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APPENDIX B

RECORD OF TEST PITS
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APPENDIX C

IN SITU TESTS – PILOT INFILTRATION 
TESTING (PIT) 
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Error! Unknown document property name. 
18300 NE Union Hill Road, Suite 200, Redmond, Washington, USA 98052  T: +1 425 883-0777   F: +1 425 882-5498 

Golder and the G logo are trademarks of Golder Associates Corporation golder.com 

Golder completed the excavation of five test pits at four locations for the purpose of evaluating 
stormwater infiltration potential. The location of the test pit infiltration sites are shown on Figure 2 and are 
summarized in Table 2-1. The logs of the test pits are contained in Appendix B. Laboratory tests on test 
pit samples included grain size analyses, the results of which are contained in Appendix G. 

The infiltration tests were completed under the general guidance provided by the Washington State 
Department of Ecology (WSDOE) guidelines provided in Volume III – Hydrologic Analysis and Flow 
Control BMPs; Stormwater Management in Western Washington (August 2012)1. The method utilized 
was the Small-Scale Pilot Infiltration Test (PIT). The test pits excavated for the PIT were typically 3 feet 
wide, 4 feet long, and 3 to 4 feet below the existing ground surface. The recommended 6-hour presoak 
period was abbreviated on three of the four test pits (DRLE-TP1, DRLE-TP3a, and DRLE-TP4) because 
of very high inflow of water and difficulty in maintaining the 12 inches of presoak head. Typically, inflows 
for the presoak were on the order of 1,000 gallons in less than an hour. As such, the recommended 6-
hour presoak period was terminated early. The actual infiltration testing consisted of a constant head test
followed by a falling head test until the test pit was drained. After completion of each infiltration test, the 
test pit was deepened full depth (10 feet below existing ground) to evaluate the presence or absence of 
any lower permeable layer that could affect infiltration. The field data analysis results in an uncorrected 
infiltration rate in inches/hour, summarized in Table C1.

Table C1. Infiltration Rate Correction

The field data for each PIT is presented below.

1 Washington State Department of Ecology. 2012. Stormwater Management Manual for Western 
Washington. Publication Number: 12-10-030. August. 

TP-1 TP-2 TP-3A TP-4

Kfield (inches/hr) 49 2 74 71
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C-2

Table C2. DRLE-TP1 Constant Head Test
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Elapsed Time 
(min)

Gallons of 
water added

Rate (gpm)

15 449 29.9
30 288 19.2
45 192 12.8
60 204 13.6
75 193 12.9
90 195 13.0
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Table C3. DRLE-TP1 Falling Head Test 1

Elapsed Time (hr) Head (in) Rate (in/hr)
0 12 -
0.03 10 77.9
0.06 8 64.7
0.09 6 53.7
0.14 4 47.9
0.19 2 35.7
0.25 0 37.9
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Table C4. DRLE-TP1 Falling Head Test 2

Elapsed Time (hr) Head (in) Rate (in/hr)
0 12 -
0.05 10 41.1
0.11 8 35.3
0.16 6 34.6
0.23 4 27.8
0.32 2 23.4
0.41 0 22.8
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Table C5. DRLE-TP1 Falling Head Test 3

Elapsed Time (hr) Head (in) Rate (in/hr)
0 12 -
0.06 10 31.1
0.13 8 29.8
0.21 6 29.3
0.30 4 21.1
0.41 2 18.4
0.53 0 17.6
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Table C6. DRLE-TP2 Constant Head Test

Elapsed Time 
(min)

Gallons of 
water added

Rate (gpm)

15 0 0
30 0 0
45 0 0
60 0 0
75 0 0
90 15 1
105 5 0.33
120 5 0.33
135 5 0.33
150 5 0.33
165 10 0.67
180 5 0.33
195 5 0.33
210 5 0.33
225 5 0.33
240 10 0.67
255 5 0.33
270 5 0.33
285 5 0.33
300 5 0.33
315 5 0.33
330 5 0.33
345 5 0.33
360 5 0.33
375 5 0.33
390 5 0.33
405 5 0.33
420 8 0.53
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Table C7. DRLE-TP2 Falling Head Test 1

Elapsed time (hr) Head (in) Rate (in/hr)
0 12 -
1 9.75 2.25
2 7.75 2
2.92 6 1.91
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Table C8. DRLE-TP3A Constant Head Test

Elapsed Time 
(min)

Gallons of 
water added

Rate (gpm)

15 406 27.1
30 265 17.7
45 217 14.5
60 294 19.6
75 291 19.4
90 242 16.1
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Table C9. DRLE-TP3A Falling Head Test 1

Elapsed Time (hr) Head (in) Rate (in/hr)
0 12 -
0.03 10 67.0
0.06 8 67.1
0.09 6 58.3
0.12 4 67.7
0.15 2 67.4
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Table C10. DRLE-TP3A Falling Head Test 2

Elapsed Time (hr) Head (in) Rate (in/hr)
0 12 -
0.03 10 77.7
0.06 8 67.9
0.08 6 72.5
0.11 4 69.0
0.14 2 85.9
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Table C11. DRLE-TP3A Falling Head Test 3

Elapsed Time (hr) Head (in) Rate (in/hr)
0 5 -
0.03 3 74.0
0.05 1 75.4
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Table C12. DRLE-TP4 Constant Head Test

Elapsed Time (min) Gallons of 
water added

Rate (gpm)

15 411 27.4
30 306 20.4
45 845 56.3
60 446 29.7
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Table C13. DRLE-TP4 Falling Head Test 1

Elapsed time (hr) Head (in) Rate (in/hr)
0 10 -
0.01 9 92.8
0.02 8 101.0
0.03 7 108.8
0.04 6 81.9
0.06 5 66.3
0.07 4 73.6
0.08 3 71.1
0.10 2 52.4
0.13 1 44.0
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Table C14. DRLE-TP4 Falling Head Test 2

Elapsed time (hr) Head (in) Rate (in/hr)
0 12 -
0.01 11 92.7
0.02 10 74.5
0.04 9 60.4
0.06 8 57.7
0.08 7 54.8
0.10 6 48.1
0.12 5 45.3
0.15 4 42.2
0.17 3 46.0
0.19 2 40.9
0.22 1 38.6
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Table C15. DRLE-TP4 Falling Head Test 3

Elapsed Time (hr) Head (in) Rate (in/hr)
0 12 -
0.01 11 74.6
0.03 10 71.0
0.05 9 48.9
0.06 8 60.4
0.08 7 52.8
0.10 6 49.7
0.12 5 47.3
0.15 4 41.9
0.17 3 45.9
0.19 2 44.1
0.22 1 44.2
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APPENDIX D

IN SITU TESTS – SUSPENSION
LOGGING DATA
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Global Geophysics 
P. O. Box 2229 

Redmond, WA, 98073-2229 
Tel: 425-890-4321 
Fax: 360-805-0259

____________________________________________________________________________________________________

Global Geophysics 

March 7, 2018 Our Ref.:  107-0816.000 

Golder Associates, Inc. 
18300 NE Union Hill Road, Suite 200 
Redmond, WA 98052 

Attention:  Mr. Birkan Bayrak

RE: REPORT ON THE SUSPENSION LOGGING FOR SOUND TRANSIT 
DOWNTOWN REDMOND LINK EXTENSION PROJECT, REDMOND, WA 

Dear Mr. Bayrak: 

Global Geophysics conducted a suspension logging in boreholes G018, G031, G033, G036, 
G037 and G37A along Sound Transit -Downtown Redmond Link Extension Project in 
October and December, 2017, and March 2018. The proposed objective of the geophysical 
investigation was to determine the s-wave velocity of the soil column below the ground 
surface. 

METHODOLOGY AND INSTRUMENTATION 

Suspension logging 

Soil velocity measurements were obtained using a suspension PS logging system, 
manufactured by OYO Corporation, and their subsidiary, Robertson Geologging. Data 
obtained with this system was used to calculate the average velocity of the soil column 
surrounding the boring by measuring the elapsed time of a wave propagating upward through 
the soil column from the transmitter to the receivers over a distance of 3.3 feet. The receivers 
that detect the wave, and the source that generates the wave, are moved as a unit down the 
boring at fixed intervals producing relatively constant amplitude signals at each depth where 
measurements are obtained. 

The suspension system probe consists of a combined reversible polarity solenoid horizontal 
shear wave source (SH) and compressional-wave source (P), joined to two biaxial receivers 
by a flexible isolation cylinder. The separation of the two receivers is 3.28 feet, allowing 
average wave velocity in the region between the receivers to be determined by inversion of 
the wave travel time between the two receivers. The total length of the probe as used in these 
surveys is 21 feet. The probe receives control signals from, and sends the receiver signals to, 
instrumentation on the surface via an armored 4-conductor cable. The cable is wound onto 
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the drum of a winch and is used to support the probe. Cable travel is measured to provide 
probe depth data, using a 1.3-foot 
circumference sheave fitted with a digital 
rotary encoder. 
The entire probe is suspended in the 
boring by the cable, therefore, source 
motion is not coupled directly to the 
boring walls; rather, the source motion 
creates a horizontally propagating 
impulsive pressure wave in the fluid 
filling the boring and surrounding the 
source. This pressure wave is converted to 
P and SH-waves in the surrounding soil 
and rock as it passes through the casing 
and grout annulus and impinges upon the 
wall of the boring. These waves propagate 
through the soil and rock surrounding the 
boring, in turn causing a pressure wave to 
be generated in the fluid surrounding the 
receivers as the soil waves pass their 
location.

In operation, a distinct, repeatable pattern 
of impulses is generated at each depth as 

follows: 
1. The source is fired in one direction producing dominantly horizontal shear with some 
vertical compression, and the signals from the horizontal receivers situated parallel to the 
axis of motion of the source are recorded. 
2. The source is fired again in the opposite direction and the horizontal receiver signals are 
recorded. 
3. The source is fired again and the vertical receiver signals are recorded. The repeated 
source pattern facilitates the picking of the P and SH-wave arrivals; reversal of the source 
changes the polarity of the SH-wave pattern but not the P-wave pattern. 

QUALITY ASSESMENT ON SITE 

The data quality was carefully monitored during acquisition. Polarity reversal for shear wave and 
strong s-wave data must be observed and confirmed. An example data is shown below. 
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Refraction Micro-tremor (ReMi) 

The ReMi method determines variations in surface wave velocities with increasing distances 
and wavelengths.  The data from these measurements are used to model the shear wave 
velocities of the subsurface.  This information can then be used to infer rock/soil types, 
stratigraphy and soil conditions.   

The ReMi survey requires a seismic source, to generate surface-waves, and at least 24 
geophones, to measure the ground response at increasing distances from the source.  Surface 
waves are a special type of seismic wave whose propagation is confined to the near surface 
medium.  The depth of subsurface penetration of a surface-wave is directly proportional to its 
wavelength.  In a non-homogeneous medium, surface-waves are dispersive, i.e. each 
wavelength has a characteristic velocity stemming from subsurface heterogeneities.  The 
relationship between surface-wave velocity and wavelength is used to calculate the shear-
wave velocity of the medium with increasing depth. 

The seismic source can be either active or passive, depending on the application and location 
of the survey.  Examples of active sources include explosives, weight-drops, and vibrating 
pads.  Examples of passive sources are drill rigs, road traffic, micro-tremors, and water-wave 
action (in near-shore environments). Geophone measures the arrival time of the various 
components of the surface wave-train traveling from the seismic source.  
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The surface-wave velocity with respect to frequency (called the ‘dispersion curve’) is 
determined by measuring the delay time in wave propagation between the geophones. The 
dispersion curve is then matched to a theoretical dispersion curve using an iterative forward-
modeling procedure.  The result is a profile of shear-wave velocity versus depth.  This shear 
wave profile can be with used other parameters such as density, to estimate the dynamic 
shear modulus of the medium as a function of depth. 

The ReMi survey was conducted using a Geometrics Geode 24-channel digital seismograph 
with acquisition software.  The sensors were Mark Products 4.5-Hz vertical geophones 
placed at 5 and 10 ft spacing and the seismic energy source was from traffic.
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RESULTS

The s-wave velocities from suspension logging are direct measurement of s-wave speed 
between the two geophones. ReMi data were collected at G018 and G033 due to possible poor 
grouting upper part of the boreholes. 

Table 1: S-wave velocity from Borehole G018 

Depth
(ft)

S-wave
velocity (ft/s) Note 

0.0 608 

Modeled velocity 
from ReMi 

3.6 606 
7.6 591 

12.4 636 
17.5 650 
23.3 711 
29.6 739 
36.1 548 

S-wave velocity 
from suspension 
logging 

39.4 677 
42.6 979 
45.9 556 
49.2 613 
52.5 508 
55.8 587 
59.0 631 
62.3 1312 
65.6 1312 
69.2 671 
72.2 722 
75.4 800 
78.7 528 
82.0 745 
85.3 899 
88.6 656 
91.8 912 
95.1 912 
98.4 830 

101.7 764 
105.0 782 
108.2 874 

Depth
(ft)

S-wave
velocity (ft/s) Note 

111.5 663 
114.8 876 
118.1 874 
121.4 1132 
125.0 830 
127.9 900 
131.2 938 
134.5 1027 
137.8 1824 
141.4 1683 
144.3 508 
147.9 754 
150.9 1112 
154.2 597 
157.4 631 
160.7 982 
164.0 1027 
167.0 874 
170.6 863 
173.8 676 
177.1 1010 
180.4 945 
183.7 987 
187.0 1084 
190.2 1050 
193.8 1084 
196.8 1397 
200.1 2624 
202.0 2982 
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Table 2: S-wave velocity from Borehole G031 

Depth
(ft)

S-wave velocity 
(ft/s) Note 

7.9 331 

Good quality 
data

9.8 336 
13.1 421 
16.4 695 
19.7 827 
23.3 979 
26.2 973 
29.5 1182 
32.8 666 
36.1 1010 
39.4 1474 
42.6 1004 
46.2 1301 
49.2 1445 
52.8 973 
56.1 864 
59.0 853 
62.6 841 
65.9 881 
68.9 763 
72.2 790 
75.4 835 
78.7 836 

Depth
(ft)

S-wave velocity 
(ft/s) Note 

82.3 858 
85.3 874 
88.6 899 
91.8 841 
95.1 858 
98.4 981 

102.0 1025 
105.0 864 
108.2 864 
111.5 951 
114.8 945 
118.4 835 
121.4 825 
124.3 938 
127.9 815 
131.2 966 
134.5 932 
137.8 918 
141.0 958 
144.3 1161 
147.6 987 
150.6 1004 
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Table 3: S-wave velocity from Borehole G033 

Depth
(ft)

S-wave
velocity (ft/s) Note 

0.0 358 

Modeled
velocity from 
ReMi 

3.5 329 
7.7 428 

12.4 571 
17.6 764 
23.3 921 
29.6 1063 
36.1 1197 

S-wave velocity 
from suspension 
logging 

39.4 781 
43.0 602 
45.9 741 
49.2 886 
52.5 1122 
56.1 1102 
59.0 1010 
62.3 786 
65.6 946 
68.9 1076 
72.2 1010 
75.4 979 
78.7 841 
82.3 853 
85.3 815 
88.9 841 
91.8 874 
95.1 810 
98.4 830 

101.7 981 
104.6 995 
108.2 754 
111.5 853 

Depth
(ft)

S-wave
velocity (ft/s) Note 

114.5 1043 
118.1 1043 
121.4 805 
124.6 945 
127.9 951 
131.2 1004 
134.5 964 
137.8 1018 
141.0 1004 
144.3 1002 
147.6 1112 
150.9 995 
154.2 1051 
157.4 1092 
160.7 1084 
164.0 1312 
167.3 1383 
170.9 1215 
173.8 1456 
177.1 1261 
180.4 1286 
184.0 1683 
187.0 2083 
190.2 2265 
193.2 2678 
196.8 3201 
200.1 2678 
203.4 2918 
206.6 2624 
209.9 2573 
212.9 2432 
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Table 4: S-wave velocity from Borehole G036 

Depth
(ft)

S-wave
velocity (ft/s) Note 

7.9 705 

S-wave velocity 
from suspension 
logging 

9.8 587 
13.1 513 
16.1 1197 
19.7 1238 
23.0 1112 
25.9 795 
29.2 1099 
32.8 982 
36.1 1015 
39.4 886 
42.6 912 
45.6 469 
48.9 556 
52.8 526 
55.8 722 
59.0 925 
62.0 651 
65.6 736 
68.9 782 
72.5 899 
75.4 1043 
78.7 1043 
82.0 1287 
85.3 887 
88.6 1010 
91.8 1151 
95.1 2050 
98.7 1291 

101.7 863 
105.3 1040 
108.2 874 
111.5 1066 

Depth
(ft)

S-wave
velocity (ft/s) Note 

115.1 1460 
118.1 1427 
121.7 1214 
124.6 1325 
127.9 1250 
131.2 1476 
134.5 1474 
141.0 1583 
144.3 1661 
147.6 1642 
150.9 1525 
154.5 1774 
157.4 1848 
161.0 1525 
164.3 1620 
167.3 1601 
170.6 1661 
174.2 1799 
177.1 1750 
180.4 1353 
183.7 1474 
187.3 1460 
190.2 1353 
193.8 1025 
196.8 1182 
200.1 1397 
203.4 1442 
206.6 1274 
209.9 1263 
213.5 1286 
216.5 1383 
219.8 1852 
222.7 1929 
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Table 5: S-wave velocity from Borehole G037 

Depth
(ft)

S-wave
velocity (ft/s) Note 

7.9 471 

Poor quality 
data

9.5 608 
13.1 510 
16.1 305 
19.4 353 
22.6 433 
26.2 308 
29.8 320 
32.8 313 
36.1 213 
39.4 208 
42.6 412 
45.9 367 
49.5 254 
52.5 499 
56.1 297 
59.0 366 
62.3 251 
65.6 449 

Good quality 
data

69.2 372 
72.2 466 
75.4 563 
78.7 636 
82.3 590 
85.3 571 
88.6 987 
91.8 846 
95.4 1035 
98.4 874 

101.7 874 
105.3 858 
108.2 846 
111.5 869 
115.1 1084 
118.1 951 

Depth
(ft)

S-wave
velocity (ft/s) Note 

121.4 776 
124.6 1002 
128.2 625 
131.2 720 

Poor quality 
data

134.5 795 
138.1 738 
141.0 1066 
144.6 932 
147.6 1620 
150.9 1368 
154.2 1058 
157.1 597 
161.0 810 
164.3 572 
167.3 792 
170.6 784 
173.8 761 
177.1 851 
180.7 1151 

Good quality 
data

183.7 1122 
187.0 876 
190.6 684 
193.8 1173 
197.1 1051 
200.1 848 
203.4 1068 
207.0 1238 
209.9 995 
213.5 894 
216.5 1194 
219.4 1397 
223.4 1601 
226.3 2386 
228.9 2052 
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Table 6: S-wave velocity from Borehole G037A 

Depth
(ft)

S-wave velocity 
(ft/s) Note 

7.9 1184

Good quality 
data

9.8 599
13.1 995
16.4 1355
19.7 695
23.0 932
26.2 1112
29.5 1058
32.8 905
36.1 1163
39.4 1383
42.6 728
45.9 966
49.2 663
52.5 697
55.8 899
59.0 1084
62.3 669
65.6 1010
68.9 918
72.2 858
75.4 820
78.4 1182
82.0 1017
85.3 973
88.6 925
91.8 1002
92.5 887
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LIMITATIONS OF THE GEOPHYSICAL METHODS

Global geophysics services are conducted in a manner consistent with the level of care and 
skill ordinarily exercised by other members of the geophysical community currently practicing 
under similar conditions subject to the time limits and financial and physical constraints 
applicable to the services. Suspension logging is a remote sensing geophysical method that 
may not detect all subsurface conditions due to the limitations of the methods, soil conditions, 
and size of the features.

Sincerely,

Global Geophysics, LLC. 

John Liu, Ph.D., R.G. 
Principal Geophysicist 
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1.0 INTRODUCTION 
 
This report contains the test results and analyses for electronic pressuremeter testing (PMT) 
performed in Redmond, Washington for the Sound Transit Redmond Link Downtown Extension 
project. In Situ Engineering was under contract to Golder Associates, Redmond, Washington.  
 
The test was performed in two boreholes, DRLE-G031 and DRLE-G018.  
 
Borehole DRLE-G031 had drilling performed by Holt Drilling using a truck mounted B-58 at 
depths up to 58 feet. Four tests were performed in a single mobilization from September 19-20, 
2017 at depths of 16 and 58 feet below ground surface. 
 
Borehole DRLE-G018 had drilling performed by Holocene Drilling using a CME 850 Drill rig at 
depths up to 75 feet. Six tests were performed in a single mobilization from October 23-24, 2017. 
 
Borehole names, test depths and preliminary material descriptions are presented in Appendix I, 
Table 1.  
 
An estimated average unit weight of 130 pounds per cubic foot and a water table depth of 15 feet 
was used for analyses of DRLE-G031; and 125 pounds per cubic foot of weight and a water table 
depth of 10 feet was used for analyses of DRLE-G018. A K0 value was calculated by the formula 
1-sin  or estimated by In Situ Engineering from geotechnical references. 
 
2.0 PURPOSE  
 
The purpose of the PMT was to determine in situ material properties for the Sound Transit 
Redmond Link Downtown Extension. In situ material properties analyzed are as follows:  
 
 Shear Modulus 
 Limit Pressure 
 Shear Strength (Cohesion or Friction) 
   
 
3.0 PRESSUREMETER TESTING 
 
A total of four pressuremeter tests were performed in G031 borehole. Due to the high percentage 
of clean gravel encountered in the upper portion of the borehole, only one test was performed in 
each test interval at 16 feet and 23.5 feet. The proposed test intervals at approximately 30 feet and 
40 feet were unattainable, as too much gravel sloughed into the test pocket, making instrument 
insertion impossible. The final two tests performed at 56.5 feet and 58 feet were successful.  
 
In borehole G018, a total of six pressuremeter tests were performed. Due to the high percentage 
of clean gravel encountered in the upper portion of the borehole, the upper two test pockets of 15-
20 feet and 30-35 feet are over washed. Two test attempts at 19.7 feet and 33.5 feet were 
unattainable, as the gravel washed out, making bigger boreholes beyond the instrument maximum 
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radial range. The four tests performed at 55.0 feet, 53.5 feet, 74.5 feet and 73.0 feet were 
successful. 
 
Two field engineers performed testing in 10-hour shifts. The details of the pressuremeter testing 
and interpretations of these tests are included in the following sections of this report. 
 
3.1 Instrumentation 
 
The instrument used for this study was a pre-bored mono-cell electronic pressuremeter. The 
pressuremeter is equipped with a pressure sensor and three electronic displacement sensors 
spaced 120 degrees apart and located at the center of the instrument. A flexible membrane is 
placed over the sensors and clamped at each end. The membrane is covered by a protective sheet 
of stainless steel strips referred to as a shield. The unit is pressurized using compressed air, 
which expands the membrane to deform the adjacent material. Electronic signals from the 
displacement and pressure sensors are transmitted via cable to the surface. An electronic circuit 
board in the instrument converts the analog signal to digital output. The digital output is sent via 
data control wires, located alongside the high pressure supply hose. During testing, the average 
expansion versus pressure is displayed on a computer screen. The membrane is expanded and 
drained by regulating the flow of compressed air to the PMT unit via manual control panel 
operated by the field engineer. The instrument is placed down a pre-bored hole before expansion 
commences. A schematic of the instrument is shown as Figure 1. 
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Figure 1 Schematic Details of the Pressuremeter Instrument 

 
 
Instrument readings also include effects of the response due to the strength and compressibility 
of the expanding rubber membrane. To correct for these effects, membrane correction tests are 
performed each time a membrane is replaced on the instrument.  
 
To correct for membrane strength, an air correction test is performed. The instrument is placed in 
a vertical position with no lateral constraint. The instrument is then inflated several times 
(normally 0% to 14% strain). Resulting stress strain curves record the amount of resistance to 
expansion caused by the membrane, or membrane strength.  
 
To correct for membrane compressibility and the effect of pressure on the electronics, a tube test 
is performed. The instrument is placed within a thick walled steel tube and inflated to 2000 psi 
(14,000 kPa). The resulting stress strain curve is a record of the membrane’s stiffness. All data 
presented in this report are corrected for membrane effects. 
 
Test depths are recorded using the bottom of the pressuremeter as a reference.  The expansion of 
the pressuremeter occurs approximately between 6.5 inches (0.165 meters) and 24 inches (0.6 
meters) above the reference depth.  For example, if the test depth was 6.0 feet, the actual test zone 
would be between 4.0 and 5.55 feet. 
 
3.2 Hole Formation 
 
The borehole and test pockets were formed using mud rotary techniques. The boring was 
advanced with a 5 7/8” tricone. Test intervals were drilled with a 2 15/16” tricone. No casing was 
installed in borehole DRLE-G031. Casing was installed over the bigger hole of borehole DRLE-
G018 about 10-feet above the bottom of the hole. The instrument was then lowered down to the 
bottom of the test pocket with NWJ and 6 feet of AWJ on the end just above the instrument.  
 
