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- ' g Phang {403} 453-3665

December 23, 1971

Government of Conada
Depi . of Indian Affairs and Northern Development

Technical Services Branch
400 Llourier Avenue West
Ottawa 4, Ontario

Attention: Mr. P, Stumes

Genllemen:

Gravel Resource Evaluation = Dawson, Yukon Territory

Subject:

Lahoratory analyses of grave! samples from Dowson, vVukon are complete and the results are
enclosed for your reviev/. Samples from the four prospective pils, discussed in our report on
the sito visit (November, 1971), werc shipped to our laboratory by Me. J. Gould, Department
Custodian ot Dawson. The test progrom ond subsequent discussion of results was authorized by

Mr. P. Stumes, Restoration Engincer (DIAND).

Testing Progrom

The samples, which arrived ina frozen condifion, were finmediately dricd ond the meisture
content of the total sample determined. These results are believed to be reasonahly representotivi
of ficld moisture retention copacities. The grain size distribution of each somple was obtained
by sieve analysis. Results of these tests are plotted in Figures 1 to 6 respectively. The fine
fraction of samples number 1 to 3 were tesied for orgonic impurities using the ASTM standard
colour test (C40-66)s Somple description and a summary of the lest results obtained are listed

in Table 1.
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Suitobility for Grovel Pad Foundations

Recommended materials for gravel pud construction are ‘Hustrated in Figure 7. Basements
which are currently inundated should be cleaned out and filled with course, Yukon River
tailings (approximately 6 inch moximum particle diameter) as discussed in the site visit
report. The coarse gravel should be capped with a 6 inch minimum thickness of select
tailing material (3 inch maximum). This coarse pad will be relatively simple to place and

should remain stable under saturoted freezing conditions.

The glacial till (Somple No. 2) is considered most suitable of the soils analysed for above
ground pad construction. It contains sufficient fincs fo act as @ 'hinder' ond gradation is
swilable for compaction to o high density. Moreover, the finished surface should be
impervious enough to shed surface water. '

ably also suitable for pad construction

Material from the north end pif Sample No. 1 is prob
avel (Sample

although not as desirable as the gravel recommended. The white channel gr
No. 3) is not considered suitable as this materio! lacks fines and thus would be very

pervious.

Suitobility for_Concrete Aggregate

Samples 1, 2, and 3 have been studied briefly to determine which is most suitable for concrete
8, 9, and 10 iliustrate the new grain size disiribution curves obtained

if each of these somples were split on @ No. 4 sieve. Samples 1 and 2 do not meet the ASTM
specificalion for fine aggregates, and would require expensive processing fo achieve the

red result. The white channe! gravel on the other hand does satisfy the gradation criteria
f the coarse fraction is sieved on a

aggregates. Figures

requi
for fine concrete aggregate (Figure 10). Moreover, i
1 inch screen, coarse aggregete with an acceptable gradation is obtained.

White channel gravel would not have to be split on a No. 4 sieve in the field. The pit run
material must however be sieved on @ 1 inch screen to obtain materiol ‘of the gradation shown
in Figure 10. The new somple would be a mixture of 70% fine aggregate and 30% coarse
oggregate. Since on 'average® concrefe mix contains 42% fine aggregate and 58% coorse
aggregate, additional coarse matesial would have to be added. For example, to obtoin

100 pounds of acceptable mix, 60 pounds of minus 1 inch white chonnel gravel (42 fbs. fine,
18 Ibs. coarse) would have to be combined with on additional 40 pounds of coorse oggregate.
The coarse aggregate could readily be processed from Yukon River tailings.

Although gradation of the white channe! gravel will result in economical processing of concrete
oggregotes, mineralogy of the malerial is not considered ideal. A petrographic analysis woas
not done, but a cursory inspection indicates that tha gravel is composed of metamorphic rock
fragments, predominantly quartzite ond «chist. The schist is o [riable material which will be
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detrimental to strength and durability of the conaele. Laboratory mix designs will have to
be corriced out in order fo ossess strength characheristics and precisely determine mixing
proportions foi the various aggregates. The eggregates are expected, however, to be
suitable for production of concrete acceptable for the anticipated re~construction project.

reliminary design and economic assessment of the

I be required to provide a better assessment of mix
concrele prior to construction. This work could be
drilling program if requirements for concrete are better

[ hope these comments are useful for p
proposed project. Additional work wi
design, strength and durability of the
incorporated info the proposed spring
deofined ot that time.

Yours truly,

ELMER W. BROOKER & ASSOCIATES LTD.

2./

Don W. Hoyiey, " F. Eng.
DWH:sjw

ce Mr. W. Wells - Calgary
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I, INTRODUCTION

1.1 General

Certain historic buildings at Dawson, Yukon Territory, are under consideration
for restoration by the Government of Canada, Department of Indian Affairs and
Northern Development (DIAND). Historical signficance of the area dates back to
the Klondike gold rush of 1896. Population of the townsite has varied from a
high of 9000 to a current low of about 800, depending upon the fortunes of a
lucrative gold mining operation.l Bulldings have baen constructed, abandoned,
renovated and reoccupied since that time, with little concern for, or knowledge
about the problens associated with permafrost terrain. This has led to an

interesting history of performance of structures on permafrost evident in today's

townsite.

DIAND engineers have recognzied that serious consideration has to be given to
foundation conditions, in order to adequately restore the historic structures in

the area. Elmer V. Brooker & Associstes was retained under authorization of Contract
No. 278-71 to investigate subsurface conditions in the townsite and report stating

recommendations which will enable re-design of building foundations.

The field drilling program was carried out in April, 1972. In July, 1972, a
preliminary report was submitted, which presented recsults of the boring and testing
programs, together with recommendations for foundation reconstruction. Thls "final!
report, which completes the terms of refercnce of the study, Is essentially a repeat
of the preliminary report submitted last summer, with the addition of Appendix D,
which describes the Ground Thermal Regime, This supplementary information ls based
on data collected throughout the summer from three ground temperature sensing
installations. Aquisition of this data will continue for approximately 1 more

year and will be reported periodically to DIAND as an addendum to this report.

1.2 Scope of Work

Scope of the work invelved in this study includes, but is not necessarily limited

to the following:

a. Locate and dril) testholes from which sufficient data
can be obtained to provide a general indicatlon of sonl
conditlons in the townsite.
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b. Locate and drill testholes from which particular foundation
re-design recommendations can be formulated at certain
historic building sites. f
I
. Laboratory testing of selected disturbed (thawed) soil
samples.
d. Installation of permanent temperature sensing devices in

certain boreholes and aquisition of ground temperature
data from these.

e. Engineering analysis of the data and preparation of reports.

f. Review of plans and specifications prepared by DIAND at
their request.

. “SITE  INVESTIGATION
2.1 General

The townsite was initially visited in November, 1971 by Mr. D. Hayley of

Brooker & Associates in accompanyment with Mr. P. Stumes and Mr. W. Wells of the
Department of Indian Affairs and Northern Development. From this visit, an
appreciation of the condition of existing bulldings was gained, together with
some insight into local experience with foundation construction. Horeover,

a preliminary concept of reconstruction on gravel pads was set out, however

it was recognized that this concept would require verification by further field

. 1
exploration work,

The site exploration work decribed in this report was conducted from Apriil 17
to 2k, 1972, inclusive. Fifteen boreholes were drilled to depths ranging from
/ to 20 fect. Borehole locations were chosen in the field with assistance

from Mr. W. Wells (DIAND Engineer). Choice of borehole locations was predicted

nn the following considerations.

"Report on Site Visit for Foundation Restoration of Certain Historie Buildings
= Dawson Yukon', by Brooker & Associates, submitted to DIAND November, 1971.
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a. Drill rig access - most sites required snow clearing
b. Buildings under serious consideration for restoration
c. General stratigraphic representation of the townsite.

Two holes were drilled at the site of a proposed arena (at the request of DIAND
personnel on site). These holes provided a means of extrapolating subsurface
conditions to this part of the townsite. Location of all boreholes is shown In

Drawing A-1 and site details are summarized in Table 1.

2.2 Drilling Details

A truck mounted Failing CFDI rig was mobilized from Whitehorse for the project
(Appendix B, Plate 1). 1In addition, an air compressor (300 cubic feet per minute
capacity) was rented for flushing cuttings from boreholes where conventional rotary
rilling was anticipated. Drilling with air circulation is preferable to more
conventional 'wash borings' {drilling with water) for exploratlion work in

permafrost terrain because it facilltates soil ldentification.

Frozen peat and all soils finer than coarse sand were sampled with a core barrel
developed by the U.5. Army, Cold Regions Research and Engineering Laboratory (CRREL)
(Appendix B, Plate 2). Excellent cores were obtained (Appendix B, Plate 3) from

which the ice distribution in permafrost soils could be readily observed and classified.

The barrel, shown in Plate No. 2, consists of a steel tube with an efght inch pitch
double helix weldad to the outside. A separate stainless steel cutting shoe with
removable carbide tipped inserts is fitted to the bottom. The cutting inserts

project slightly below the shoe to provide efficient cutting action without the aid

of circulating fluid.

Four borecholes were extended into the grave! which underlies the townsite. A 4-3/4
Inch tri-cone bit was used with air as the flushing medium (Appendix B, Plate Ly,

;rilling in the gravel was found to be exceedingly difficult and time consuming.

A

ARDTAImbr



TABLE |

EOREHOLE SETE DETAJLS

Page U

Locatlon Cround Surfice Cendlition fstiratad Average Depth Tu
Lorehale Tua Cnowm Cover | Terperature Geoth To Ground Graval
ko. Exposure (in.) L7 Permafrost | Terp. {re}
Table (fr.)] (°F)
1 §.W. tor, &th Ave. ¢ Ring St.
16.5'W Cenzerlline bth Ave. Exposed Previously e 2.0 3.3 1.0
36.0'S Lenterline King SE. Cleared
2 Babind bonanza Mous)
35.5'E. of M, Wall, Shaded 18 -—- 3.5 28.3 13.5
15.0' M. of K. Wall
3 Horth of Vineults Store
31.6* ). of H.M. Cor. Store Partlally} 20 27.6 o= 31.2 15.5
Klong W. Mall Tine
L] 0ld Post Giflce
43' W. of 5.L. Corner tuilding Exposed 18 - 5.0 30.2 12.0
12.5° 5. of S. Wall Eullding
s Rad Fenther Saloon
11" 5. of 5.%. Corner, Partlally| 22 17.2 £.5 27.8 16.6
7' U, of $.W. Corner Shaded 25.3%
[ Ruby's Place, 13'S. of S, Mall Yell 24 20.2 L 7.1 18.0
27.6" E. of M. Matl Shaded
7 Proposed Arena, 235'H, 20'E. of Shaded Previcusly - &0 19.7 13.0
™ H.M. Corner Comunlty Hall - Cleared
{Gravel)
8 Proposad Arena, 4S'M, BO'E. of | Exposed |20 .- - 3.3 7.5
MW Corner Communlty Hall
76 S5 formissioners Rosidence
100'C of M.E€. Corner Forch, 25'S] Exposed Pravicusly -——- HPF2 32.8 13.0
Hotu 9A 10.5' E. of No. 9 Cleared
{grass)
10 St. Andrews Church Fartially [Previously L KPF 31.8 13.5
5. 4i'S, of H.W. Corner Tower Shaded Cleared
t1 ptd Adsinisteation Tullding
(musess) 15.5'5. of 5. Vall, Exposed 20 14.8 HPF 12.1 12.2
2B'E. of M. Mald
12 IWistoric Sitas Dullding Expased Clearod .- HPF 1 29.9 12.5
120" £. of H.E. Corner Along {yraval pad)
H. Wall Lins
13 6th Ave. t Eing St., 66' M. of
Centorling 6th Ave., £5'5. of Cxposed 13 CLis o0 0 e
Canterting King 5t.
14 tocond Ave. £ Sixth 5t.
LG*H, of Centarline Gth St., Exposed 23 yo.7 —— 30.0 6.2
118'E. of Centerllne Sscond Ava.

i hvorage from S faet to grovel surizce, Apell 1972,

2

fton pormafrost

b tndlcetos tharmistor cable dats
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In at least one instance, a new bit was worn out after only two feet of
productive drilling. After an hour or two of slowdrilling progress, warm

air from the compressor would thaw the walls of the borehole, and create a
sloughing condition. In at least two instances (Boreholes 4 and 8) a large
_cavity was created in the gravel with little downward penetration. Under

such conditions, undisturbed soil sampling was impossible and the borehole had

to be abandoned. The cavities formed were backfilled with dry sand.

