed using atomic absorption spectroscopy and results of 
this analysis are presented in Table 5.1 below.  Approximately 3.7% SiO2 was leached from the unground sample and 
approximately 5% was leached from the ground sample.  Though there are no benchmark values for this test, it is quite clear 
that the original volcanic aggregate has a high solubility in alkaline solution and therefore has inherent pozzolanic potential.
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3.3 - Materials (Binder)
The binder in both samples is a high calcium lime.  The hardened matrix is homogeneously developed with only a minimum 
of polygonal shrinkage cracks typical of lime-based mortars.  The capillary porosity is moderately high to high in Sample #1 
and moderate to moderately high in Sample #2.  Both are highly permeable and this is consistent with the lime-rich 
composition.  Undispersed lime grains are observed in moderate abundance with most less than 0.5 millimeters in diameter.  
These are all fully carbonated and have diffuse boundaries with the adjacent cured lime paste.  Most are internally non-
descript though a few contain traces of partially combined quartz silt.  Coarser-grained and incompletely burned lime grains 
are present in both samples and textures indicate the use of a similar lime rock.  Grains consist of mildly deformed, high 
calcium limestone with a medium to coarse crystal size and few silicate inclusions.  The lime rock tended to disaggregate 
along crystal boundaries and shear planes during firing and the calcination tends to have occurred from the edge of each 
calcite crystal inward. Grains best displaying this intermediate stage are detected in Sample #1.  Unburned grains are more 
common in Sample #2

It was possible to estimate the chemistry of the soluble portions of the binder and this estimate is presented in Table 5.3 
below.  The methods employed do not measure the bulk chemistry of the binder but only those components that are acid-
soluble including carbonated lime and combined and hydrated species of silica and alumina.  Unreacted pozzolanic material 
would not be included.  To the first order, the similarity in chemical compositions suggests consistency in the source 
materials.  The lime in both samples is a high calcium variety and no significant dolomitic component is indicated.  The 
remainder of the chemistry is difficult to interpret as it cannot be determined if other elements were an original component of 
the lime or have been introduced as calcium silicate hydrates through pozzolanic reaction with volcanic dust.  What is notable 
is that the hydraulicity index is calculated at below 0.1 for both samples.  Aside from a slightly high alumina content, the 
total chemistry is comparable to many historical lean limes that are not reported to have been hydraulic.  It is certain that the 
lime alone is nonhydraulic in character.  Furthermore, any pozzolanic reaction that may have occurred appears to have 
produced only minor quantities of cementitious product.

The client has questioned whether brick dust may have been added to the lime mortars as a pozzolanic addition.  There is no 
evidence found petrographically to suggest that brick dust was mixed with the bulk lime though some is found as a surface 
finish in the plaster sample. The insoluble material produced through acid digestion also exhibits an absence of larger brick 
fragments or reddish colored fines.  Instead, it is believed that the sand itself was a source of pozzolanic material.  As 
discussed above, the fines are base soluble and would be expected to release silica when exposed to caustic lime.  Glass 
present in the fines has a refractive index in the range of 1.50 and this indicates a relatively high silica content.  What is not 
clear is whether the volcanic fines represent a separate intentional addition or simply an unwashed component of the volcanic 
sand.  Also undetermined is the degree of reactivity of the material.  The chemical analysis suggests only minimal release of
silica and this would argue for a very weak pozzolan.  However, compressive strength testing performed on two cubes of 
Sample #2 suggests a modest hydraulicity.  The non-standard strength tests were performed in oven-dried condition 
providing a maximum strength between 1330 and 1660 psi. Of course, a portion of the strength must also be attributed to the 
normal lime carbonation.

3.4 - Other Materials
The brick is not the subject of the examination though a portion adhered to the plaster was observed petrographically.  The 
brick is rich in temper consisting of volcanic sands not unlike those used in the mortar itself.  There is a somewhat higher 
abundance of single biotite flakes.  Traces of olivine are also found indicating some minor basalt in the source that is not 
present in the mortar aggregate.  The temper is bound in a relatively compact fired clay with an orange-red color under plane 
light.