3.3 Test Procedure 
 
After placing the instrument into the test pocket, the membrane was inflated by controlling the 
flow of compressed air into the pressuremeter, increasing the pressure until the membrane started 
to expand against the borehole wall. After the instrument began to deform the material, the first 
of a series of unload-reload cycles (loop) was performed. The point of initiation of the unload-
reload loop is a judgment call of the field engineer, but usually results in a series of loops that are 
spaced more or less evenly through the pressure-expansion curve. Unload-reload loops are 
formed by reducing the applied pressure by no more than 40% of the initiation point of the loop, 
then increasing again. 
 
Resultant unload-reload loop can be used to evaluate the material’s elastic behavior. In materials 
which behave in a plastic manner, the loops will exhibit a hysteretic behavior. That is, the 
unloading path will follow the “mirror” image of the reloading path. In materials such as sand the 
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loops will be very tight, exhibiting little hysteretic behavior; in materials such as clay, the loops 
will exhibit large hysteretic behavior. 
 
Pressure is then added until a sufficient increase in stress or strain has occurred before completing 
a second unload-reload loop. This process is then repeated a third or fourth time as the test 
progresses. If the disturbance from drilling is small and the material behavior is consistent with 
increased strain, the slope of the loops will tend to be parallel.  
 
After the strain reaches the maximum range (12% to 18%) or the stress reaches the maximum 
range (2000 psi or 14MPa), pressure is reduced to zero. The exact maximum stress or strain at 
which pressure is reduced to zero is a decision made by the operator based on the behavior of the 
three arms, instrument response and other limiting conditions. Tests may be terminated before 
material failure if one of the following occurs: the limit of any one strain arm is reached, the 
maximum pressure of the pressure bottle is reached, electronic failure occurs, the membrane 
ruptures, or the instrument response is such that membrane rupture may be imminent. For all the 
tests in this scope of work, the limiting factor was the maximum strain of the instrument. 
 
An example of a pressuremeter test (PMT) curve is shown below in Figure 2. Four unload-reload 
loops were performed. This test also illustrates a very slightly oversize hole resulting in minor 
disturbance. The sidewall is appears intact at about 5% strain and the test exhibits undisturbed 
response past this point. 
  

 
 

Figure 2 Example PMT Curve 
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3.4 Analysis of the Shear Modulus 
 
If material surrounding the pressuremeter is assumed to extend to infinity, and assumed to behave 
as an idealized linear elastic, homogeneous material, which does not fail under shear or tension, 
then the displacement on the boundary of the pressuremeter, ua, for a given pressure, P, is given 
by: 
 
 μa = P(a) ( 1 + ) / E 1) 
 
where: 

“E” is Young’s Modulus 
“a” is radius of the pressuremeter cavity 
“ ” is Poisson’s ratio.  

 
As the shear modulus, “G”, and the Young’s modulus, “E”, are related by the following 
relationship: 
 
 E = 2 (G) (1 + ) 2) 
 
Equation 1 reduces to: 
 
 μa = 0.5 P(a) / G 3) 
 
Hence, the shear modulus G is given by: 
 
 G = 0.5 (  Pressure /  (radial displacement / radius)) 4) 
 
The shear modulus for the average slope of the initial loading curve of the pressuremeter test data 
expressed as a Young’s modulus (Equation 2) is the same as the “Pressuremeter Modulus” 
defined in the American Society for Testing and Materials (ASTM) D4719, Section 9.5.  
 
The moduli determined from the unload-reload loops are more accurately defined than the initial 
modulus and are more representative of the elastic modulus for the in-situ material.  Figure 3, 
shown below, is an example of the moduli determined from unload-reload loops.  
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Figure 3 Shear Modulus Analysis  
 
Typically, by performing multiple unload-reload loops during a test, two or more of the loops 
tend to be parallel, confirming a particular shear modulus value and indicating that the material is 
not disturbed. However, if the test pocket is highly disturbed, then parallel loops can be difficult 
to obtain.  Also, these unload-reload loops may exhibit anti-parallel behavior (decreasing or 
increasing shear modulus) due to the nature of the material.  In other words, the material behavior 
may change with strain. In general, frictional material will exhibit strain hardening and cohesive 
materials strain softening. In the example shown above, it appears that strain hardening takes 
place. All unload-reload moduli values are summarized in Appendix I, Table 2.  
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3.5 Limit Pressure and Approximate Shear Strength by Log Method 
 
Visual inspection of the typical PMT curve (Figure 2), demonstrates that as the material is loaded, 
the stress strain curve is not a straight line, but tends to curve. It can be surmised that if our 
instruments could supply sufficient pressure, then a maximum value would be reached. This 
effect is more pronounced in cohesive soils. 
 
Different materials reach their limit pressure at different strains. For consistency, the limit 
pressure has been defined as the pressure achieved when the volume of the pressuremeter has 
doubled. Few pressuremeters can actually expand this far before reaching the limit of the strain 
sensing system. The pressuremeters used in this investigation will only expand to about 20% 
before the displacement limit is reached. Therefore, to overcome instrument limitations of both 
pressure and strain, the double volume must be mathematically extrapolated. 
 
If the material being tested is assumed to behave as an elastic cohesive material, then the equation 
governing the pressure-displacement curve is given by: 
 

   P = PL + (c)log e (ua/a)                                         5) 
               
 
 
Where: 

“PL” is theoretical limit pressure at infinite expansion 
 “c” is undrained cohesive strength 

  “PO” is total in-situ lateral stress 
“G” is shear modulus 

 
From Equation 5, a plot of pressure against the log of ua/a will be a straight line, provided the 
shear strength remains constant with strain. The slope of this line will provide a measure of the 
undrained shear strength, c. The Limit Pressure, as defined by the ASTM  D4719, Section 10.6, is 
the pressure at which the cavity has doubled in size. This doubling in size occurs when (ua/a) is 
equal to 41%. If any disturbance is present, the above method of determining cohesive strength 
usually provides an overly optimistic value. Figure 4, shown below, is plotted in the above 
manner.  
 

PL = Po+ c + (c)log e [G/c]                                                                  6)      
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Figure 4 Limit Pressure by Log Method 
 
The above shear strength method applies to cohesive materials and is not appropriate in granular 
materials or rock. However it can be used in the onsite materials to give an indication of the 
strength and limit pressure that can be applied to the ground. This helps constrain upper bounds 
for design purposes. The limit pressure and shear strength derived from the log plot are presented 
in Appendix I, Table 3. The shear strength by log method are not technically valid for these 
predominately frictional materials as it is inappropriate, and are shown for qualitative purposes 
only.  
 
3.6 Material Properties by Model Analyses 
 
The strength of a material being tested can be determined if a failure mechanism or model is 
assumed. The modeling approach incorporates assumptions about the material properties and 
mechanism of failure. Each type of model has input variables. The more simple the model, the 
fewer the number of variables, whereas more complex models have more variables. In modeling, 
the variables are input and the resultant curve examined against the field curve. The variables are 
then adjusted until a best fit curve is obtained.  
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In Situ Engineering uses three primary models in analysis. These are: 
 
Cohesive Model by Gibson. 
 

Variables: 
1. Shear strength 
2. Total lateral stress 
3. Shear modulus 

 
Assumptions:  
1. Material deforms as a right circular cylinder 
2. Material behaves as a purely cohesive material with no friction 
3. Shear strength remains constant during failure 
4. No volume change 

 
Friction Model by Hughes 
 

Variables: 
1. Friction angle 
2. Lateral effective stress 
3. Critical friction angle is constant 
4. Water pressure 
5. Shear modulus 

 
Assumptions:  
1. Material deforms as a right circular cylinder 
2. Material behaves as a purely frictional material with no cohesion 
3. Frictional strength remains constant 
 

Cohesive Model by Palmer with Arnold’s Analysis 
 

Variables: 
1. Model the curve with three points 
 

Assumptions: 
1. Material deforms as a right circular cylinder 
2. Material behaves as a purely cohesive material with no friction 
3. Shear strength remains constant during failure 
4. No volume change 

 
In modeling analysis, it can usually be readily determined by the shape of the field curve if the 
material is primarily cohesive, primarily frictional or a combination of the two. The soils tested in 
this study were all frictional and therefore the Hughes friction model was the only model used. 
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3.7 Frictional Strength Model Analysis 
 
The PMT data in sands can be used directly to determine the in-situ material properties such as 
friction angle. For frictional materials, it is assumed that the material surrounding the 
pressuremeter deforms as a uniform right cylinder; that is, it deforms in plane strain.  Another 
assumption is that the material has a constant friction angle and no cohesion.  The method used 
for interpretation is based on analysis presented by Hughes et al (1977), and can also be found in 
Mair and Wood, Pressuremeter Testing.   
 
The friction angle and lateral stress are adjusted, using engineering judgment, until a best fit is 
obtained.  Figure 5, shown below, is an example of the model analysis.   
 

 
 

Figure 5 Frictional Model 
 
In examining the results of the friction model on test RLR-03, it can be seen that that the model 
curve fits the field curve center portion well but does not fit the beginning and the end well. The 
curve has been shifted 4.8% so that the initial curve portion has been “cut off”. This is to help 
reset the curve strain origin to account for initial oversize hole and relaxation disturbance. The 
results of this model analysis have been presented in Appendix I, Table 4. 
 
3.8 Lateral Pressure Comments 
 
One of the objectives of pressuremeter testing is to help define the lateral stress of the materials. 
Depending upon the materials there may be several methods which can be used to obtain lateral 
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pressure information. These include lift off pressure analysis in undisturbed clay, balance 
pressure in clay and modeling techniques.  
 
Because of significant disturbance in many of the tests and the frictional behavior of all the 
materials, analyzing the lift off was not possible. The balance pressure method was also not 
feasible due to the absence of pure clays.  
 
In analyzing the data with the Hughes friction model, we initially begin with the relationship of 
K0 = 1- sin  and set an assumed value of 32° friction angle. We then iteratively adjust the friction 
angle and the lateral stress until a stable solution was formed. This resulted in K0 values ranging 
from .28 to .43 which appear to be reasonable values from textbook references for sand and 
gravel materials. If the above iteration does not fit the field curve, we then use higher values of 
K0 with an engineering judgment until a reasonable lateral stress is attained and results a best 
model to field curve fitting. Higher K0 values could be an indication of possible glacial 
consolidation of the in-situ material. 
 
 
3.9 Pile Displacement Curves (P-Y) 
 
The design of laterally loaded piles can be considered in two ways. Firstly the ground can be 
considered as a continuum with some ideal material properties. That is each element in the 
surrounding soil is influenced by neighboring elements in three dimensions.  A simple model 
would include a stiffness strength and lateral stress. Finite element or FLAC models are useful for 
that approach. Alternatively the soil can be divided up into discrete horizontal layers with each 
layer acting as a spring against the pile.  An example of this is shown in Figure 6.   However in 
this case the layers do not interact with each other. This is a much simpler approach from an 
analytical point of view.  The pile is considered as a continuous elastic member with known 
properties and the lateral resistance of the soil is considered as a series of independent springs. 
 

  
 

Figure 6 Spring action acting on a length of pile. 
 
From back calculation of lateral loading tests (Briaud 1986) it has been found that in medium 
clays the spring stiffness of the soil is geometrically similar to the loading stage of a 
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pressuremeter tests. However some adjustment to the pressuremeter curve is necessary. If a 
section of pile, some distance below the ground surface (at least 4 diameters) is pushed laterally 
the ultimate resistance will be approximately 9 * the cohesive strength (shown above Figure 11). 
In contrast the Limit Pressure from the pressuremeter test is approximately 5 * the cohesive 
strength + the static lateral pressure, shown below in Figure 7. 
 

 
Figure 7 Ideal pressuremeter test 

 
Hence the P/Y curve can be developed from the ideal pressuremeter curve by increasing the 
pressure (less the lateral pressure) by a factor.  For clays this factor is 2 and for sands it is 1.5.   
An example representative P/Y curve is shown in Figure 8.  
 
 

 
Figure 8 P-Y data developed from a pressuremeter test 

Y/D = 2.09; P = 34.6
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The chart shown above displays the P-Y data as a pressure on the vertical axis and displacement 
divided by pile diameter on the horizontal axis.  
 
For example, using a drilled shaft foundation 36 inches in diameter with the springs at 72 inch 
centre then the load displacement curve is shown in Figure 9. 
. 
An example calculation using the point shown in Figure 9: 
The projected area of a 36 inch diameter shaft for a 72 inch increment with the applied 34.6 psi 
load is: 36*72 *34.6= 89,683 lbs.  
The corresponding displacement is: Y/D = 2.09%;   
 therefore Y =(36*2.09)/100= .752 inches 
 

 
 

Figure 9  Example Load Displacement Data 
 
P-Y curves for both frictional and cohesive responses are provided in the Appendices. 
 

89,683 lbs, .752 inches 
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4.0 CONCLUSIONS 
 
The test program was partially successful in that  tests produced good quality useable results in 
material which had sufficient fines to bind particles and hold the pre-drilled hole open. Clean 
gravelly zones could not be drilled and held stable even with heavy bentonite mud. 
 
The soil materials tested responded in a frictional manner and we only applied the Hughes 
friction model for analyzing the soils. 
  
The limit pressure extrapolations should be considered of high quality.  
 
Shear strength derived from the log method should be used only as a guide. The cohesive strength 
theory used with the log plots is not strictly applicable to materials with any frictional component 
and the shear strength value is shown only for qualitative purposes. 
 
The shear modulus derived from the unload-reload loops should be considered of high quality. 
Shear modulus values at higher strains are probably more representative of the intact material as 
there was relaxation of the soils during the drilling process. The relaxation is more pronounced at 
low strains. 
 
Both tests RLR-005 at 19.75ft and RLR-006 at 33.2ft in borehole DRLE-G018 were unattainable, 
as the gravel was washed out, making bigger boreholes beyond the instrument maximum radial 
range. 
 
Attempting to derive the lateral stress from the PMT could not be done and we used a relationship 
of K0 = 1- sin  in an iterative manner in the Hughes model to derive lateral stress solutions for all 
tests of borehole DRLE-G031. For borehole DRLE-G018, only K0 for test RLR-010 was derived 
in such an iterative manner. For tests RLR-007, RLR-008 and RLR-009 K0 was adjusted to attain 
a suitable lateral stress that best fit the model curve to the field curves.  
 
P-Y curves were developed from the Hughes model curve responses.  
 
5.0 REFERENCES 
 
Mair, R.J. and Wood, D.M. 1987. Pressuremeter testing: methods and interpretation. CIRIA 

Ground Engineering Report. Butterworths, London. 
 
ASTM D4719. 2007. Standard tests method for pressuremeter testing in soils. 
 
Uses of Insitu Tests in Geotechnical Engineering Geotechnical Special Publications No 6, 1986, 

Briaud, J.L. Pressuremeter and Foundations Design Page 110 Method 8 

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



. 
In Situ Engineering 

17

Appendix I – Data Tables 
 
Table 1 Pressuremeter Test Depths and Material Descriptions 

Test Boring Date 
Test 

Depth 
(feet) 

Formation 

RLR 001 DRLE G031 09/18/2017 16.0 Gravel
RLR 002 DRLE G031 09/18/2017 23.5 Gravel
RLR 003 DRLE G031 09/19/2017 58.0 Sand
RLR 004 DRLE G031 09/19/2017 56.5 Sand
RLR 005* DRLE G018 10/23/17 19.8 Sandy Gravel
RLR 006* DRLE G018 10/23/17 33.2 Sandy Gravel
RLR 007 DRLE G018 10/24/2017 55.00 Sand
RLR 008 DRLE G018 10/24/2017 53.50 Sand
RLR 009 DRLE G018 10/24/2017 74.50 Sand
RLR 010 DRLE G018 10/24/2017 73.00 Sand

- Denotes caving test pocket and/or oversize hole. No valid test was possible. 
 
Table 2 Shear Modulus Values 

Test Depth 
(feet) 

Initial Shear 
Modulus 

(psi) 
Unload-Reload Shear Moduli (psi) 

RLR 001 16.0 1060 4810 9170 10200 14640
RLR 002 23.5 1700 3200 4800 9300 17400
RLR 003 58.0 1000 4700 8600 10200 11800
RLR 004 56.5 900 4600 7800 13000
RLR 007 55.00 19900 15200 18300 22800 27900
RLR 008 53.50 16270 6200 9400 10300 14100
RLR 009 74.50 21800 19900 25500 28000
RLR 010 73.00 13500 9500 11500

 
 
Table 3 Log Shear Strengths and Limit Pressure 

Test Depth (feet) Shear Strength 
(psi) 

Limit Pressure 
(psi) 

RLR 001 16.0 78 327
RLR 002 23.5 119 496
RLR 003 58.0 84 372
RLR 004 56.5 91 395
RLR 007 55.00 141 596
RLR 008 53.50 66 331
RLR 009 74.50 140 643
RLR 010 73.00 72 323
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Shear strength values are not technically valid for these frictional soils and are shown for 
qualitative purposes only. 
 
Table 4 Hughes Model Frictional Strengths 

Test 
Test 

Depth 
(ft) 

Shear 
Modulus 

(psi) 

u 
(psi) 

 
'h 

(psi) 
 

degrees 

 
K0 

RLR 001 16.0 14640 0 5 42 .33
RLR 002 23.5 17400 4 5 46 .28
RLR 003 58.0 11800 18 13 38 .38
RLR 004 56.5 13000 18 13 38 .38
RLR 007 55.00 27900 19 26 34 .9
RLR 008 53.50 14100 19 21 32 .75
RLR 009 74.50 28000 28 27 35 .65
RLR 010 73.00 9500 27 15 35 .43
. 
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Appendix II – Pressuremeter Data 
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           In Situ Pressuremeter Data

Golder Associate
Sound Transit Downtowen Redmond Link Extension

PY Data - Frictional
Hole No: DRLE-G018

  Y/Diameter    Pressure    Pressure    Pressure    Pressure
     (%)         (psi)       (psi)       (psi)       (psi)