The gravel was sampled by retreiving cuttings which were blown out of the borehole
(Plate 4). Drive sampling was attempted (SPT split barrel) with little success

as the maximum penetration of the sampler was only 2 or 3 inches. Inspite of

the above mentioned limitations, however, it is believed that an appreciation

of the in-situ conditions of the gravel were obtained from the field boring

program.

All boreholes were backfilled after completion. Boreholes on gravel roadways
or parking areas were backfilled with sand, whereas others were filled with

soil cuttings and core. Any excess soil was removed from around the drill

sites.

2.3 Soil and Permafrost Descriptlion

Soil and ground ice were described at each boring location based on the, 'Guide
to a Field Description of Permafrost for Engineering Purposes', Technical
Memorandum No. 79, National Reseatch Council. A pertinent summary of the ice
classiflcation system preceeds the borchole logs, Appendix C. Temperature of
frozen core was measured immediately after extrusion from the barrel by inserting
a 1/8 inch by 1 inch thermistor probe into the core, as illustrated in Plate 5,
Appendix B. Throughout the Investigation, ambient air temperatures were normally

within 10°F of the measurcd ground temperatures which improved rellabitity of

readings In this manner.
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2.4 Thermistor Installation

Three multi-conductor electrical cables on which 8 thermistors are mounted vere
installed in Boreholes No. 4, 5 and 9. The thermistors are semi-conductor
resistance temperature measuring devices which are particularly well adapted

for field installation in this manner. The thermistor cables were prefabricated
in the Brooker Edmonton laboratory. Spacing of the thermistors on the cable and
cable length is variable, however final depth of individual thermistors in the

respective boreholes is tabulated in Appendix D, along with readings obtained to date.

The thermistor cable was pushed to the bottom of the borehole with a drliling
rod {in some cases 12 to 18 inches of sloughed soll had to be displaced) and
held tight in the center of the borehole while backfill was placed. Backfill
consisted of clean dry, fine sand mixed with dry drilling mud (bentonite gel).
The drilling mud will discourage water infiltration during spring thaw, which

could affect ground temperatures.

2.5 Surveying

A1l borecholes were located by measurement from structures or roadways which are
located on the townsite plan provided by DIAND. All borehole locations are
shown on the site plan, Drawing A-1. The ground surface elevation at each
borehole was determined by level survey. The elevations were determined
relative to a system of benchmarks established in the town by the Yukon

Territorial Government. The base reference for these benchmarks is understood

to be Geodetic Elevatiocn.

2.6 Laboratory Testing

A laboratory testing program, to determine index properties of representative

soil samples, was undertoken when the ficid work was completed. -The followling
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soil tests were carried out on selected samples.

Natural water content {total moisture content)

Atterberg limits

Grain size analysis (sieve and hydrometer tests)

[ < T o T ~ R -

Organic content determination

Standard soil mechanics testing procedures (ASTM, CSA, ctc.) were used for
carrying out tests 'a' to 'c' above. The entire sample was used for water
content determination. Where free water was present in the bag and obvlous

leakage had occurred, the water content results were rejected.

The test procedure adopted for determination of organic content in soil samples
was patterned after the Alaska Test Method T=6. The sample is heated in an oven
to 1300°F and maintained at that temperature for one hour, to oxidlize the organic
material preseni. Weight loss is then determined after coollng to room
temperature. The organic content quoted Is therefore a weight loss due to
burning at high temperatures, expressed as a percentage of the weight of

mineral residue.

The laboratory test results are incorporated into the borehole logs presented
in Appendix ¢. Furthermore, a summary of laboratory data is presented in the

appendix together with grain sizedlstributlon curves for the soils tested.

i, SITE CONDITIONS

3.1 General

The townsite of Dawson occupies a recent (but inactive) alluvial floodplain at
the point of confluence of the Klondike River with the YukonRiver. The area is ¥lat

topographically, but is bounded on the cast by mountains which rise steeply
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above the valley floor. A gully, known locally as 'the slough' traverses the
south end of town {Drawing A-1). Except for spring runoff, the gully, an

abandoned channel of the Klondike River, carries little or no water.

3.2 Soil Types

The details of subsurface conditions encountered at each locatlion drllled are
summarized in the borehole logs, Appendix C. The soils encountered can be
classified as one of four major types; peat or fill, organic silt, sand,

and gravel. These four soll types are discussed separately in this subsection
and thelr distribution throughout the townsite is indlcated on two generalized

stratigraphic sections, Drawing A-2.

3.2.1 Peat or Fill
The surficial soil at most boring locations was found to be elther
fill1 or peat. The fll1l1 iIs either randomly dumped material or
gravel (parking areas). The random fill was easily identiflied
because it usually contaired sawdust, bricks, bits of glass and
other rubble. Normally, a layer of peat, 6 to 12 inches thick,
remains beneath the fill. All fill materials encountered in the

townsite were Trozen but they did not contain excess ice.2

tost building lots in Dawson have been filled to some extent over
the past 76 years. Furthermore, subsidence under streets as a
result of thermal disturbance to the underlying permafrost solls

has necessitated periodic application of gravel surfacing. The

L '"Fill' - the term fill is used to describe any material placed by man.

2 iExcess ice' - refers to ice in excess of the fractlon that would be retained
as water in the soil voids upon thowing.
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direct result of this is that current street levels are often
above floor elevation of the older structures and unfilled lots
have now become enclosed depressed areas. This situation has

created serious drainage problems throughout most of the townsite.

Peat thickness varies throughout the townsite. Little or no peat
was found at boring locations south of Church Street (Boreholes 9,
10, 11 and 12) whereas a thickness of 6 feet was noted at Borehole
No. 7. Peat at this location extended to a depth of 7 feet and an
excess ice content of 30 to 35 percent was noted below a depth of
31 feet.

3.2.2 Organic Silt

—_— e e o — A

The surface covering of peat or fiil is directly underalin by a
deposit of organic silt. The organic silt is thickest in the
northern half of town particularly in the vicinity of Boreholes 2,
3 and 4, where it extends to a maximum depth of 15% feet. The
silt layer thins considerably in the south end of town, {(Drawing

No. A-2) where sand overlies the alluvial gravel (described below).

The organic silt was found to be grey, non-plastic soil with

inclusions of peat and roots, often In the form of interbedding.

The organic content determinations ranged from 8 to 15 percent

(4 tests) and excess ice contents were normally found to be quite

high. Excess ice is generally of the segregated stratified type

(Vs) with estimated visible peréentages normally ranging from

5 to 25 percent (basis total sample volume). Some non visible

excess ice {Nbe) and ice coatings Ve were also apparent in this
material. Plate 3 shows a partially thawed core of typical organic
stlt, exemplifying the volume of soil occupled by ground ice. This soll

becomes a slurry when thawed in a plastic bag.
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3.2.3 Sand
The organic silt grades into sand towards the southend of town. The
boundary between silt and sand is not well defined and in most places
the sand contains a large proportion of silt. Inclusions of peat,
similar to those reported above for the silt, were also evident in
the sand. Where the sand was frozen, permafrost classification
was found to be highly variable, ranging from non visible ice in
well bonded cores (libn) to visible Ice coatings (Vc), with most

frozen core of the non visible Ice type.

3.2.4  Gravel

Alluvial sand and gravel underlies the entire townsite. As mentioned
previcusly, drilling into the giaval was very difficult, primarily
because it is composed of hard rock minerals and contains many cobbles
and boulders.1 The gravel 1s believed to be clean, granular soil,
free of excess ice. Thawing of frozen gravel is not expected to pose

any problem as It can be considered thaw-stable material.

3.3 Permafrost Distribution

Permafrost is widespread throughout the townsite but it is not continuous. With
the exception of Borehole No. 12, unfrozen soll was encountered at depth in all

boreholes drilled south of Church Streect.

1Observations on Jackson Tailings at the mouth of the Klondike River.
Petrographic analysis by DPW shows over 50% Quartz content in these tailings.
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In Borehole 12, the sand was frozen to a depth of 12 feet (31.8°F),howeven the
borehole was drilled in a cleared parking lot thus it is suspected that seasonal
frost rather than permafrost was encountered there. It was also noted that
large coniferous trees (in excess of 50 feet high) are growing in the townsite
only south of Church Street and it is believed that they thrive there as a

result of the absence of permafrost in this area.1

The absence of permafrost at the south end of the townsite is believed to be
associated with lateral shifting of the Klondike River.2 It is known that
permafrost does not exist beneath major rivers and lakes, especially in the
discontinuous zone, thus the recent occupation of this area by the Klondike
River ( probably within the last 200 years} would account for lack of permafrost.
Permafrost may exist at depths greater than the field exploration however, this

is not believed to be significant for englineering purposes.

Thickness of tihe active layer in the part of town underlain by permafrost
(Drawing A-1) could not be measured dlirectly because the investigation was
carried out in April. At some borechole locations however, position of the

permafrost table could be estimated (Table 1) indirectly by:

a. Detecting a thin layer of thawed ground beneath seasonal
frost (in cases where seasonal frost did not extend to

the permafrost table).

b. Observing a zone of major ice segregation which is often
found at the permafrost table.

L Any correlation between tree growth and permafrost in the townsite s
questionable due to the long natural history of the Area.

2 Discussion on: Permafrost alternations as a result of lateral shift of the
Mackenzie River by C. T. Hwang (Brooker & Associates) and M. W. Smith
(Carleton University) Permafrost Seminar Saskatoon, May 1972, Unpublished.

3Personal Communication, Dr. J. R. MacKay University of British Columbia,
November, 1971.
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Thickness of the active layer and average ground temperatures at the time of
investigation depend upon the degree of exposure to sunlight the site receives
(Table 1). The active layer thickness was observed to vary from about 4 feet in

well shaded areas to 7 feet in exposed areas.

Ground temperatures measured on individual soil cores with the hand probe compare
quite well with those measured from the permanent thermistor installations at
Boreholes Ho. &, 5 and 9 (generally within 2°F). Installation of the thermistor
cables at Boreholes No. & and 5§ has confirmed that the gravel is frozen in this

area (Appendix D}.

3.4 . Groundwater

A1l boreholes except No. 13, were dry at the time of drilling. The standpipe
instalied in Borehole No. 94 (to 13.5 feet or 0.5 feet into the gravel} was dry
after installation. However, on June 4, 1972, groundwater was reported to be 13
inches below ground level, at the same time the Yukon River was at flood stage.
Therefore, it appears that the unfrozen gravel underlying the non-permafrost area

Is continuous to the rivers edge.

An artesian groundwater source was encountered beneath (or within) permafrost
soll at a depth of 6 feet in Borehole No. 13. Flow from the 4} Inch borehole,
shown in Plate 6, Appendix B, was estimated at 50 gallons per minute. The flow
was stopped after about 10 minutes (the flow rate seemed to increase with time)
by driving a slightly oversized log into the hele and allowing it to freeze in
place. Source of the groundwater is not known, however, it is postulated that a
layer of coarse, pervious colluvium {talus) exists under the silt in this area,
In as much as it Is very close to the base of the mountain (Drawing A-2). |If

this Is the case, recharge would be from the slope above.
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The artesian water condition is not sufficiently close to structures under
immediate consideration for restoration to pose a problem. However, future
expansion of activities into the arca of Borchole No. 13 should be viewed
with caution. At the time the water was flowing, various persons involved In
town maintenance were summoned to view the situation. They were advised at
that time that groundwater pressure should be relieved by implementation of a

drainage system,

tv. LOCAL FOUNDATION EXPERIEKCE
4.1 General

Various methods of foundation design have been utilized in Dawson, but no
particular type has been found to perform satisfactorily. Recent foundation
construction practice has been limited to timber piles installéd in pre-bored
holes or ground sills placed on a gravel pad. Observations on performance of
some of the old and new buildings in the area can provide a good indication
of the problems which must be overcome in order to provide a satisfactory

foundation.

.2 Pile Foundations

Construction on timber piles in the area has produced particularly disappointing
results. Piles have been Installed only to depths of 10 or 15 feet, where
drilling or driving refusal is met at or near the gravel surface. The piles are
installed butt end down in the hole, then backfilled with a sand slurry on the
supposition that freeze back into the permafrost will occur. At places in the
townsite where the ground is only marginally below the freezing point, it Is
doubtful that freezeback would occur. There is at least one instance of a

16 foot long pile reported to be loose in its hole many years after installation.



E-381¢C : Page 14

This situation is highly undesirable from the point of view of pile stability.
Seasonal freezing of the active layer causes heave which is transmitted to
the pile by adfreeze bond. Sufficient anchorége is not available below the
zone affected by seasonal freezing to resist upward movement of the building,

consequently, the buildings heave and settle differentially throughout the

various scasons of the year.