The plaster sample (Sample #2) is coated with a pink-colored finish material.  Petrographic observations indicate that brick
dust is the sole material responsible for the pigmentation.  The fine particles are embedded into the lime to a maximum depth
of approximately 0.5 millimeters indicating that the finish is original to the plaster installation.
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3.5 - Component Proportions
Chemical analysis was used to estimate the component proportions and these results are presented in Section 5 below.  The 
total lime to sand ratio is estimated at 1 : 2.0 and 1 : 2.6 by volume for Sample #1 and #2 respectively with the lime given as 
the equivalent of a modern dry hydrate.  It should be stressed that the lime is calculated in this report as the equivalent of a 
dry hydrate though it is certain that the lime was slaked on site.  Calculating the lime weight in this manner is more accurate 
as it does not have to take into account the mix water used in a lime putty.  If it is assumed that a volume of dry hydrate will 
lose approximately half its volume when water is added to produce a putty of stiff consistency, the ratios are recalculated at 
1 : 4.0 and 1 : 5.1 for Samples #1 and #2 respectively.

It should also be noted that where volume proportions are given, these are based on estimated original bulk densities of the 
starting materials.  Estimates are given for both dry hydrated lime and lime putty.  However, limes are subject to great 
variation in volume due to factors such as settling or “fluffing” in dry powders and mix water content in putties.  Table 5.4
presents the lime and sand as weight percentages of dry ingredients (dry lime hydrate and dry sand).  These are more accurate 
as they represent direct measurements of material mass.  In cases where in-kind replication is desirable, the most accurate 
method of achieving matching proportions would be to determine the unit weight of the new materials chosen for replication 
and to proportion their volumes so that these match the reported weights.  It may be found that the resulting volumes are 
different than those estimated.  This method becomes more complicated if premixed lime putty is chosen since the amount of 
water and dry hydrate in the mix will be unknown.

The proportioning of the bedding mortar (Sample #1) is considered reasonable if slightly oversanded.  The coarseness of the 
aggregate coupled with the broad gradation requires less total binder to completely fill interstitial space.  The adequate 
consolidation of the mortar reflects this and the total air content is estimated at about 6-8%.  In contrast, the finer sand in the 
plaster sample (Sample #2) requires a greater quantity of binder yet the sand content is higher than that of the bedding mortar.  
Again, this is reflected in the consolidation of the material and a moderate abundance of consolidation voids are found at the
interstitial spaces between sand grains.  The total air content for this sample is estimated at approximately 10-12% by 
volume. Despite the incomplete consolidation at the microscopic scale, the plaster is well compacted overall.

It should be noted that the volcanic fines are not considered separately in the estimated proportions.  The fines are simply 
included as part of the aggregate.  If instead these are excluded, the sand volume per unit lime decreases only slightly and the 
error associated with including this material is considered negligible.  The weight proportion of the fines may be of 
considerably greater importance if it was intentionally added as a separate pozzolanic addition.  A rough calculation of the 
total weight percentage of the fines as a portion of the dry mortar ingredients is given in Table 5.4. This indicates that the 
fines would have represented a weight equivalent of approximately 20% to 30% of the lime weight in dry hydrate form.  
Mathematically converting the same amount of lime to a putty decreases these values in half to about 10% to 15% by weight.

3.6 - Condition and Service Performance
Both samples examined are in relatively sound condition with no evidence for deleterious effects of service.  The original 
components are well mixed and there are no sand streaks or excessive binder concentrations noted.  The mix water was well 
incorporated into the paste of both samples with no heterogeneities in porosity caused by water variations.  At the large scale, 
both samples are well compacted with no “clumpy” spots or other microvoidage.  At the fine scale, consolidation is not 
thorough in Sample #2 due to a higher than desirable sand content.  Still, the material is reasonably compact and cohesive.  
Microscopic consolidation is better achieved in Sample #1.  The plaster sample (Sample #2) has a float-type finish resulting 
in a smooth, slightly sandy surface.  Only one larger bughole is identified in the otherwise unbroken surface.  No laitance or 
other defects are noted in the plaster finish.  A wash of crushed brick dust is applied to the surface and the material is well 
embedded in the plaster.  This indicates that the wash was applied while the lime paste was still plastic.