                 RLR-007     RLR-008     RLR-009     RLR-010
                 55FT        53.5FT      74.5FT      73FT

     0.00            0.0         0.0         0.0         0.0
     0.05           61.5        35.0        64.4        26.4
     0.10           91.2        53.1        96.6        42.1
     0.15          112.5        65.8       120.0        53.5
     0.20          129.7        76.0       138.9        62.6
     0.25          144.3        84.6       155.1        70.4
     0.30          157.3        92.2       169.4        77.2
     0.35          168.9        99.0       182.3        83.4
     0.40          179.5       105.2       194.1        89.1
     0.45          189.4       110.9       205.1        94.3
     0.50          198.5       116.1       215.3        99.2
     0.55          207.1       121.1       225.0       103.7
     0.60          215.3       125.8       234.1       108.0
     0.65          223.0       130.2       242.7       112.1
     0.70          230.3       134.4       250.9       116.0
     0.75          237.4       138.4       258.8       119.8
     0.80          244.1       142.2       266.4       123.4
     0.85          250.6       145.9       273.7       126.8
     0.90          256.9       149.5       280.7       130.1
     0.95          262.9       152.9       287.5       133.3
     1.00          268.7       156.2       294.1       136.4
     1.05          274.4       159.4       300.5       139.4
     1.10          279.9       162.5       306.7       142.4
     1.15          285.2       165.5       312.7       145.2
     1.20          290.4       168.4       318.6       148.0
     1.25          295.5       171.3       324.3       150.6
     1.30          300.4       174.1       329.9       153.3
     1.35          305.2       176.8       335.4       155.8
     1.40          310.0       179.4       340.7       158.3
     1.45          314.6       182.0       345.9       160.8
     1.50          319.1       184.5       351.0       163.2
     1.55          323.5       187.0       356.0       165.5
     1.60          327.8       189.4       360.9       167.8
     1.65          332.0       191.8       365.8       170.1
     1.70          336.2       194.1       370.5       172.3
     1.75          340.3       196.4       375.1       174.4
     1.80          344.3       198.6       379.7       176.6
     1.85          348.2       200.8       384.2       178.7
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     1.90          352.1       202.9       388.6       180.7
     1.95          355.9       205.1       392.9       182.7
     2.00          359.7       207.1       397.2       184.7
     2.05          363.4       209.2       401.4       186.7
     2.10          367.0       211.2       405.5       188.6
     2.15          370.6       213.2       409.6       190.5
     2.20          374.1       215.2       413.7       192.4
     2.25          377.6       217.1       417.6       194.3
     2.30          381.1       219.0       421.5       196.1
     2.35          384.4       220.9       425.4       197.9
     2.40          387.8       222.7       429.2       199.7
     2.45          391.1       224.5       433.0       201.4
     2.50          394.3       226.3       436.7       203.1
     2.55          397.6       228.1       440.4       204.9
     2.60          400.7       229.9       444.0       206.5
     2.65          403.9       231.6       447.6       208.2
     2.70          407.0       233.3       451.2       209.9
     2.75          410.1       235.0       454.7       211.5
     2.80          413.1       236.6       458.1       213.1
     2.85          416.1       238.3       461.6       214.7
     2.90          419.0       239.9       464.9       216.3
     2.95          422.0       241.5       468.3       217.8
     3.00          424.9       243.1       471.6       219.4
     3.05          427.8       244.7       474.9       220.9
     3.10          430.6       246.3       478.2       222.4
     3.15          433.4       247.8       481.4       223.9
     3.20          436.2       249.3       484.6       225.4
     3.25          439.0       250.9       487.8       226.8
     3.30          441.7       252.3       490.9       228.3
     3.35          444.4       253.8       494.0       229.7
     3.40          447.1       255.3       497.1       231.2
     3.45          449.8       256.8       500.1       232.6
     3.50          452.4       258.2       503.1       234.0
     3.55          455.0       259.6       506.1       235.4
     3.60          457.6       261.0       509.1       236.7
     3.65          460.1       262.4       512.1       238.1
     3.70          462.7       263.8       515.0       239.4
     3.75          465.2       265.2       517.9       240.8
     3.80          467.7       266.6       520.7       242.1
     3.85          470.2       267.9       523.6       243.4
     3.90          472.7       269.3       526.4       244.7
     3.95          475.1       270.6       529.2       246.0
     4.00          477.5       271.9       532.0       247.3
     4.05          479.9       273.2       534.8       248.6
     4.10          482.3       274.5       537.5       249.9
     4.15          484.7       275.8       540.2       251.1
     4.20          487.0       277.1       542.9       252.4
     4.25          489.3       278.3       545.6       253.6
     4.30          491.7       279.6       548.3       254.8
     4.35          494.0       280.9       550.9       256.1
     4.40          496.2       282.1       553.5       257.3
     4.45          498.5       283.3       556.1       258.5
     4.50          500.8       284.5       558.7       259.7
     4.55          503.0       285.8       561.3       260.8
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     4.60          505.2       287.0       563.9       262.0
     4.65          507.4       288.2       566.4       263.2
     4.70          509.6       289.3       568.9       264.4
     4.75          511.8       290.5       571.4       265.5
     4.80          513.9       291.7       573.9       266.7
     4.85          516.1       292.8       576.4       267.8
     4.90          518.2       294.0       578.8       268.9
     4.95          520.3       295.1       581.3       270.1
     5.00          522.4       296.3       583.7       271.2
     5.05          524.5       297.4       586.1       272.3
     5.10          526.6       298.5       588.5       273.4
     5.15          528.7       299.7       590.9       274.5
     5.20          530.7       300.8       593.2       275.6
     5.25          532.7       301.9       595.6       276.7
     5.30          534.8       303.0       597.9       277.7
     5.35          536.8       304.1       600.3       278.8
     5.40          538.8       305.1       602.6       279.9
     5.45          540.8       306.2       604.9       280.9
     5.50          542.8       307.3       607.2       282.0
     5.55          544.7       308.4       609.4       283.0
     5.60          546.7       309.4       611.7       284.1
     5.65          548.6       310.5       614.0       285.1
     5.70          550.6       311.5       616.2       286.1
     5.75          552.5       312.5       618.4       287.1
     5.80          554.4       313.6       620.6       288.2
     5.85          556.3       314.6       622.8       289.2
     5.90          558.2       315.6       625.0       290.2
     5.95          560.1       316.6       627.2       291.2
     6.00          562.0       317.7       629.4       292.2
     6.05          563.9       318.7       631.5       293.2
     6.10          565.7       319.7       633.7       294.2
     6.15          567.6       320.7       635.8       295.1
     6.20          569.4       321.6       637.9       296.1
     6.25          571.2       322.6       640.0       297.1
     6.30          573.0       323.6       642.2       298.1
     6.35          574.9       324.6       644.2       299.0
     6.40          576.7       325.5       646.3       300.0
     6.45          578.4       326.5       648.4       300.9
     6.50          580.2       327.5       650.5       301.9
     6.55          582.0       328.4       652.5       302.8
     6.60          583.8       329.4       654.6       303.8
     6.65          585.5       330.3       656.6       304.7
     6.70          587.3       331.3       658.6       305.6
     6.75          589.0       332.2       660.6       306.5
     6.80          590.8       333.1       662.6       307.5
     6.85          592.5       334.1       664.6       308.4
     6.90          594.2       335.0       666.6       309.3
     6.95          595.9       335.9       668.6       310.2
     7.00          597.6       336.8       670.6       311.1
     7.05          599.3       337.7       672.6       312.0
     7.10          601.0       338.6       674.5       312.9
     7.15          602.7       339.5       676.5       313.8
     7.20          604.3       340.4       678.4       314.7
     7.25          606.0       341.3       680.3       315.6
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     7.30          607.7       342.2       682.2       316.4
     7.35          609.3       343.1       684.2       317.3
     7.40          611.0       344.0       686.1       318.2
     7.45          612.6       344.8       688.0       319.1
     7.50          614.2       345.7       689.8       319.9
     7.55          615.9       346.6       691.7       320.8
     7.60          617.5       347.4       693.6       321.7
     7.65          619.1       348.3       695.5       322.5
     7.70          620.7       349.2       697.3       323.4
     7.75          622.3       350.0       699.2       324.2
     7.80          623.9       350.9       701.0       325.1
     7.85          625.5       351.7       702.9       325.9
     7.90          627.0       352.6       704.7       326.7
     7.95          628.6       353.4       706.5       327.6
     8.00          630.2       354.2       708.3       328.4
     8.05          631.7       355.1       710.1       329.2
     8.10          633.3       355.9       711.9       330.0
     8.15          634.8       356.7       713.7       330.9
     8.20          636.4       357.6       715.5       331.7
     8.25          637.9       358.4       717.3       332.5
     8.30          639.4       359.2       719.1       333.3
     8.35          641.0       360.0       720.9       334.1
     8.40          642.5       360.8       722.6       334.9
     8.45          644.0       361.6       724.4       335.7
     8.50          645.5       362.4       726.1       336.5
     8.55          647.0       363.2       727.9       337.3
     8.60          648.5       364.0       729.6       338.1
     8.65          650.0       364.8       731.3       338.9
     8.70          651.5       365.6       733.1       339.7
     8.75          653.0       366.4       734.8       340.5
     8.80          654.4       367.2       736.5       341.3
     8.85          655.9       368.0       738.2       342.1
     8.90          657.4       368.7       739.9       342.8
     8.95          658.8       369.5       741.6       343.6
     9.00          660.3       370.3       743.3       344.4
     9.05          661.7       371.1       745.0       345.2
     9.10          663.2       371.8       746.7       345.9
     9.15          664.6       372.6       748.3       346.7
     9.20          666.0       373.4       750.0       347.4
     9.25          667.5       374.1       751.7       348.2
     9.30          668.9       374.9       753.3       349.0
     9.35          670.3       375.6       755.0       349.7
     9.40          671.7       376.4       756.6       350.5
     9.45          673.1       377.1       758.2       351.2
     9.50          674.5       377.9       759.9       352.0
     9.55          675.9       378.6       761.5       352.7
     9.60          677.3       379.4       763.1       353.4
     9.65          678.7       380.1       764.8       354.2
     9.70          680.1       380.9       766.4       354.9
     9.75          681.5       381.6       768.0       355.7
     9.80          682.9       382.3       769.6       356.4
     9.85          684.3       383.1       771.2       357.1
     9.90          685.6       383.8       772.8       357.8
     9.95          687.0       384.5       774.4       358.6
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    10.00          688.3       385.2       775.9       359.3
    10.05          689.7       386.0       777.5       360.0
    10.10          691.1       386.7       779.1       360.7
    10.15          692.4       387.4       780.7       361.4
    10.20          693.7       388.1       782.2       362.2
    10.25          695.1       388.8       783.8       362.9
    10.30          696.4       389.5       785.3       363.6
    10.35          697.8       390.2       786.9       364.3
    10.40          699.1       390.9       788.4       365.0
    10.45          700.4       391.6       790.0       365.7
    10.50          701.7       392.3       791.5       366.4
    10.55          703.0       393.0       793.1       367.1
    10.60          704.4       393.7       794.6       367.8
    10.65          705.7       394.4       796.1       368.5
    10.70          707.0       395.1       797.6       369.2
    10.75          708.3       395.8       799.1       369.9
    10.80          709.6       396.5       800.7       370.6
    10.85          710.9       397.2       802.2       371.2
    10.90          712.1       397.9       803.7       371.9
    10.95          713.4       398.5       805.2       372.6
    11.00          714.7       399.2       806.7       373.3
    11.05          716.0       399.9       808.1       374.0
    11.10          717.3       400.6       809.6       374.6
    11.15          718.5       401.2       811.1       375.3
    11.20          719.8       401.9       812.6       376.0
    11.25          721.1       402.6       814.1       376.7
    11.30          722.3       403.3       815.5       377.3
    11.35          723.6       403.9       817.0       378.0
    11.40          724.8       404.6       818.5       378.7
    11.45          726.1       405.2       819.9       379.3
    11.50          727.3       405.9       821.4       380.0
    11.55          728.6       406.6       822.8       380.7
    11.60          729.8       407.2       824.3       381.3
    11.65          731.0       407.9       825.7       382.0
    11.70          732.3       408.5       827.1       382.6
    11.75          733.5       409.2       828.6       383.3
    11.80          734.7       409.8       830.0       383.9
    11.85          736.0       410.5       831.4       384.6
    11.90          737.2       411.1       832.9       385.2
    11.95          738.4       411.8       834.3       385.9
    12.00          739.6       412.4       835.7       386.5
    12.05          740.8       413.0       837.1       387.2
    12.10          742.0       413.7       838.5       387.8
    12.15          743.2       414.3       839.9       388.4
    12.20          744.4       414.9       841.3       389.1
    12.25          745.6       415.6       842.7       389.7
    12.30          746.8       416.2       844.1       390.4
    12.35          748.0       416.8       845.5       391.0
    12.40          749.2       417.5       846.9       391.6
    12.45          750.4       418.1       848.3       392.2
    12.50          751.6       418.7       849.7       392.9
    12.55          752.8       419.3       851.0       393.5
    12.60          753.9       420.0       852.4       394.1
    12.65          755.1       420.6       853.8       394.7
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    12.70          756.3       421.2       855.1       395.4
    12.75          757.4       421.8       856.5       396.0
    12.80          758.6       422.4       857.9       396.6
    12.85          759.8       423.0       859.2       397.2
    12.90          760.9       423.7       860.6       397.8
    12.95          762.1       424.3       861.9       398.5
    13.00          763.2       424.9       863.3       399.1
    13.05          764.4       425.5       864.6       399.7
    13.10          765.5       426.1       866.0       400.3
    13.15          766.7       426.7       867.3       400.9
    13.20          767.8       427.3       868.6       401.5
    13.25          769.0       427.9       870.0       402.1
    13.30          770.1       428.5       871.3       402.7
    13.35          771.2       429.1       872.6       403.3
    13.40          772.4       429.7       874.0       403.9
    13.45          773.5       430.3       875.3       404.5
    13.50          774.6       430.9       876.6       405.1
    13.55          775.8       431.5       877.9       405.7
    13.60          776.9       432.1       879.2       406.3
    13.65          778.0       432.7       880.5       406.9
    13.70          779.1       433.2       881.8       407.5
    13.75          780.2       433.8       883.1       408.1
    13.80          781.3       434.4       884.4       408.7
    13.85          782.4       435.0       885.7       409.3
    13.90          783.6       435.6       887.0       409.9
    13.95          784.7       436.2       888.3       410.4
    14.00          785.8       436.7       889.6       411.0
    14.05          786.9       437.3       890.9       411.6
    14.10          788.0       437.9       892.2       412.2
    14.15          789.1       438.5       893.5       412.8
    14.20          790.1       439.1       894.7       413.4
    14.25          791.2       439.6       896.0       413.9
    14.30          792.3       440.2       897.3       414.5
    14.35          793.4       440.8       898.5       415.1
    14.40          794.5       441.3       899.8       415.7
    14.45          795.6       441.9       901.1       416.2
    14.50          796.6       442.5       902.3       416.8
    14.55          797.7       443.0       903.6       417.4
    14.60          798.8       443.6       904.8       418.0
    14.65          799.9       444.2       906.1       418.5
    14.70          800.9       444.7       907.4       419.1
    14.75          802.0       445.3       908.6       419.7
    14.80          803.1       445.8       909.8       420.2
    14.85          804.1       446.4       911.1       420.8
    14.90          805.2       447.0       912.3       421.3
    14.95          806.2       447.5       913.6       421.9
    15.00          807.3       448.1       914.8       422.5
    15.05          808.3       448.6       916.0       423.0
    15.10          809.4       449.2       917.3       423.6
    15.15          810.4       449.7       918.5       424.1
    15.20          811.5       450.3       919.7       424.7
    15.25          812.5       450.8       920.9       425.2
    15.30          813.6       451.4       922.2       425.8
    15.35          814.6       451.9       923.4       426.4

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



PY Data - Frictional - DRLE-G018.txt[3/8/2018 1:44:08 PM]

    15.40          815.7       452.5       924.6       426.9
    15.45          816.7       453.0       925.8       427.5
    15.50          817.7       453.5       927.0       428.0
    15.55          818.8       454.1       928.2       428.6
    15.60          819.8       454.6       929.4       429.1
    15.65          820.8       455.2       930.6       429.6
    15.70          821.8       455.7       931.8       430.2
    15.75          822.9       456.2       933.0       430.7
    15.80          823.9       456.8       934.2       431.3
    15.85          824.9       457.3       935.4       431.8
    15.90          825.9       457.8       936.6       432.4
    15.95          826.9       458.4       937.8       432.9
    16.00          827.9       458.9       939.0       433.4
    16.05          829.0       459.4       940.2       434.0
    16.10          830.0       460.0       941.3       434.5
    16.15          831.0       460.5       942.5       435.0
    16.20          832.0       461.0       943.7       435.6
    16.25          833.0       461.6       944.9       436.1
    16.30          834.0       462.1       946.1       436.6
    16.35          835.0       462.6       947.2       437.2
    16.40          836.0       463.1       948.4       437.7
    16.45          837.0       463.6       949.6       438.2
    16.50          838.0       464.2       950.7       438.8
    16.55          839.0       464.7       951.9       439.3
    16.60          840.0       465.2       953.1       439.8
    16.65          840.9       465.7       954.2       440.3
    16.70          841.9       466.2       955.4       440.9
    16.75          842.9       466.8       956.5       441.4
    16.80          843.9       467.3       957.7       441.9
    16.85          844.9       467.8       958.8       442.4
    16.90          845.9       468.3       960.0       442.9
    16.95          846.8       468.8       961.1       443.5
    17.00          847.8       469.3       962.3       444.0
    17.05          848.8       469.8       963.4       444.5
    17.10          849.7       470.3       964.5       445.0
    17.15          850.7       470.8       965.7       445.5
    17.20          851.7       471.4       966.8       446.0
    17.25          852.7       471.9       967.9       446.6
    17.30          853.6       472.4       969.1       447.1
    17.35          854.6       472.9       970.2       447.6
    17.40          855.5       473.4       971.3       448.1
    17.45          856.5       473.9       972.5       448.6
    17.50          857.5       474.4       973.6       449.1
    17.55          858.4       474.9       974.7       449.6
    17.60          859.4       475.4       975.8       450.1
    17.65          860.3       475.9       976.9       450.6
    17.70          861.3       476.4       978.1       451.1
    17.75          862.2       476.9       979.2       451.6
    17.80          863.2       477.4       980.3       452.1
    17.85          864.1       477.9       981.4       452.6
    17.90          865.1       478.3       982.5       453.1
    17.95          866.0       478.8       983.6       453.6
    18.00          866.9       479.3       984.7       454.1
    18.05          867.9       479.8       985.8       454.6
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    18.10          868.8       480.3       986.9       455.1
    18.15          869.8       480.8       988.0       455.6
    18.20          870.7       481.3       989.1       456.1
    18.25          871.6       481.8       990.2       456.6
    18.30          872.6       482.3       991.3       457.1
    18.35          873.5       482.8       992.4       457.6
    18.40          874.4       483.2       993.5       458.1
    18.45          875.3       483.7       994.6       458.6
    18.50          876.3       484.2       995.6       459.1
    18.55          877.2       484.7       996.7       459.6
    18.60          878.1       485.2       997.8       460.1
    18.65          879.0       485.6       998.9       460.6
    18.70          879.9       486.1      1000.0       461.1
    18.75          880.9       486.6      1001.0       461.5
    18.80          881.8       487.1      1002.1       462.0
    18.85          882.7       487.6      1003.2       462.5
    18.90          883.6       488.0      1004.3       463.0
    18.95          884.5       488.5      1005.3       463.5
    19.00          885.4       489.0      1006.4       464.0
    19.05          886.3       489.5      1007.5       464.4
    19.10          887.2       489.9      1008.5       464.9
    19.15          888.1       490.4      1009.6       465.4
    19.20          889.0       490.9      1010.7       465.9
    19.25          890.0       491.4      1011.7       466.4
    19.30          890.9       491.8      1012.8       466.8
    19.35          891.8       492.3      1013.8       467.3
    19.40          892.6       492.8      1014.9       467.8
    19.45          893.5       493.2      1015.9       468.3
    19.50          894.4       493.7      1017.0       468.7
    19.55          895.3       494.2      1018.0       469.2
    19.60          896.2       494.6      1019.1       469.7
    19.65          897.1       495.1      1020.1       470.2
    19.70          898.0       495.6      1021.2       470.6
    19.75          898.9       496.0      1022.2       471.1
    19.80          899.8       496.5      1023.3       471.6
    19.85          900.7       496.9      1024.3       472.1
    19.90          901.5       497.4      1025.3       472.5
    19.95          902.4       497.9      1026.4       473.0
    20.00          903.3       498.3      1027.4       473.5
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           In Situ Pressuremeter Data

Golder
Sound Transit Redmond Link Downtown Extension

PY Data - Frictional
Hole No: DRLE-G031

  Y/Diameter    Pressure    Pressure    Pressure    Pressure
     (%)         (psi)       (psi)       (psi)       (psi)

                 RLR-001     RLR-002     RLR-003     RLR-004
                 16FT        23.5FT      58FT        56.5FT

     0.00            0.0         0.0         0.0         0.0
     0.05           28.5        37.1        30.6        32.8
     0.10           43.0        57.6        48.0        50.9
     0.15           54.0        73.7        60.9        64.3
     0.20           63.3        87.6        71.4        75.3
     0.25           71.4        99.9        80.6        84.8
     0.30           78.8       111.1        88.7        93.3
     0.35           85.5       121.6        96.1       101.1
     0.40           91.8       131.3       103.0       108.2
     0.45           97.6       140.6       109.3       114.8
     0.50          103.2       149.4       115.3       121.0
     0.55          108.4       157.7       120.9       126.9
     0.60          113.5       165.8       126.3       132.5
     0.65          118.3       173.5       131.4       137.8
     0.70          122.9       181.0       136.3       142.9
     0.75          127.4       188.3       140.9       147.8
     0.80          131.7       195.3       145.4       152.5
     0.85          135.8       202.1       149.8       157.0
     0.90          139.9       208.8       154.0       161.4
     0.95          143.8       215.3       158.1       165.6
     1.00          147.6       221.6       162.0       169.8
     1.05          151.4       227.8       165.9       173.8
     1.10          155.0       233.8       169.6       177.7
     1.15          158.6       239.8       173.3       181.5
     1.20          162.1       245.6       176.8       185.2
     1.25          165.5       251.3       180.3       188.8
     1.30          168.8       256.9       183.7       192.3
     1.35          172.1       262.4       187.0       195.8
     1.40          175.3       267.8       190.3       199.2
     1.45          178.4       273.2       193.5       202.5
     1.50          181.5       278.4       196.6       205.8
     1.55          184.6       283.6       199.6       209.0
     1.60          187.6       288.7       202.7       212.1
     1.65          190.5       293.7       205.6       215.2
     1.70          193.4       298.6       208.5       218.2
     1.75          196.3       303.5       211.4       221.2
     1.80          199.1       308.4       214.2       224.1
     1.85          201.9       313.1       216.9       227.0
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     1.90          204.6       317.8       219.7       229.8
     1.95          207.3       322.5       222.4       232.6
     2.00          210.0       327.1       225.0       235.4
     2.05          212.6       331.6       227.6       238.1
     2.10          215.2       336.1       230.2       240.8
     2.15          217.8       340.6       232.7       243.4
     2.20          220.3       345.0       235.2       246.0
     2.25          222.8       349.3       237.7       248.6
     2.30          225.3       353.6       240.1       251.2
     2.35          227.8       357.9       242.5       253.7
     2.40          230.2       362.1       244.9       256.2
     2.45          232.6       366.3       247.3       258.6
     2.50          235.0       370.5       249.6       261.0
     2.55          237.3       374.6       251.9       263.4
     2.60          239.7       378.6       254.2       265.8
     2.65          242.0       382.7       256.4       268.1
     2.70          244.3       386.7       258.6       270.5
     2.75          246.5       390.7       260.8       272.8
     2.80          248.8       394.6       263.0       275.0
     2.85          251.0       398.5       265.2       277.3
     2.90          253.2       402.4       267.3       279.5
     2.95          255.4       406.2       269.4       281.7
     3.00          257.5       410.1       271.5       283.9
     3.05          259.7       413.8       273.6       286.0
     3.10          261.8       417.6       275.6       288.2
     3.15          263.9       421.3       277.7       290.3
     3.20          266.0       425.0       279.7       292.4
     3.25          268.1       428.7       281.7       294.5
     3.30          270.1       432.4       283.7       296.6
     3.35          272.2       436.0       285.6       298.6
     3.40          274.2       439.6       287.6       300.6
     3.45          276.2       443.2       289.5       302.7
     3.50          278.2       446.8       291.4       304.7
     3.55          280.2       450.3       293.3       306.6
     3.60          282.1       453.8       295.2       308.6
     3.65          284.1       457.3       297.1       310.5
     3.70          286.0       460.8       299.0       312.5
     3.75          288.0       464.2       300.8       314.4
     3.80          289.9       467.6       302.6       316.3
     3.85          291.8       471.0       304.4       318.2
     3.90          293.7       474.4       306.2       320.1
     3.95          295.5       477.8       308.0       321.9
     4.00          297.4       481.1       309.8       323.8
     4.05          299.3       484.5       311.6       325.6
     4.10          301.1       487.8       313.3       327.4
     4.15          302.9       491.1       315.0       329.3
     4.20          304.7       494.3       316.8       331.1
     4.25          306.5       497.6       318.5       332.8
     4.30          308.3       500.8       320.2       334.6
     4.35          310.1       504.1       321.9       336.4
     4.40          311.9       507.3       323.6       338.1
     4.45          313.7       510.5       325.2       339.9
     4.50          315.4       513.6       326.9       341.6
     4.55          317.2       516.8       328.5       343.3
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     4.60          318.9       519.9       330.2       345.0
     4.65          320.6       523.0       331.8       346.7
     4.70          322.3       526.2       333.4       348.4
     4.75          324.0       529.3       335.0       350.1
     4.80          325.7       532.3       336.6       351.8
     4.85          327.4       535.4       338.2       353.4
     4.90          329.1       538.4       339.8       355.1
     4.95          330.8       541.5       341.4       356.7
     5.00          332.4       544.5       342.9       358.3
     5.05          334.1       547.5       344.5       359.9
     5.10          335.7       550.5       346.0       361.5
     5.15          337.4       553.5       347.6       363.1
     5.20          339.0       556.5       349.1       364.7
     5.25          340.6       559.4       350.6       366.3
     5.30          342.2       562.4       352.1       367.9
     5.35          343.8       565.3       353.6       369.5
     5.40          345.4       568.2       355.1       371.0
     5.45          347.0       571.1       356.6       372.6
     5.50          348.6       574.0       358.1       374.1
     5.55          350.2       576.9       359.5       375.6
     5.60          351.7       579.8       361.0       377.2
     5.65          353.3       582.6       362.5       378.7
     5.70          354.8       585.5       363.9       380.2
     5.75          356.4       588.3       365.4       381.7
     5.80          357.9       591.1       366.8       383.2
     5.85          359.5       594.0       368.2       384.7
     5.90          361.0       596.8       369.6       386.2
     5.95          362.5       599.6       371.0       387.6
     6.00          364.0       602.3       372.5       389.1
     6.05          365.5       605.1       373.9       390.6
     6.10          367.0       607.9       375.2       392.0
     6.15          368.5       610.6       376.6       393.5
     6.20          370.0       613.4       378.0       394.9
     6.25          371.5       616.1       379.4       396.3
     6.30          373.0       618.8       380.8       397.8
     6.35          374.4       621.5       382.1       399.2
     6.40          375.9       624.2       383.5       400.6
     6.45          377.3       626.9       384.8       402.0
     6.50          378.8       629.6       386.2       403.4
     6.55          380.2       632.3       387.5       404.8
     6.60          381.7       634.9       388.8       406.2
     6.65          383.1       637.6       390.2       407.6
     6.70          384.5       640.2       391.5       408.9
     6.75          386.0       642.9       392.8       410.3
     6.80          387.4       645.5       394.1       411.7
     6.85          388.8       648.1       395.4       413.0
     6.90          390.2       650.7       396.7       414.4
     6.95          391.6       653.3       398.0       415.7
     7.00          393.0       655.9       399.3       417.1
     7.05          394.4       658.5       400.6       418.4
     7.10          395.8       661.1       401.8       419.7
     7.15          397.2       663.7       403.1       421.1
     7.20          398.5       666.2       404.4       422.4
     7.25          399.9       668.8       405.6       423.7
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     7.30          401.3       671.3       406.9       425.0
     7.35          402.6       673.9       408.2       426.3
     7.40          404.0       676.4       409.4       427.6
     7.45          405.4       678.9       410.6       428.9
     7.50          406.7       681.4       411.9       430.2
     7.55          408.0       683.9       413.1       431.5
     7.60          409.4       686.4       414.3       432.8
     7.65          410.7       688.9       415.6       434.0
     7.70          412.0       691.4       416.8       435.3
     7.75          413.4       693.9       418.0       436.6
     7.80          414.7       696.3       419.2       437.8
     7.85          416.0       698.8       420.4       439.1
     7.90          417.3       701.3       421.6       440.4
     7.95          418.6       703.7       422.8       441.6
     8.00          419.9       706.2       424.0       442.8
     8.05          421.2       708.6       425.2       444.1
     8.10          422.5       711.0       426.4       445.3
     8.15          423.8       713.4       427.6       446.5
     8.20          425.1       715.8       428.7       447.8
     8.25          426.4       718.3       429.9       449.0
     8.30          427.7       720.7       431.1       450.2
     8.35          428.9       723.0       432.2       451.4
     8.40          430.2       725.4       433.4       452.6
     8.45          431.5       727.8       434.6       453.8
     8.50          432.8       730.2       435.7       455.0
     8.55          434.0       732.6       436.9       456.2
     8.60          435.3       734.9       438.0       457.4
     8.65          436.5       737.3       439.1       458.6
     8.70          437.8       739.6       440.3       459.8
     8.75          439.0       742.0       441.4       461.0
     8.80          440.3       744.3       442.5       462.2
     8.85          441.5       746.6       443.7       463.3
     8.90          442.7       749.0       444.8       464.5
     8.95          444.0       751.3       445.9       465.7
     9.00          445.2       753.6       447.0       466.8
     9.05          446.4       755.9       448.1       468.0
     9.10          447.6       758.2       449.2       469.2
     9.15          448.8       760.5       450.3       470.3
     9.20          450.1       762.8       451.4       471.5
     9.25          451.3       765.1       452.5       472.6
     9.30          452.5       767.4       453.6       473.7
     9.35          453.7       769.6       454.7       474.9
     9.40          454.9       771.9       455.8       476.0
     9.45          456.1       774.2       456.9       477.1
     9.50          457.3       776.4       458.0       478.3
     9.55          458.5       778.7       459.1       479.4
     9.60          459.7       780.9       460.1       480.5
     9.65          460.8       783.2       461.2       481.6
     9.70          462.0       785.4       462.3       482.7
     9.75          463.2       787.6       463.3       483.9
     9.80          464.4       789.9       464.4       485.0
     9.85          465.5       792.1       465.5       486.1
     9.90          466.7       794.3       466.5       487.2
     9.95          467.9       796.5       467.6       488.3
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    10.00          469.0       798.7       468.6       489.4
    10.05          470.2       800.9       469.7       490.4
    10.10          471.4       803.1       470.7       491.5
    10.15          472.5       805.3       471.8       492.6
    10.20          473.7       807.5       472.8       493.7
    10.25          474.8       809.7       473.8       494.8
    10.30          476.0       811.8       474.9       495.9
    10.35          477.1       814.0       475.9       496.9
    10.40          478.2       816.2       476.9       498.0
    10.45          479.4       818.3       477.9       499.1
    10.50          480.5       820.5       479.0       500.1
    10.55          481.6       822.6       480.0       501.2
    10.60          482.8       824.8       481.0       502.3
    10.65          483.9       826.9       482.0       503.3
    10.70          485.0       829.1       483.0       504.4
    10.75          486.1       831.2       484.0       505.4
    10.80          487.3       833.3       485.0       506.5
    10.85          488.4       835.5       486.0       507.5
    10.90          489.5       837.6       487.0       508.5
    10.95          490.6       839.7       488.0       509.6
    11.00          491.7       841.8       489.0       510.6
    11.05          492.8       843.9       490.0       511.7
    11.10          493.9       846.0       491.0       512.7
    11.15          495.0       848.1       492.0       513.7
    11.20          496.1       850.2       493.0       514.7
    11.25          497.2       852.3       494.0       515.8
    11.30          498.3       854.4       494.9       516.8
    11.35          499.4       856.5       495.9       517.8
    11.40          500.5       858.5       496.9       518.8
    11.45          501.5       860.6       497.9       519.8
    11.50          502.6       862.7       498.8       520.8
    11.55          503.7       864.8       499.8       521.8
    11.60          504.8       866.8       500.8       522.9
    11.65          505.9       868.9       501.7       523.9
    11.70          506.9       870.9       502.7       524.9
    11.75          508.0       873.0       503.6       525.9
    11.80          509.1       875.0       504.6       526.9
    11.85          510.1       877.1       505.5       527.8
    11.90          511.2       879.1       506.5       528.8
    11.95          512.3       881.1       507.4       529.8
    12.00          513.3       883.2       508.4       530.8
    12.05          514.4       885.2       509.3       531.8
    12.10          515.4       887.2       510.3       532.8
    12.15          516.5       889.2       511.2       533.8
    12.20          517.5       891.2       512.1       534.7
    12.25          518.6       893.3       513.1       535.7
    12.30          519.6       895.3       514.0       536.7
    12.35          520.7       897.3       514.9       537.6
    12.40          521.7       899.3       515.9       538.6
    12.45          522.7       901.3       516.8       539.6
    12.50          523.8       903.3       517.7       540.5
    12.55          524.8       905.2       518.6       541.5
    12.60          525.9       907.2       519.6       542.5
    12.65          526.9       909.2       520.5       543.4
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    12.70          527.9       911.2       521.4       544.4
    12.75          528.9       913.2       522.3       545.3
    12.80          530.0       915.1       523.2       546.3
    12.85          531.0       917.1       524.1       547.2
    12.90          532.0       919.1       525.0       548.2
    12.95          533.0       921.0       525.9       549.1
    13.00          534.0       923.0       526.9       550.1
    13.05          535.1       924.9       527.8       551.0
    13.10          536.1       926.9       528.7       551.9
    13.15          537.1       928.8       529.6       552.9
    13.20          538.1       930.8       530.4       553.8
    13.25          539.1       932.7       531.3       554.7
    13.30          540.1       934.7       532.2       555.7
    13.35          541.1       936.6       533.1       556.6
    13.40          542.1       938.5       534.0       557.5
    13.45          543.1       940.4       534.9       558.4
    13.50          544.1       942.4       535.8       559.4
    13.55          545.1       944.3       536.7       560.3
    13.60          546.1       946.2       537.5       561.2
    13.65          547.1       948.1       538.4       562.1
    13.70          548.1       950.0       539.3       563.0
    13.75          549.0       951.9       540.2       563.9
    13.80          550.0       953.8       541.0       564.9
    13.85          551.0       955.8       541.9       565.8
    13.90          552.0       957.6       542.8       566.7
    13.95          553.0       959.5       543.7       567.6
    14.00          554.0       961.4       544.5       568.5
    14.05          554.9       963.3       545.4       569.4
    14.10          555.9       965.2       546.3       570.3
    14.15          556.9       967.1       547.1       571.2
    14.20          557.8       969.0       548.0       572.1
    14.25          558.8       970.9       548.8       573.0
    14.30          559.8       972.7       549.7       573.9
    14.35          560.8       974.6       550.5       574.8
    14.40          561.7       976.5       551.4       575.6
    14.45          562.7       978.3       552.2       576.5
    14.50          563.6       980.2       553.1       577.4
    14.55          564.6       982.1       553.9       578.3
    14.60          565.6       983.9       554.8       579.2
    14.65          566.5       985.8       555.6       580.1
    14.70          567.5       987.6       556.5       580.9
    14.75          568.4       989.5       557.3       581.8
    14.80          569.4       991.3       558.1       582.7
    14.85          570.3       993.2       559.0       583.6
    14.90          571.3       995.0       559.8       584.4
    14.95          572.2       996.8       560.7       585.3
    15.00          573.2       998.7       561.5       586.2
    15.05          574.1      1000.5       562.3       587.0
    15.10          575.0      1002.3       563.1       587.9
    15.15          576.0      1004.2       564.0       588.8
    15.20          576.9      1006.0       564.8       589.6
    15.25          577.9      1007.8       565.6       590.5
    15.30          578.8      1009.6       566.5       591.3
    15.35          579.7      1011.4       567.3       592.2
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    15.40          580.6      1013.2       568.1       593.1
    15.45          581.6      1015.0       568.9       593.9
    15.50          582.5      1016.9       569.7       594.8
    15.55          583.4      1018.7       570.5       595.6
    15.60          584.4      1020.5       571.4       596.5
    15.65          585.3      1022.3       572.2       597.3
    15.70          586.2      1024.1       573.0       598.2
    15.75          587.1      1025.9       573.8       599.0
    15.80          588.0      1027.6       574.6       599.8
    15.85          589.0      1029.4       575.4       600.7
    15.90          589.9      1031.2       576.2       601.5
    15.95          590.8      1033.0       577.0       602.4
    16.00          591.7      1034.8       577.8       603.2
    16.05          592.6      1036.6       578.6       604.0
    16.10          593.5      1038.3       579.4       604.9
    16.15          594.4      1040.1       580.2       605.7
    16.20          595.3      1041.9       581.0       606.5
    16.25          596.3      1043.7       581.8       607.4
    16.30          597.2      1045.4       582.6       608.2
    16.35          598.1      1047.2       583.4       609.0
    16.40          599.0      1048.9       584.2       609.8
    16.45          599.9      1050.7       585.0       610.7
    16.50          600.8      1052.5       585.8       611.5
    16.55          601.7      1054.2       586.6       612.3
    16.60          602.6      1056.0       587.3       613.1
    16.65          603.5      1057.7       588.1       613.9
    16.70          604.3      1059.5       588.9       614.8
    16.75          605.2      1061.2       589.7       615.6
    16.80          606.1      1062.9       590.5       616.4
    16.85          607.0      1064.7       591.3       617.2
    16.90          607.9      1066.4       592.0       618.0
    16.95          608.8      1068.2       592.8       618.8
    17.00          609.7      1069.9       593.6       619.6
    17.05          610.6      1071.6       594.4       620.4
    17.10          611.4      1073.3       595.1       621.2
    17.15          612.3      1075.1       595.9       622.0
    17.20          613.2      1076.8       596.7       622.8
    17.25          614.1      1078.5       597.4       623.6
    17.30          615.0      1080.2       598.2       624.4
    17.35          615.8      1082.0       599.0       625.2
    17.40          616.7      1083.7       599.7       626.0
    17.45          617.6      1085.4       600.5       626.8
    17.50          618.5      1087.1       601.3       627.6
    17.55          619.3      1088.8       602.0       628.4
    17.60          620.2      1090.5       602.8       629.2
    17.65          621.1      1092.2       603.5       630.0
    17.70          621.9      1093.9       604.3       630.8
    17.75          622.8      1095.6       605.1       631.6
    17.80          623.7      1097.3       605.8       632.4
    17.85          624.5      1099.0       606.6       633.2
    17.90          625.4      1100.7       607.3       633.9
    17.95          626.3      1102.4       608.1       634.7
    18.00          627.1      1104.1       608.8       635.5
    18.05          628.0      1105.8       609.6       636.3
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    18.10          628.8      1107.4       610.3       637.1
    18.15          629.7      1109.1       611.1       637.8
    18.20          630.5      1110.8       611.8       638.6
    18.25          631.4      1112.5       612.6       639.4
    18.30          632.2      1114.2       613.3       640.2
    18.35          633.1      1115.8       614.0       641.0
    18.40          633.9      1117.5       614.8       641.7
    18.45          634.8      1119.2       615.5       642.5
    18.50          635.6      1120.8       616.3       643.3
    18.55          636.5      1122.5       617.0       644.0
    18.60          637.3      1124.2       617.7       644.8
    18.65          638.2      1125.8       618.5       645.6
    18.70          639.0      1127.5       619.2       646.3
    18.75          639.9      1129.1       619.9       647.1
    18.80          640.7      1130.8       620.7       647.9
    18.85          641.5      1132.5       621.4       648.6
    18.90          642.4      1134.1       622.1       649.4
    18.95          643.2      1135.8       622.9       650.1
    19.00          644.1      1137.4       623.6       650.9
    19.05          644.9      1139.0       624.3       651.7
    19.10          645.7      1140.7       625.0       652.4
    19.15          646.6      1142.3       625.8       653.2
    19.20          647.4      1144.0       626.5       653.9
    19.25          648.2      1145.6       627.2       654.7
    19.30          649.0      1147.2       627.9       655.4
    19.35          649.9      1148.9       628.6       656.2
    19.40          650.7      1150.5       629.4       656.9
    19.45          651.5      1152.1       630.1       657.7
    19.50          652.4      1153.8       630.8       658.4
    19.55          653.2      1155.4       631.5       659.2
    19.60          654.0      1157.0       632.2       659.9
    19.65          654.8      1158.6       632.9       660.7
    19.70          655.6      1160.3       633.7       661.4
    19.75          656.5      1161.9       634.4       662.1
    19.80          657.3      1163.5       635.1       662.9
    19.85          658.1      1165.1       635.8       663.6
    19.90          658.9      1166.7       636.5       664.4
    19.95          659.7      1168.3       637.2       665.1
    20.00          660.5      1169.9       637.9       665.8
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           In Situ Pressuremeter Data