An extreme case of pile heave is evident at St. Andrews Church. The building
was constructed on driven timber piles in 1901 and was in service unti] about
1940 (Boreholc No. 10 shows this to be a non permafrost area). Since the
structure was abandoned, serious heave of the Interior piles has taken place
(presumeably the building was heated all winter prior to 1940). Differential
£loor heave, shown in Plate 7, Appendix B, has been estimated at about six feet.

5.3 Grave! Pad Foundatlons

Gravel pads are commonly uced for many new buildings in Dawson. The purpose
of a gravel pad on permafrost is to provide a stable insulating layer which
will prevent degradation of the permafrost. In a discontinuous permafrost
zone, where ground tempcratures are often only marginally below freezing,

construction on a gravel pad is risky.

The new Father Judge Hospital (East of Borehole No. 11, Drawing A-1) was
constructed on ground sills, supported on a gravel pad about 3 feet thick. The
building has an 18 inch open (cold) crawl space and insulated floor to prevent
heat loss to the ground. Moreover, a thermopile’ was installed at one end of
the building site in an attempt Lo preserve 3 frozen ground condition. At the
time of the site visit, {November, 1971), a sag of the end walls of about 4 to

% inches was apparent by sighting along the exterior shecting.

‘ The thermopile is a self contained borehole refrigeration device. No
information is known about this particular installation.

!
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The estimated boundary between permafrost and non permafrost has been drawn
through the Father Judge Hospital (Drawing A-1). Thus, it is uncertain if in
fact permafrost existed beneath the structure at the time of construction.
Under these conditions, it seems highly doubtful that the gravel pad serves
any function as an ‘nsulator and it is possible that the cold crawl space and
thermopile installation may have aggravated the stability problems associated

with this particular foundation.

L., Basements

It was customary in some of the older structures to include basements (le.
Bonanza Hotel, 01d Post Offiée, Commissloners Residence, Administration

Building, etc.). Basements in the permafrost area of town are currently full of
ice, whereas those in the non permatrost area are generally dry. lce which has
accumulated bencath the Bonanza Hotel and Post 0ffice is believed to be a result
of surface runoff, which is trapped in the hole created in the impervious
permafrost soils. At the south end of town (non permafrost area), the basements,
which have timber cribbed walls and dirt floors, have performed satisfactorily

because of the good drainage afforded by the unfrozen sand and gravel which lies

below.
V. FOUNDATION RESTORATION RECOMMENDAT | ONS
5.1 Foundation Type

Three types of foundations have been considered for building restoration; piles,

gravel pads and footings. Pile foundations are considercd unfeasible for the

following reasons.

a. Holes can not be bored into the gravel sufficlently far
to provide anchorage against seasonal frost heave.

- — —
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b. Pile installation under existing buildings Is a very
difficult and expenslive task.

Both gravel pads and footings are considered feasible foundatlon reconstruction

units, subject to the limitations discussed below.

5.2 Gravel Pad Foundations

Reconstruction of building foundations by provision of a gravel pad is considered
a satisfactory design north of Church Street (permafrost area) provided some
foundation movements can be tolerated. Minor foundatlon movements can be
accomodated if provision is made for releveling of the structure. Individual
cribs or posts, supported on the gravel pad are considered a superior design to
continuous ground sills. If individual concrete pads are used, they should be
buried in the grave! approximately the thickness of the concrete slab (8 or

10 inches anticipated). Design bearing pressure for thls type of foundation
should not exceed 3000 psf.1 This type of foundation design is considered
suitable for the Bonanza Hotel, 0id Post Office, Bank, Ruby's Place and the

Red Feather Saloon.

A gravel pad thickness of four fect is suggested, with gravel placed and
compacted in layers not exceeding 1 foot in thickness. The materials which are
available for pad construction have been assessed previously, (Gravel Resource
Evaluation, December 1971). Recommendations concerning gravel selection and

placement were stated at that time and this data is included as Appendix E

of thls report.

L Based on 3 x 3 foot square footing buried ¥ foot into gravel with an

internal friction angle of 38 degrees.
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All basements should be cleaned and fllled (as described in Appendix D) prior to

actual pad construction. Stripping or excavation of surficial soils should be

kept to an absolute minimum, however it will be unavoidable at some sites in

order to prevent an undesirable elevation of the structure. A cold crawl space

and insultated

floor shculd be provided under heated structures and any exposed

edges of the pad should be landscaped by a covering of peat or topsoil (6 to

12 inches).

[

wi
w

Footing Foundations

An acceptable alternative to the gravel pad design, which is adaptable to both

permafrost or non permafrost areas are footing foundations. Individual footing

foundations in permafrost areas should be founded at the surface of the under-

lying gravel.
(Drawing A-3).

Stipulations pertinent to this design are summarlzed below

The surface of the gravel should be thoroughly cleaned
of all loose and unfrozen material.

The foundation units can be pre-fabricated, and shipped to
the site, which will probably be more economical than a
job cast footing. Pre-fabrication of the footing will
expedite installation and backfill, which may be a serious
concern if construction takes place in the summer.

Footing pressure should not exceed 10,000 pounds per sgquare
foot and a minimum footing size of 3 feet square is recommended.

Footing anchor bolts, steel {or concrete) post and concrete
pad should be designed to resist an upward tangential adfreeze
force of 4000 psf applied to the perimeter of the embedded
portion of the pedestal.

If a hollow pipe column is used as a pedestal, It should be
filled with concrete on site to prevent carrosion and expedite
setting of anchor bolts for above ground structural members .

packfill around the foundation should consist of non frost
susceptable granular soil. A well graded sandy gravel with
less than 5% passing a No. 200 sicve is reconmended. This
material is available from pits at the north end of 5th
Avenue or at the south end of town on the cementaly road

APPENDIX A

1
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(Appendix E ). The gravel should be placed in 1ifts not
exceeding 12 inches in thickness and thoroughly compacted
{95 - 98% Standard Proctor Density).

g. The above foundation design is not intended to resist
appreciable lateral loads. |f non-vertical loading is a
design problem, specific details will be provided on
request to accommodate this situation.

The use of precast footings will expedite installation and backfill. It Is
recommended that footing excavations remaln open for as short a time as possible
so as to minimize degradation of permafrost sldeslopes. Excavation sideslopes
steeper than 2 vertical to 1 horizontal are not recommended. A thin pad

(2 - 4 inches) of clean, well graded sand should be provided over the In-situ

frozen gravel to allow adequate leveling of the precast concrete footings.

Footing foundations may also be used In-the non permafrost area of town
(Drawing A-1). The minimum recommended depth of burial is 8 feet, which will
be into the thawed silty sand. The design soil bearing pressure at this depth
should not exceed 2000 psf, but footings should not be smaller than 18 inches
for strip or 36 inches for square footings, irrespective of bearing pressure
considerations. Basements are not recommended under new structures at any

location in the townsite.

Vi, CONCLUSIONS AND LIMITATIONS

The river flood plain on which Dawson Yukon Is situated, consists of organic silt
and silty sand overlying dense bouldery, alluvial gravel. Permafrost was found
everywhere north of Church Street, whereas an area to the south end of town was

found to be thawed at depth (Drawing A-1).

Piles are not recommended for foundation reconstruction and the use of gravel

pads should be limited to the permafrost area. Footing foundations will provide

APPENDIX A

LTI
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sultable foundation support conditions in either the permafrost on non-permafrost

arcas and recommendations are provided in the report for design purposes.

The data collection program described herein was designed to develop general
recommendatlons applicable to foundation reconstruction and new construction In
Dawson. At the time that redesign of particular building foundations Is complete
and construction is underway, it would be prudent to verify conditions in the

ficld based on an Inspection by a geotechnical engineer.

"Respectfully Submitted,

ELHER \,(.‘\\, BRBJ@\'\& ASSOCIATES LTD.

|/\(\"‘

| &7
Don W ““Hay{wyathwa. Eng.
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PLATE 3

Partially Thawed Core
of Organic Silt

Borehole No. 4

PLATE &

Drilling Gravel VWith
Air Flush at
Borehole No. 9

PLATE 5

Core Temperature
Measurements

Borehole No. 14
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PLATE 6

Artesian Groundwater
At Borehole No. 13

PLATE 7

Differential Floor
Heave - st, Andrews
Church
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SYMBOLS & TERMS USED ON BORING LOGS

Sotl Description

a)  Generul Basis for Ficld Description of Soils

Moajor
Divisions Subdivisions Field ldentification
COBRLES AND | Larger than 3 inches diometer
BOULDERS - cobbles 3 fo 8 inches
- boulders greater than B inches
COARSE-
GPRAINED GRAVEL Smaller than 3 inches but larger than No. 10
SOILS Sieve (2 mm.)
SAND smaller than No. 10 sieve but lorger than .06 mm.
Smaller particles are not visible to the noked eye.
Exhibits dilatancy (reacts lo the shaking test).
Powders easily when dry, only slight dry strength.
SILT Gritty 1o the teeth. Dries rapidly. No shine
NE imparted when moist and stroked with knife blade.
FINE-
GRAINED Noi dilutoni. Possesses eppreciable dry strength.
SOILS When moist, sticks to fingers and does not wash
CLAY off readily. Mot gritiy to the tceth, When
molst a shiny surfoce is imparted when stroked
with a knifc blade.
PARTLY Dapending on amount of organic material, these
ORGANIC soils usually have some of the characteristics of
- organic clay | their inorgonic counterparts:
ORGAMIC | =~ organic silt usually highly compressible (spungy)
SOILS efc. usually have charasteristic odour.
ORGANIC Fibrous structure = wsually brown or black when
MATERIAL moist. Spongy. Usually has characteristic adour,
- peai .

{(After NRC TM 737 with moditications for MIT Grain Size Scale.)

b)  Genetic Terminology

When geologic origin of soi
is used in conjunction with

Till = soil deposited directly by a glacior,

f.o.

Is is evident {o ihe ficld engineer, this terminology
the general {ield description.

by its vell groded textura (wida range of particle sizes).

It is generally charocierized



ce Description

INF Poorly bonded
Non Visible Ice Nbn Weil bonded
Nbe Excess lce
Vx Individual ice crystals or inclusions
Visible Ice Ve Ice coatings or parficies
Less than 1 inch thick Vr Random or irregularly oriented ice formations
Vs Stratified or distinctly oriented ice formations
Visible lce Greater iCE + lce with soil inclusions
Than 1 inch thick ICE lce without soil inclusions

(After NRC TM #79)

Symbols and Abbreviations

Moisture Content @ -

Note: (1) Moisture content values which plot off scale are handwritten
at the extreme right edge of the page.

Atterborg Limits - plastic }———

~ liquid = ——t=-

5.G. Specific Gravity (Soil Solids)

O.C. Organic Content (% of dry soil weight)

Sample Type
ﬂ Undisturbed Sample

E] Partially Disturbed Sample

E Disturbed Sample

.

Good core, {rozen
Poor core, frozen

Thawed core or auger cuttings




PROJECT

Davison  (S.W. Coiner Ath Ave. & King St.)

TESTHOLE Mo. ]

SURFACE [':LF.VATICLN. 1050, 6' JOB No. E-381-C
DOT,!E.'J‘ Soil lce Water Content % o Temperature °F
: Description Description w0 20 30 40 10 15 20 25 30 35 4
- | FILL - clay rubble ] :
—1 some gravel ;
B PEAT
—3 SIiLT - sandy, grey Nbn - 3
~ organic —
=5 - peat & roofs e
B - fossil shells -
-5
. 6 _
52
3 Nbe - Vs -
B Permafros
—lee - Vs | X & ¢ R
- 15 205 =
B Nbe - Vs -
s 10%
- SAND - silty, medium | Nbn 7 o - .
brown ]
10 - cohesive, a . _i
- some gravel —
N FlGRAVEL]
-
r v Completion Repth 11.0' D.lchPr. ]8/72 10 20 30 40 50
¢
o Du;'nh to Water Penetration Resistanee N
BROOKEH & ASSOCIATES in Boring Dry Page 1 of Dwg. No.