The hardened paste in both samples is relatively soft and both materials are considered moderately permeable.  However, the 
mortar in bulk is exceptionally indurate in both samples and some of this may be attributed to a pozzolanic reaction between 
the fresh lime and the volcanic sand (particularly the fines).  The brick dust wash may also have produced a pozzolanic 
reaction reducing the permeability of the plaster surface relative to the interior.  Carbonation is complete for the full cross 
section of both samples and this is an expected and desirable consequence of long term curing.  No recrystallization of the 
carbonate is identified in either sample.  There is no evidence for leaching of the binder or mineralizations resulting from 
excessive water infiltration.  Microcracking is minimal in both samples and includes only a minor amount of microscopic 
shrinkage cracking typical of lime-rich mortar compositions.  
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4.  Aggregate Sieve Analysis
Aggregate analysis is performed by digesting the sample in an acid sufficient to dissolve the binder.  The fines are examined
petrographically to ensure that all recovered material represents sand rather than undigested binder components.  In this case, 
the portions passing a No. 325 sieve include mostly volcanic fines and may be considered either unwashed sand or a separate 
addition. The gradation results are reported with this material both excluded and included for comparison. A qualitative 
description of the sands is given in the discussion above and the recovered samples provided with this report.  The sample 
size is significantly smaller than would be required to perform a sieve analysis on fresh aggregate materials as per ASTM C 
136 and some small errors should be expected. 

Table 4.1: Acid Digestion Data

Raw Data - Weight Retained (g)
Fines excluded Fines included

Sample ID Sample #1 Sample #2 Sample #1 Sample #2
No. 4 0.34 0.56 0.34 0.56
No. 8 3.17 0.69 3.17 0.69
No. 16 7.45 2.34 7.45 2.34
No. 30 7.55 4.79 7.55 4.79
No. 50 5.46 8.32 5.46 8.32
No. 100 2.12 6.67 2.12 6.67
No. 200 0.77 1.99 0.77 1.99
No. 325 0.23 0.44 0.23 0.44
Pan - - 1.32 1.64

Cumulative Passing (wgt. %)
Fines excluded Fines included

Sample ID Sample #1 Sample #2 Sample #1 Sample #2
No. 4 98.7 97.8 98.8 98.0
No. 8 87.0 95.2 87.6 95.4
No. 16 59.5 86.1 61.4 86.9
No. 30 31.7 67.5 34.8 69.5
No. 50 11.5 35.3 15.6 39.1
No. 100 3.7 9.4 8.2 14.8
No. 200 0.8 1.7 5.5 7.6
No. 325 0.0 0.0 4.6 6.0

Cumulative Retained (wgt. %)
Fines excluded Fines included

Sample ID Sample #1 Sample #2 Sample #1 Sample #2
No. 4 1.3 2.2 1.2 2.0
No. 8 13.0 4.8 12.4 4.6
No. 16 40.5 13.9 38.6 13.1
No. 30 68.3 32.5 65.2 30.5
No. 50 88.5 64.7 84.4 60.9
No. 100 96.3 90.6 91.8 85.2
No. 200 99.2 98.3 94.5 92.4
No. 325 100.0 100.0 95.4 94.0
Pan - - 100.0 100.0
Fineness Modulus 3.08 2.09 2.93 1.96
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5.  Chemical Analysis

Table 5.1:  Sand Leachate Analysis
A chemical analysis was performed on sand extracted from Sample #2 in order to determine whether the volcanic sand would 
interfere with the chemical measurements.  A portion of the sample was gently disaggregated to ensure that none of the sand 
was crushed.  The sample was digested in dilute hydrochloric acid just until all binder had decomposed.  The residue was 
rinsed, dried, and split.  One half of the split sample was left intact, the other was ground to pass a No. 50 sieve.  Both were 
subjected to chemical analysis using digestion methods normally used for hydraulic lime.  The solubilized elements were 
analyzed using atomic absorption spectroscopy.