Golder
Sound Transit Redmond Link Downtown Extension
Hole No: DRLE-G031
Test: RLR-001
Depth: 16FT
09/18/2017

Oper: Mayfield/Okbay
Job #1657705
Time of Test: 10:47 AM
Inst: 05

Unknown Membrane Corrections
Report was printed from a .P file,
which doesn't save corrections information.

  Arm 1     Arm 2     Arm 3    Pressure    Strain
  (mm)      (mm)      (mm)      (psi)        (%) 

  0.001    -0.001     0.000       -5.8      0.000
  0.005     0.008     0.001       -3.2      0.012
  0.006     0.012     0.001       -1.5      0.017
  0.008     0.016     0.002        2.1      0.023
  0.009     0.021     0.000        3.3      0.027
  0.012     0.025     0.002        5.3      0.034
  0.012     0.026     0.001        6.6      0.035
  0.013     0.037     0.001        8.2      0.045
  0.015     0.039     0.001       10.2      0.049
  0.018     0.048     0.002       12.5      0.060
  0.020     0.073     0.002       14.7      0.084
  0.024     0.098     0.003       17.3      0.110
  0.025     0.258     0.003       19.8      0.252
  0.030     0.405     0.003       22.2      0.385
  0.033     0.550     0.004       24.9      0.516
  0.039     0.694     0.005       27.6      0.649
  0.042     0.873     0.006       30.7      0.811
  0.045     1.038     0.009       34.6      0.959
  0.049     1.190     0.012       38.1      1.100
  0.052     1.364     0.016       41.6      1.258
  0.055     1.508     0.020       44.6      1.391
  0.057     1.648     0.024       48.3      1.520
  0.059     1.782     0.028       51.6      1.643
  0.061     1.943     0.033       55.2      1.789
  0.067     2.125     0.037       58.5      1.959
  0.066     2.254     0.043       62.0      2.076
  0.067     2.373     0.048       65.0      2.187
  0.069     2.499     0.054       68.6      2.303
  0.069     2.661     0.059       71.9      2.450
  0.071     2.779     0.064       75.0      2.561
  0.072     2.913     0.069       78.3      2.684
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  0.080     3.020     0.074       81.5      2.788
  0.163     3.108     0.079       84.7      2.944
  0.245     3.199     0.083       87.5      3.099
  0.321     3.339     0.088       90.5      3.293
  0.392     3.433     0.092       93.4      3.440
  0.450     3.521     0.095       94.0      3.571
  0.440     3.525     0.093       90.3      3.565
  0.416     3.519     0.092       82.8      3.537
  0.378     3.500     0.089       74.0      3.484
  0.321     3.468     0.085       66.1      3.402
  0.251     3.428     0.081       59.5      3.301
  0.164     3.378     0.077       53.6      3.177
  0.152     3.380     0.077       56.7      3.169
  0.165     3.396     0.078       60.6      3.196
  0.182     3.410     0.079       64.4      3.225
  0.204     3.427     0.081       68.2      3.261
  0.228     3.444     0.083       72.1      3.297
  0.273     3.472     0.086       78.3      3.364
  0.331     3.508     0.089       85.5      3.451
  0.389     3.561     0.092       90.9      3.551
  0.437     3.611     0.095       94.1      3.639
  0.481     3.666     0.097       96.5      3.727
  0.548     3.746     0.101       98.9      3.860
  0.610     3.804     0.103      101.2      3.968
  0.671     3.857     0.107      103.8      4.071
  0.748     3.952     0.111      106.9      4.225
  0.823     4.055     0.114      110.1      4.385
  0.887     4.124     0.118      113.0      4.505
  0.961     4.208     0.122      116.0      4.647
  0.997     4.283     0.126      119.2      4.749
  1.091     4.352     0.130      122.1      4.895
  1.173     4.431     0.132      125.2      5.039
  1.237     4.495     0.135      127.9      5.154
  1.295     4.537     0.136      126.0      5.242
  1.295     4.538     0.135      119.4      5.243
  1.293     4.531     0.134      109.8      5.233
  1.277     4.522     0.132      100.0      5.207
  1.252     4.492     0.129       90.9      5.157
  1.198     4.464     0.126       82.7      5.083
  1.140     4.427     0.123       74.5      4.995
  1.141     4.428     0.122       80.5      4.996
  1.170     4.446     0.125       90.0      5.041
  1.202     4.472     0.127       99.0      5.093
  1.229     4.499     0.129      108.6      5.144
  1.261     4.534     0.132      117.2      5.205
  1.312     4.588     0.135      124.7      5.301
  1.392     4.661     0.138      130.8      5.438
  1.486     4.758     0.142      136.5      5.610
  1.605     4.889     0.148      141.5      5.834
  1.730     5.023     0.153      146.7      6.066
  1.896     5.138     0.159      151.6      6.317
  2.015     5.259     0.165      156.8      6.535
  2.163     5.377     0.213      161.4      6.810
  2.325     5.535     0.290      165.7      7.159
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  2.425     5.829     0.332      165.8      7.540
  2.427     5.876     0.330      160.1      7.582
  2.427     5.880     0.326      154.4      7.581
  2.426     5.878     0.319      145.5      7.572
  2.417     5.873     0.304      133.0      7.545
  2.402     5.857     0.279      120.2      7.496
  2.371     5.827     0.245      107.0      7.412
  2.312     5.799     0.204       94.8      7.299
  2.289     5.781     0.190       96.4      7.250
  2.296     5.789     0.196      104.6      7.270
  2.308     5.800     0.205      113.0      7.298
  2.324     5.813     0.218      121.4      7.335
  2.340     5.828     0.234      129.7      7.377
  2.363     5.850     0.250      138.2      7.432
  2.394     5.892     0.274      148.3      7.516
  2.436     5.969     0.306      158.3      7.650
  2.540     6.123     0.358      167.9      7.922
  2.657     6.342     0.431      174.7      8.282
  2.769     6.545     0.517      180.7      8.633
  2.894     6.726     0.606      185.7      8.981
  2.994     6.890     0.694      188.0      9.290
  2.998     6.906     0.691      177.3      9.304
  2.995     6.912     0.686      167.4      9.302
  2.994     6.904     0.679      158.2      9.287
  2.990     6.899     0.669      149.3      9.269
  2.985     6.890     0.658      141.5      9.248
  2.978     6.880     0.646      133.6      9.221
  2.969     6.866     0.631      126.4      9.188
  2.959     6.856     0.616      119.0      9.156
  2.949     6.840     0.599      112.4      9.119
  2.939     6.825     0.584      108.2      9.083
  2.938     6.832     0.589      118.3      9.094
  2.939     6.843     0.602      132.2      9.116
  2.951     6.859     0.620      145.7      9.157
  2.968     6.884     0.641      158.6      9.213
  2.995     6.917     0.667      172.0      9.289
  3.037     6.992     0.706      183.2      9.427
  3.097     7.107     0.760      190.3      9.627
  3.181     7.254     0.836      196.4      9.898
  3.276     7.416     0.920      202.1     10.197
  3.387     7.625     1.013      207.5     10.559
  3.506     7.791     1.109      213.2     10.895
  3.631     7.805     1.218      218.8     11.112
  3.653     7.804     1.235      200.3     11.145
  3.648     7.806     1.219      172.5     11.126
  3.627     7.806     1.195      147.9     11.085
  3.598     7.806     1.162      127.1     11.030
  3.545     7.807     1.110      104.5     10.938
  3.432     7.806     0.976       70.6     10.718
  3.288     7.736     0.767       43.7     10.345
  3.046     7.467     0.485       23.9      9.648
  2.635     7.097     0.178       10.4      8.694
  1.807     6.401     0.153        1.2      7.334
  0.594     5.109     0.114       -2.0      5.103
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  0.084     3.148     0.088       -3.4      2.912
  0.073     1.950     0.066       -5.5      1.832
  0.076     0.514     0.053       -5.3      0.564
  0.073     0.114     0.046       -5.8      0.205
  0.073     0.094     0.045       -6.2      0.186
  0.072     0.091     0.044       -6.2      0.182
  0.070     0.089     0.044       -6.2      0.178
  0.073     0.089     0.043       -6.4      0.180
  0.069     0.087     0.043       -6.0      0.175
  0.068     0.085     0.043       -6.2      0.173
  0.069     0.086     0.043       -6.1      0.174
  0.069     0.085     0.042       -6.1      0.172
  0.069     0.083     0.042       -6.0      0.169
  0.069     0.086     0.042       -6.1      0.172
  0.068     0.086     0.042       -6.1      0.171
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           In Situ Pressuremeter Data

Golder
Sound Transit Redmond Link Downtown Extension
Hole No: DRLE-G031
Test: RLR-002
Depth: 23.5FT
09/18/2017

Oper: Mayfield/Okbay
Job #1657705
Time of Test: 03:30 PM
Inst: 05

Unknown Membrane Corrections
Report was printed from a .P file,
which doesn't save corrections information.

  Arm 1     Arm 2     Arm 3    Pressure    Strain
  (mm)      (mm)      (mm)      (psi)        (%) 

  0.000     0.000     0.000       -5.7      0.000
 -0.001     0.005     0.000       -5.9      0.004
  0.010     0.010     0.001        0.1      0.018
  0.025     0.030     0.001        5.9      0.049
  0.051     0.015    -0.001       11.1      0.058
  0.061     0.127    -0.003       16.0      0.163
  0.067     0.531    -0.005       20.0      0.521
  0.069     0.884    -0.007       23.9      0.831
  0.100     1.190    -0.009       28.4      1.126
  0.193     1.484    -0.010       32.2      1.465
  0.300     1.754    -0.011       36.0      1.794
  0.421     1.989    -0.012       39.7      2.105
  0.550     2.203    -0.013       43.3      2.405
  0.657     2.378    -0.013       47.1      2.654
  0.750     2.543    -0.013       50.9      2.881
  0.876     2.704    -0.013       54.4      3.132
  0.973     2.855    -0.014       58.2      3.349
  1.054     2.998    -0.012       61.7      3.546
  1.067     3.030    -0.009       60.8      3.589
  1.069     3.059    -0.010       59.9      3.615
  1.067     3.070    -0.009       58.7      3.623
  1.063     3.064    -0.010       57.4      3.614
  1.048     3.059    -0.010       54.7      3.597
  1.029     3.047    -0.009       51.5      3.571
  0.999     3.021    -0.009       47.8      3.521
  0.960     2.985    -0.010       44.2      3.454
  0.912     2.913    -0.010       40.1      3.349
  0.919     2.899    -0.010       42.9      3.343
  0.998     2.988    -0.010       52.1      3.491
  1.076     3.110    -0.010       60.2      3.666
  1.157     3.280    -0.009       66.3      3.888
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  1.263     3.478    -0.006       72.5      4.156
  1.356     3.674    -0.004       78.1      4.413
  1.446     3.871    -0.002       83.7      4.668
  1.537     4.073     0.002       89.4      4.927
  1.575     4.166     0.005       88.6      5.046
  1.573     4.166     0.005       84.6      5.043
  1.559     4.160     0.005       78.3      5.024
  1.520     4.137     0.005       70.0      4.971
  1.475     4.094     0.005       63.6      4.892
  1.427     4.043     0.003       57.4      4.804
  1.368     3.976     0.003       52.1      4.693
  1.411     4.003     0.003       62.9      4.754
  1.456     4.048     0.003       69.7      4.834
  1.500     4.094     0.003       76.4      4.914
  1.544     4.145     0.004       82.9      4.999
  1.591     4.216     0.005       89.1      5.103
  1.651     4.352     0.005       95.2      5.276
  1.750     4.509     0.011      101.1      5.506
  1.824     4.709     0.014      106.7      5.749
  1.896     4.845     0.017      112.3      5.934
  1.962     4.999     0.021      118.1      6.130
  2.042     5.110     0.023      123.0      6.301
  2.115     5.227     0.026      128.7      6.470
  2.162     5.332     0.029      132.3      6.606
  2.163     5.338     0.029      126.3      6.612
  2.155     5.338     0.028      118.0      6.603
  2.142     5.334     0.028      110.2      6.589
  2.122     5.322     0.027      101.3      6.559
  2.093     5.307     0.026       92.0      6.519
  2.044     5.261     0.023       81.9      6.434
  2.012     5.229     0.022       78.0      6.375
  2.025     5.232     0.022       85.8      6.391
  2.050     5.246     0.023       93.1      6.425
  2.083     5.266     0.023      101.0      6.472
  2.116     5.294     0.024      109.6      6.527
  2.153     5.329     0.025      119.6      6.592
  2.200     5.381     0.026      129.9      6.680
  2.257     5.484     0.033      139.7      6.828
  2.479     5.621     0.041      148.5      7.150
  2.586     5.748     0.048      156.5      7.361
  2.696     5.901     0.055      164.7      7.599
  2.790     6.065     0.065      172.9      7.835
  2.864     6.247     0.072      180.9      8.066
  2.933     6.400     0.074      188.3      8.262
  3.005     6.546     0.078      196.2      8.457
  3.063     6.656     0.079      197.5      8.606
  3.070     6.669     0.078      185.3      8.622
  3.057     6.670     0.078      168.1      8.610
  3.039     6.663     0.077      150.7      8.587
  3.015     6.638     0.075      134.5      8.540
  2.994     6.597     0.071      119.4      8.483
  2.961     6.552     0.068      107.4      8.409
  2.975     6.556     0.068      117.6      8.426
  2.988     6.558     0.069      127.6      8.441
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  3.000     6.573     0.069      137.3      8.466
  3.014     6.592     0.069      146.5      8.494
  3.029     6.611     0.069      155.9      8.526
  3.044     6.632     0.070      165.2      8.558
  3.060     6.653     0.071      174.7      8.592
  3.077     6.681     0.072      183.5      8.633
  3.102     6.723     0.073      192.4      8.693
  3.147     6.784     0.076      201.0      8.789
  3.220     6.874     0.082      209.5      8.938
  3.288     7.021     0.088      217.3      9.133
  3.361     7.123     0.094      224.6      9.291
  3.445     7.229     0.101      231.7      9.465
  3.514     7.320     0.106      239.6      9.609
  3.579     7.420     0.112      246.6      9.760
  3.729     7.520     0.115      253.4      9.982
  3.794     7.615     0.120      260.3     10.127
  3.851     7.701     0.135      266.7     10.267
  3.896     7.741     0.144      257.3     10.349
  3.991     7.742     0.140      238.8     10.428
  3.984     7.741     0.140      217.1     10.419
  3.976     7.733     0.139      197.2     10.404
  3.953     7.707     0.138      170.7     10.357
  3.924     7.654     0.134      139.5     10.282
  3.876     7.605     0.129      111.9     10.190
  3.821     7.522     0.124       87.9     10.064
  3.730     7.423     0.117       67.5      9.890
  3.622     7.305     0.111       51.5      9.686
  3.495     7.169     0.103       36.7      9.447
  3.297     6.996     0.092       24.8      9.111
  2.981     6.577     0.082       15.5      8.457
  2.453     5.622     0.067       10.2      7.143
  1.759     4.502     0.050        6.9      5.536
  0.833     2.801     0.034        7.3      3.218
  0.055     1.073     0.025        7.5      1.011
  0.048     0.072     0.018        5.3      0.120
  0.038     0.057     0.012        1.1      0.094
  0.029     0.048     0.008       -1.7      0.074
  0.025     0.034     0.005       -3.9      0.056
  0.020     0.031     0.002       -5.1      0.047
  0.019     0.035     0.003       -5.7      0.050
  0.019     0.031     0.003       -5.8      0.046
  0.019     0.030     0.002       -5.8      0.044
  0.019     0.030     0.003       -5.9      0.045
  0.019     0.029     0.002       -5.7      0.044
  0.018     0.030     0.003       -5.8      0.045
  0.017     0.029     0.002       -5.8      0.043
  0.018     0.030     0.002       -6.0      0.045
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           In Situ Pressuremeter Data

Golder
Sound Transit Redmond Link Downtown Extension
Hole No: DRLE-G031
Test: RLR-003
Depth: 58FT
09/19/2017

Oper: Okbay
Job #1657705
Time of Test: 04:02 PM
Inst: 05

Unknown Membrane Corrections
Report was printed from a .P file,
which doesn't save corrections information.