PROJECT Daviron  (Old Bonanza Hotel) TESTHOLE No. 2
SURRFACE ELEVATION 1052.1" JOB No. E- 383 - C
ih 50” lce Water Content % @ Temperature OF
. Description Description 10 20 30 40 10 15 20 25 30 35 4G
. FILL - clay, gravel frozen | |
| roots & sawdust | Nbn !
_ i -
9 62
n SILT - sandy, organic ~ _
grey
-3 - some peat e
| . =
4 Vs 5-10%
_ hairline ° ]
ice 124
—5 | 0.C.=13.% = X
= Vs ¢ -
4 10-15%
o
—7
5 _
" L -
—10 Vs 15% o l
- 25 9% sand —I
2 5 0/0 C|0y 20 - 25 °/o
hairline o ™
— 12 tce
13 Nbe o
i |GRAVEL | N
— 14
- s Completion PDepth 13.5° Date Apr. ]8/72 10 20 40 50
% )
{-_ iadk Depth to Water Penetration Resistance N
A in Boring Dvy Page V of 1 Dwa. No.
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PROJECT Dawson (Old Winault's Store) TESTHOLE No. 3
SURTACE ELEVATION 1050. 6" JOB No. E-381-C
- ‘pth So” Ice Water Content '{.o Temperature OF
. Description Description 10 20 30 A0 1015 20 25 30 35
B FiLL = clay, sandy | | |
cobbles, roots I
—1 & wood, light .
- brown :
—2 - silty, medium
| brown
—3
—4
" % o
5 SILT ~ sandy, pebbles
roots, peot
|~ & shells, medium
—& brown
- % e ®
~—7
]
=y - medium grey Ve 5% .
—9 ] o &
10 - 1/4" gravel lens ®
=11 o
—12 sond layers in Ve o o
i silt 5-10%
— 13 &
. Vr
5-10% 53
—14 A - o
% Ve 5%
=15 o
: —LGRAVEL OR _SANDJ
16
] -
- Compleiion Depth 15. 5" Date Apr. 19/72 10 ) 20 30 40 50

Depth to Water

[ TRRE

Peaetration Resistance N
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Tl ey Dawson (Old Post Office) TESTHOLE No. 4
m=( \SURFACE ELEVATION 1051. 4" JOB No. E-381C
L"L”} Depth Soil lce Water Content % Temperature OF
e te. Description Description 10 20 30 40 10 15 20 25 30 35
h:‘i FILL - clay, bricks, '
- roots, wood, frozen Nbn -
1 [ 3 pebbles, sowdustf  (seasonal)
Q . medium brown —
_.-_2 - P ]
= PEAT - medium brown
_ SILT - organic, some
3 peat, medium B ¢ @
@ — brown, o -
—4 nonplastic thawed
2 - OC=15.3% -
18% sand "% [Mfrozen Nbn 80 °
—5 |77mp gpp Some fine (permafrost) - P
B 5% clay sand, shellq v = \,S"-"J o ]
B ey 510 % 67 A
_ 6 Vs  25% A B
. PN % %
Q p
- 2 72
. Vs 20% # B
% P some Vx + % 64
0.C.=11.1% Vc A
” B non plastic e -
g s L2 I T ]
e no recovery A B
g ; 1 A B
— 12 |=
a b GRAVEL - sandy, some| frozen Nbn .
silt, grey
— 13
' : e
14
g — 15
3 - 16 ASehsor Feadings April 30/7?
- 8 Sotl Sampple ermpJfraturl -
5 17 [(hole sloughed to 12.5') : April 19/72
[_. ? \\ Caompletion Depth 17.0" Date Apri! ]9/72 1 20 30 40 50
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leEis) Dawson (Red Feather Saloon) TESTHOLE No. 5
| SURFACE ELEVATION 1048. 5" JOB No. E-38]-C
( spth Soil lce Water Content 6@ - Temperature Op
. Description Description 0 20 30 40 10 15 20 25 30 A35
N FILL - clay rubble, frozen : | __1
l wood & steel ' N !
I~ I -
PEAT - some cobbles & ! !
2 [ luwbble | B ° i -
- SILT - organic, grey Nbn -
3 some peat &
—'—4 3 — —O
B Vs 5% ¢ -]
s &
. 20 % i -
9
S % ?
7 10-15% Al_,
(28 SAND - silty grey Ve 10% . - i
SILT - sandy,_grey. some Vx "
SAND - silty, grey \ 7
) - peat & sand Vx 15% b
L lenses -
—10 - interbedded b ~eee-t-0 o—- gl
= eat Nbn
0.C. =5.9% |
B 52 % sand
40 % silt B
=12 8 % clay % o-
- ~ 3" free roof -] —
S - medium brown
[ some silt o ]
14 2 o .
i - medium brown .
—15 to grey, fine a
o sand —
7 - medium 2% grcwqgl
16 - coarse, medivh 98 % sand| @
- brewn, occ. pelible A Sepsor !feadi gs 0 —
17 GRAVEL Agril 2 /721 |
B Completion Depth 19.0" Date Apr. 20/72 10 20 30 40 50
£y
Depth 1o Water . " Penetration Resistance N




PROJECT Dawson {(Red Feather Saloon) TESTHOLE No. 5
SURFACE ELEVATION 1048. 5° JOu No. £_238]-C
ith Soil Ice Water Centent % Temperalure O
. Description Description i0 20 30 40 10 15 20 25 30 35
- GRAVEL
no core
—18 ( ) g
- Hole sloughed to 17.0
—
i
. —] i
= AlSensor Readings _
Aprif 23/72
{.‘-«-- i Completion Depth 19. 0" Date Apr. 20/72 10 ) 20 30 a0 80
{ K7
\ J Depth to Water Penctration Resistinee W
i Rarinn M Pan: 2 of 2 oo Pim
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PROILECT Devrson (RUbY|S P[gce\ TESTHOLE No. 6
SURFACE ELEVATION 1049, 4! JOB Noa. E~-381-C
B 2pth Soil lce Water Content % 0 Temperature oF
fr. Description Descriplion 10 20 30 40 10 15 20 25 30 35
— FILL - clay, rubble. |
1 gravel, ashes ‘
wood |
i |
—2 7 116 !
- PEAT - darl: brown
i NO RECOVERY — n
3 SILT - sandy, some Nbn
—4 peat, arey 5
—5 - laminated peat
- 0.C.=7.7%
— 6
— Nbn o Vr
L 5%
—8 SAND - silty, grey Nbn .
-~ laminated pcaf
o - medium brown
- 10
. SILT - some sand & peaf] Ve 0-5%
H SAND - silty, laminated  Nbn
with peat,
T grey
—~ 12
& GRAVEL
Ls 13 SAND - silty, grey, o "
some gravel
'— - tree roots Ve
ks 10 - 15 %
E - some pebbles
— 15 & occ. rock "
3 5-10%
16 = o
17 Nbn i
o Completion Depth Date 10 20 30 40 50
18.0' Apr. 20/72 i
\\ . Depth to Water Penctration Resistance N
- tee FEmelizm ™ s Pane '| U{ 2 oo i
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PHOJLCT Dawson (Ruby's Place) TESTHOLE No. 6
TSURFACE ELEVATION 1049, 4" JOB No. E-381-C
pth Soil lce Water Conteat % Tempemture o
1. Description Description 10 20 30 40 10 15 20 25 30 35
- SAND - grey silty - Nbn i
18 - some gravel B ,
2 GRAVEL
L.
!
e ---—.\ Completion Depth 18. 0" DnteApr_ 20/72 10 20 30 4o S0
(7 :
\ ) Depth to Water Penetration Resistance N
™. Dovnn ? ni 2 L,




PROJECT Drrweon (Proposed Arena) TESTHOLE No. 7
SURFACE ELEVATION 1052. 5 JOB No. E-381-C
Danth Soil ice Water Content 2.0 Temperature O
Description Description 10 20 30 40 j0 15 20 25 30 35
- FiLL - sand & gravel frozen : N
!
—1 Nbn £
9 PEAT ~ dark to medium % 230
brown
- o -
— 3
L ; ]
— 4 Vx > &
B 30-35% o _
— 5
B Vr to Vx N
30-35% 182
— 6 X
—7
B SILT - grey Vs to Vr ‘7 =
25 % ®
9 % sand
- 85 % silt Ve 25% .
— ¢ 6 % clay
- - occ. pebbles —
— 10 - some inferbeddeyl Vi 20% o o - o
_ peat -
— 1 D
- - sandy, some —
— 12 gravel R o
- 13
= GRAVEL -
— 14
i
i = \\ Completion Depth 13t 2" DaleApr 20/72 10 200 30 40 50
|57 ' -
. . l __“,,j Depth to Water Penctration Resistance N
NINOKFER x:r-:iSUCIAT rs in Boring Dr)' Page 1 of | Pwy. No.




TESTHOLE No. 8

PROJCCT Dawson (Proposed Arena) .

SUREACE ELEVATION 1048. 4" JoB No. E-38]-C

Depth Soil lce Water Content % 0 Tempemture oF

Description Description 16 20 30 40 1015 20 25 30 35
= PEAT - sand & pebbles | frozen 3
3 - medium to dark |
brown Nbn
- some grave] & 123 .
[—2 glass Vx 5% F e
L1 o
B SILT ~ sandy, brown Ve 10%
4 to grey %0 ©
—5
- e
6 X 80 o
" ||NO RECOVERY
—7
GRAVEL - silty . 1
= sandy
o grey
—10 -
—11
—12 %-—-G
B Hole sloughed to 9.0’
Cc ! l
e — ' 5
( a w omjpetion Depth 12. 0" Date Apr. 2]/72 i0 20 30 40 o
> .
‘“___:_ 3 - Depth to Water Penetration Resistance N
BROOKER £ ASSOCIATES in Boring Dry Page 1 of 1 Dwg. No.
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[ proJTCT Dawson  (Commissioner's Residence) TESTHOLE No. 9 & 9A
SURFACE ELEVATION 1046. 7" JOB No. E-381-C
(J.-plh Soil lce Water Content % B Temperoture &3
it Description Description 10 20 30 40 10 15 20 25 30 35
. SILT - organic, medium frozen i I
1 brown, roots Nbn I !
2 - medium brown Nbn = o
. to grey, sandy | some ice
—3 lominated peot | coatings on i °
- peat
particles
—4 | SAND - silty, dry NE A
B medium brown
—5 62 % sand & gravel s
= 32 D/O Si“ A
6 1 6 % Cfuy ) 52
SILT - sandy, grey |
= interbedded peat A
—7 SAND - silty, medium| unfrozen
() brown A
—8 X &
A A
—9 - some peat
B &
T ]0 E bt
- . A
- - some gravel
—12
L X L
s ]3
- GRAVEL - no penetration TH 9
14 TH 9A drilled to 19.|75'
= hole sloughed to 12.p
—15 S
19 % gravel 2
= | 67 % sand
-16 | 14 % silt
- A bensor Readings
17 hprill23/72
{, ‘)),_. --~J\ Compietwn Depth !I,;’Z; ::; 3'5ID:H.E Apr. 2]/72 ‘IP 20 30 40 50

Depth to Water

Penctration Resistance N

LY
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TLSTHOLE No.

9A

5
. ]

Completion Depth 19. 75" DamApr. 22/72

Depth to Water
i Navrinng RT3V Paae 2 of 2

10 20

Penetration Pesistance N

PROJECT Dawson (Commissioner's Residence)
SURFACYE ELEVATION 1046. 7" J08 No. E-381-C
oth Soil lce Water Content % Temperature Of
s Description Description 0 20 30 40 10 15 20 25 30 35
- GRAVEL ' i}
—18
—19
—20
| END OF HOLE |
TH %A
| Note: Plostic pipe,
slotted bottom 18"
B insialled to 13.5". -
- Backfif! with sand
- filter around slotied _
B portion, 12" of
bentonite (drilling
— mud) secl and random -
backfill pluced above
- -
30 40 50

Thoin

LY N
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i”OJECT Dawson (St. Andrews Church) TESTHOLE No. 10
LU FACE CLEVATION 1048. 8° JOB Nao. E-381-C
)
\th:mh Soil lce Water Content % @ Temperature °F
{1. DCSCI’ipHOﬂ Description 10 20 30 40 10 15 20 25 30 35
B FILL = silt, organic |
sand, gravelly i

-1 medium brown

SILT - med. to dark brofvn l
e SAND - siliy, medium X @
B brown, peat Nf e
—3 laminations !
—4 ~ silt lamination} Rt —— el
—5
— & 5 o
—7
s SILT - grey, some peall unfrozen T
—9
[~ @
— 10 24 - o
11 | sAND - silty, medium
N brown fo grey % ©
—12 ~ medivm brown RO
- some grave|
— 13
- 14 | GRAVEL

e R Completion Depth 13.5" Date A 72 10 - 20 30 40 &0

(‘ - \\, . pr. 22/72
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PIOJECT Davson {Old Administiation Building) TESTHOLE No. 11
SURFACE ELEVATION 1047. 8" JOB No. F-381-C
[ ath Soil ice Water Cantent 7o @ Temperature or
ft. Description Description w 20 3 4 Jip 15 20 25 30 35
_ FILL ~ silt, pebbles =
o wood, roots i
) |
— 5 ———0 :
- - silt, sand, peat
4 medium brown N ]
. @
4 —r
- burnt wood, 2
N metal .
5 o
—s SILT - peat, grey % @
— SAND - silty peat unfrozen
7 medium brown
—8 ¢ -0
B - peat &silt
laminations
—9 42 % sand
s 54 % silt
) 4 % clay 57
01 o.c.=16% 4 al
1 - occ. pebble
i
[ - dork brown, 51 0
5 some gravel
12
&= GRAVEL - some sand
— 13
" 69 % gravel X O
31 % sand
" 14
— 15| Hole sloughed to 12.9'
r = Completion Depth 14. §° Data Apr 23/7? 1 20 30 40 50
{ v J ’ . ) i
\._ Depth to Water Penelration Resistance N
fen Fledoan s Pane 1 of '[ Mo N
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PROJECT Dawson (Historic Sites Building) TESTHOLE No 12
SURFACE ELEVATION 1049, 8" JoB WNo. £ -381-C
unth Soil lce Water Content %@ Temperature OF
Description Description 10 20 30 40 10 15 20 25 30 35
- FILL ~ gravel [ R
—1 - silt & gravel
- mixed, some peqt | -
» :
SILT - peat & sand Nbn . o B
i laminations lce caating
) on pead T
—3 brown to grey [TINH~ |
- - peat lominationg’ -
32 % sagd Nbn .
— 4 62 % silt lce coating %7 o—
B 4 % clay on peaf o |
& some Nf
— 5
o NE o ® —
— 6
. - o -
SAND - fine clean
—7 . Nbn
- . - medium -
8 - coarse
B 3 ® o -
.—9 —
N - silty, peat _
laminations ,
— 10 Pt S |
- - coarse, silty “
-1 fine sand % A
N faminations R
- medium to
— 12 coarse sand X .=
—13 | GRAVEL OR BOULDERS
[~ No Penetration -
Q | N
!__.,..r — Completion Depth 12.5° Date Apr. 23/72 0 20 30 40 50
e )
\_. ) _’_J Depth 10 Water Penetration Resistance N ]
nnnﬁul‘u"&- .\s—::DCIATES in Boring Dl’y Page 1 of Dwy. No.
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PROJECT Dowson

City

TELSTHOLE No.

