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Executive Summary 
 
As part of the ongoing objective to evaluate the stability of the dam and reduce water penetration into the 
dam’s core, ARG Conservation Services (ARG/CS) was retained to conduct investigations into the 
construction of the Historic Dam at Jack London State Historic Park.  The purpose of the investigations was 
to determine the construction materials and methods used and to make recommendations on the 
maintenance of the dam that will help deter water from leaking through the dam. 

Chris Delp of Creegan+D’Angelo Intfrastructure Engineers consulted on the core drilling to assess the 
construction methods of the dam.  A copy of his report letter is included in this report.   

The scope of services included: 

• Core drilling a 3” diameter vertical hole through the height of the dam and filling the hole with a 
non-shrink grout. 

 
• Observing the removal the concrete core and performing visual evaluation of the material 

removed providing a brief letter describing the civil engineer’s opinion of the construction based 
on the core, and describing any evidence provided by coring as to the causes of leakage through 
the dam.  
 

• Conducting mortar analysis (up to three representative samples) to determine compatible repair 
mortar for future repairs. 

 
From the engineer and conservation investigations, it appears that the core of the dam is constructed of 
concrete with aggregates ranging from rock-size pieces down to fine sands.  The engineers report does 
not indicate any concern with the overall structural stability; however, small lateral cracks that were 
referenced through the concrete core allow water to leak through that is further exacerbated by aged, 
cracked or missing surface mortars.  Plants and biological growth contribute to further cracking. 

Investigations of surface mortars revealed a variety of mortar types used behind and on the face of the 
surface rocks.  In general, the mortars sampled were very dense on the surface and softer on the 
interior of the rock faces.  Mortar analysis data is also appended to this report. 

Proper maintenance for masonry assemblies is to periodically remove loose or cracked joint mortar and 
re-point.  A well maintained assembly is less likely to exhibit these recurring problems of leakage.  In order 
to reduce leakage through the dam, repointing the water-side of the rock face would slow egress of water 
into the dam’s interior.  Regular maintenance of periodic repointing will also retain the historic aesthetic 
and original building materials and methods. 

Based on the investigations, the current recommendation is to conduct site mock-ups of one to three 
mortars to observe their performance on the dam through a season. The mock-ups will provide 
additional information on material performance in situ, as well as allow for more accurate estimating for 
repointing as there are variations in the amount of voids and existing mortar properties.  The 
recommended re-pointing mortar for testing is a Type S mortar with similar aggregate to match the 
existing historic mortars and using a water blocking additive.   
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Core Investigations 
 

                  
Dry side of dam (south elevation) Core drilling near center 
 

                 
Typical masonry units   Extracted core samples 
  

                  
Extracted core samples   Extracted core samples 
 

                
Extracted core samples    Extracted core samples 
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Mortar Analysis 
 

Mortars were examined at the Dam at Jack London State Historic Park near Glen Ellen, California.  The 
exterior mortars were white or off-white, very dense and sometimes varied slightly in appearance.  It is 
likely that some repairs were done in the past with different mortars.  In some cases the mortars were 
separated from an adjacent stone surface where water could possibly seep in more rapidly than if the 
mortars were well adhered to the stone units.    
 
A stone near the east end of the dam, non-water side, was removed to investigate the depth of the 
mortar and the condition and type of interior construction.  The dense exterior mortar varied in depth 
from about ½” to 2”.  Behind the exterior mortar was a softer white mortar with similar aggregates in 
appearance to the naked eye. 
 
Three mortar and parge samples were collected from for laboratory analysis.  The samples are as 
follows: 
 
Sample Location Bulk Description 

1 Water side of dam High aggregate, white, very dense 
3 Interior mortar, non-water side Soft mortar, light colored binder 
4 Exterior mortar, non-water side Dense mortar, white binder 

 
Methodology 
 
The method used for analysis was acid digestion following the procedures outlined by ICCROM for wet 
chemical analysis of mortars. (Teutonico, Jeanne Marie. A Laboratory Manual for Architectural 
Conservators, ICCROM, 1988.) 
 