SAMPLE ID Sample #2
Preparation Unground Ground
Component (wgt. %)
SiO2 3.71 5.07
CaO 0.01 0.02
MgO 0.01 0.04
Al2O3 0.01 0.10
Fe2O3 0.01 0.10
Measured Totals 3.75 5.34

Table 5.2: Chemical Analysis Results

SAMPLE ID Sample #1 Sample #2
Component (wgt. %)
SiO2 0.41 0.36
CaO 13.45 11.08
MgO 0.41 0.41
Al2O3 0.59 0.63
Fe2O3 0.23 0.21
Insoluble residue 73.94 78.07
LOI to 110°C 0.96 0.91
LOI 110°C-550°C 2.51 2.62
LOI 550°C-950°C 9.26 7.33
Measured Totals 101.77 101.62

Notes:
1. The chemical procedure was modified to effectively partition the components identified petrographically.  A room temperature acid digestion was used 

to ensure complete decomposition of the lime as well as any reacted pozzolan.  The usual base digestion was excluded as it was determined that a 
significant leaching of the aggregate would occur.  It should be noted that any unreacted volcanic glass is captured with the acid-insoluble residue and 
does not contribute to the elemental chemistry.
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Table 5.3: Estimated Soluble Binder Chemistry

SAMPLE ID Sample #1 Sample #2
Component (wgt. %)
SiO2 2.7 2.9
CaO 89.1 87.3
MgO 2.7 3.2
Al2O3 3.9 5.0
Fe2O3 1.6 1.7
CaO/MgO ratio 33.0 27.2
Hydraulicity Index 0.07 0.09
Cementation Index 0.14 0.16

Notes:
1. The soluble binder chemistry is estimated on a non-volatile basis assuming the five measured oxides represent 100% of the total. This chemistry 

includes elements from the lime as well as cementitious hydrates produced through pozzolanic reaction.  Unreacted pozzolan is not included.  
Hydraulicity index is calculated by dividing the sum of SiO2 and Al2O3 by the measured CaO.  Cementation index is calculated by dividing the 
“hydraulic elements” by the “lime elements” after multiplying each by coefficients normalizing them to their molecular rather than weight contribution.

Table 5.4: Calculated Components

SAMPLE ID Sample #1 Sample #2
Component
Lime expressed as dry hydrate (wgt. %) 20 16
Volcanic dust (wgt. %) 4 5
Sand (wgt. %) 76 79
Lime : sand ratio (by volume with lime as a dry hydrate) 1 : 2.0 1 : 2.6
Lime : sand ratio (by volume with lime as a putty) 1 : 4.0 1 : 5.1

Notes:
1. The lime weight is calculated by mathematically reporting the measured CaO and MgO to their respective hydroxides by molecular weight conversion.  

The other measured elements are not totaled with the lime since much of this may have derived from pozzolanic reaction with components of the sand.  
The possible underestimation of the lime weight resulting from neglecting the other elements is considered negligible.  The calculation presents the lime 
in dry hydrate form.  The acid-insoluble residue is assumed to represent the sum of the sand plus the volcanic fines.  The proportion of these components 
is determined by calculating the weight percentage passing the No. 325 sieve in the sample extracted through acid digestion. The proportion is then used 
to divide the acid-insoluble residue into its respective components by weight.  All weights are then normalized to 100%.   

2. The contribution of the volcanic fines is ignored for the volume calculations and the total acid-insoluble residue is simply taken to represent the sand.  
Volumetric ratios are calculated assuming bulk densities for dry lime hydrate and damp, bulked sand of 40 lbs./ft.3 and 80 lbs./ft.3 respectively.  Another 
volume ratio is estimated for the lime as a putty.  This assumes a unit of dry lime hydrate will lose approximately half its volume when mixed to the 
consistency of a stiff paste.  The sand volume then increases for the same weight of lime. This estimate should be considered less accurate. 
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6.  Compressive Strength Testing
Sample #2 was provided as a large, intact plaster layer.  After sectioning for compositional analysis, sufficient material 
remained to prepare two roughly cubic specimens for compressive strength testing.  Specimens are just greater than 1” in all 
three dimensions.  It should be understood that the testing is performed at non-standard test sizes and the results are provided 
as a general reference only. Loading surfaces were ground to plane parallelism by hand lapping to an 80-grit finish.  No 
capping was necessary.  Test cubes were oven-dried and the results should be considered the maximum obtainable.  
Specimens at ambient humidity levels would be expected to fail at lower values.