  Arm 1     Arm 2     Arm 3    Pressure    Strain
  (mm)      (mm)      (mm)      (psi)        (%) 

 -0.001     0.000     0.000       -6.9      0.000
 -0.001    -0.001     0.000       -7.0     -0.001
  0.000     0.000     0.000       -7.3      0.000
  0.000     0.000     0.001       -7.4      0.001
  0.002     0.001     0.004       -5.9      0.006
  0.007     0.005     0.018       -1.2      0.026
  0.014     0.013     0.037        5.4      0.056
  0.022     0.021     0.059       11.4      0.091
  0.033     0.033     0.085       18.0      0.133
  0.044     0.045     0.111       24.4      0.176
  0.051     0.063     0.136       30.4      0.222
  0.078     0.074     0.160       36.1      0.276
  0.320     0.082     0.461       41.3      0.759
  0.575     0.087     0.729       45.9      1.223
  0.843     0.095     0.991       51.1      1.695
  1.096     0.103     1.191       55.8      2.099
  1.305     0.111     1.384       60.9      2.459
  1.498     0.114     1.546       65.9      2.775
  1.666     0.149     1.698       70.7      3.085
  1.843     0.256     1.833       75.4      3.453
  1.976     0.381     1.958       80.5      3.789
  2.107     0.500     2.070       85.4      4.107
  2.234     0.600     2.169       90.3      4.393
  2.354     0.697     2.276       94.8      4.678
  2.473     0.800     2.393       99.7      4.975
  2.592     0.891     2.475      104.7      5.232
  2.753     0.979     2.573      109.7      5.536
  2.863     1.063     2.649      114.7      5.774
  2.946     1.146     2.736      119.4      5.996
  3.052     1.226     2.840      124.1      6.251
  3.158     1.308     2.921      129.2      6.487
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  3.220     1.345     3.020      126.2      6.661
  3.219     1.339     3.015      119.6      6.650
  3.203     1.322     3.001      111.0      6.608
  3.161     1.285     2.962       97.4      6.503
  3.111     1.239     2.911       86.4      6.374
  3.049     1.180     2.849       76.8      6.213
  3.055     1.177     2.858       81.6      6.223
  3.075     1.190     2.880       86.8      6.273
  3.103     1.214     2.913       93.9      6.346
  3.138     1.249     2.956      102.8      6.448
  3.181     1.286     3.000      111.4      6.557
  3.226     1.330     3.046      119.7      6.676
  3.294     1.385     3.105      127.9      6.836
  3.386     1.451     3.193      136.3      7.050
  3.547     1.547     3.284      144.0      7.356
  3.699     1.639     3.435      151.6      7.704
  3.787     1.737     3.531      159.0      7.951
  3.917     1.848     3.671      166.7      8.286
  4.043     1.969     3.796      174.0      8.613
  4.176     2.099     3.931      181.3      8.963
  4.249     2.161     3.996      178.0      9.137
  4.247     2.155     3.993      166.7      9.127
  4.233     2.137     3.975      150.3      9.082
  4.202     2.104     3.942      132.1      8.997
  4.160     2.064     3.899      115.7      8.885
  4.125     2.030     3.863      106.7      8.794
  4.139     2.045     3.880      118.4      8.835
  4.160     2.064     3.906      129.4      8.892
  4.186     2.085     3.932      140.6      8.959
  4.216     2.113     3.966      152.9      9.039
  4.250     2.147     4.004      164.6      9.133
  4.293     2.190     4.048      174.6      9.247
  4.356     2.259     4.124      184.0      9.431
  4.475     2.384     4.254      192.8      9.760
  4.624     2.541     4.411      200.9     10.166
  4.805     2.738     4.604      209.0     10.666
  5.019     2.958     4.813      216.7     11.231
  5.226     3.163     4.999      220.8     11.756
  5.240     3.175     5.016      205.5     11.793
  5.230     3.156     5.003      184.6     11.755
  5.204     3.117     4.972      161.0     11.669
  5.165     3.070     4.929      139.8     11.557
  5.117     3.020     4.878      122.3     11.424
  5.120     3.024     4.882      131.9     11.432
  5.143     3.045     4.907      147.3     11.496
  5.176     3.074     4.939      164.0     11.578
  5.214     3.115     4.979      183.3     11.684
  5.271     3.176     5.050      202.4     11.851
  5.377     3.292     5.192      219.7     12.171
  5.605     3.552     5.447      234.1     12.824
  5.930     3.904     5.844      243.8     13.765
  6.200     4.248     6.184      251.7     14.603
  6.427     4.571     6.484      257.1     15.349
  6.454     4.598     6.512      235.3     15.420
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  6.447     4.573     6.498      207.0     15.378
  6.423     4.521     6.465      174.4     15.280
  6.379     4.457     6.417      147.3     15.142
  6.338     4.401     6.374      132.4     15.019
  6.346     4.416     6.389      148.3     15.053
  6.363     4.443     6.414      167.1     15.115
  6.389     4.475     6.443      185.6     15.192
  6.412     4.514     6.478      204.1     15.277
  6.457     4.561     6.521      221.9     15.398
  6.510     4.632     6.590      238.5     15.566
  6.590     4.776     6.735      254.7     15.893
  6.674     5.101     6.967      269.3     16.456
  6.674     5.565     7.288      280.6     17.144
  6.674     5.946     7.541      290.4     17.702
  6.674     6.206     7.763      284.5     18.124
  6.675     6.195     7.752      249.9     18.104
  6.675     6.160     7.731      212.4     18.053
  6.675     6.111     7.702      179.2     17.982
  6.676     6.049     7.666      150.2     17.895
  6.676     5.978     7.623      125.2     17.794
  6.676     5.884     7.568      101.5     17.662
  6.676     5.773     7.499       80.9     17.502
  6.676     5.642     7.419       63.0     17.316
  6.677     5.442     7.307       47.2     17.043
  6.676     5.149     7.135       32.9     16.634
  6.538     4.755     6.717       21.9     15.799
  5.623     3.992     5.698       15.6     13.433
  2.418     2.438     3.576       18.2      7.397
  0.138     0.357     0.764       21.6      1.105
  0.076     0.096     0.126       16.7      0.263
  0.051     0.061     0.085       10.0      0.173
  0.037     0.047     0.062        4.5      0.128
  0.029     0.038     0.045        0.1      0.098
  0.023     0.032     0.035       -3.0      0.079
  0.020     0.029     0.027       -5.2      0.067
  0.017     0.027     0.023       -6.6      0.059
  0.017     0.026     0.021       -7.0      0.056
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           In Situ Pressuremeter Data

Golder
Sound Transit Redmond Link Downtown Extension
Hole No: DRLE-G031
Test: RLR-004
Depth: 56.5FT
09/19/2017

Oper: Okbay
Job #1657705
Time of Test: 04:18 PM
Inst: 05

Unknown Membrane Corrections
Report was printed from a .P file,
which doesn't save corrections information.

  Arm 1     Arm 2     Arm 3    Pressure    Strain
  (mm)      (mm)      (mm)      (psi)        (%) 

  0.001     0.001     0.002       -6.0      0.003
  0.008     0.007     0.017        0.5      0.028
  0.018     0.016     0.038        7.1      0.063
  0.030     0.026     0.060       14.0      0.102
  0.040     0.034     0.071       20.4      0.128
  0.048     0.040     0.079       26.8      0.147
  0.055     0.047     0.090       32.9      0.170
  0.063     0.055     0.103       38.8      0.195
  0.072     0.065     0.114       44.7      0.222
  0.216     0.074     0.125       51.2      0.368
  0.441     0.082     0.437       57.2      0.846
  0.637     0.097     0.807       62.8      1.355
  0.811     0.162     1.174       68.6      1.887
  0.970     0.250     1.455       74.1      2.351
  1.114     0.381     1.672       79.8      2.781
  1.229     0.479     2.038       85.4      3.290
  1.339     0.567     2.279       91.0      3.676
  1.451     0.651     2.439       97.0      3.989
  1.557     0.743     2.611      102.8      4.313
  1.631     0.920     2.742      108.2      4.649
  1.759     1.015     2.902      113.8      4.984
  1.859     1.121     3.084      119.7      5.326
  1.954     1.214     3.296      125.2      5.677
  2.017     1.262     3.408      126.1      5.873
  2.021     1.262     3.411      121.2      5.879
  2.021     1.253     3.403      114.1      5.864
  2.008     1.238     3.379      106.6      5.817
  1.980     1.213     3.335       96.8      5.732
  1.938     1.179     3.276       87.0      5.613
  1.885     1.136     3.189       77.1      5.451
  1.898     1.148     3.214       85.9      5.497

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



RLR-004.txt[3/8/2018 1:41:30 PM]

  1.962     1.190     3.290       99.6      5.656
  2.019     1.234     3.357      111.8      5.803
  2.111     1.282     3.439      122.3      6.000
  2.184     1.341     3.537      131.1      6.202
  2.300     1.424     3.715      138.9      6.533
  2.454     1.529     3.869      147.3      6.896
  2.572     1.643     4.046      155.4      7.255
  2.679     1.758     4.205      163.0      7.590
  2.809     1.896     4.395      170.5      7.992
  2.874     1.957     4.514      168.3      8.206
  2.875     1.956     4.517      161.2      8.209
  2.869     1.947     4.509      151.9      8.187
  2.857     1.933     4.493      142.4      8.151
  2.838     1.915     4.471      132.5      8.098
  2.810     1.888     4.436      120.8      8.019
  2.751     1.837     4.367      104.0      7.862
  2.795     1.876     4.417      129.6      7.979
  2.836     1.914     4.471      145.9      8.097
  2.877     1.950     4.518      158.0      8.206
  2.933     2.005     4.584      169.8      8.362
  3.044     2.120     4.715      180.6      8.675
  3.207     2.295     4.936      190.6      9.166
  3.400     2.501     5.161      200.6      9.714
  3.609     2.718     5.331      209.3     10.239
  3.838     2.959     5.504      218.2     10.802
  4.080     3.213     5.682      227.1     11.394
  4.385     3.474     5.868      234.9     12.055
  4.445     3.535     5.911      225.2     12.197
  4.442     3.530     5.907      212.2     12.187
  4.433     3.518     5.899      198.9     12.161
  4.412     3.494     5.883      179.6     12.105
  4.378     3.461     5.859      160.6     12.025
  4.339     3.422     5.829      143.6     11.929
  4.342     3.425     5.833      157.5     11.939
  4.394     3.471     5.871      189.6     12.059
  4.467     3.537     5.917      216.9     12.224
  4.636     3.685     6.025      237.1     12.597
  4.983     4.025     6.259      251.7     13.405
  5.377     4.395     6.534      261.2     14.318
  5.791     4.764     6.786      270.3     15.226
  6.166     5.132     7.054      278.8     16.113
  6.342     5.313     7.272      270.6     16.618
  6.338     5.306     7.269      247.7     16.605
  6.320     5.283     7.250      218.2     16.549
  6.291     5.245     7.224      190.4     16.466
  6.252     5.192     7.191      164.6     16.355
  6.189     5.121     7.147      138.3     16.198
  6.116     5.043     7.088      116.3     16.012
  6.016     4.945     7.010       96.1     15.770
  5.888     4.832     6.914       78.3     15.472
  5.751     4.702     6.802       63.1     15.139
  5.574     4.551     6.671       50.1     14.736
  5.350     4.384     6.525       39.6     14.265
  5.039     4.162     6.338       30.2     13.633
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  4.624     3.887     5.741       23.0     12.503
  4.065     3.504     4.856       18.2     10.900
  3.249     2.850     3.632       15.5      8.537
  2.288     2.157     2.542       14.3      6.129
  1.285     1.047     1.386       14.0      3.262
  0.346     0.124     0.215       14.1      0.602
  0.067     0.061     0.124       10.3      0.222
  0.059     0.053     0.108        6.6      0.193
  0.048     0.039     0.089        3.2      0.155
  0.041     0.032     0.076        0.1      0.131
  0.036     0.026     0.066       -2.2      0.112
  0.033     0.022     0.059       -4.2      0.100
  0.030     0.020     0.052       -6.0      0.089
  0.028     0.018     0.048       -6.7      0.083
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           In Situ Pressuremeter Data

Golder Associate
Sound Transit Downtowen Redmond Link Extension
Hole No: DRLE-G018
Test: RLR-007
Depth: 55FT
10/24/2017

Oper: Mayfield
Job #1657705
Time of Test: 08:04 AM
Inst: 05

Unknown Membrane Corrections
Report was printed from a .P file,
which doesn't save corrections information.

  Arm 1     Arm 2     Arm 3    Pressure    Strain
  (mm)      (mm)      (mm)      (psi)        (%) 

  0.001     0.004     0.001       -0.4      0.006
  0.004     0.008     0.002        4.2      0.013
  0.011     0.019     0.004       16.7      0.031
  0.018     0.028     0.008       29.6      0.049
  0.025     0.041     0.009       42.9      0.069
  0.033     0.052     0.009       55.5      0.085
  0.040     0.064     0.009       68.8      0.104
  0.051     0.078     0.014       85.5      0.130
  0.063     0.093     0.032      102.9      0.171
  0.073     0.104     0.043      114.9      0.199
  0.084     0.118     0.058      128.7      0.234
  0.096     0.134     0.075      145.8      0.276
  0.107     0.153     0.093      162.0      0.319
  0.117     0.173     0.108      176.6      0.359
  0.126     0.242     0.123      189.7      0.441
  0.136     0.388     0.136      202.5      0.590
  0.145     0.501     0.150      215.0      0.710
  0.156     0.612     0.158      227.9      0.826
  0.168     0.722     0.217      240.0      0.983
  0.181     0.851     0.323      252.0      1.202
  0.194     0.979     0.428      263.3      1.418
  0.206     1.122     0.538      274.2      1.651
  0.248     1.271     0.652      284.8      1.921
  0.347     1.434     0.781      295.2      2.264
  0.451     1.589     0.913      305.1      2.607
  0.556     1.748     1.049      314.2      2.958
  0.542     1.744     1.043      267.4      2.935
  0.501     1.695     1.000      229.8      2.816
  0.477     1.670     0.978      213.6      2.753
  0.453     1.641     0.954      199.0      2.685
  0.434     1.620     0.936      193.6      2.634
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  0.451     1.645     0.954      217.7      2.688
  0.466     1.666     0.973      234.2      2.736
  0.487     1.695     0.999      254.3      2.804
  0.516     1.734     1.034      276.5      2.895
  0.551     1.785     1.077      295.9      3.010
  0.595     1.849     1.131      309.8      3.153
  0.654     1.933     1.201      320.6      3.341
  0.746     2.056     1.307      330.4      3.623
  0.861     2.213     1.444      339.7      3.982
  0.998     2.394     1.605      348.9      4.402
  1.135     2.577     1.764      357.2      4.824
  1.278     2.768     1.929      365.2      5.262
  1.434     2.969     2.117      373.3      5.740
  1.585     3.171     2.297      380.6      6.208
  1.732     3.371     2.483      387.5      6.676
  1.845     3.522     2.619      371.9      7.025
  1.821     3.493     2.591      317.8      6.951
  1.788     3.456     2.555      281.9      6.857
  1.751     3.412     2.513      251.9      6.747
  1.718     3.373     2.475      232.1      6.650
  1.722     3.382     2.483      251.0      6.669
  1.730     3.391     2.492      265.0      6.694
  1.738     3.402     2.503      277.6      6.720
  1.754     3.421     2.521      298.4      6.768
  1.774     3.445     2.545      321.3      6.829
  1.796     3.474     2.573      342.6      6.899
  1.829     3.517     2.614      363.9      7.002
  1.899     3.610     2.699      383.9      7.222
  2.044     3.799     2.875      399.1      7.669
  2.249     4.059     3.133      409.6      8.305
  2.463     4.337     3.415      418.3      8.983
  2.702     4.639     3.728      426.5      9.733
  2.925     4.936     4.036      434.0     10.460
  3.112     5.184     4.296      431.4     11.070
  3.105     5.173     4.283      375.2     11.039
  3.077     5.139     4.251      327.2     10.954
  3.048     5.105     4.216      298.7     10.866
  3.015     5.066     4.179      273.0     10.769
  3.021     5.082     4.191      308.0     10.801
  3.036     5.100     4.210      335.8     10.848
  3.053     5.121     4.230      360.6     10.901
  3.073     5.147     4.258      385.2     10.966
  3.106     5.193     4.307      410.2     11.081
  3.159     5.264     4.384      423.9     11.258
  3.273     5.407     4.534      437.7     11.615
  3.452     5.632     4.777      446.5     12.183
  3.662     5.896     5.063      453.4     12.851
  3.876     6.114     5.346      459.4     13.477
  4.099     6.321     5.615      464.9     14.092
  4.288     6.495     5.817      455.6     14.586
  4.284     6.493     5.808      407.7     14.570
  4.269     6.481     5.792      367.5     14.530
  4.235     6.450     5.755      323.6     14.439
  4.194     6.408     5.709      287.3     14.324
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  4.186     6.406     5.709      309.2     14.317
  4.203     6.424     5.731      349.6     14.368
  4.227     6.447     5.760      386.7     14.436
  4.262     6.483     5.799      425.6     14.534
  4.361     6.571     5.885      456.7     14.777
  4.481     6.679     5.990      465.5     15.070
  4.633     6.809     6.123      472.8     15.435
  4.816     6.968     6.261      479.0     15.854
  5.029     7.156     6.432      484.7     16.358
  5.268     7.349     6.597      489.2     16.882
  5.449     7.499     6.730      467.8     17.288
  5.432     7.479     6.712      382.0     17.235
  5.374     7.431     6.670      319.6     17.101
  5.298     7.364     6.617      266.7     16.926
  5.205     7.282     6.555      219.2     16.715
  5.105     7.193     6.468      181.1     16.471
  4.997     7.089     6.377      146.9     16.204
  4.755     6.861     6.182       95.4     15.617
  4.483     6.591     5.933       60.0     14.921
  4.125     6.215     5.571       34.8     13.959
  3.573     5.588     4.799       18.0     12.247
  2.268     3.967     3.025       11.1      8.124
  0.265     1.242     0.607       11.5      1.855
  0.137     0.141     0.146        4.3      0.372
  0.120     0.116     0.097       -3.2      0.292
  0.112     0.108     0.081       -7.1      0.265
  0.111     0.106     0.077       -7.9      0.258
  0.110     0.105     0.076       -7.9      0.256
  0.110     0.105     0.075       -8.0      0.255
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           In Situ Pressuremeter Data

Golder Associate
Sound Transit Downtown Redmond Link Extension
Hole No: DRLE-G018
Test: RLR-008
Depth: 53.5FT
10/24/2017

Oper: Mayfield
Job #1657705
Time of Test: 08:15 AM
Inst: 05

Unknown Membrane Corrections
Report was printed from a .P file,
which doesn't save corrections information.

  Arm 1     Arm 2     Arm 3    Pressure    Strain
  (mm)      (mm)      (mm)      (psi)        (%) 

  0.007     0.007     0.006        2.6      0.018
  0.019     0.017     0.022       15.3      0.052
  0.031     0.026     0.045       29.1      0.092
  0.042     0.037     0.067       41.5      0.130
  0.053     0.050     0.089       54.6      0.171
  0.065     0.064     0.109       66.6      0.213
  0.077     0.075     0.127       78.2      0.249
  0.088     0.088     0.143       90.4      0.284
  0.096     0.100     0.161      101.4      0.320
  0.105     0.112     0.172      112.9      0.347
  0.110     0.125     0.262      123.3      0.444
  0.113     0.137     0.539      133.3      0.699
  0.132     0.150     0.840      143.1      0.993
  0.414     0.160     1.112      152.3      1.487
  0.658     0.169     1.400      160.9      1.963
  0.841     0.283     1.566      169.8      2.368
  1.003     0.583     1.764      176.4      2.949
  1.001     0.591     1.761      157.0      2.950
  0.976     0.526     1.731      136.2      2.843
  0.943     0.433     1.689      119.5      2.695
  0.925     0.389     1.670      113.5      2.623
  0.908     0.332     1.652      107.3      2.543
  0.919     0.357     1.673      122.0      2.593
  0.939     0.406     1.700      132.4      2.678
  0.970     0.470     1.743      145.9      2.800
  1.012     0.560     1.802      159.1      2.968
  1.068     0.703     1.886      170.6      3.216
  1.158     0.899     2.004      180.6      3.572
  1.301     1.178     2.178      189.7      4.096
  1.491     1.499     2.403      198.2      4.742
  1.696     1.765     2.623      206.1      5.348
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  1.923     2.011     2.864      213.5      5.975
  2.125     2.225     3.074      211.0      6.524
  2.110     2.203     3.054      183.6      6.472
  2.096     2.185     3.035      170.0      6.426
  2.075     2.157     3.009      156.5      6.361
  2.044     2.117     2.972      141.4      6.265
  2.006     2.066     2.924      126.8      6.143
  1.998     2.060     2.920      135.6      6.128
  2.015     2.089     2.945      151.4      6.192
  2.037     2.124     2.975      165.5      6.269
  2.066     2.169     3.013      180.1      6.368
  2.100     2.229     3.061      193.9      6.493
  2.156     2.318     3.138      206.7      6.688
  2.285     2.491     3.296      219.0      7.092
  2.526     2.767     3.551      228.4      7.771
  2.858     3.102     3.881      236.5      8.645
  3.288     3.514     4.279      243.7      9.733
  3.658     3.863     4.626      244.4     10.668
  3.661     3.861     4.623      222.2     10.666
  3.648     3.841     4.604      198.4     10.619
  3.622     3.799     4.570      174.9     10.528
  3.584     3.744     4.525      155.1     10.407
  3.539     3.684     4.470      138.6     10.266
  3.548     3.706     4.487      159.4     10.308
  3.566     3.736     4.513      176.2     10.374
  3.591     3.773     4.544      192.9     10.457
  3.623     3.823     4.585      210.0     10.566
  3.669     3.896     4.647      225.9     10.724
  3.774     4.047     4.767      240.2     11.055
  4.056     4.365     5.059      252.2     11.839
  4.489     4.803     5.479      260.4     12.971
  4.977     5.320     5.979      266.8     14.292
  5.330     5.695     6.334      254.9     15.242
  5.317     5.682     6.317      217.1     15.202
  5.300     5.665     6.301      200.3     15.156
  5.277     5.641     6.281      185.0     15.097
  5.250     5.609     6.255      170.2     15.021
  5.220     5.573     6.226      158.9     14.939
  5.230     5.594     6.242      182.4     14.980
  5.250     5.620     6.261      201.2     15.038
  5.276     5.654     6.285      220.8     15.113
  5.311     5.688     6.315      238.8     15.201
  5.391     5.758     6.381      255.8     15.392
  5.644     5.916     6.539      270.3     15.892
  6.102     6.185     6.798      279.7     16.757
  6.417     6.504     7.102      287.5     17.581
  6.693     6.809     7.400      289.1     18.351
  6.674     6.788     7.374      218.2     18.289
  6.620     6.726     7.312      168.7     18.131
  6.551     6.644     7.234      128.9     17.927
  6.459     6.534     7.132       94.1     17.660
  6.344     6.384     6.992       63.9     17.302
  6.197     6.192     6.804       40.7     16.838
  5.774     5.838     6.529       21.7     15.915
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  4.856     4.596     5.745       11.5     13.331
  3.050     2.632     3.750       10.0      8.274
  0.676     0.636     1.275       11.2      2.271
  0.133     0.195     0.169        6.3      0.436
  0.106     0.139     0.121       -1.3      0.321
  0.090     0.123     0.092       -7.3      0.268
  0.089     0.122     0.088       -7.6      0.262
  0.088     0.121     0.087       -7.7      0.260
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           In Situ Pressuremeter Data

Golder Associate
Sound Transit Downtown Redmond Link Extension
Hole No: DRLE-G018
Test: RLR-009
Depth: 74.5FT
10/24/2017

Oper: Okbay
Job #1657705
Time of Test: 09:56 AM
Inst: 05

Unknown Membrane Corrections
Report was printed from a .P file,
which doesn't save corrections information.