The samples were crushed in a mortar and pestle, dried at 110˚C for 24 hours, weighed, and dissolved in 
3M hydrochloric acid.  The fines were then filtered out from the solution and weighed to obtain the 
proportion to aggregate.  The aggregate was washed, dried, and also weighed.  The aggregate was then 
examined under a binocular microscope to characterize size, color, and angularity.   
   
Summary Characterization 
All three samples varied in hardness, aggregate and ratios.  Both the exterior mortar samples were very 
dense which could be due to the binders used as well as hardening from carbonation over time.   
 
Data sheets from individual analysis are appended.  

http://docs.google.com/viewer?url=http%3A%2F%2Fwww.iccrom.org%2Fpdf%2FICCROM_11_LabManual_en.pdf�
http://docs.google.com/viewer?url=http%3A%2F%2Fwww.iccrom.org%2Fpdf%2FICCROM_11_LabManual_en.pdf�


Mortar Analysis Architectual Resources Group Sample 1

Project: CS10071 Project No: Jack London Dam
Analysis Performed by: Karen Fix Sample Removed by:
Date of Analysis: 24-Nov-10 Date of Sampling:

SAMPLE DESCRIPTION: water side of dam
Sample No: 1 Type/Location:
Surface appearance: high aggregate count; algae growth
Texture:
Color: Munsel:
Hardness: quite hard; used pipe apparatus to crush
Gross weight (g) 28.5

COMPONENTS:
 Weight (g): Weight %:

Fines: 2.6 9.1
   Color:
   Organic Matter:
   Composition:

Acid soluble fraction: 6.1 21.4
   Filtrate Color:
   Descriptio of Reaction: vigorous effervescence
   Composition:

Aggregate: 19.8 69.5
   Color: wide range of colors & sizes
   Grain Shape: mostly rounded
   Minerology
   Sieve analysis: Seive Size Weight Retained % Retained

8 (2.36 mm)
16 (1.18 mm)
30 (600 mm)
40 (425 mm)
50 (300 mm)
100 (150 mm)
200 (75 mm)
pan
Total

Void Ration (%water to aggregate):

ASSESSMENT
Mortar Type:

Fines Acid Soluble Aggregate
Mortar Recipe (fines:acid 
soluble:aggregate):

1 1.1 6.9

Notes:
1:1:6

lots of cement left coating the aggregate after acid digestion; sieve analysis was not 
carried out due to incomplete digestion of binder

12/01/2010 Mortar Analysis Page 1



Mortar Analysis Architectual Resources Group Sample 3

Project: CS10071 Project No: Jack London Dam
Analysis Performed by: Karen Fix Sample Removed by: 0
Date of Analysis: 24-Nov-10 Date of Sampling:

SAMPLE DESCRIPTION: interior mortar, non-water side
Sample No: 3 Type/Location:
Surface appearance: aggregate is heavily coated with binder
Texture:
Color: creamy color Munsel:
Hardness: fairly soft
Gross weight (g) 29.7

COMPONENTS:
 Weight (g): Weight %:

Fines: 6.1 20.5
   Color:
   Organic Matter:
   Composition:

Acid soluble fraction: 2.5 8.4
   Filtrate Color:
   Descriptio of Reaction: moderate effervescence; green color
   Composition:

Aggregate: 21.1 71.0
   Color: wide range of colors & sizes
   Grain Shape: mostly rounded
   Minerology
   Sieve analysis: Seive Size Weight Retained % Retained

8 (2.36 mm)
16 (1.18 mm)
30 (600 mm)
40 (425 mm)
50 (300 mm)
100 (150 mm)
200 (75 mm)
pan
Total

Void Ration (%water to aggregate):

ASSESSMENT
Mortar Type:

Fines Acid Soluble Aggregate
Mortar Recipe (fines:acid 
soluble:aggregate):

1 0.2 3.1

Notes:
1:1:3

lots of cement left coating the aggregate after acid digestion;sieve analysis was not 
carried out due to incomplete digestion of binder

12/01/2010 Mortar Analysis Page 1



Mortar Analysis Architectual Resources Group Sample 4]

Project: CS10071 Project No: Jack London Dam
Analysis Performed by: Karen Fix Sample Removed by: 0
Date of Analysis: 24-Nov-10 Date of Sampling:

SAMPLE DESCRIPTION: exterior mortar, non-water side
Sample No: 4 Type/Location:
Surface appearance: very white binder
Texture:
Color: Munsel:
Hardness: medium hardness; used pipe apparatus to crush
Gross weight (g) 30

COMPONENTS:
 Weight (g): Weight %:

Fines: 6.7 22.3
   Color:  
   Organic Matter:
   Composition:

Acid soluble fraction: 3.1 10.3
   Filtrate Color:  
   Descriptio of Reaction: moderate effervescence
   Composition:  

Aggregate: 20.2 67.3
   Color: wide range of sizes and colors
   Grain Shape: mostly sub-angular
   Minerology  
   Sieve analysis: Seive Size Weight Retained % Retained

8 (2.36 mm)  
16 (1.18 mm)  
30 (600 mm)  
40 (425 mm)  
50 (300 mm)  
100 (150 mm)  
200 (75 mm)  
pan  
Total 0

Void Ration (%water to aggregate):  

ASSESSMENT
Mortar Type:

Fines Acid Soluble Aggregate
Mortar Recipe (fines:acid 
soluble:aggregate):

1 0.2 2.7

Notes:
1:1:3

lots of cement left coating the aggregate;  after acid digestion, lots of orange color 
coating the remaining binder as if something ferrous had contaminated the sample; 
nothing visible under microscope;sieve analysis was not carried out due to incomplete 
digestion of binder

12/01/2010 Mortar Analysis Page 1
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Recommendations 
 
As an historic concrete and masonry assembly, the Jack London State Park dam requires on-going 
maintenance for its type of masonry assembly.  A well maintained assembly is less likely to allow water 
egress into the interior, thereby reducing the recurring problems of leakage, as well as plant and 
biological growth.  
 
The primary recommendation for deterring leaks it to remove loose and deteriorated pointing mortar 
and repoint the water-facing side of the dam.  Repointing will reduce water penetration through missing 
mortar sections and gaps between existing mortar and the stone units.    
 
For the next steps, we recommend making one to three mortar samples and testing the mixtures as 
mock up sections (approximately 2’ x 2’ each) on the dam.  We recommend matching the existing 
mortars in approximate density, color and aggregate size, colors and texture.  We also recommend 
testing a water repellent additive to the mortar to further reduce water penetration into the reservoir 
side of the dam.  A sample mortar mixture is indicated below. 
 
The mortar mixtures to be tested will be compared and the results reviewed before committing to the 
final mortar selection.  Characteristics forming the basis of comparison includes appearance – color, 
aggregate composition; durability; adhesion; weathering characteristics and overall aesthetics 
appropriate to the historic feature.  Test mock-ups will also help in determining the effectiveness of the 
modified mortars and how they will perform with waterproofing additives.  Additional lab testing is 
optional to better determine the absorbance of the modified mortar types. 
 
The test mock-ups will aide in final selection of materials as well as in developing a more accurate cost 
estimate for the larger scale work.  The mock-up sections can be done at any time on the exposed upper 
reservoir sides of the dam.   
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MORTAR MATERIALS 
 

A.  Materials: 
Portland Cement:  White, ASTM C 150, Type V; one source 
Hydrated Lime:  ASTM C 207, Type S; one source 
Do not use masonry cements, gypsum Portland cements, or blended cements. 

 
B.  Aggregates: Sands: to match existing colors, sizes and textures. 
 
C. Admixtures: Dry-Block Mortar Admixture Integrated Water-Repellent as manufactured by 

Grace Construction Products.  
 
D. Colorant:  Masonry oxide pigment, colors to confer with conservator. 
 
E. Water: Potable, free from deleterious amount of oils, acids, alkalis and organic matter. 
 
F. Mortar for Re-Pointing: 
 

a. Type S mortar (prehydrated for repointing) in accordance with ASTM C270, mixed with 
the following volumetric proportions for each type cement specified: 

 
Portland Cement 1 part 
Hydrated Lime 1/2 part 
Sand   4 1/2 parts 
Admixture      1 quart per 100 lb of cement 
Colorant   minimum amount necessary to achieve color 

 
b. Other materials may be required to replicate original mortars. 
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