Table 6.1:  Compressive Strength Results

Specimen Area Tested (in.2) Max. Load (lbf) Compressive 
Strength (psi)

2A 1.42 1891 1330
2B 1.36 2267 1660

Respectfully submitted,

John J. Walsh 
President/ Senior Petrographer

The interpretations and conclusions presented in this report are based on the samples provided.
Methods and interpretations are the intellectual property of Highbridge Materials Consulting, Inc.

This report may only be reproduced in full.  Presentation of any or all of the data or interpretations for purposes other than those
necessary to satisfy the goals of the investigation are not permitted without the express written consent of the author.
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Appendix I:  Visual Description of Samples as Received

Sample ID Sample #1 (Bedding Mortar)
Description The sample consists of one large bedding mortar fragment with approximate dimensions of 5.5” x 4.5” x 2.5”.  

The joint thickness is not obvious from the sample as provided.  A few weathered brick fragments are adherent 
to portions of the sample. 

Surfaces It is difficult to observe the original masonry contact surface due to deep weathering.  No tooled surfaces are 
apparent.  

Hardness / Friability The paste is moderately soft though the mortar on the whole is notably indurate.
Appearance Fresh surfaces have a dull luster and are light brownish gray in color when freshly exposed (Munsell color code 

approximately 10YR 6.5/2).  A muddy brown weathering color is common at the brick contact surfaces where 
brick is no longer attached.  

Other Details No cracks are visible in hand sample though a few weathered flakes dislodged in handling.  No efflorescence or 
mineral deposits are visible.  Coarse white binder inclusions up to approximately one centimeter in size are 
found in low abundance.  A few dark ochre clay lumps are visible at approximately one millimeter diameter but 
these are not prevalent.  The matrix is highly absorptive where fresh but not noticeably so where weathered.

Sample ID Sample #2 (Plaster)
Description The sample consists of one saw-cut plaster portion with underlying brick substrate.  The sample is 6” x 4” in 

area with a 2” total thickness.  The plaster is 1.2” thick on average.  The base of the brick is cleanly saw-cut.  
The plaster is well bonded to the brick substrate.

Surfaces The finished surface is smooth and planar with a very low relief, fine sand exposure (nearly flush).  There is a 
thin but continuous colored finish with an average light reddish brown color (Munsell color code approximately 
2.5YR 6/3).  A few centimeter scale bugholes appear to contain the pigmentation as well.

Hardness / Friability The paste is moderately soft though the mortar on the whole is notably indurate.
Appearance Fresh surfaces have a dull luster and are buff to nearly white in color where fresh (Munsell color code 

approximately 10YR 7.5-8/1).  A medium to dark brown soiling is apparent along the edges that are not saw-cut.
Other Details No cracks, efflorescence, or mineral deposits are visible in hand sample.  Both the brick and plaster are 

relatively fresh in appearance. White binder grains up to several millimeters in diameter are not uncommon.  A 
few small red colored grains are visible but are not positively identified as brick particles.  The matrix is highly 
absorptive where fresh but only slowly absorptive along the finished surface.
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Appendix II:  Photographs and Photomicrographs

Microscopic examination is performed on an Olympus BX-51 polarized/reflected light microscope and a Bausch and Lomb 
Stereozoom 7 stereoscopic reflected light microscope.  Both microscopes are fitted with an Olympus DP-11 digital camera.  
The overlays presented in the photomicrographs (e.g., text, scale bars, and arrows) are prepared as layers in Adobe Photoshop
and converted to the jpeg format.  Digital processing is limited to those functions normally performed during standard print 
photography processing.  Photographs intended to be visually compared are taken under the same exposure conditions 
whenever possible.

The following abbreviations may be found in the figure captions and overlays and these are defined as follows:

cm centimeters PPL Plane polarized light
mm millimeters XPL Crossed polarized light
Pm microns (1 micron = 1/1000 millimeter)
mil 1/1000 inch

Microscopical images are often confusing and non-intuitive to those not accustomed to the techniques employed.  The 
following is offered as a brief explanation of the various views encountered in order that the reader may gain a better 
appreciation of what is being described.