  Arm 1     Arm 2     Arm 3    Pressure    Strain
  (mm)      (mm)      (mm)      (psi)        (%) 

  0.000     0.000     0.000       -7.2      0.000
  0.007     0.001     0.001        2.1      0.009
  0.017     0.003     0.003       12.5      0.022
  0.026     0.005     0.005       20.5      0.033
  0.035     0.008     0.006       28.7      0.045
  0.042     0.011     0.008       36.4      0.055
  0.051     0.016     0.010       43.9      0.069
  0.056     0.018     0.013       51.1      0.080
  0.063     0.022     0.020       58.3      0.096
  0.067     0.027     0.026       65.2      0.109
  0.076     0.033     0.040       71.9      0.135
  0.082     0.038     0.054       78.9      0.156
  0.086     0.043     0.067       85.9      0.177
  0.088     0.048     0.075       92.9      0.190
  0.091     0.053     0.083       99.6      0.203
  0.094     0.058     0.090      107.0      0.218
  0.099     0.065     0.102      117.3      0.240
  0.106     0.075     0.122      125.9      0.273
  0.109     0.082     0.129      134.8      0.287
  0.112     0.087     0.137      144.3      0.303
  0.125     0.095     0.144      153.3      0.327
  0.179     0.102     0.149      163.2      0.386
  0.246     0.109     0.154      172.4      0.455
  0.318     0.115     0.157      181.7      0.528
  0.405     0.124     0.164      191.3      0.619
  0.488     0.132     0.204      200.4      0.734
  0.579     0.140     0.291      209.3      0.898
  0.665     0.148     0.356      218.1      1.038
  0.759     0.156     0.426      226.6      1.189
  0.863     0.167     0.506      235.5      1.361
  0.959     0.178     0.581      243.6      1.521
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  1.059     0.188     0.663      252.0      1.690
  1.169     0.202     0.752      260.4      1.876
  1.282     0.226     0.840      269.5      2.074
  1.412     0.299     0.949      279.5      2.348
  1.554     0.404     1.070      289.3      2.673
  1.698     0.508     1.182      298.8      2.987
  1.792     0.575     1.255      299.1      3.193
  1.802     0.575     1.257      289.6      3.204
  1.801     0.569     1.253      278.0      3.194
  1.799     0.562     1.247      267.1      3.180
  1.793     0.552     1.239      253.8      3.157
  1.786     0.540     1.229      241.2      3.131
  1.774     0.524     1.215      226.3      3.094
  1.759     0.504     1.199      210.8      3.049
  1.742     0.482     1.180      196.7      2.997
  1.727     0.465     1.165      187.5      2.955
  1.736     0.476     1.176      210.0      2.983
  1.752     0.494     1.194      234.5      3.031
  1.771     0.515     1.214      257.3      3.085
  1.795     0.538     1.235      275.0      3.144
  1.833     0.570     1.267      291.7      3.236
  1.897     0.620     1.319      304.6      3.382
  1.995     0.700     1.401      315.2      3.609
  2.127     0.807     1.515      325.4      3.921
  2.270     0.920     1.635      335.0      4.251
  2.426     1.036     1.760      344.3      4.600
  2.601     1.163     1.894      353.8      4.982
  2.759     1.286     2.023      362.9      5.344
  2.925     1.412     2.158      371.4      5.717
  3.079     1.533     2.285      375.0      6.070
  3.083     1.533     2.286      355.6      6.074
  3.079     1.525     2.280      334.1      6.057
  3.073     1.513     2.269      309.6      6.030
  3.061     1.497     2.256      288.0      5.994
  3.047     1.478     2.240      268.3      5.949
  3.026     1.454     2.219      248.7      5.890
  3.011     1.438     2.205      241.5      5.849
  3.016     1.443     2.210      257.6      5.864
  3.022     1.450     2.217      274.1      5.883
  3.030     1.461     2.226      289.7      5.908
  3.039     1.471     2.235      304.9      5.934
  3.049     1.484     2.246      321.1      5.965
  3.062     1.499     2.259      336.2      6.000
  3.080     1.516     2.275      350.2      6.047
  3.111     1.544     2.303      363.5      6.123
  3.164     1.591     2.354      375.2      6.256
  3.260     1.674     2.446      386.0      6.495
  3.415     1.802     2.585      396.4      6.866
  3.590     1.946     2.744      406.0      7.285
  3.776     2.096     2.913      414.7      7.729
  3.994     2.265     3.099      424.2      8.232
  4.211     2.428     3.286      432.5      8.730
  4.431     2.593     3.475      440.6      9.233
  4.573     2.698     3.600      433.2      9.559
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  4.573     2.691     3.596      406.0      9.548
  4.569     2.680     3.588      373.5      9.527
  4.561     2.664     3.578      344.1      9.496
  4.546     2.641     3.561      315.8      9.445
  4.524     2.612     3.537      290.9      9.378
  4.493     2.577     3.506      266.9      9.292
  4.492     2.577     3.505      283.4      9.291
  4.499     2.584     3.511      304.9      9.310
  4.507     2.594     3.519      323.8      9.333
  4.516     2.606     3.528      342.6      9.361
  4.528     2.618     3.540      360.2      9.394
  4.541     2.634     3.554      378.6      9.433
  4.558     2.652     3.569      396.2      9.478
  4.574     2.668     3.585      407.3      9.519
  4.596     2.690     3.606      418.3      9.577
  4.631     2.720     3.639      428.4      9.664
  4.687     2.770     3.695      438.2      9.806
  4.789     2.856     3.790      447.7     10.056
  4.927     2.972     3.922      456.1     10.395
  5.108     3.112     4.085      463.6     10.820
  5.279     3.269     4.270      470.6     11.270
  5.457     3.437     4.473      477.8     11.750
  5.638     3.601     4.673      484.5     12.231
  5.830     3.771     4.881      490.8     12.731
  6.020     3.950     5.120      496.4     13.264
  6.038     3.955     5.138      436.2     13.297
  6.019     3.919     5.109      362.6     13.219
  5.970     3.839     5.040      298.3     13.041
  5.909     3.745     4.952      246.8     12.826
  5.838     3.640     4.851      202.7     12.581
  5.747     3.524     4.744      165.4     12.303
  5.615     3.388     4.615      132.2     11.952
  5.467     3.241     4.476      105.1     11.571
  5.296     3.074     4.316       82.1     11.134
  5.096     2.885     4.117       63.1     10.615
  4.828     2.641     3.853       47.1      9.934
  4.337     2.275     3.445       32.8      8.824
  2.745     1.166     2.068       23.7      5.246
  0.150     0.193     0.206       20.3      0.483
  0.090     0.152     0.119        9.6      0.318
  0.074     0.136     0.085        1.1      0.259
  0.065     0.127     0.066       -4.3      0.226
  0.060     0.122     0.056       -6.9      0.209
  0.059     0.120     0.054       -7.7      0.205
  0.059     0.119     0.052       -7.7      0.201
  0.058     0.119     0.053       -7.7      0.201
  0.058     0.118     0.051       -7.7      0.199
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           In Situ Pressuremeter Data

Golder Associate
Sound Transit Downtown Redmond Link Extension
Hole No: DRLE-G018
Test: RLR-010
Depth: 73FT
10/24/2017

Oper: Okbay
Job #1657705
Time of Test: 10:09 AM
Inst: 05

Unknown Membrane Corrections
Report was printed from a .P file,
which doesn't save corrections information.

  Arm 1     Arm 2     Arm 3    Pressure    Strain
  (mm)      (mm)      (mm)      (psi)        (%) 

  0.001     0.001     0.000       -6.4      0.002
  0.006     0.008     0.011        0.8      0.022
  0.018     0.021     0.044       11.8      0.074
  0.031     0.037     0.080       23.2      0.131
  0.040     0.049     0.100       34.2      0.168
  0.052     0.061     0.117       46.9      0.204
  0.068     0.086     0.256       63.0      0.363
  0.083     0.151     0.484       79.0      0.634
  0.220     0.340     0.666       95.7      1.081
  0.381     0.509     0.847      110.9      1.530
  0.555     0.687     1.051      125.8      2.019
  0.758     0.898     1.275      140.9      2.580
  0.995     1.150     1.545      154.5      3.245
  1.310     1.472     1.897      167.9      4.113
  1.661     1.821     2.284      179.5      5.067
  1.843     1.988     2.492      179.4      5.557
  1.852     1.995     2.504      172.2      5.581
  1.848     1.990     2.502      164.5      5.571
  1.836     1.976     2.491      153.5      5.537
  1.821     1.958     2.476      143.2      5.495
  1.802     1.937     2.458      133.3      5.443
  1.776     1.908     2.432      121.7      5.372
  1.747     1.875     2.405      111.5      5.293
  1.757     1.884     2.416      122.8      5.321
  1.774     1.901     2.432      133.8      5.364
  1.790     1.918     2.450      143.2      5.411
  1.812     1.941     2.472      153.4      5.469
  1.839     1.970     2.499      162.7      5.542
  1.878     2.010     2.539      171.8      5.646
  1.953     2.087     2.620      180.9      5.852
  2.093     2.227     2.780      188.8      6.238
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  2.314     2.443     3.029      196.2      6.840
  2.556     2.672     3.305      202.5      7.496
  2.818     2.916     3.599      208.5      8.198
  3.102     3.190     3.919      214.6      8.969
  3.371     3.438     4.212      218.5      9.679
  3.423     3.484     4.268      211.7      9.814
  3.423     3.484     4.267      204.0      9.813
  3.417     3.477     4.262      193.4      9.797
  3.408     3.466     4.252      182.2      9.770
  3.396     3.451     4.239      171.5      9.733
  3.379     3.432     4.222      160.2      9.687
  3.359     3.408     4.200      148.9      9.628
  3.337     3.383     4.177      138.9      9.567
  3.318     3.362     4.157      133.3      9.513
  3.343     3.389     4.184      159.2      9.585
  3.375     3.425     4.221      182.2      9.678
  3.429     3.483     4.281      204.4      9.831
  3.675     3.717     4.551      225.1     10.488
  4.298     4.271     5.205      239.3     12.095
  5.020     4.919     5.967      249.4     13.967
  5.569     5.449     6.579      256.1     15.450
  5.933     5.829     6.973      257.5     16.448
  6.032     5.941     7.070      256.2     16.719
  6.185     6.112     7.195      262.1     17.112
  6.427     6.390     7.372      267.1     17.725
  6.654     6.698     7.555      269.2     18.354
  6.666     6.726     7.568      247.7     18.400
  6.648     6.701     7.556      213.1     18.350
  6.609     6.644     7.526      177.8     18.238
  6.550     6.552     7.476      144.1     18.059
  6.483     6.445     7.418      117.2     17.853
  6.394     6.318     7.351       93.9     17.604
  6.268     6.164     7.267       73.2     17.284
  6.116     5.989     7.171       56.2     16.912
  5.922     5.782     7.044       42.3     16.448
  5.657     5.512     6.836       31.0     15.796
  5.260     4.992     6.415       22.0     14.621
  4.462     4.146     5.602       17.1     12.466
  2.928     2.567     3.474       18.6      7.868
  1.139     0.665     1.577       20.9      2.967
  0.091     0.094     0.156       19.5      0.301
  0.076     0.086     0.131       14.0      0.258
  0.063     0.070     0.102        8.7      0.206
  0.053     0.058     0.083        3.9      0.170
  0.045     0.052     0.069       -0.1      0.145
  0.041     0.046     0.056       -2.8      0.126
  0.038     0.043     0.049       -5.0      0.114
  0.035     0.041     0.044       -6.4      0.105
  0.035     0.040     0.041       -7.1      0.102
  0.034     0.039     0.040       -7.5      0.099
  0.034     0.038     0.039       -7.4      0.097

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



APPENDIX F

IN SITU TESTS - SLUG WELL DATA

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Error! Unknown document property name.
18300 NE Union Hill Road, Suite 200, Redmond, Washington, USA 98052  T: +1 425 883-0777 F: +1 425 882-5498

Golder and the G logo are trademarks of Golder Associates Corporation golder.com

Problems were encountered before and during the slug tests in wells DRLE-G034 and DRLE-G036 that 
may introduce error in the results. The DRLE-G034 well screen was not fully saturated, and well DRLE-
G036 was completely dry. While taking measurements of the depth of the wells DRLE-G034 and DRLE-
G036, it was discovered that there was bentonite within the well casing of each of these wells. The 
hydraulic conductivities of each slug tests performed in wells DRLE-G034 and DRLE-G036 include large 
sources of error.

Table F1. Summary of results from slug tests conducted in wells DRLE-G027, DRLE-G034, and 
DRLE-G036 between 3/1/2018 – 3/2/2018.

Well Slug Test Hydraulic Conductivity (ft/day)
DRLE-G027 Falling Head 1 31
DRLE-G027 Falling Head 2 35
DRLE-G027 Falling Head 3 37
DRLE-G027 Rising Head 1 36
DRLE-G027 Rising Head 2 33
DRLE-G027 Rising Head 3 31
DRLE-G034 Falling Head 1 1
DRLE-G034 Falling Head 2 0.7
DRLE-G034 Rising Head 1 0.5
DRLE-G034 Rising Head 2 0.5
DRLE-G036 Falling Head 1 2
DRLE-G036 Falling Head 2 0.04
DRLE-G036 Falling Head 3 0.3
DRLE-G036 Falling Head 4 0.3
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Figure F1. Falling head 1 slug test conducted in DRLE-G027 on 3/1/18. A solid slug 2 inches in 
diameter and 6 ft in length was used to displace water.
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Figure F2. Falling head 2 slug test conducted in DRLE-G027 on 3/1/18. A solid slug 2 inches in 
diameter and 6 ft in length was used to displace water.
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Figure F3. Falling head 3 slug test conducted in DRLE-G027 on 3/1/18. A solid slug 2 inches in 
diameter and 6 ft in length was used to displace water.
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Figure F4. Rising head 1 slug test conducted in DRLE-G027 on 3/1/18. A solid slug 2 inches in 
diameter and 6 ft in length was used to displace water.
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Figure F5. Rising head 2 slug test conducted in DRLE-G027 on 3/1/18. A solid slug 2 inches in 
diameter and 6 ft in length was used to displace water.
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Figure F6. Rising head 3 slug test conducted in DRLE-G027 on 3/1/18. A solid slug 2 inches in 
diameter and 6 ft in length was used to displace water.

G027 Rising 3

0. 0.1 0.2 0.3 0.4
0.001

0.01

0.1

1.

10.

Time (min)

D
is

pl
ac

em
en

t (
ft)

Obs. Wells
027

Aquifer Model
Confined

Solution
Hvorslev

Parameters
K  = 31.35 ft/day
y0 = 4.603 ft

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



F-8

Figure F7. Falling head 1 slug test conducted in DRLE-G034 on 3/1/18. A solid slug 2 inches in 
diameter and 6 ft in length was used to displace water. Only 3 ft of the solid slug was submerged 
due to the shallow depth of the well.
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Figure F8. Falling head 2 slug test conducted in DRLE-G034 on 3/1/18. A solid slug 2 inches in 
diameter and 6 ft in length was used to displace water. Only 3 ft of the solid slug was submerged 
due to the shallow depth of the well.
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Figure F9. Rising head 1 slug test conducted in DRLE-G034 on 3/1/18. A solid slug 2 inches in 
diameter and 6 ft in length was used to displace water. Only 3 ft of the solid slug was submerged 
due to the shallow depth of the well.
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Figure F10. Rising head 2 slug test conducted in DRLE-G034 on 3/1/18. A solid slug 2 inches in 
diameter and 6 ft in length was used to displace water. Only 3 ft of the solid slug was submerged 
due to the shallow depth of the well.
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Figure F11. Falling head 1 slug test conducted in DRLE-G036 on 3/2/18. Slug tests were conducted 
by adding slugs of water to the well.
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Figure F12.  Falling head 2 slug test conducted in DRLE-G036 on 3/2/18. Slug tests were conducted 
by adding slugs of water to the well.
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Figure F13.  Falling head 3 slug test conducted in DRLE-G036 on 3/2/18. Slug tests were conducted 
by adding slugs of water to the well.
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Figure F14.  Falling head 1 slug test conducted in DRLE-G036 on 3/2/18. Slug tests were conducted 
by adding slugs of water to the well.
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APPENDIX G

LABORATORY TESTS – SOIL TESTING 
(HAYRE MCELROY AND 

ASSOCIATES, LLC)
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HMA 
Sample #  Sample # Depth Date 

Received
Date of 

Test Tare # Wt of 
Tare

Tare+ 
Wet

Tare+ 
Dry Moisture %

054-1 G1 S2 2.5' 12/13/2017 12/19/2017 A16 16.30 497.80 465.20 7.3
054-2 G1 S5 10' 12/13/2017 12/19/2017 G19 15.70 436.30 404.30 8.2
054-3 G1 S8 20' 12/13/2017 12/19/2017 B26 15.90 452.40 424.30 6.9
054-4 G1 S10 30' 12/13/2017 12/19/2017 G13 16.20 341.30 317.10 8.0
054-5 G1 S14 50' 12/13/2017 12/19/2017 F30 16.00 451.80 439.40 2.9
054-6 G1 S17 65' 12/13/2017 12/19/2017 F13 15.80 548.20 478.70 15.0
8023-1 G02 S3 7.5 2/19/2018 2/21/2018 1 16.0 358.9 323.4 11.5
8023-2 G02 S5 12.5 2/19/2018 2/21/2018 2 16.3 355.2 325.8 9.5
8023-3 G02 S7 20 2/19/2018 2/21/2018 3 15.8 304.3 276.6 10.6
8023-4 G02 S9 30 2/19/2018 2/21/2018 4 16.0 532.1 465.5 14.8
054-7 G3 S2 5' 12/13/2017 12/19/2017 F49 16.30 392.00 364.70 7.8
054-8 G3 S4 10' 12/13/2017 12/19/2017 F53 15.80 219.80 214.10 2.9
054-9 G3 S7 20' 12/13/2017 12/19/2017 G29 16.10 295.20 273.60 8.4
054-10 G3 S9 30' 12/13/2017 12/19/2017 F16 16.40 290.90 261.60 11.9
054-11 G3 S13 50' 12/13/2017 12/19/2017 F69 15.70 403.30 384.10 5.2
054-12 G3 S18 80' 12/13/2017 12/19/2017 F57 16.10 369.90 322.40 15.5
054-13 G4 S2 2.5' 12/13/2017 12/19/2017 A14 16.00 192.40 179.50 7.9
054-14 G4 S4 7.5' 12/13/2017 12/19/2017 F45 15.90 150.60 142.40 6.5
054-15 G4 S6 12.5' 12/13/2017 12/19/2017 A18 16.10 302.10 285.07 6.3
054-16 G4 S9 25' 12/13/2017 12/19/2017 F33 16.10 185.00 173.00 7.6
054-17 G4 S11 35' 12/13/2017 12/19/2017 A17 16.10 237.60 212.40 12.8
054-18 G4 S14 50' 12/13/2017 12/19/2017 F54 15.60 149.30 137.70 9.5
054-19 G5 S1 0.5' 12/13/2017 12/19/2017 F7 15.70 176.20 160.40 10.9
054-20 G5 S4 7.5' 12/13/2017 12/19/2017 B5 16.00 171.20 162.60 5.9
054-21 G5 S7 15' 12/13/2017 12/19/2017 FOR 16.00 353.60 331.65 7.0
054-22 G5 S9 25' 12/13/2017 12/19/2017 B22 15.90 142.40 133.10 7.9
054-23 G5 S11 35' 12/13/2017 12/19/2017 B13 15.80 101.40 100.10 1.5
054-24 G5 S14 50' 12/13/2017 12/19/2017 F72 15.90 210.20 204.30 3.1
054-25B G6 S2 10' 12/13/2017 12/19/2017 B4 16.00 176.50 158.40 12.7
054-26 G6 S3A 12.5' 12/13/2017 12/19/2017 F4 15.90 101.30 91.70 12.7
054-25A G6 S1 7.5' 12/13/2017 12/19/2017 A31 16.20 331.90 295.60 13.0
054-27 G6 S5 20' 12/13/2017 12/19/2017 ZZ 16.40 160.00 145.40 11.3
054-28 G6 S11 50' 12/13/2017 12/19/2017 G17 15.90 168.90 141.40 21.9

Hayre McElroy & Associates, LLC

Moisture Content Test Results (ASTM D2216) - ST-DRLE  P#17-940/1657705 
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Sample #  Sample # Depth Date 

Received
Date of 

Test Tare # Wt of 
Tare

Tare+ 
Wet

Tare+ 
Dry Moisture %

054-29 G7 S2 5' 12/13/2017 12/19/2017 G27 16.00 210.90 189.27 12.5
054-30 G7 S3A 7.5' 12/13/2017 12/19/2017 F21 15.80 194.90 168.10 17.6
054-31 G7 S4 10' 12/13/2017 12/19/2017 F67 16.20 235.70 198.20 20.6
054-32 G7 S5 12.5' 12/13/2017 12/19/2017 F11 15.80 105.00 91.10 18.5
054-32B G7 S6 15' 12/13/2017 12/19/2017 XYZ 16.00 261.10 218.30 21.2
054-33 G7 S8 25' 12/13/2017 12/19/2017 G28 16.10 383.50 317.40 21.9
054-34 G7 S11A 40' 12/13/2017 12/19/2017 F31 15.80 181.00 150.80 22.4
054-35 G8 S1 5' 12/13/2017 12/19/2017 G39 15.90 188.90 177.30 7.2
054-36 G8 S3 10' 12/13/2017 12/19/2017 G34 15.90 204.50 188.60 9.2
054-37 G8 S5 15' 12/13/2017 12/19/2017 G38 15.90 322.30 295.30 9.7
054-38 G10 S2 7.5' 12/13/2017 12/19/2017 B24 15.80 201.90 191.10 6.2
054-39 G10 S6 20' 12/13/2017 12/19/2017 A26 16.10 238.90 220.60 8.9
054-40 G10 S8 30' 12/13/2017 12/19/2017 B192-2 15.80 220.90 187.20 19.7
054-41 G11 S1 7.5' 12/13/2017 12/19/2017 C10 15.90 165.70 151.40 10.6
054-42 G11 S2 10' 12/13/2017 12/19/2017 C11 15.80 255.00 202.50 28.1
054-43 G11 S4 15' 12/13/2017 12/19/2017 B17 15.70 191.60 159.60 22.2
054-44 G11 S5 20' 12/13/2017 12/19/2017 B11 16.00 278.70 249.20 12.7
054-45 G12 S2 5' 12/13/2017 12/19/2017 A6 16.10 307.10 269.20 15.0
054-46 G12 S3 7.5' 12/13/2017 12/19/2017 B21 15.90 224.90 209.10 8.2
054-47 G12 S5 12.5' 12/13/2017 12/19/2017 B 16.30 215.90 198.50 9.5
054-48 G12 S8 25' 12/13/2017 12/19/2017 F29 15.90 236.20 225.90 4.9
054-49 G12 S10 35' 12/13/2017 12/19/2017 F40 16.10 213.10 177.00 22.4
054-50 G13 S1 2.5' 12/13/2017 12/19/2017 F14 15.90 324.70 292.90 11.5
054-51 G13 S2 5' 12/13/2017 12/19/2017 G42 16.10 131.50 120.42 10.6
054-52 G13 S5 12.5' 12/13/2017 12/19/2017 F18 16.00 229.90 219.10 5.3
054-53 G13 S7 20' 12/13/2017 12/19/2017 F10 16.10 367.40 311.00 19.1
054-54 G14 S2 5' 12/13/2017 12/19/2017 F51 16.00 151.50 132.20 16.6
054-55 G14 S4 10' 12/13/2017 12/19/2017 F22 15.80 182.00 156.60 18.0
054-56 G14 S7 20' 12/13/2017 12/19/2017 G31 16.20 189.60 164.40 17.0
054-57 G14 S9 30' 12/13/2017 12/19/2017 F48 16.20 342.30 280.62 23.3
054-58 G14 S9 40' 12/13/2017 12/19/2017 G16 15.70 279.50 223.41 27.0
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Sample #  Sample # Depth Date 

Received
Date of 

Test Tare # Wt of 
Tare

Tare+ 
Wet

Tare+ 
Dry Moisture %

054-59 G15 S3 7.5' 12/13/2017 12/19/2017 F23 15.90 185.90 168.10 11.7
054-60 G15 S5 12.5' 12/13/2017 12/19/2017 F19 15.80 387.20 355.50 9.3
054-61 G15 S7 20' 12/13/2017 12/19/2017 B20 15.80 355.00 315.38 13.2
054-62 G15 S8 25' 12/13/2017 12/19/2017 C2 15.80 279.60 245.67 14.8
054-63 G15 S10 35' 12/13/2017 12/19/2017 B12 15.90 221.50 168.70 34.6
054-64 G15 S11 40' 12/13/2017 12/19/2017 A5 16.20 217.10 188.80 16.4
054-65 G15 S13 50' 12/13/2017 12/19/2017 B7 15.90 184.90 157.70 19.2
054-66 G15 S14 55' 12/13/2017 12/19/2017 B23 16.00 207.00 174.11 20.8
054-67 G15 S15 60' 12/13/2017 12/19/2017 B3 16.00 182.40 152.90 21.5
054-68 G15 S17 70' 12/13/2017 12/19/2017 B6 15.80 81.30 70.60 19.5
054-69 G15 S18 75' 12/13/2017 12/19/2017 B12 15.90 157.60 133.42 20.6
054-70 G15 S19 80' 12/13/2017 12/19/2017 A23 15.90 138.60 114.30 24.7
054-71 G15 S21 90' 12/13/2017 12/19/2017 A25 16.20 167.00 136.70 25.1
8003-1 G016 S-2 5.0'-6.5' 11/3/2017 11/7/2017 A-12 16.2 444.9 387.2 15.6
8003-2 G016 S-3 7.5'-9' 11/3/2017 11/7/2017 C-12 15.9 246.6 219.2 13.5
8003-3 G016 S-5 12.5'-14' 11/3/2017 11/7/2017 A-14 15.8 320.2 275.1 17.4
8003-4 G016 S-6 15'-16.5' 11/3/2017 11/7/2017 C-4 15.7 206.7 177.8 17.8
8003-5 G016 S-9 30'-31.5' 11/3/2017 11/7/2017 F-2 15.8 213.1 183.4 17.7
8003-6 G016 S-10 35'-36.5' 11/3/2017 11/7/2017 A-17 16.0 407.1 348.6 17.6
8003-7 G016 S-11 40'-41.5' 11/3/2017 11/7/2017 F-4 15.8 245.6 209.9 18.4
8003-8 G016 S-12 45'-46.5' 11/3/2017 11/7/2017 A-29 16.1 102.20 97.50 5.8
8003-9 G016 S-13 50'-51.5' 11/3/2017 11/7/2017 F-73 15.9 296.60 237.9 26.5
8003-10 G016 S-15 60'-61.5' 11/3/2017 11/7/2017 F-9 15.7 441.00 375.8 18.1
8003-11 G016 S-16 65'-66.5' 11/3/2017 11/7/2017 C-3 15.8 261.7 215.6 23.1
8003-12 G016 S-17 70-71.5' 11/3/2017 11/7/2017 C-1 15.7 324.0 255.6 28.5
8003-13 G016 S-18 75'-76.5' 11/3/2017 11/7/2017 A-18 15.8 428.9 344.5 25.7
8003-14 G016 S-19 80-81.5' 11/3/2017 11/7/2017 G-15 15.7 262.9 207.4 29.0
8003-15 G016 S-20 85-86.5' 11/3/2017 11/7/2017 F-52 15.9 351.7 276.3 29.0
8003-16 G016 S-22 95'-96.5' 11/3/2017 11/7/2017 G-18 15.7 391.8 314.2 26.0
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Sample #  Sample # Depth Date 