13

SUTFACE ELEVATION

1052.8'

JOB No,

E-381-C

T
Soil
f1. Description

pth

lce
Description

10

Water Content %

20 30 40

10 15

Temperature

20 25

°F
30 35

PEAT - roots & wood
darl brown

SILT - peat mixed
- some roots & ped

grey

Nbn

t - ice lens

2-1/2"

- organic, some
peal, dark browir

57

Note: Artesion water
condition encouniered
at 6 ft. Flow
esiimuied al 50 gpin
from 4-1/2" borehole.
Auger removed and ho
tightly plugged with
5 ft. of log.

Compiction Depth

Depth to Water

6.0'

Avtarisan

Date Ay, 23/72

of 1

10 30

20

Penctration Resistance N

40

50

Pane 1

Tyisrns Bin




fail  tiwad

fd bd  ld

3
o

!

E B

—
PROJECT Dawson City TESTHOLE No. 14
SURFACE ELEVATION  1048,2" J0B No. E-381-C
4 epth Soil ice Water Content % © . Témpemture oF
ft. Description Descripiion 10 20 30 40 1015 20 25 30 35
B FILL - gravel |
'i frozen |
_ PEAT -~ dark brown I
__.2 2 6.6_ L L =
| SILT - peot laminations o )
brown
—3 - light brown to -
- grey, some peatj Vs 5% o "
4 strotified .
_ - light brown R
. peat laminations| ’
B 10-15% ~
—6 % o
i GRAVEL ~ sand & silt X e a
—7
C}“B Hole sloughed to 6.5 ft.
|
— -t i
[E— ..‘\ Completion Depth 7t 3n Date Apr 23/72 10 20 30 a0 50 ol
e .
(.__ J Depth 1o Water Penetration Resistance N
HEN ¢ PYTIY Ny Page 'I af ] T ——
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APPENDIX D

GROUND THERMAL REGIHE

D-1 teneral

Restoration of old buildings In Dawson City will probably be a gradual process
carrled out over an extensive period of time. An opportunity therefore, exists

to carefully observe performance of initial reconstructioﬁ efforts in order

that the techniques can be verified or improved at new locations. In order to
relate observed performance of building foundations to site conditions, data

must be accumulated which adequately describes the site and how it changes

with time. One of the most Important site parameters in a region of discontinuous
permafrost, which is usually seriously affected by development, is the ground
thermal regime. As part of the general subsurface study carried out at Dawson,
three temperature sensing cables were Installed In borcholes as described

I Subsection 2.4 of the report. The purpose of these Instsllations Is:

a. to verify the existance of permafrost at specific locations.-

b. to determine temperature of the permafrost and the depth to which
seasonal thawing occurs.

c. to determine, wherever possible, the effect of construction disturbance
on ground temperature.

Readings have been taken periodically throughout the summer of 1972 and it is
anticipated that they will be continued for approximately 1 more year. The
readings obtained to date are presented in this appendix together with a brief

explanation of conclusions which have arisen from them.

b-2 Temperature Data and Equipment Details

Ground temperature data collected at the three instrumented sites are summarized In

Table D-1. These data have also been plotted versus depth in Figures D-1 to D-3.

[ W Brooker & Associates Ltd,
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The equipment utilized for the field installations are production items from

Atkins Technical Incorporated (PRG9-3 thermistors and 3F01 electronic thermometer) .

The thermistors were mounted on a rubber coated, shielded, 8 lead cable, then

ed by a copper sleeve, sealed with silicon for waterproofing and the assembly
The shield was used as a common return and a

cover
encased in heat shrinkable tubing.

17 pin Amphenol plug provided a convenient connector to a rotary switch box.

lmmediately after pre-fabrlcation of the thermistor cables in the laboratory,

their calibration was checked by immersion in an ice-water bath. Where the

temperature readings differed from 32 % 0.2°F, a correction factor was determined

for application to the actual field measurements.

exceeds 1 fahrenheit degree, that particular thermistor is rep
ust be applied to the cables

If the correction factor
laced before sending

the cable to the field. The correction factors, which m
installed in Dawson, are summarized in Table D-2. The accuracy of the system Is

believed to be approximately +0.2°F.

p-3 Interpretation of Data

The data obtained from the two undisturbed sites (Red Feather Saloon and

Commissioners Residence) has verified the following.

a. The sandy gravel soil underlying Borehole location No. 5 is frozen to
a depth greater than 20 feet. (1t is difficult to determine this from
drilling alone because of the techniques used). The maximum recorded
depth of penetration of the 32°F 1sotherm is 4.8 feet at this slte,
whercas the estimated depth of the permafrost table (Table 1) is 5.5
feet, which is in reasonable agreement.

b, permafrost is not present at Borehole location No. 9.

Borchole location No. 4, which is behind the old Post Office, has been disturbed

by construction sctivities. Gravel has been placed in this area as a result of

EyVWON@T&Aﬂmerﬂid
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Location

Post Office

Borchole No. 4

Commissioners
Residence

Borehole No. 9

Red Feather
Saloon

Borehole No. 5

D=4
TABLE D-2
THERMISTOR READIHG CORRECTION CONSTANTS
Depth (ft) Add Correctlon ¢

=
o

OO~ O Bl B - Qo~] O B0 N —

GO~ UL W DY -

5.8 0
6.3 0
7.3 0
8.3 -1.0
9.3 -0.3
10.3 0
11.3 -0.4
13.3 0
5.0 0
5.5 0.4
6'5 0
7.5 0.3
B.5 -0.6
8.5 -1.0
10.5 -0.6
i2.5 3]
Surface 0
0. 0
2.8 0
4.8 0
6.8 0
8.8 0
13.8 0
18.8 0

£ \W Brooker & Associales Lt
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foundation reconstruction. The thermistor cable data indicates that thaw
extended to a depth of approximately 7.3 feet at this location during the past
summer season. This represents an increased active layer thickness of about 2
feet, bascd on the original estimated position of the permafrost table (Table 1,
page 4 of text) . Approximately 1.3 feet of the thaved permafrost consists of silt
with an excess ice content of about 25%. Drainage of this proportion of excess
water will result ina settlement of approximately 0.3 feet. A ground surface
clevation taken at this location on September 13, when compared with the original
borechole elevation taken in April, indicates that the ground surface actuallQ
settled 0.4 feet during the interim time. A result which is to be expected based

on change of the ground thermal regime.

D-4 Future Considerations

Thickening of the active layer due to construction this past summer at the Post
0ffice site is believed to be a temporary condition. Contlnued data aquisition
for at least one more year is considered essentlal and will be undertaken in
order to substantiate that the gravel pad will eventually perform its function
as an Insulator, retarding further permafrost degradation and perhaps causing
the permafrost table to aggrade somewhat. Ground temperature readings will
continue to be acquired on a monthly basis throughout the next year. It is
hoped that this data can be utilized in conjunction with periodic elevation
readings of specific points on the new foundation to eventually allow an

engineering evaluation of performance of the gravel pad.

EW Brooker & Associates Ltd.
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GROUND TEMPERATURE PROFILE
RED FEATHER SALOON (B.H¥5)
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GROUND TEMPERATURE PROFILE

COMMISSIONER (B.H#9)
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FIGURE D3

GROUND TEMPERATURE PROFILE
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consulting civil engineers

D.W Hayley. MSc PEng.
vice president

February 25, 1975

Government of Canada

Department of Indian and Northern Affairs
Restoration Services

66 Slater Street

Ottawa, Ontario

KIA OHA4

Attention: Mr. Ed Clow

§1a1¢§3e>$ t;éﬁo'LL?é}iﬂ

Dear Ed,

Further to our telephone discussion today | am enclosing a copy of our report
on the Robert Service School, Dawson, Yukon. You will see from reading this
report that the site investigation was carried out after the foundations were
installed and ultimately the foundations had to be completely reconstructed.

| believe this information will be very useful to you for future restoration
design.

We appologize for the lengthy delay in completing our report on the Post
Office. As | explained to you, the circumstances were beyond our control.
Consequently ! will have a technician in Dawson this week and he will
collect a set of data for me. We will do what we can to assemble the
information as soon as possible and we will certainly get a report to

you before March 31.

Please feel free to discuss with me any problems you have with foundation

design at Dawson. There is a chance that | will be in Montreal in March. If
this is the case | will try to find some time to visit with you.

Yours truly,

EBA Engin ng Consultants

D.W. Hayley, P. Eng

DWH: lmh

E B A Engineering Consultants Ltd. 14535 - 118 Avenue, Edmonton, Alberta T5L 2M7 phone {403}453-30141
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E-722 Page 1

l. INTRODUCTiON

The Government of the Yukon Territory retained EBA Engineering Consultants
Ltd. to assess the adequacy of foundation units for the new addition to
Robert Service School in Dawson Yukon. The foundation had been installed
during the fall of 1973 in anticipation of structural erection during

the 1974 summer construction season.

The foundation design utilized was a modified, expanded base cast-in-
place pile. This design was an alternative proposed by the contractor

to modify a deep pad footing designed by the structural consultant. The
“deep pad footing had been recommended previously be EBA for a nearby Arena
Site. The foundations were drilled through frozen organic silt and bear
on the surface of permafrost gravel. Pile bell formation was found to

be a difficult task in frozen soii and a visiting engineer from YTG
Department of Highways and Public Works.reported that the full design

base diameter of 48 inches was not achieved. In response to concerns
expressed by the Architect and Structural Engineer over adequacy of the

system, EBA were requested to determine the following.

a. Pile bell diameter on at least two of the heavier loaded

piles.
b. Bearing capacity of the underlying gravel.

c. A restoration procedure if remedial work Is found to be

necessary.

This report summarizes the field procedures undertaken, the findings and

consequent foundation reconstruction recommendations.
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E-722 Page 3

The study was authorized by Mr. J. Rounds, Projects Architect for the
Yukon Territorial Government on February 20, 1974. Throughout the study
discussions were held and guidance obtained from Mr. B. Wood, Wood and

Gardner Architects and Mr. A.R. Waldie, P. Eng., Morrison and Berretti

Engineering.
. FIELD [NVESTIGATION AND SITE CONDITIONS
2.1 General

Fortunately, a background of data was available to draw on prior to
planning of the field work. A general report prepared by EBA for the
Department of Indian and Northern Affairs described building foundation
conditions in Dawson, based on numerous exploratory borings driiled
during the winter 1972, The available data indicated that high ice
content permafrost silt overlies a dense frozen alluvial gravel. Depth
to the gravel layer was anticipated to be between 12 and 15 feet at the

site. '

2.2 Drilling Program

Three exploratory boreholes were drilled amongst the pile cluster in

the school yard on March 29 to 31, 1974. In addition, six shallow

holes were drilled in an attempt to determine the size of existing pile
bells. The six shallow holes were not logged in detail. Drilling was
carried out out using a Failing 1000 rotary drill which was equiped to
use either water or air as the circulating medium for return of cuttings.
It was particularly important that air be used for the pile investigation
holes since the holes must be dry enough to aliow actual examination

of the concrete base.