Reflected light images:  These are simply magnified images of the surface as would be observed by the human eye.  A 
variety of surface preparations may be employed including polished and fractured surfaces.  The reader should note the 
included scale bars as minor deficiencies may seem much more significant when magnified.

Plane polarized light images (PPL):  This imaging technique is most often employed in order to discern textural 
relationships and microstructure.  To employ this technique, samples are milled (anywhere from 20 to 30 microns depending 
on the purpose) so as to allow light to be transmitted through the material.  In many cases, Highbridge also employs a 
technique whereby the material is impregnated with a low viscosity, blue-dyed epoxy.  Anything appearing blue therefore 
represents some type of void space (e.g.; air voids, capillary pores, open cracks, etc.)  Hydrated cement paste typically 
appears a light shade of brown in this view (with a blue hue when impregnated with the epoxy).  With some exceptions, most 
aggregate materials are very light colored if not altogether white.  Some particles will appear to stand out in higher relief than
others.  This is a function of the refractive power of different materials with respect to the mounting epoxy.  

Crossed polarized light images (XPL): This imaging technique is most often employed to distinguish components or 
highlight textural relationships between certain components not easily distinguished in plane polarized light.  Using the same
thin sections, this technique places the sample between two pieces of polarizing film in order to determine the crystal 
structure of the materials under consideration.  Isotropic materials (e.g.; hydrated cement paste, pozzolans and other glasses, 
many oxides, etc.) will not transmit light under crossed polars and therefore appear black.  Non-isotropic crystals (e.g.; 
residual cement, calcium hydroxide, calcium carbonate, and most aggregate minerals) will appear colored.  The colors are a 
function of the thickness, crystal structure, and orientation of the mineral.  Many minerals will exhibit a range of colors due 
to their orientation in the section.  For example, quartz sand in the aggregate will appear black to white and every shade of
gray in between.  Color difference does not necessarily indicate a material difference.  When no other prompt is given in the 
figure caption, the reader should appeal to general shapes and morphological characteristics when considering the 
components being illustrated.

Chemical treatments: Many chemical techniques (etches and stains typically) are used to isolate and enhance a variety of 
materials and structures.  These techniques will often produce strongly colored images that distinguish components or 
chemical conditions.
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Figure 1:   Photographs of the two as received by Highbridge for examination. Sample #1 consists of mortar (M).  Several pieces of 
adherent brick (B) are included with the sample.  Sample #2 consists of a thick plaster (P) well compacted against a brick substrate (B).  
The plaster has a float-type finish (F) and a pinkish pigmentation.
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Figure 2: Photographs of the sand extracted from the two samples by acid digestion.  Both are dull-lustered and opaque with a reddish 
gray color.  The sand is composed largely of volcanic particles.  The original sand may have been somewhat darker assuming that the 
surfaces have been etched due to reaction with the lime binder.
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Figure 3: Photographs of the sand extracted from the two samples by acid digestion after gradation through a standard sieve stack.  
Particle size distributions are broad for both though the sand in Sample #1 is coarser-grained.  The vials set aside to the right in each image 
represent fines passing a No. 325 sieve.  Though some of this may represent undigested silica from the binder, much of it is volcanic rock 
fragments and glass.  This may simply represent unwashed clay-sized fines from the sand source.  Alternatively, these may represent a 
separate natural trass addition.
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Figure 4: XPL photomicrographs.  The sand in both samples is highly varied though most represent sediments derived from intermediate 
to somewhat acidic volcanic rocks.  Dacite grains are shown at upper and lower left for each sample.  The groundmass (G) consists mostly 
of very fine-grained feldspar though some glass is likely present.  Phenocrysts include quartz (Q) and plagioclase feldspar (F).  An andesite 
grain is shown at upper right for Sample #1.  Again, a groundmass (G) of fine-grained feldspar is predominant.  Phenocrysts include 
plagioclase feldspar (F) and biotite mica (B).  The grain shown at lower right may also be andesitic rather than dacitic with feldspar (F) as 
the primary phenocrysts.  In this case, the groundmass (G) is composed almost entirely of glass.