Received
Date of 

Test Tare # Wt of 
Tare

Tare+ 
Wet

Tare+ 
Dry Moisture %

054-105 G17 S1 5' 12/13/2017 12/19/2017 F69 15.80 189.00 162.40 18.1
054-106 G17 S2 7.5' 12/13/2017 12/19/2017 G29 16.00 97.90 84.30 19.9
054-107 G17 S3 10' 12/13/2017 12/19/2017 F16 15.80 282.50 229.84 24.6
054-108 G17 S4 12.5' 12/13/2017 12/19/2017 A16 16.10 237.40 159.82 54.0
054-109 G17 S6 20' 12/13/2017 12/19/2017 B26 15.90 169.90 139.20 24.9
054-110 G17 S8 30' 12/13/2017 12/19/2017 G13 15.80 263.10 249.59 5.8
054-111 G17 S10 40' 12/13/2017 12/19/2017 F13 15.80 181.30 175.50 3.6
054-112 G17 S13 55' 12/13/2017 12/19/2017 F30 15.90 239.10 220.30 9.2
054-113 G17-A S3 7.5' 12/13/2017 12/19/2017 G21 16.00 241.60 195.15 25.9
054-114 G17-A S4 10' 12/13/2017 12/19/2017 C11 15.80 155.40 135.30 16.8
054-115 G17-A S5 12.5' 12/13/2017 12/19/2017 B19 15.80 342.30 281.95 22.7
054-116 G17-A S6 15' 12/13/2017 12/19/2017 G8 15.90 132.10 102.20 34.6
054-117 G17-A S7 20' 12/13/2017 12/19/2017 C10 15.90 56.60 50.10 19.0
054-118 G17-A S8 25' 12/13/2017 12/19/2017 B19 16.10 223.90 210.20 7.1
054-119 G17-A S10 35' 12/13/2017 12/19/2017 F12 15.80 243.40 221.89 10.4
054-120 G17-A S11 40' 12/13/2017 12/19/2017 F29 15.70 278.00 259.20 7.7
054-121 G17-A S13 50' 12/13/2017 12/19/2017 B17 15.70 389.30 355.30 10.0
054-122 G17-A S15 60' 12/13/2017 12/19/2017 B22 15.90 285.10 273.10 4.7
054-123 G17-A S17 70' 12/13/2017 12/19/2017 F72 15.90 248.00 201.60 25.0
054-124 G17-A S18 75' 12/13/2017 12/19/2017 B13 15.80 267.80 212.57 28.1
054-125 G17-A S20 85' 12/13/2017 12/19/2017 B5 15.90 75.50 62.00 29.3
054-126 G17-A S21 90' 12/13/2017 12/19/2017 A5 16.20 160.40 127.90 29.1
054-127 G17-A S22 95' 12/13/2017 12/19/2017 XYZ 16.00 75.90 62.10 29.9
054-128 G17-A S23 100' 12/13/2017 12/19/2017 G28 16.00 122.10 97.20 30.7
054-129 G17-A S25 110' 12/13/2017 12/19/2017 F3 15.90 100.40 85.50 21.4
054-130 G17-A S27 120' 12/13/2017 12/19/2017 F21 15.70 137.30 111.00 27.6
054-131 G17-A S29 130' 12/13/2017 12/19/2017 F19 15.70 119.10 89.10 40.9
054-132 G17-A S31 140' 12/13/2017 12/19/2017 A26 16.10 95.30 82.90 18.6
054-133 G17-A S32 145' 12/13/2017 12/19/2017 A7 16.50 123.00 113.00 10.4
054-134 G17-A S34 155' 12/13/2017 12/19/2017 G25 15.80 128.10 107.90 21.9
054-135 G17-A S36 165' 12/13/2017 12/19/2017 G24 16.20 121.00 98.80 26.9
054-136 G17-A S37 170' 12/13/2017 12/19/2017 B8 16.00 107.10 86.90 28.5
054-137 G17-A S38 180' 12/13/2017 12/19/2017 F66 15.80 99.00 75.10 40.3
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054-138 G17-A S39 190' 12/13/2017 12/19/2017 G20 15.80 151.00 120.80 28.8
054-139 G17-A S40 200' 12/13/2017 12/19/2017 G14 15.70 124.90 97.20 34.0
054-140 G17-A S41 210' 12/13/2017 12/19/2017 B25 15.90 107.40 84.00 34.4
054-141 G17-A S42A 220' 12/13/2017 12/19/2017 A29 16.20 212.10 194.00 10.2
054-142 G17-A S43 230' 12/13/2017 12/19/2017 X7 192.90 434.80 409.00 11.9
8003-17 G018 S-1 2.5'-4' 11/3/2017 11/7/2017 G-16 15.8 274.1 189.6 48.6
8003-18 G018 S-2 5'-6.5' 11/3/2017 11/7/2017 B-4 15.9 374.3 265.4 43.6
8003-19 G018 S-3 7.5'-9' 11/3/2017 11/7/2017 F-71 15.9 333.9 251.3 35.1
8003-20 G018 S-4 9'-10.5' 11//3/2017 11/7/2017 G-24 15.9 281.1 177.2 64.4
8003-21 G018 S-5 10.5'-12' 11/3/2017 11/7/2017 G-25 15.7 360.0 257.4 42.4
8003-22 G018 S-6 12'-13.5' 11/3/2017 11/7/2017 G-20 15.8 284.3 215.5 34.5
8003-23 G018 S-7  21'-22.5' 11/3/2017 11/7/2017 AB22 15.7 125.3 122.7 2.4
8003-24 G018 S-11  40-41.5' 11/3/2017 11/7/2017 B-25 15.9 564.7 464.1 22.4
8003-25 G018 S-14 60-61.5 11/3/2017 11/7/2017 A-4 15.8 552.0 428.2 30.0
8003-27 G018 S-17  77.5'-79' 11/3/2017 11/7/2017 G-8 15.8 576.6 445.3 30.6
8003-28 G018 S-19  85'-86.5' 11/3/2017 11/7/2017 G-14 15.9 510.0 383.4 34.4
8003-29 G018 S-20 90'-91.5' 11/3/2017 11/7/2017 G-3 15.6 483.4 372.0 31.3
8003-30 G018 S-21  95'-96.5' 11/3/2017 11/7/2017 G-7 15.9 550.6 409.3 35.9
8003-31 G018 S-22  100'-101.5' 11/3/2017 11/7/2017 B-9 15.9 473.4 372.4 28.3
8003-32 G018 S-23  105'-106.5' 11/3/2017 11/7/2017 ABL3 16.0 564.9 431.8 32.0
8003-33 G018 S-25  115'-116.5' 11/3/2017 11/7/2017 G-1 15.7 452.2 333.6 37.3
8003-34 G018 S-26 120'-121.5' 11/3/2017 11/7/2017 A-21 15.9 392.4 293.1 35.8
8003-35 G018 S-27  125'-126.5' 11/3/2017 11/7/2017 X-7 193.3 246.1 235.4 25.4
8003-36 G018 S-28  130'-131.5' 11/3/2017 11/7/2017 X-8 194.1 621.5 512.8 34.1
8003-37 G018 S-29  140'-141.5' 11/3/2017 11/7/2017 A-44 190.1 223.0 213.6 40.0
8003-38 G018 S-31  150'-151.5' 11/3/2017 11/7/2017 X-6 196.2 695.7 619.2 18.1
8003-39 G018 S-33  160'-161.5' 11/3/2017 11/7/2017 X-9 231.2 624.2 515.9 38.0
8003-40 G018 S-34  170'-171.5' 11/3/2017 11/7/2017 X-5 198.3 581.7 486.7 32.9
8003-41 G018 S-35 175'-176.5' 11/3/2017 11/7/2017 9A 161.9 666.2 532.0 36.3
8003-42 G018 S-37 185'-186.5' 11/3/2017 11/7/2017 AB 157.6 592.9 487.3 32.0
8003-43 G018 S-38  190'-191.5' 11/3/2017 11/7/2017 AJ 164.9 612.2 507.9 30.4
8003-44 G018 S-39 200'-201.5' 11/3/2017 11/7/2017 A-7 16.4 211.1 190.9 11.6
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7992-1 G019 S-1 0'-1.5' 9/29/2017 10/3/2017 A-15 18.0 134.9 102.5 38.3
7992-2 G019 S-2 2.5'-4' 9/29/2017 10/3/2017 A-16 16.2 138.6 101.1 44.2
7992-3 G019 S-3 5'-6.5' 9/29/2017 10/3/2017 A-22 16.1 181.2 76.6 172.9
7992-4 G019 S-6 12.5'-14' 9/29/2017 10/3/2017 B-14 15.9 288.5 256.7 13.2
7992-5 G019 S-7 15'-16.5' 9/29/2017 10/3/2017 B-21 15.8 130.8 120.4 9.9
7992-6 G019 S-10 30'-31'.5" 9/29/2017 10/3/2017 A-2 16.9 311.6 267.6 17.6
7992-7 G019 S-12 40'-41.5' 9/29/2017 10/3/2017 A-9 16.4 326.1 258.1 28.1
7992-8 G019 S-14 50'-51.5' 9/29/2017 10/3/2017 B-5 16.20 222.10 174.20 30.3
7992-9 G019 S-16 60'-61.5' 9/29/2017 10/3/2017 B-3 16.60 308.80 244.4 28.3
7992-10 G019 S-18 70'-71.5' 9/29/2017 10/3/2017 B-8 16.2 274.50 218.40 27.7
7980-1 G019 S-19a 75'-76.5' 8/10/2017 8/11/2017 A-26 16.4 356.6 275.5 31.3
7980-2 G019 S-19b 75'-76.5' 8/10/2017 8/11/2017 A-191 16.2 371.9 287.5 31.1
7980-3 G019 S-21 85'-86.5' 8/10/2017 8/11/2017 B-4 16.6 445.9 335.6 34.6
7980-4 G019 S-23 95'-96.5' 8/10/2017 8/11/2017 A-19 16.0 470.9 346.2 37.8
7980-5 G019 S-25 105'-106.5' 8/10/2017 8/11/2017 A-13 16.1 421.1 321.6 32.6
7980-6 G019 S-27 115'-116.5' 8/10/2017 8/11/2017 AB23 16.0 461.2 370.3 25.7
7980-7 G019 S-29 125'-126.5' 8/10/2017 8/11/2017 B-9 15.8 480.6 368.6 31.7
7992-11 G019 S-31 135'-136'.5" 9/29/2017 10/3/2017 B-10 16.9 389.1 314.3 25.2
7992-12 G019 S-32 140'-141'.5" 9/29/2017 10/3/2017 For 16.0 387.8 322.10 21.5
7992-13 G019 S-35 155'-156.5' 929/2017 10/3/2017 A-29 16.0 551.8 478.2 15.9
7992-14 G020 S-1 0.0'-1.5' 9/29/2017 10/3/2017 B 16.0 55.7 51.8 10.9
7992-15 G020 S-2 2.5'-4' 9/29/2017 10/3/2017 A-10 16.2 316.0 290.4 9.3
7992-16 G020 S-4 7.5'-9' 9/29/2017 10/3/2017 A-7 16.3 289.6 263.6 10.5
7992-17 G020 S-5 10'-11.5' 9/29/2017 10/3/2017 B-1 15.9 405.5 370.40 9.9
7992-18 G020 S-7 15'-16.5' 9/29/2017 10/3/2017 B-26 15.9 387.9 356.8 9.1
7992-19 G020 S-11 35'-36.5' 9/29/2017 10/3/2017 B-17 16.6 384.6 321.7 20.6
7992-20 G020 S-13 45'-46.5' 9/29/2017 10/3/2017 A-23 16.4 279.2 227.4 24.5
7992-21 G020 S-14 50'-51.5' 9/29/2017 10/3/2017 B-6 16.1 398.1 320.1 25.7
7992-22 G020 S-16 60'-61.5' 9/29/2017 10/3/2017 B-2 16.1 566.5 455.3 25.3
7992-23 G020 S-19 75'-76.5' 9/29/2017 10/3/2017 A-12 16.4 427.6 340.8 26.8
7980-8 G020 S-20 80'-81.5' 8/10/2017 8/11/2017 zz 16.1 488.8 378.6 30.4
7980-8 G020 S-20 80'-81.5' 8/10/2017 8/11/2017 ZZ 16.10 488.80 378.60 30.4
7980-9 G020 S-22 90'-91.5' 8/10/2017 8/11/2017 B-192 15.7 509.7 383.4 34.3
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7980-9 G020 S-22 90'-91.5' 8/10/2017 8/11/2017 B-192 15.70 509.70 383.4 34.3
7980-10 G020 S-24 100'-101.5' 8/10/2017 8/11/2017 B-2 17.0 545.8 423.0 30.2
7980-10 G020 S-24 100'-101.5' 8/10/2017 8/11/2017 B-2 17.0 545.80 423.00 30.2
7980-11 G020 S-25 105'-106.5 8/10/2017 8/11/2017 B-3 15.8 496.4 378.7 32.4
7980-11 G020 S-25 105'-106.5' 8/10/2017 8/11/2017 B-3 15.8 496.4 378.7 32.4
7980-12 G020 S-26 110'-111.5' 8/10/2017 8/11/2017 A-1 16.1 413.1 312.7 33.9
7980-12 G020 S-26 110'-111.5' 8/10/2017 8/11/2017 A-1 16.1 413.1 312.70 33.9
7980-13 G020 S-28 120'-121.5' 8/10/2017 8/11/2017 A-27 16.0 457.4 344.4 34.4
7980-14 G020 S-31 135'-136.5' 8/10/2017 8/11/2017 B-28 16.6 447.1 344.4 31.3
7980-15 G020 S-33 145'-146.5' 8/10/2017 8/11/2017 A-31 15.8 401.3 315.1 28.8
7995-1 G020 S-34 150'-151.5' 10/17/2017 10/18/2017 B-18 15.8 343.8 285.5 21.6
7992-24 G020 S-35 155'-156.5' 9/29/2017 10/3/2017 B-19 16.1 631.0 522.6 21.4
7992-25 G020 S-36 160'-161.5' 9/29/2017 10/3/2017 A-14 15.8 450.4 383.2 18.3
7980-16 G020 S-37 165'-166.5' 8/10/2017 8/11/2017 A-3 16.1 400.2 307.5 31.8
7980-17 G020 S-40 180'-181.5' 8/10/2017 8/11/2017 B-27 15.7 278.9 223.80 26.5
7992-26 G021 S-1 0'-1.5' 9/29/2017 10/3/2017 A-4 16.4 183.6 136.7 39.0
7992-27 G021 S-2 2.5'-3.5' 9/29/2017 10/3/2017 B-18 15.8 278.1 206.5 37.5
7992-28 G021 S-3 5'-6' 9/29/2017 10/3/2017 A-18 15.9 115.7 88.5 37.5
7992-29 G021 S-4 7.5'-9' 9/29/2017 10/3/2017 A-17 16.0 282.3 258.4 9.9
7992-30 G021 S-6 12.5'-14' 9/29/2017 10/3/2017 B-20 17.60 404.60 364.00 11.7
7992-31 G021 S-8 20'-21.5 9/29/2017 10/3/2017 Ab-22 16.00 113.30 105.9 8.2
7992-32 G021 S-10 30'-31.5' 9/29/2017 10/3/2017 B-25 15.7 535.60 484.50 10.9
7992-33 G021 S-12 40'-41.5 9/29/2017 10/3/2017 C-1 16.0 482.8 438.7 10.4
7992-34 G022 S-1 0'1.5" 9/29/2017 10/3/2017 C-3 15.8 270.0 205.90 33.7
7992-35 G022 S-2 5'-6.5' 929/2017 10/3/2017 C-4 16.0 248.1 107.0 155.1
7992-36 G022 S-4 10'-11.5' 9/29/2017 10/3/2017 C-5 15.7 149.0 143.0 4.7
7992-37 G022 S-6 15'-16.5' 9/29/2017 10/3/2017 C-6 15.9 459.9 418.2 10.4
7992-38 G022 S-8 25'-26.5' 9/29/2017 10/3/2017 C-7 16.0 560.7 516.8 8.8
7992-39 G022 S-10 35'-36.5' 9/29/2017 10/3/2017 C-8 15.8 417.9 347.30 21.3
7992-40 G022 S-12 45'-46.5' 9/29/2017 10/3/2017 C-9 15.8 442.4 363.9 22.6
7992-41 G023 S-1 3.6'-4.0 9/29/2017 10/3/2017 C-10 15.8 232.1 181.3 30.7
7992-42 G023 S-2 5'-6.5' 9/29/2017 10/3/2017 C-11 15.8 329.8 140.5 151.8
7992-43 G023 S-6 15'-17.5' 9/29/2017 10/3/2017 C-12 15.9 488.5 445.9 9.9
7992-44 G023 S-9 30'-31.5' 9/29/2017 10/3/2017 C-13 15.8 385.9 341.9 13.5
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7995-2 G024 S-1 0.0'-1.5' 10/17/2017 10/18/2017 G-1 15.7 331.0 274.7 21.7
7995-3 G024 S-2 2.5'-4' 10/17/2017 10/18/2017 G-2 15.7 293.1 243.4 21.8
7995-4 G024 S-3 5'-6.5' 10/17/2017 10/18/2017 G-3 15.6 313.2 231.0 38.2
7995-5 G024 S-4 7.5'-9' 10/17/2017 10/18/2017 G-4 15.8 332.2 226.8 50.0
7995-6 G024 S-5A 10'-11'.5" 10/17/2017 10/18/2017 G-5 15.7 333.5 221.2 54.6
7995-7 G024 S-5B 10'-11'.5" 10/17/2017 10/18/2017 G-6 15.7 198.0 85.3 161.9
7995-8 G024 S-6 15.5'-17' 10/17/2017 10/18/2017 G-7 15.8 331.90 256.00 31.6
7995-9 G024 S-10 35'-36.5' 10/17/2017 10/18/2017 G-8 15.7 372.60 337.6 10.9
7995-10 G025 S-1 5'-6.5' 10/17/2017 10/18/2017 G-9 15.8 327.00 262.80 26.0
7995-11 G025 S-3 10'-11.5' 10/17/2017 10/18/2017 G-10 15.6 323.5 239.2 37.7
7995-12 G025 S-4A 15'-16.5' 10/17/2017 10/18/2017 G-11 15.6 260.1 93.00 215.9
7995-13 G025 S-6 25'-26.5' 10/17/2017 10/18/2017 G-12 15.7 360.9 329.0 10.2
7995-14 G027 S-1 2.5'-4.0' 10/17/2017 10/18/2017 G-13 15.6 308.5 303.4 1.8
7995-15 G027 S-3 7.5'-9.0' 10/17/2017 10/18/2017 G-14 15.7 349.8 336.4 4.2
7995-16 G027 S-4 10'-11.5' 10/17/2017 10/18/2017 G-15 15.7 561.0 535.4 4.9
7995-17 G027 S-5 12.5'-14.0' 10/17/2017 10/18/2017 G-16 15.6 354.8 332.60 7.0
7995-18 G027 S-6 15'-16.5' 10/17/2017 10/18/2017 G-17 15.8 305.8 276.7 11.2
7995-19 G027 S-7 20'-21.5' 10/17/2017 10/18/2017 G-18 15.8 257.5 220.5 18.1
7995-20 G027 S-9B 30.5'-31.5' 10/17/2017 10/18/2017 G-19 15.8 379.1 339.6 12.2
7995-21 G027 S-13 50'-51.5' 10/17/2017 10/18/2017 G-20 15.8 200.3 166.2 22.7
7995-23 G028 S-2 10'-11.5' 10/17/2017 10/18/2017 G-22 15.8 233.1 215.6 8.8
7995-24 G028 S-4 15'-16.5' 10/17/2017 10/18/2017 G-23 15.8 325.7 225.1 48.1
7995-22 G028 S-1 17.5'-9.0' 10/17/2017 10/18/2017 G-21 15.8 361.8 352.4 2.8
7995-25 G028 S-5 20'-21.5' 10/17/2017 10/18/2017 G-24 15.8 316.3 287.9 10.4
7995-26 G028 S-6 25'-26.5' 10/17/2017 10/18/2017 G-25 15.8 456.8 419.4 9.3
8023-5 G029 S1 5 2/19/2018 2/21/2018 5 16.1 453.3 406.4 12.0
8023-6 G029 S3 12.5 2/19/2018 2/21/2018 6 15.9 155.1 132.8 19.1
8023-7 G029 S5 20 2/19/2018 2/21/2018 7 15.8 243.5 217.7 12.8
8023-8 G029 S6 25 2/19/2018 2/21/2018 8 15.9 611.4 558.9 9.7
8023-9 G029 S8 35 2/19/2018 2/21/2018 9 15.8 93.5 84.2 13.7
8023-10 G029 S10 45 2/19/2018 2/21/2018 10 16.1 273.1 221.2 25.3
8023-11 G029 S11 50 2/19/2018 2/21/2018 11 15.8 481.7 400.0 21.3
8023-12 G029 S12 55 2/19/2018 2/21/2018 12 16.0 279.3 219.6 29.3
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8023-13 G029 S13 60 2/19/2018 2/21/2018 13 15.8 334.3 262.9 28.9
8023-14 G029 S15 70 2/19/2018 2/21/2018 14 15.9 288.1 227.9 28.4
8023-15 G029 S17 80 2/19/2018 2/21/2018 15 15.9 267.6 213.3 27.5
8023-16 G029 S18 85 2/19/2018 2/21/2018 16 16.2 284.7 212.3 36.9
8023-17 G029 S19 90 2/19/2018 2/21/2018 17 16.6 247.9 200.3 25.9
8023-18 G029 S21 100 2/19/2018 2/21/2018 18 15.9 340.6 270.0 27.8
7995-28 G031 S-1 2.5'-4.0' 10/17/2017 10/18/2017 G-26 15.8 133.0 118.3 14.3
7995-29 G031 S-5 18.5'-20' 10/17/2017 10/18/2017 G-27 16.0 115.1 105.1 11.2
7995-30 G031 S-8 37'-38.5' 10/17/2017 10/18/2017 G-28 16.0 347.3 317.1 10.0
7995-31 G031 S-11 50'-51.5' 10/17/2017 10/18/2017 G-29 15.8 369.80 317.90 17.2
7995-32 G031 S-14 65'-66.5' 10/17/2017 10/18/2017 G-30 15.9 500.70 404.8 24.7
7995-33 G031 S-15 70'-71.5' 10/17/2017 10/18/2017 G-31 15.8 462.40 319.20 47.2
7995-34 G031 S-20 95'-96.5' 10/17/2017 10/18/2017 G-32 15.8 408.2 300.6 37.8
7995-35 G031 S-21 100'-101.5' 10/17/2017 10/18/2017 G-33 15.8 402.6 312.00 30.6
7995-36 G031 S-23 110'-111.5 10/17/2017 10/18/2017 G-34 15.8 409.2 298.5 39.2
7995-37 G031 S-24 115'-116.5' 10/17/2017 10/18/2017 G-35 16.0 344.8 301.8 15.0
7995-38 G031 S-25 120'-121.5' 10/17/2017 10/18/2017 G-36 16.1 227.2 184.6 25.3
7995-39 G031 S-26 125'-126.5' 10/17/2017 10/18/2017 C-14 15.8 267.7 201.9 35.4
7995-40 G031 S-28 135'-136.5' 10/17/2017 10/18/2017 G-38 15.8 452.1 435.20 4.0
7995-41 G031 S-30 145'-146.5' 10/17/2017 10/18/2017 G-39 16.0 548.0 378.8 46.6
7995-42 G031 S-31 150'-151.5' 10/17/2017 10/18/2017 G-40 15.7 563.4 444.3 27.8
7995-43 G031 S-32 155'-156.5' 10/17/2017 10/18/2017 G-41 16.1 228.9 187.0 24.5
7995-44 G031 S-40 195'-196.5' 10/17/2017 10/18/2017 G-42 15.8 550.8 497.4 11.1
054-72 G33 S21 5' 12/13/2017 12/19/2017 B10 15.80 242.70 185.10 34.0
054-73 G33 S3 7.5' 12/13/2017 12/19/2017 A1 16.20 279.44 224.74 26.2
054-74 G33 S5A/B 12.5' 12/13/2017 12/19/2017 B19 15.90 111.10 76.00 58.4
054-75 G33 S6 15' 12/13/2017 12/19/2017 B28 15.80 218.87 134.70 70.8
054-76 G33 S8 25' 12/13/2017 12/19/2017 A20 16.20 244.90 223.40 10.4
054-77 G33 S10 35' 12/13/2017 12/19/2017 F3 15.90 356.80 308.80 16.4
054-78 G33 S12 45' 12/13/2017 12/19/2017 C8 15.90 392.23 318.28 24.5
054-79 G33 S14 55' 12/13/2017 12/19/2017 F32 15.80 247.20 196.20 28.3
054-80 G33 S15B 60' 12/13/2017 12/19/2017 F6 15.86 285.63 229.66 26.2
054-81 G33 S16 65' 12/13/2017 12/19/2017 F12 15.80 264.60 213.20 26.0
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054-82 G33 S17 70' 12/13/2017 12/19/2017 F17 15.78 369.49 300.46 24.2
054-83 G33 S18 75' 12/13/2017 12/19/2017 C13 16.00 187.10 153.70 24.3
054-84 G33 S19 80' 12/13/2017 12/19/2017 C9 15.93 287.20 223.78 30.5
054-85 G33 S20 85' 12/13/2017 12/19/2017 A32 16.30 194.70 157.80 26.1
054-86 G33 S22 95' 12/13/2017 12/19/2017 A24 16.01 325.20 261.94 25.7
054-87 G33 S23 100' 12/13/2017 12/19/2017 B15 16.00 121.50 98.10 28.5
054-88 G33 S24 105' 12/13/2017 12/19/2017 G30 16.20 133.80 107.50 28.8
054-89 G33 S26 110' 12/13/2017 12/19/2017 F68 15.90 241.10 207.80 17.4
054-90 G33 S27 115' 12/13/2017 12/19/2017 F47 16.10 117.90 90.90 36.1
054-91 G33 S29 120' 12/13/2017 12/19/2017 F59 16.10 210.20 173.90 23.0
054-92 G33 S30A 125' 12/13/2017 12/19/2017 G21 15.90 233.50 202.70 16.5
054-94 G33 S32 135' 12/13/2017 12/19/2017 F50 15.90 134.50 106.80 30.5
054-95 G33 S33 140' 12/13/2017 12/19/2017 G18 15.80 121.80 97.20 30.2
054-96 G33 S34 145' 12/13/2017 12/19/2017 G8 15.90 117.80 92.50 33.0
054-97 G33 S35 150' 12/13/2017 12/19/2017 A4 16.20 130.20 101.10 34.3
054-98 G33 S36 155' 12/13/2017 12/19/2017 F71 16.00 89.50 71.00 33.6
054-99 G33 S38 160' 12/13/2017 12/19/2017 AB22 15.90 119.00 94.60 31.0
054-100 G33 S39 170' 12/13/2017 12/19/2017 A22 16.10 112.70 94.80 22.7
054-101 G33 S42A 180' 12/13/2017 12/19/2017 B14 15.80 124.90 105.90 21.1
054-102 G33 S45 195' 12/13/2017 12/19/2017 F64 15.90 235.80 217.40 9.1
054-103 G33 S46 215' 12/13/2017 12/19/2017 G7 16.19 435.11 386.51 13.1
054-104 G33 S47 225' 12/13/2017 12/19/2017 G1 15.80 250.60 229.40 9.9
7995-45 G034 S-4 7.5'-9' 10/17/2017 10/18/2017 F-1 15.8 336.1 251.5 35.9
7995-46 G034 S-5 10'-11.5' 10/17/2017 10/18/2017 F-2 15.8 368.6 279.3 33.9
7995-47 G034 S-7 15'-16.5' 10/17/2017 10/18/2017 F-3 15.8 260.7 229.3 14.7
7995-48 G034 S-9 25'-26.5' 10/17/2017 10/18/2017 F-4 15.8 422.7 387.8 9.4
7995-49 G034 S-11 35'-36.5' 10/17/2017 10/18/2017 F-5 15.8 160.3 147.8 9.5
7995-50 G034 S-14 50'-51.5' 10/17/2017 10/18/2017 F-6 15.8 246.6 225.7 10.0
7995-51 G034 S-15 55'-56.5' 10/17/2017 10/18/2017 F-7 15.8 260.5 240.5 8.9
7995-52 G034 S-19 75'-76.5' 10/17/2017 10/18/2017 F-8 15.8 293.2 272.0 8.3
7995-53 G034 S-23 95'-96.5' 10/17/2017 10/18/2017 F-9 15.8 535.5 487.7 10.1
7995-54 G034 S-26 110'-111.5' 10/17/2017 10/18/2017 F-10 15.8 528.2 465.3 14.0
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8023-19 G034A S21 115 2/19/2018 2/21/2018 19 16.1 398.1 359.8 11.1
8023-20 G034A S4 125 2/19/2018 2/21/2018 20 16.0 397.3 359.6 11.0
8023-21 G034A S6 135 2/19/2018 2/21/2018 21 15.9 293.2 269.9 9.2
7995-55 G035 S-1 2.5'-4.0' 10/17/2017 10/18/2017 F-11 15.8 279.8 248.1 13.6
7995-56 G035 S-4 10'-11.5' 10/17/2017 10/18/2017 F-12 15.8 269.4 241.5 12.4
7995-57 G035 S-7 20'-31.5' 10/17/2017 10/18/2017 F-13 15.8 184.7 158.2 18.6
7995-58 G035 S-9 30'-31.5' 10/17/2017 10/18/2017 F-14 15.8 335.2 286.8 17.9
7995-59 G035 S-12 45'-46.5' 10/17/2017 10/18/2017 F-15 15.8 134.9 122.9 11.2
7995-60 G035 S-14 55'-56.5' 10/17/2017 10/18/2017 F-16 15.8 278.1 245.0 14.4
7995-61 G035 S-16 65'-66.5' 10/17/2017 10/18/2017 F-17 15.8 421.5 378.2 11.9
7995-62 G035 S-18 75'-76.5' 10/17/2017 10/18/2017 F-18 15.8 419.7 343.3 23.3
7995-63 G035 S-19 80'-81.5' 10/17/2017 10/18/2017 F-19 15.8 350.8 287.3 23.4
7995-64 G035 S-20 95'-96.5' 10/17/2017 10/18/2017 F-20 15.8 270.3 247.2 10.0
7995-65 G035 S-25 110'-111.5' 10/17/2017 10/18/2017 F-21 15.8 371.8 340.7 9.6
7995-66 G035 S-26 115'-116.5' 10/17/2017 10/18/2017 F-22 15.8 493.0 440.5 12.4
7995-67 G035 S-29 127.5'-129' 10/17/2017 10/18/2017 F-23 15.8 419.3 383.7 9.7
7995-68 G035 S-32 140'-141.5' 10/17/2017 10/18/2017 F-24 15.8 274.8 251.5 9.9
7995-69 G035 S-35 155'-156.5' 10/17/2017 10/18/2017 F-25 15.8 528.5 479.5 10.6
7995-70 G035 S-38 170'-171.5' 10/17/2017 10/18/2017 F-26 15.8 263.9 244.4 8.5
7995-71 G035 S-41 185'-186.5' 10/17/2017 10/18/2017 F-27 15.8 401.4 301.7 34.9
7995-72 G035 S-42 190'-191.5' 10/17/2017 10/18/2017 F-28 15.8 403.8 314.4 29.9
7995-73 G035 S-44 200'-201.5' 10/17/2017 10/18/2017 F-29 15.8 520.8 486.6 7.3
7995-74 G037 S-3 12.5'-14' 10/17/2017 10/18/2017 F-30 15.8 323.0 318.2 1.6
7995-75 G037 S-7 25'-26.5' 10/17/2017 10/18/2017 F-31 15.8 328.5 309.9 6.3
7995-76 G037 S-9 35'-36.5' 10/17/2017 10/18/2017 F-32 15.8 466.1 386.0 21.6
7995-77 G037 S-12 50'-51.5' 10/17/2017 10/18/2017 F-33 15.8 390.0 371.5 5.2
7995-78 G037 S-16 70'-71.5' 10/17/2017 10/18/2017 F-34 15.8 351.3 318.3 10.9
7995-79 G037 S-17 90'-91.5' 10/17/2017 10/18/2017 F-35 15.8 426.7 342.6 25.7
7995-80 G037 S-18 97.5'-99.5' 10/17/2017 10/18/2017 F-36 15.8 430.6 346.7 25.4
7995-81 G037 S-20 105'-106.5' 10/17/2017 10/18/2017 F-37 15.8 453.5 357.8 28.0
7995-82 G037 S-21 115'-116.5' 10/17/2017 10/18/2017 F-38 15.8 418.5 339.9 24.3
7995-83 G037 S-23 125'-126.5' 10/17/2017 10/18/2017 F-39 15.8 337.8 275.7 23.9
7995-84 G037 S-25 135'-136.5' 10/17/2017 10/18/2017 F-40 15.8 548.8 473.2 16.5
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7995-85 G037 S-27 145'-146.5 10/17/2017 10/18/2017 F-41 15.8 384.3 331.4 16.8
7995-86 G037 S-29 155'-156.5' 10/17/2017 10/18/2017 F-42 15.8 382.9 317.0 21.9
7995-87 G037 S-31 170'-171.5' 10/17/2017 10/18/2017 F-43 15.8 426.1 361.2 18.8
7995-88 G037 S-33 180'-181.5' 10/17/2017 10/18/2017 F-44 15.8 539.7 451.5 20.2
7995-89 G037 S-35 190'-191.5' 10/17/2017 10/18/2017 F-45 15.8 458.8 402.1 14.7
7995-90 G037 S-37 200'-201.5' 10/17/2017 10/18/2017 F-46 15.8 362.3 285.6 28.4
7995-91 G037 S-39 220'-221.5' 10/17/2017 10/18/2017 F-47 15.8 455.2 414.3 10.3
7995-92 G037 S-42 240'-241.5' 10/17/2017 10/18/2017 F-48 15.8 543.1 467.8 16.7
8023-22 G037A S3 12.5 2/19/2018 2/21/2018 22 15.9 455.2 428.2 6.6
8023-23 G037A S4 15 2/19/2018 2/21/2018 23 16.3 272.1 240.6 14.0
8023-24 G037A S7 30 2/19/2018 2/21/2018 24 15.9 261.6 246.1 6.7
8023-25 G037A S8 35 2/19/2018 2/21/2018 25 16.0 435.4 382.8 14.3
8023-26 G037A S10 45 2/19/2018 2/21/2018 26 15.7 442.0 407.6 8.8
8023-27 G037A S11 50 2/19/2018 2/21/2018 27 16.0 186.6 168.8 11.6
8023-28 G037A S13 60 2/19/2018 2/21/2018 28 15.9 101.3 98.2 3.7
8023-29 G037A S14 65 2/19/2018 2/21/2018 29 16.0 549.3 487.1 13.2
8023-30 G037A S16 75 2/19/2018 2/21/2018 30 15.8 399.0 316.2 27.5
8023-31 G037A S18 85 2/19/2018 2/21/2018 31 16.1 285.5 239.6 20.6
8023-32 G037A S22 100 2/19/2018 2/21/2018 32 15.9 109.4 90.1 26.0
8023-33 G037A S24 108-109.5 2/19/2018 2/21/2018 33 15.9 93.3 79.8 21.0
8023-34 G038 S2 7.5 2/19/2018 2/21/2018 34 16.1 111.4 92.1 25.3
8023-35 G038 S4 12.5 2/19/2018 2/21/2018 35 15.81 74.18 54.76 49.9
8023-36 G038 S5 15 2/19/2018 2/21/2018 36 15.84 126.76 86.06 58.0
8023-37 G038 S6 20 2/19/2018 2/21/2018 37 15.89 383.6 326.14 18.5
8023-38 G038 S8 30 2/19/2018 2/21/2018 38 15.85 365.97 335.92 9.4
8023-39 G038 S11 45 2/19/2018 2/21/2018 39 15.79 449.28 406.57 10.9
8023-40 G038 S13 55 2/19/2018 2/21/2018 40 16.17 359.76 318.26 13.7
8023-41 G038 S15 65 2/19/2018 2/21/2018 41 15.86 478.03 433.78 10.6
8023-42 G038 S19 85 2/19/2018 2/21/2018 42 15.98 293.84 239.88 24.1
8023-43 G038 S21 95 2/19/2018 2/21/2018 43 16.04 213.35 176.8 22.7
8023-44 G038 S22 100 2/19/2018 2/21/2018 44 15.96 117.47 92.55 32.5
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7995-93 G044 S-3 2.5'-4.5' 10/17/2017 10/18/2017 F-49 15.8 72.4 60.6 26.3
7995-94 G044 S-5 6.0'-7.5' 10/17/2017 10/18/2017 F-50 15.8 335.2 309.3 8.8
7995-95 G044 S-6 7.5'-7.7' 10/17/2017 10/18/2017 F-51 15.8 375.3 322.6 17.2
7995-96 G044 S-7 9.0'-10.5' 10/17/2017 10/18/2017 F-52 15.8 325.9 273.8 20.2
7995-97 G044 S-9 15'-16.5' 10/17/2017 10/18/2017 F-53 15.8 367.5 328.0 12.7
7995-98 G044 S-11 25'-26.5' 10/17/2017 10/18/2017 F-54 15.8 485.5 422.8 15.4
7995-99 G044 S-12 30'-31.5' 10/17/2017 10/18/2017 F-55 15.8 585.2 501.9 17.1
7995-100 G044 S-13 35.0'-36.5' 10/17/2017 10/18/2017 F-56 15.8 532.3 457.0 17.1
7995-101 G044 S-15 45'-46.5' 10/17/2017 10/18/2017 F-57 15.8 463.8 399.9 16.6
7995-102 G044 S-17 55'-56.5' 10/17/2017 10/18/2017 F-58 15.8 416.4 334.1 25.9
7995-103 G044 S-18 60'-61.5' 10/17/2017 10/18/2017 F-59 15.8 459.1 360.4 28.6
7995-104 G044 S-22 80'-81.5' 10/17/2017 10/18/2017 F-60 15.8 496.5 382.6 31.1
7995-105 G044 S-23 85'-86.5' 10/17/2017 10/18/2017 F-61 15.8 506.8 394.2 29.8
7995-106 G044 S-25 95'-96.5' 10/17/2017 10/18/2017 F-62 15.8 487.8 389.3 26.4
7995-107 G044 S-27 110'-111.5' 10/17/2017 10/18/2017 F-63 15.8 468.6 364.8 29.7
7995-108 G044 S-28A 115'-116.5' 10/17/2017 10/18/2017 F-64 15.8 301.6 236.8 29.3
7995-109 G044 S-29 120'-121.5' 10/17/2017 10/18/2017 F-65 15.8 552.8 409.9 36.3
7995-110 G044 S-31 130'-131.5' 10/17/2017 10/18/2017 F-66 15.8 433.4 330.2 32.8
7995-111 G044 S-32 135'-136.5' 10/17/2017 10/18/2017 F-67 15.8 459.5 368.3 25.9
7995-112 G044 S-33 140'-141.5' 10/17/2017 10/18/2017 F-68 15.8 362.9 298.6 22.7
7995-113 G044 S-35 150'-151.5' 10/17/2017 10/18/2017 F-69 15.8 301.9 263.5 15.5
7995-114 G044 S-37 160'-161.5' 10/17/2017 10/18/2017 F-70 15.8 373.3 289.7 30.5
7995-115 G044 S-38 165'-166.5' 10/17/2017 10/18/2017 F-71 15.8 370.5 273.6 37.6