‘ﬁema"-‘"’ EBA Engineering Consultants Ltdl. f
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Both air and water were used during drilling of the detailed boreholes.
Sampling of-the underlying gravel and/or bedrock was attempted with

a standard 2 inch 0D split spoon and an NX diamond core barrel however,
neither of these procedures was found to be successful. For the most
part, the nature of the underiying frozen gravel was assessed by

examining cuttings and observing performance of the drill bit.

2.3 Nature of the Gravel Laver

The gravel layer was encountered in the nine holes drilled, quite
consistently at a depth of 12 to 13 feet. During foundation reconstruction,
the upper surface of the gravel was inspected insitu on April 23, 1974

by entering an open pile hole. At this time it was found that a layer

of cobbles exists in the silt at the gravel surface, in fact the gravel
surface was not as well defined as indicated in the exploratory borings
since the silt and gravel were mixed over a depth of approximaéely 6 to 12
inches. In the one pile hole inspected, the layer of cobbles was found to
be 4 to 6 inches thick.

A large representative sample of the gravel was obtained from the pile
hole at the time of the inspection. Gradation analysis has been
established for this sample and it was examined by an EBA Engineering
Geologist. The geologists report and results of the analysis are included

In Appendix C.

A 3
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The gravel was found to be very well graded soil with greater than

20% finer than a No. 200 sieve. Most fragments are subrounded to
angular, becoming more angular in the finer fractions. Although it

is predominantly alluvial material, the angular nature of most

particies suggests that it is a high terrace with possibly some

colluvium from the slopes above mixed into it.

The gravel stratum is believed to be thaw stable soil. If the gravel
thaws sometime throughout the life of a structure_significant settlements
are not anticipated. The recommended bearing capacity for foundations

on the frozen gravel is 12,000 psf.

tid, INVESTIGATION OF EXISTING PILES
3.1 Field Data

Two of the heavily loaded piles, C-4 and K-4, were chosen for an investigation

of the bell diameter. Results of this investigation are shown In Drawing
A-2. Four holes were drilled alongside the steel pipe at pile K-l in an
attempt to intersect the edge of the base. Three of these holes were
sucessful and the horizontal distance from the edge of the hole to the
edge of the pipe was measured utilizing a plumb bob to ensure the

correct horizontal distance was carried from the bottom to the top of

the pile. From an analysis of the data from these three holes it was

concluded that the pile bell diameter at pile location K-4 is 28+ 1 inch.

Two holes were drilled alongside pile Cc-4. Neither of these holes
encountered the concrete base and both penetrated into the gravel
layer slightly. It can be concluded from these observations that the

pile base diameter is somewhat less than 34 inches.
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3.2 Recommendations

it is obvious from the two piles Investigated that the belling operation
was unsuccessful in the frozen silt. It was recommended that the
foundation system be checked assuming that there Is no effective bell

on the piles (24 inch diameter) considering that the allowsble bearing

capacity is 12,000 psf.

V. FOUMDAT I ON RECONSTRUCTION
4.1 General

Based on the findings of the pile bell investigation and detailed drilling
program. Only nine of the piles installed during the fall of 1973 were
found to be acceptable. It was recommended by EBA that the buitding

be moved slightly and an entire new set of foundations installed. This
was accepted by the architect, structural engineer, owner and contractor

at a meeting held in Edmonton on April Sth, 1974.

L, 2 New Foundation Construction

The new foundations were constructed by drilling a straight shaft up to

g4 inches in diameter. Cleaning the surface of the gravel by hand methods
and placing a precast footing on a thin grout leveling pad. A steel

pipe column base was anchored into the pad and the foundation pipe field
welded into place. Granular backfill was then loose dumped in the

annular hole above the footing around the steelpipe.

P - T R S R L, ey P P
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4.3 Field Inspection

During the early stages of new foundation construction two full time
site inspectors were at the job site. One senior technician, Mr. D.D.
Yaremko, from EBA examined the adequacy of the cleaned footing
excavations prior to placement of the precast slab. However, overall
inspection responsibility resided with Mr. N, Anderson, P. Eng. of the

Department of Highways and Public Works,-  YTG.

Construction difficulties were encountered with the silt impregnated

cobble layer overlying the alluvial gravel. The site was visited on

April 23, 1973 by the author and it was determined that this layer of
cobbles must be removed from beneath foundations elements. This was

done effectively by the contractor using an air operated jack hammer.
After the procedure was established, foundation installation was

reasonably uncomplicated.

The inspection report prepared by the EBA technician and letter
subsequent to the site visit by the author are included as Appendix D.

V. CLOSURE

It is believed that a stable foundation has been achieved in a region
where building instability due to foundation movements is a normally
accepted occurrence. In view of the unique design used for this area it
Is suggested that some performance data be collected over the next

few years. This can readily be done with a series of control points

on the new structure on which an elevation survey is periodically

taken. The elevation survey should be referenced to one of the deep
benchmarks installed in the townsite by EBA for the Department of

Indian and Northern Affairs.
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Respectfully Submitted,

EBA Engineering Consultants Ltd,

Don W. Hayley,

DWH: Imh
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SYMBOLS AND TERMS USED ON BOCRING LOGS

PP

s =

SAMPLER TYPES

SOIL TYPES
(SHOWN IN SAMPLES COLUMN)

(SHOWN IN SYMBOL COLUMMN)

- b N\ H

) e

Sand St Clay Shelby Piston Split No
Predominant type shown heavy Tube Spoon Recovery
E POSITION OF FREE GROUND WATER IN BOREHOLE

Gravel

TERMS DESCRIBING CONSISTENCY OR CONDITION

on No. 200 sieve): includes (1) clean gravels and

COARSE GRAINED SOILS (major portion relained
d according ta relative density, as

sands, and (2) silly or clayey gravels and sands. Condition is ratc
determined by laboralory tests.

DESCRIPTIVE TERM RELATIVE DENSITY N BLOWS PER FOOT
Loose 0to 40% 0 to 10
Medium, dense 40 to 70% 10 to 30
Dense 70 to 100% 30 to 50

The number of blows, N, on a 2" 0.D. split spoon sampler of a 140 Ib. wt, falling 30" requircd to
drive the sampler a distance of 1’ from 6" to 18",

FINE GRAINED SO'S (major portion passing No. 200 sieve): includes (1) inorganic and organic
silts and clays, (2) gravelly, sandy, or silty clays, and (3) clayey silts. Consistency is rated accord-
ing to shearing strength, as indicated by penetrometer readings of by unconfined compression tesls.

UNCONFINED
COMPRESSIVE STRENGTH

DESCRIPTIVE TERM TON/SQ. FT.
Very soft less than 0.25
Soft 0.25 to 0.50
Firmi 0.50 to 1.00
Stiff 1.00 to 2.00
Very stiff 2.00 o 4.00

Hard 4,00 and higher

Mote: Stickensided and fiszured clays may have lower unconfined compressive
strenglhs than shown above, because af planes of weakness of cracks v the
coil. The consistency ratings of swch soils are based on penetrometer readings.

TERMS CHARACTERIZING SOIL STRUCTURE

Slickensided — having inclined planes of weakness that are slick and glossy n appearance.

Fissured — containing shrmkagé cracks, frequently filled with fine sand or sill; usually more
or less vertical.

Laminated — composed of thin layers of varying color and lexture.

Interbedded — composed of aiternate layers of different soil types.

Calcareous .— containing appreciable quantities of calcium carbonate.

Well graded  — having wide range in grain sizes and substantial amounts of. all intermediale

particle sizes.

Poorly graded —-— predominantly of one grain size, or having a range of sizes wilh some intermedinle

size missing.

S
00
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BOREHOLE LOG
PERMAFROST REGION
IDEPTH 3 GROUND MOISTURE CONTENT % @
(feot) SOIL DESCRIPTION 3 COII\I%?TION T e
m 10 20 30 40 50 60 70
GRAVEL FILL Seasonal
A _ Frost
2 PEAT -dark brown
_  —§ SILT -med. to dark grey — Temp. 85%
-organic firm 26.4°
6 ~trace of fine sand _
gt Unfrozen
.8 —
Permafrost
10 _] -
Vs 5 - 10%
!
Temp. @ 103
12 _ a 29.40
GRAVEL
— 14 — -coarse 7
: -some cobbles and
— 16 ~ boulders ~
18 — -
.. 20 —_ e ]
BEDROCK Frozen
_ 22 _| -med . hafd, green grey  _| No avidence
serpentinite
: : of excess ice
| 2y | (chip samples only) N
~hard, uniform drilling
28 — -
— 30
END OF HOLE @ 30!
32 - -
PROJECT DATE 3723774 HOLE NO.
éﬁfiﬁié Dawson School LOGGED BY _ JK TH 1
EC0 ELEVATION SHEET
DEPTH 30! 1 of
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BOREHOLE LOG
PERMAFROST REGION
DEPTH o GROUND MOISTURE CONTENT Yo @
SOIL DESCRIPTION e ICE
(feet) = SPT RESISTANCE A
& CONDITION 10 20 30 40 50 60 70
GRAVEL FILL Seasonal,
B _ PEAT -dark brown _ Frost
2 ~fibrous
— 4 — SILT -med. to dark grey —
' -organic, soft to firm
6 -trace of fine sand Unfrozen
Permafrost
g -] _ Vr 5 - 10%
L 10— ~ Temp 31.8°
L 12
GRAVEL
14 -med. to coarse _ Frozen
-sandy
-with cobbles and boulders No evidence of
- 16 -very hard drilling - excess ice
L. 24 _
END OF HOLE @ 22%
. 26 -
.. 28 ] .
30 _ o
| 32 a
PROJECT paTeE _3/30/7h HOLE NO.
dﬁféﬁié Dawson School. LOGGED BY JK 9
eOQ ELEVATION SHEET
DEPTH 224 1 of 1
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BOREHOLE LOG
PERMAFROST REGION
l;épTH = GROUND MOISTURE CONTENT % @
SOIL. DESCRIPTION S ICE SPT RESISTANCE A
t
dCe @ CONDITION 10 20 30 40 50 6070
GRAVEL (FILL)-med. brown sandy,
fine to coarse, some cobbles Frozen Seasona
— 2 | PEAT -dark borwn .
L !-i — o . -—
SILT -med. grey soms. organics
non plastic
6 — —
Permafrost
Y - o
vr 15 - 20%
10 — o
SAND -med. grey, silty, fine Temp. 30.8
12 _& ~_grained, uniform Vs - 1" top of
\.GRAVEL-med. brown sandy fine to gravel
14 \ med. some cobbles j NF
16 END OF HOLE
— 18 — -
20 -
22" — -
24 -
26 ] -
.28 | -
32 — -
PROJECT paTE 3/31/74 HOLE NO.
f:‘é Dawson City School | oGGeD BY JK 2A
@OQ ELEVATION : SHEET
pepTH 122 L
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APPENDIX C

REPORT ON GRAVEL SAMPLE EXAMINATION

PROJECT: Robert Service School Addition, Dawson Yukon, Job E~722

DATE SAMPLES: April 23, 1974 / DWH

SOURCE: Pile Hole D-1 base of completed excavation {approx. 13 ft)

GRADAT 1 ON: Gravel {55%), sandy (33%), Silty (22%) grain size distribution
curve attached

DESCRIPTION: Gravel

immature

the gravel sizes are rounded to sub-rounded for the
coarsest fraction (i3 - 3/8) - most are chipped to
broken below the 3/8 broken rounded to broken pebbles
are dominant

Sand - immature
- most particles angular to sub-angular becoming more
angular in finer fractions
- less than 15% of the coarse fraction of the sample
cannot be called alluvial
PETROLOGY: (visual estimate)
10% - Quartz
25 - Pyroxene - peridotite
15 -~ Serpentinite
Trace = Schist & Gneiss
15 ~ Sandstone
Trace - Basalt
Trace = Chert
15 - Diorite
10-15 - Others, Limestone?
100%
note: Some native iron or iron fragments were found and one small

fragment of glass.

Nell R. MacLeod, P. Eng.

Engineering Geologist

é@‘.’ FRA Frneineering Consudiants Ld.
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€00 Engineering Consultants Ltd.