HIGHBRIDGE MATERIALS CONSULTING, INC.
National Park Service; Tumacacori National Historic Park

Report #: SL0437-01
Page 16 of 22

Figure 5: PPL photomicrographs of powder mount specimens prepared from the fines extracted through acid digestion.  The arrows 
indicate fine particles of volcanic glass that represent a major portion of the finest fraction.  Refractive indices are approximately 1.50 
indicating a high silica content and this would be expected to result in a higher pozzolanic potential.
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Figure 6: PPL photomicrographs illustrating the overall microtexture of the two examined samples. Both samples are impregnated with a 
low-viscosity, blue-dyed epoxy in order to highlight cracks, pores, and voids.  The capillarity porosity of the binder matrix (BM) may be 
judged by the intensity of absorbed epoxy.  Note that both have higher porosities typical of high lime mortars though Sample #2 is 
somewhat denser.  Sand grains (S) are densely distributed in both samples reflecting the higher sand contents.  Note the coarser grain size 
in Sample #1.  The tight packing in Sample #2 leaves air-voids (V) at the interstitial space between some sand particles.  Consolidation is 
not as well achieved in this sample.  Voids are well distributed and not deformed between sand particles in Sample #1.  The consolidation 
is more complete in this sample.
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Figure 7: XPL photomicrographs illustrating the texture of most lime grains (LG) in both samples.  The golden color indicates full 
carbonation of the lime.  Most particles are non-descript and relatively fine-grained.  The source of the lime is not revealed in these more 
abundant grains.



HIGHBRIDGE MATERIALS CONSULTING, INC.
National Park Service; Tumacacori National Historic Park

Report #: SL0437-01
Page 19 of 22

Figure 8: XPL photomicrographs illustrating grains revealing the lime source in both samples.  (Upper image)  A limestone particle 
(LST) is interpreted to represent an unburned portion of the lime.  No burn texture is identified in this particular grain.  The limestone 
consists primarily of calcite with trace quartz.  The texture is indicative of mild geological deformation.  (Lower image)  A similar 
limestone grain is shown for Sample #1.  Bent twin planes and subgrains along shear bands are again features related to geological strain.  
In this case, disaggregation has begun along grain boundaries and shear bands (arrows).  This is produced by thermal expansion and this 
particular grain is determined to have been lightly burned.
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Figure 9: XPL photomicrographs illustrating lime grains that have undergone a greater degree of calcination than those shown in the last 
figure.  (Upper left)  The interior is shown of a large lime particle.  Unburned calcite (C) appears cream-colored and carbonated lime (CL) 
appears a darker brown.  Note that the left side of the grain was more completely calcined and this represents the outer core of the lime 
particle.  Free lime was originally developed and this has since carbonated in situ.  (Upper right) A close-up is shown of the less burned 
interior of the same grain.  The arrows indicate disaggregation fractures formed during calcination along pre-existing grain boundaries and 
shear bands.  Note that these fractures are lined with carbonated lime.  Calcination has occurred first along the fracture openings.  (Lower 
image)  A completely burned and carbonated lime grain is shown.  However, the original disaggregation fractures can still be observed 
(arrows).  No unburned calcite is left within this particular grain.
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Figure 10: (Upper image) The saw-cut brick surface underlying the plaster sample is shown.  The brick has a reddish clay matrix (M) and 
a minor amount of coarse grog (G).  (Lower image)  PPL photomicrograph illustrating the brick microtexture in Sample #2.  The brick 
contains an abundance of volcanic temper (T) encased in a matrix of calcined clay (CC).  The volcanic grains are mostly similar to those 
observed in the mortar aggregate. 
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Figure 11: (Upper image) A close-up photograph illustrates the plaster finish surface.  The finish has a slightly sandy, float-type texture 
and a pink pigmentation.  (Lower left)  PPL photomicrograph taken with a condenser lens inserted in the light path.  The arrows indicate 
the outer surface of the plaster.  Brick dust and fine fragments (B) are embedded in the lime mortar (LM).  These brick fragments are 
responsible for the pigmentation and may also provide some weather-resistance assuming they have a pozzolanic property.  (Lower right)  
PPL photomicrograph.  A close-up is shown of one the coarser-grained brick fragments (BF) used for the plaster finish.
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