D. W. HAYLEY, P.Eng.
vice president

April 25, 1974

Government of the Yukon Territory
Department of Highways and Public Works
Box 2703

Whithorse Yukon

Attentlon: Mr. Jeff Rounds, Project Archltect

Dear Jeff:

Subject: Site Inspection - Robert Service School, Dawson City

Foundat!on Installation for the new addition to the Robert Service
School was inspected on April 23, 1974, Difficulties associated with
construction were discussed on site at that time with yourself, the
structural consultant and the contractor. With regard to geotechnical
matters it Is my understanding that the following was resolved.

a. An unforeseen layer of silt with cobbles is present above the
gravel bearing stratum. In the one hole Inspected, this
layer was approximately 4 to 6 inches thick. The frozen, lce
rich s11t will be detrimental to foundation performance thus
the cobbles must be removed and the hole cleaned to the gravel
surface prior to Installation of the precast footings.

b. Since the auger does not seem (o be effective In removing the
cobble layer, hand excavation will be required. For this
purpose , a jack hammer or pavement breaker has been sugges ted

toe the contractor.

c. The screened quartz sand from Lovett Gulch is acceptable material
for the leveling pad in the base of the excavation. The sand
must be mixed with cement in a proportion of at least | bag of
cement to 2 bags of sand and it should be placed at a slump which
s found by experimentation on site to be workable when the pad is

leveled. The thickness of the leveling pad should be kept to a

minlmum, preferably not in excess of 2 inches (average). In

selected cases, a thicker leveling pad may be acceptable, however
. this must only be placed after approval from the slte inspector.

11738 Kingsway Avenue, Edmonton, Alberta  TSG OX5  Phone {403) 453- 3665
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Aprit 25, 197k Page 2

d. It 1s desirable not to continue dri1ling untll an acceptable
procedure for cleaning the holes and installation of footings
has been developed. VWhen such a procedure has been established,
the rig may procecd ahead of the installation crew in order to
expedite the work. The contractor should exercise caution in
this respect In order that the holes do not stand open for an
unreasonable length of time. Any open holes must be covered to
limlt air cireulation in the Interim between drilling and
Installation of the precast footing. The contractor should be
cognlsant that elther the government safety inspector or the
construction inspector may require that any hole subject to a
sloughing condition be cased. :

~

| trust you will find those coments helpfull. Please feel free to discuss
with me any aspect of this foundatlon reconstruction.

Yours truly,

EBA Engineering Consultants Ltd.

D.W. Hayley, P. Eng.

cc B, Wood
A. Maldie
B. Nilsen
H. Anderson
D. Yaremko

bWH/ tmf

ﬁ&fé
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BROCKER MEMORANDUM

10: D. Hayley FROM: p. Yaremko

JoB NO.:E 835 DATE: May 2/74
SUBJECT: pPile Foundation Inspection - Robert Service School

April 17/74%

- site clear of snow, plles layed out h'6" N.W. of orlginal plan.
- Western Calsson Piling Rig in Whitehorse - Broken down air compressor.
- Precast Slabs: 5 poured on April 15/74

8 poured on April 16/7h

April 18/74

- Piling rig arrived in late evening from Whitehorse

Aprit 19/74

- 13 precast footings arrived on site
= Mast & Kelly being mounted onto rig.

April 20/74

Started auguring pile H-1 using 40" O Auger. Augered to 12' (approx. 2 hours
drilling time). Encountered cobbles &' to 10 0 which drill rig could not
penetrate to. Inspected bottom of pile - cobbles in silt, high ice content,
gravel layer g - 8" below cobble layer. Suggested the use of Jjack hammer
for removal of cobbles - non available in town. Cobbles and silt removed

to gravel layer using hammer and chisel.

April 21/74

- 36" precase pad installed on 1*' ready-mix concrete at setting depth of 12'6"
thickness of levelling pad 3" to 5" approximate 5" s lump

- load of angular boulders for backfill materlal arrived on site from plt N.
of town - inspected and rejected.

- Inspected cemetry pit for backfill - too sllty.

DISTRIBUTION . .
° ]
] [ ]
o ]
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D. Hayley ' -2~ ] May 2, 1974

Sandy gravel backfill material from Bonanza Creek Pit approximately 10 miles
from town.

Plpe welded onto plate & plle partially backfilled

t

Drill rlg augered pile D=1 to cobbles

Hole not cleaned to gravel Tayer.

April 22/74 ' ;
- Backflll completed on Pile H-1

Started removing cobble and silt layer (Pile D~1) with hammer and chlsel

Plting rig augered p1le—F—1 to 11', Hole cleaned by hammer and chisel to
”'6"

Compressor and rock drill arrived In afternoon - not effective for removing
cobbles

Sand belng screened from backfill material for use of levelling pad and
placed into Pile F-1 1 to 3' thick. Precast set on sand levelling pad -

I off centre, removed and hole left open.

~ Plle holes appear to be too small for precast pads.

April 23/74

- Drilling ordered to shut down by Y.T.G. Englneer until remaining open plle
holes were backfilled

-~ Job superintendent gone for compressor to Clinton Creek.

Aprll 24/74

- Cleaning and widening bottoms of piles D-1 and F-1 lowered precast into
F-1 and found that contractor was placing 42" precast instead of 36"

~ Removed sand levellling pad from F-1 and set precast on mortar levelling
pad 2" to 4t depth of mortar used with sand cement ratio of 2-1, slump
approxImately 2'' due to water entering hole, sluffing from top.

- Set D-1 on sand cement mortar @ 11'6" water In hole, top situffing.

- brl1l rig sugered L-1+ to cobble layer. Augered K-l+ to approximately
8' encountered cobble, removed by hand.

L= -
€0Q Engineering Consullants'Ltd.
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D, Hayley . -3 - - May 2, 1974

Government safety Inspector arrlved on job site and issued ordinance for the
use of casing for pile holes.

Plle D-1 belng welded without casing - observed by safety Inspector.

Plles D-1 and F-1 not backfilled

Culvert being welded to use as casing

. Aprll 25/74
- Welded and backfilled Plles D-1 and F-1, casing being used.

- Rig augered pile B-1 to cobbles - approximately 1' to hand clean, no Jack
hammer on Job site.

- Rlg finished augering K-1" to cobbles

~ Both holes not cleaned to gravel.

Aprll 26/7h :
- Pile B-1 hand cleaned and set on 2'' - 6" mortar pad at depth of 11'6"

~ Mortar cube samples taken for strength tests

- Jack hammer arrived in afternoon, cleaned L-1* to gravel and set on mortar
pad at 13'

-

- Drill rlg augered piles A- and A-6 to cobbles.

April 27/74

- Plle K-1+ cleaned out to 12'6" precast set on mortar, plpe welded and back-
fllled

- Plle A-4 cleaned out to 11'4" precast set, mortar cube samples taken and
left at bottom of hole until April 29. Mortar mold frozen to bottom of
hole, cubes set - very weak and fragile.

April 29/74

- Pile A-6 cleaned, large cobble along side of hole at bottom, couldn't
remove. 2" to 6" mortar levelling pad used. Pipe welded, setting depth
12%; Backfilled.

-3
-
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April 29/74

- Pile A-B drilled, cleaned and set at 11'9'" - cobble along sfde at bottom of
hole, precast not set on cobble ~ pipe welded and backfilled.

- Plle A-9: Bottom generally level, 2 to 3'' mortar levelling pad used, pre-
cast set at 11'

- Pilé A-11 drilled to cobble stones.

- Approxlmate tlme to jack hammer and clean hole is 1 hour.

April 30/74

- Pile A-11 Cleaned and precast set, 2 to 3" mortar pad used, precast appeared
off level, inspected and precast sitting along wall of hole. Informed
superintendent and precast re-set properly.

Pite C-11 augered to cobbles - Attachment arrived for drill rig kelly bar -
3t extention with pilot point attached to Kelly bar and auger throughout
diameter of hole to loosen cobbles, very effective, minimizes Jack hammering
time. Extension point penetrates through cobbles and into gravel layer.
Hole cleaned out 42" precast set approximately 6" into gravel layer on 2-4"
mortar pad. Setting depth: 12'6'",

Pile E-11 Setting depth 12'6",

Contractor cleaning pile E~11 when 1 left, drill rig augering along line L.

Production improving immensely

13 plles set

Surface ground conditions wet.

Contractor using casing in every hole.

D. Yaremko .

DY/sim

-3

€0Q Engineering Consultants Ltd.
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ORIGINAL FOUNDATION DESIGN

3
|

24" DIA. SHAFT

48"DIA. BELL

‘ Q%
Pl

GRANULAR FILL\ (

i =1l
fg:;-f;
A

.....

S
525
[w=]

/ 9" PIPE

3,000 psi CONC.

J-—— 48"DiA. BELL—!’

NOTE

All piles to bear on dense frozen gravel layer approx. 12' - 0"
Below exlIsting grade as defined in specs. Each pile to be visually
Inspected prior to placing concrete to ensure there is no loose
material on this layer.

FROM MORRISON B BERRETT! ENGINEERING DRAWING SK-t FIGURE |

%% FRA Fneineering Consultants Lid.
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l. INTRODUCTION

As part of an ongoing program of building restoration in Dawson, Yukon

The Department of Indian and Northern Affairs (DINA) retained EBA to
monitor performance of a gravel pad foundation. The gravel pad is the

new surface preparation for the Historic old post office, the first
restored building under the government scheme. The performance monitoring
program, carried out under Contract No. 156-73, was an extension of a
comprehensive study of subsurface conditions in Dawson conducted by EBA
(then E.VW. Brooker and Associates) and submitted to DINA in December,

1972.I
The scope of work conducted under this monitoring program includes:

a. Periodic eievation survey of selected exterior pad footings

at the restored Post Office.
b. installation of two frost stablie benchmarks.

c. Periodic readings of thermistor strings Installed during

the initial subsurface investigation.

A brief description of the program, a presentation of data collected and

a discussion of it is presented in this report.

'""Report on Subsurface Conditions, Dawson Yukon' by E.W. Brooker
and Associates submitted to Department of Indian Affairs and
Northern Development December 22, 1972.

EBR Englnacidng Conruitants L, 5
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. ELEVATION SURVEY - POST OFFICE
Z.1 Program

A periodic elevation survey on the Post Office footings was initiated on
September 14, 1973. The structure had been temporarily set on timber
cribs that summer {1973) and the old basemcnt cleaned and filled with
coarse gravel and cobbles. The pad was completed to grade and the
structure lowered onto numerous surface wooden footings supporting a
short extendable steel pipe column. Eight of the surface wooden pads,
all on the perimeter of the structure, were chosen for the monitoring

prograi.

The elevation survey was initially referenced to a temporary benchmark
which was the top of a vertical support rail for a power pole in the
lane behind the structure. (Elevation 1056.79, Sept. 14, 1973) Due to
the remote location, reading frequency was erratic. Eight reliable sets
of readings were taken during the period September 14, 1973 to February
26, 1975 (iB months). The readings were taken by:

a. A local resident hired to take "monthly' readings
b. EBA Technicians when passing near the town

c. DINA construction personnel
2.2 Results

The location of elevation points are shown in Figure No. 1. Also shown
in Figure No. | are the changes in elevation with respect to the initial
set of readings. A table with the actual elevation data is included in

Appendix A, Table A-1.

-~

£BA Englanadag Conrditants/ 0, |
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Settlement of the eight points ranged from 0.09 ft. to 0.17 ft. with an

average of 0.13 ft. over the 18 month period.

Settiement was found to be relatively uniform, which is surprising,
considering the variable depth of gravel fill under the structure (only
the east half had a basement thus the gravel pad is much thicker there).
It is evident that settlement is slightly greater on the south and west
sides of the building, where the gravel surface is exposced to more

direct sunlight.

2.3 Benchmark Installation

Two deep benchmarks were installed in the townsite in March, 1974. The
installation was carried out by EBA for DINA under a separate contract
(344-73). The purpose of the benchmarks is not only for the settlement
monitoring program but for future restoration work in the townsite. The
locations, chosen by DINA personnel, are nearby two buildings referred

to as the Dawson Daily News and Ruby's Place.

A sketch showing the benchmark design is shown in Figure No. 2. The

'design is standard for permafrost regions, with an outer sleeve protecting

the benchmark rod from frost action through the zone of severe seasonal
ground temperature fluctuations. At Dawson, the sleeve was extended to

the bottom of the icy permafrost silt and the inner pipe burried at

- least five feet into the dense frozen alluvial gravel which underlies

the townsite.

For purposes of the post coffice monitoring program, a temporary elevation

(1052.93) was set on the benchmark at the Dawson Daily News relative to

£OA Englngering Consultantsltd. ©
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-

the temporary benchmark in the alley. Actual geodetic elevation of
the two deep benchmarks was subsequently set by DINA personnel. The

geodetic elevation was not utilized for this program.
i, GROUND TEMPERATURE DATA

Ground temperature was recorded from a string of thermistors installed

in each of three boreholes dritled during the general field investigation
program. Installation details for these instruments together with the
first 6 months of observational data is summarized in the report on
subsurface conditions referred to previously. An additional seven sets
of readings werec obtained from the thermistor string installed at the

Red Feather Saloon and four sets from the string at the Commissioners
Residence. Unfortunately, readings could not be obtained beyond October
25th, 1972 at the Post Office Site because the cable was destroyed

during construction. All readings obtained from the installations is

summarized in Table A-2, Appendix A.

Restoration of the foundation at Ruby's place entailed excavation under
the existing structure to a depth of approximately four feet. Just
prior to backfill placement in December, 1973, a horizontal thermistor
string was installed along the bottom of the excavatioq. The string,
which has four equally spaced thermistors, was positioned along the
minor axis of the structure, Readings were obtained only during the

winter, 1974. These are presented in the Table A-3, Appendix A.

EBA Enclnzarlng Consultardtslid, £
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v, DISCUSSION AND RECOMMENDATIONS
b Post Office

Performance of the post office pad foundation has been excellent. In
general, the mangitude of settlements is-within reasonable expectations.
There is some evidence of frost heaving at the northwest corner of the
structure, points 3 and 4 however the magnitude of movement is less than
0.1 feet. The frost heaving which was recorded during the winter of

1974 was recovered as settlement the following summer.

The most severe differential settlement was recorded at point 5 where
0.15 feet of settlement occurred during the summer, 1974. Water was
noted to be ponded adjacent to the pad at points § and 6 during that
summcr. Ponded water presents a severe risk to ihe structure, which
depends on maintaining the permafrost for its stability. Drainage
should be improved in this region, moreover, the exposed surface of the
gravel pad on the south side of the structure should be covered with
topsoil and adequately landscaped. The northwest end of the structure,
referred to as the annex, is the most serious region of concern because
the thickness of permafrost organic silt is greatest there. Measured
movements, both heave and settleﬁcnt, have been greatest to date at this

end of the building.

i,2 Rubys' Place

The below ground gravel pad design used at Ruby's Place is a questionable
procedure. |t is understood that excavation is necessary in order to
maintain an authentic building elevation while accommodating the gravel

pad. Replacement of natural soil with gravel will ultimately cause somc

EDA Eaglacatling Consuitantstid,
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permafrost degradation. Differential settlements will however be reduced
significantly by the pad and the foundation should ultimately stabilize
after several ycars. 1t is strongly recommended that the crawl space
below Rubys' Place be well ventilated in winter and closed during summer.

Moreover, thermistor readings should be continued at this location.

4.3 Future Projects

The first gravel pad foundation used in the permafrost area of the town
has performed reasonably well to date. Seasonal ground surface movements
in the order of 0.1 feet should be expected due to frost heave. Moreover,
settlement may continue Tor several years at a diminishing rate. The
monitoring program has shown that the pattern of settlement is somewhat
dependent upon surface conditions and exposure. Foirtunately the magnitude
of seitlements has been within the ranye that can reasonably be tolerated
by the structure inveived. The structure can be releveled periodically

with a minimum of difficulty.

The main problems associated with the pad foundation design are:

a. There is a high risk of heave or settlement.
b. Finished floor elevation for the completed structure is
difficult to control without excavation, which defeats

*

the prime purpose of the pad.

These problems are overcome by utilizing a deep pad footing design as

described in the general report on subsurface conditions referred to

previously. This technique was used under EBA supervision for an extension
to the Robert Service School in Dawson. At that site, a & to 5 foot

diamcter hole was augered to the underlying gravel with a caisson drilling

-

ERA Englncaring Coaruilants Wd. \
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rig and precast circular pad footings placed in the hole. Steel pipe
columns were then field welded to a steel plate cast into the footing

and the hole backfilled with granular fill. The installation is described
in detail in a report prepared by EBA} for the Government of the Yulkon
Territory. A copy of this report has been forwarded previously to DINA

with consent of the Yukon Government.

It is not practical to consider use of a caisson drilling rig for work
under an existing structure, howaver, hand excavation to the gravel

surface is feasible. With the aid of a jack hanmer, excavation in the
frozen silt is a practical design. Since each footing would be capable

of supporting a considerable load (15,000 psf recommended bearing pressure)
use of deep grade beams to minimize the number of footings would be

desireable.

Respectfully submitted,

DWH: 1mh

) “Site Investigation and Pile Foundation Evaluation, Addition to

Robert Service School, Dawson Yukon'. Prepared by EBA for Government
of the Yukon Territory, Department of Highways and Public Works
July, 1974,

EDD Englnaaring Canrultantritd,
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Table XXXT

Module of ventilation of crawl space
for different widths of the bullding, thermal
resistance of the flioer and floor
surface temperature in the {first storey
(calculated without taking wind pressure into account)

VENT\LATION TODULE OF THE
TheamaL [1eme. of | SEUICENT PR vuE ZOWE S
W10TH of |RESISF. of | FLOOR 2;2
FLOOR ™
“:: & uq-anﬂ\- F"Rg;c:_ h SUBARCTIC [TEMPERR(E | SOUTHERY
KjeAaw
ts t 15 0,0015 0,005 0,025
30 0,005 0,015 0,03
2 15 0,001 0,003 0,012
. 30 0,002 0,007 0,020
3 {5 0,0005 0,002 0,007
30 0,001 0,004
30 1 15 0,0025 0,008 oved
30 0,0075 0,025 »
2 5 0,0015 0,008 0,045
30 0.0035 0,010 0,03
3 15 0,0007 0,003 0,007
30 0,0022 0,005 0,010
50 1 15 0,003 0,010 aved
30 0,01 0,03 »
2 15 0,002 0,007 0,020
30 0,005 0,015 oPEH
3 15 0,001 0,004 0,10
30 0,003 0,007 oved

T T R e e e e e O I R TN



26~

d - distance from the centre of the building to the middle of the
perimeter wall in the transverse direction,
ong - temperature of the ground surface outside the crawl space,
v - temperature of the ground surface 1n the crawl space,
The thermal balance of the crawl space at the beginning of freezing of
the thawed layer has the form:

Q, +Q, +Q, + Q5 =0. (6.22)

Freezing of the layer of soll at the base of the building thawed during
the summer, taking into acccunt freezing from above as well as from below due
to heat lossea into the permafrost for any time interval t, 1s determined by
the formula:

PR 1)c'-")3t
h=-2 R+ | (A R+ ng )l - App - -
w
P T T IS e SV 5 (6.23)
T yowvTa © S

where to - time from the beginning of thawing up to the calculation time.

In formula (6.23) the first two components express the value of freezing
o. the thawed layer in the crawl space from above and the last component
expressed freezing from below.

After freezing of the seasonally thawed layer near the structure and its

base, the thermal balance takes on the form: -

Q, + Q +Q + Q =0. (6.24)

During this time ventilation can be subatantlally decreased or even
stopped if the followlng relation 1s satisfied:

Q, s|Q + Q| - (6.25)

For a rough consideration of heat losses Qg , Table XXIX can be used in
which the maximum dimensions of the heated building (in metres) are glven
under which in specific circumstances the frozen state of the foundation soll
can be preserved without ventllation and even without a crawl space exclu-
gively because of heat flow through the frozen soll. Aa introductory values
in Table XXIX we have: '

mean temperature of the ground surface (in practive the mean temperature

the outside air) for the four coldest months of the winter - ¥ .;
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The conventional notations used in formulae (6.3), (6.9) and (6.10)

arif iven below:

¥, - air temperature 1n the first storey of bullding 1n degrees,

Oc - air temperature in the crawl space in degrees,

ﬁdp - dew point of the outside air, 1in degrees,

oo - temperature of the perennially frozen strata at the depth of zero
annual amplitude, in degrees

er — thermal resistance of the [loor above the crawl space. m> x hours X
degrees/keal,

R - thermal reslstance to heat transfer from the ground surface to
the alir in the crawl space, m> x hours x degreesfkcal,

AT’ Arr— heat conductivity coefficlent of thawed and frozen ground,

kecal/m x hours x degrees,

o - diffusivity coefficient of frozen ground m’/hourﬂ

w - quantity of frozen water in the soil, kg/ma,

a. - coefficient of heat transfer from the air in the crawl space to

the floor, kcal/m2 x hours x degrees,
h - depth of thaw of the ground before th
time interval t, m {(initial depth of thaw),
t - calculation of time interval in hours,

e beginning of the calculation

30wR
m=1d + (MR + b+ }\TRfl) £1.

t

Supplementary changes in air temperature in the crawl space due to
ventilation and heat flow to and from the crawl space through the perimeter
wall of the building is taken into account by corrections ¥ in the formulae.
For the crawl space of apartment buildings this correctlon 9, should be
taken as 0.5 - 1.5°C. For crawl spaces of buildings with large heat emlssion
where accelerated ventilation of the crawl space by cool outside air reduces
the depth of thaw under the building, the value of should be taken within
the range of -0.5 to -1.5°C. The limits of theze corrections were derived by
considering the minimum increase in alr exchange with gimultaneous minimum
increase in depth of thaw. The accuracy in choosing the calculation formula
for determing the air temperature in the crawl space 1s further checked by the
thermal balance from which the alr exchange between the outside alr and the
air in the crawl space 1s determined. If according to calculations the
quantity of alr required to maintaln the alr temperature in the crawl space
as calculated with formulae 6.8, 6.9 and 6.10 has a negative value the

mula 1s incorrect and the air temperature should be recalculated with

another formula.




which do not require cooling arrangements to retain

Table XXIX

Maximum dimensions of heated buildings

the foundation soll in a frozen state, 1n metres

S 'Y &, % 5 10 15 20 2

—50 —10 i 15%10 | tox20 | sxi0 | — —
2 3060 | 2040 | 10X20 | sxt0 | —
3 30%60 | 20%40 | 1020 | S5x10

-25 -5 1 5% 10 = - — =
2 20440 1020 5% 10 — —_
3 w60 | 2040 | 10x20 | sxio f  —

—10 -2 { %6 - — — _
2 %15 | sxw0 | — ~ -
3 1020 Twid | sx10 | — e

. Table XXX

Mean monthly temperature, relative humidity
and alr density, ground surface i

of the building site

temperature, wind velocity in the vicinity

TEMR OF 11} GRoUND WiHD

MONTH AIR ;I‘EMP. oewog’omf REL. H:i}r'\. DENSH.'Y GueF, TEMP, | JELOC vy

¢ oursipt AN oF A kgim °c ""__’E_c':
| —43,2 —_ 80,4 1,41 —42.0 1.1
H —35,8 - 82,0 1,40 —36,0 1,1
i —22,4 = 11,4 1,38 —23,0 1,1
v — 8,1 — 66,68 1,33 - 7,3 2,1
\'J 5,6 — 1,0 59,8 1,27 —_ 2,5
VI 15,5 1,2 80,8 1,23 —_ 2,2
Vil 18,9 12,0 84,8 1,22 — 2,4
vil 14,7 10,0 73.4 1,22 —_ 2,0
IX 8,1 3,0 75,8 1,27 — 2,0
X - 1,9 —_ 8i,8 1,33 — 6,9 1,9
X1 —21,5 - 83,1 1,31 —206,4 1,5
X1 —-39,5 - 81,0 1,41 —38,0 i1

The temperature in the crawl space s K:
regulated monthly.




O A e S oA\ e e B

Cabe A 8 M AN . S '
L ®pom \ = Bl @:’?:"wﬁi—?&As_i&ngm_ |

e —= e S
- NG ) Tt': :”\ :\""T’-*ﬂe Ve A N ML |
e b sihde Tewde sodl |

'D' +
3 483 _de”
£ o w.wetl Qcey 202§
) PIEPLY - T 1
5 N ¥ o,ar 4 ©i03 |
W5 o - e E
i o 18 =)
1564 (o » S
1. - o oony —oogh.  elesdl. M
| ® Slaoing v
| YT Rah ¢, 08 A . F s —
= | — a' s ]
8 gao—_ Le02§ 00 §  oPen
ué P ——r————————— )
= g,7¢ E 7 L X i |
s 7a ko roo/g - o _-4
] - ;- - w A o0g LS
1 B A AL
r-ry¥e ]
1Y 6y Ae° e |
. I‘t’:u?_ _1003. o ‘00?‘ |
L % e 10027 o _ |
= ____‘L}'&% 5 ;088 -7
5. s00% Lol & fEwW |
ra/ o .- |
9. 76 e = i |
- Qo 4 |
80'; ) s‘ foo";_-_ b la .
120
Y, o e e e
. 0o/ | |
Q | _ 800 Y-X 4 ' 010
| | 523 1coP ©PLEw |

( g—u-( Q:\l" T ! Q&T
;'P"“'""‘ ) "'""“gb = /' 2V pal \-A:.g/& (»&;.L_-;ﬁ ¥ 2 —'r
: A — et —— ]




	Dawson Soil Reports
	Dawson Soil Reports 2