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



HMA 
Sample #  Sample # Depth Date 

Received
Date of 

Test Tare # Wt of 
Tare

Tare+ 
Wet

Tare+ 
Dry

Moisture %

7995-116 G045 S-1 2.5'-4' 10/17/2017 10/18/2017 F-72 15.8 183.3 113.7 71.1
7995-117 G045 S-2 5'-6.5' 10/17/2017 10/18/2017 A-1 16.9 409.0 359.2 14.5
7995-118 G045 S-4 10'-11.5' 10/17/2017 10/18/2017 B-22 16.8 268.6 243.8 10.9
7995-119 G045 S-6 15'-16.5' 10/17/2017 10/18/2017 A-24 17.6 402.4 367.2 10.1
7995-120 G045 S-10 35'-36.5' 10/17/2017 10/18/2017 B 15.9 350.4 270.2 31.5
7995-121 G045 S-11 40'-41.5' 10/17/2017 10/18/2017 B-15 16.0 407.5 318.5 29.4
7995-122 G045 S-12 45'-46.5' 10/17/2017 10/18/2017 A-32 16.5 368.1 287.6 29.7
7995-123 G045 S-14 55'-56.5' 10/17/2017 10/18/2017 F-73 15.9 296.8 240.9 24.8
7995-124 G045 S-15 60'-61.5' 10/17/2017 10/18/2017 A-20 16.7 353.4 287.9 24.2
7995-125 G045 S-18 77.5'-79' 10/17/2017 10/18/2017 A-33 16.0 274.8 216.7 28.9
7995-126 G045 S-18 77.5'-79' 10/17/2017 10/18/2017 A-25 16.3 237.1 187.4 29.0
7995-127 G045 S-20B 85'-86.5' 10/17/2017 10/18/2017 ZZ 16.4 303.6 237.1 30.1
7995-128 G045 S-21 95'-96.5' 10/17/2017 10/18/2017 A-27 16.4 458.7 354.2 30.9
7995-129 G045 S-22 100'-101.5' 10/17/2017 10/18/2017 B-28 16.5 319.3 255.7 26.6
7995-130 G045 S-23 105'-106.5' 10/17/2017 10/18/2017 A-31 16.1 425.2 319.6 34.8
7995-131 G045 S-25 120'-121.5' 10/17/2017 10/18/2017 A-3 16.5 205.7 164.1 28.2
7995-132 G045 S-28 135'-136.5' 10/17/2017 10/18/2017 B-27 16.1 444.9 336.2 34.0
7995-133 G045 S-30 145'-146.5' 10/17/2017 10/18/2017 A-26 16.9 430.5 364.5 19.0
7995-134 G045 S-31 150'-151.5' 10/17/2017 10/18/2017 A-19 16.2 407.5 303.1 36.4
7995-135 G045 S-37 180'-181.5' 10/17/2017 10/18/2017 A-13 16.2 300.7 240.8 26.7
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G044 S-7
Depth: 9'-10.5' Sample Number: 7995-96
Material Description: SAND WITH SILT
Date: 10/21/2017
USCS Classification: SW-SM
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 252.00

Tare Wt. = 15.80
Minus #200 from wash = 8.4%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

273.80 15.80 1/4" 0.00 0.00 100.0
#4 5.20 0.00 98.0

#10 14.50 0.00 92.4
#40 149.90 0.00 34.3

#100 52.70 0.00 13.8
#200 11.40 0.00 9.4

Fractional Components

Cobbles

0.0

Gravel
Coarse

0.0
Fine

2.0
Total

2.0

Sand
Coarse

5.6
Medium

58.1
Fine

24.9
Total

88.6

Fines
Silt Clay Total

9.4

D10

0.0843

D15

0.1684

D20

0.2405

D30

0.3710

D50

0.6362

D60

0.8001

D80

1.2976

D85

1.5014

D90

1.7928

D95

2.4008

Fineness
Modulus

2.45

Cu

9.49

Cc

2.04
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/19/2018

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 48.6

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G1 / S5
Sample Number: 054-2 Depth: 10' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G1 / S5
Depth: 10' Sample Number: 054-2
Material Description: Silty SAND
Date: 12/19/2018
USCS Classification: SM
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 215.36

Tare Wt. = 15.70
Minus #200 from wash = 48.6%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

404.30 15.70 0.00 1"
3/4"
3/8"

#4
#10
#40

#100
#200 48.6

Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

48.6

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

2/22/2018

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 43.2

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G2 S3
Sample Number: 8023-1 Depth: 7.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 20.7

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G3 / S4
Sample Number: 054-8 Depth: 10' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G3 / S4
Depth: 10' Sample Number: 054-8
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 173.02

Tare Wt. = 15.80
Minus #200 from wash = 20.7%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

214.10 15.80 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

20.7

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 30.2

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G4 / S6
Sample Number: 054-15 Depth: 12.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G4 / S6
Depth: 12.5' Sample Number: 054-15
Material Description: Silty SAND
Date: 12/22/2017
USCS Classification: SM
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 203.71

Tare Wt. = 16.10
Minus #200 from wash = 30.2%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

285.07 16.10 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

30.2

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 25.3

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G5 / S7
Sample Number: 054-21 Depth: 15' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G5 / S7
Depth: 15' Sample Number: 054-21
Material Description: Silty SAND
Date: 12/22/2017
USCS Classification: SM
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 251.78

Tare Wt. = 16.00
Minus #200 from wash = 25.3%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

331.65 16.00 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

25.3

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 34.7

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G6 / S1
Sample Number: 054-25A Depth: 7.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G6 / S1
Depth: 7.5' Sample Number: 054-25A
Material Description: Silty SAND
Date: 12/22/2017
USCS Classification: SM
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 198.72

Tare Wt. = 16.20
Minus #200 from wash = 34.7%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

295.60 16.20 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

34.7

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 28.8

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G7 / S2
Sample Number: 054-29 Depth: 5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

P
E

R
C

E
N

T 
FI

N
E

R

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
28.8

6 
in

.

3 
in

.

2 
in

.
1½

 in
.

1 
in

.
¾

 in
.

½
 in

.
3/

8 
in

.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Distribution Report

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G7 / S2
Depth: 5' Sample Number: 054-29
Material Description: Silty SAND
Date: 12/22/2017
USCS Classification: SM
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 139.44

Tare Wt. = 16.00
Minus #200 from wash = 28.8%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

189.27 16.00 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

28.8

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 36.8

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G12 / S2
Sample Number: 054-45 Depth: 5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G12 / S2
Depth: 5' Sample Number: 054-45
Material Description: Silty SAND
Date: 12/22/2017
USCS Classification: SM
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 112.91

Tare Wt. = 16.10
Minus #200 from wash = 36.8%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

169.20 16.10 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

36.8

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 28.0

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G13 / S2
Sample Number: 054-51 Depth: 5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G13 / S2
Depth: 5' Sample Number: 054-51
Material Description: Silty SAND
Date: 12/22/2017
USCS Classification: SM
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 91.17

Tare Wt. = 16.10
Minus #200 from wash = 28.0%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

120.42 16.10 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

28.0

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 4.1

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G14 / S9
Sample Number: 054-57 Depth: 30' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G14 / S9
Depth: 30' Sample Number: 054-57
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 269.74

Tare Wt. = 16.20
Minus #200 from wash = 4.1%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

280.62 16.20 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

4.1

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 15.5

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G14 / S11
Sample Number: 054-58 Depth: 40' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

P
E

R
C

E
N

T 
FI

N
E

R

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
15.5

6 
in

.

3 
in

.

2 
in

.
1½

 in
.

1 
in

.
¾

 in
.

½
 in

.
3/

8 
in

.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Distribution Report

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G14 / S11
Depth: 40' Sample Number: 054-58
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 191.12

Tare Wt. = 15.70
Minus #200 from wash = 15.5%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

223.41 15.70 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

15.5

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 27.7

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G15 / S7
Sample Number: 054-61 Depth: 20' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G15 / S7
Depth: 20' Sample Number: 054-61
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 232.39

Tare Wt. = 15.80
Minus #200 from wash = 27.7%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

315.38 15.80 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

27.7

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 23.2

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G15 / S8
Sample Number: 054-62 Depth: 25' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G15 / S8
Depth: 25' Sample Number: 054-62
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 192.44

Tare Wt. = 15.80
Minus #200 from wash = 23.2%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

245.67 15.80 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

23.2

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 23.8

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G15 / S10
Sample Number: 054-63 Depth: 35' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G15 / S10
Depth: 35' Sample Number: 054-63
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 132.32

Tare Wt. = 15.90
Minus #200 from wash = 23.8%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

168.70 15.90 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

23.8

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 91.2

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G15 / S14
Sample Number: 054-66 Depth: 55' Date:

Client:
Project:

Project No: Figure
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G15 / S14
Depth: 55' Sample Number: 054-66
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 29.94

Tare Wt. = 16.00
Minus #200 from wash = 91.2%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

174.11 16.00 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

91.2

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 54.9

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G15 / S18
Sample Number: 054-69 Depth: 75' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G15 / S18
Depth: 75' Sample Number: 054-69
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 68.86

Tare Wt. = 15.90
Minus #200 from wash = 54.9%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

133.42 15.90 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

54.9

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: SR Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

11/08/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 25.0

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G016 S-15
Sample Number: 8003-10 Depth: 60'-61.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G016 S-15
Depth: 60'-61.5' Sample Number: 8003-10
Date: 11/08/2017
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 285.60

Tare Wt. = 15.70
Minus #200 from wash = 25.0%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

375.80 15.70 #200 25.0
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

25.0

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: SR Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

11/08/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 74.8

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G016 S-17
Sample Number: 8003-12 Depth: 70'-71.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G016 S-17
Depth: 70'-71.5' Sample Number: 8003-12
Date: 11/08/2017
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 76.10

Tare Wt. = 15.70
Minus #200 from wash = 74.8%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

255.60 15.70 #200 74.8
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

74.8

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: SR Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

11/08/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 54.5

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G016 S-22
Sample Number: 8003-16 Depth: 95'-96.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G016 S-22
Depth: 95'-96.5' Sample Number: 8003-16
Date: 11/08/2017
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 151.60

Tare Wt. = 15.70
Minus #200 from wash = 54.5%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

314.20 15.70 #200 54.5
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

54.5

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 0.2

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G17 / S8
Sample Number: 054-110 Depth: 30' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G17 / S8
Depth: 30' Sample Number: 054-110
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 249.22

Tare Wt. = 15.80
Minus #200 from wash = 0.2%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

249.60 15.80 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

0.2

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 2.9

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G17A / S10
Sample Number: 054-119 Depth: 35' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G17A / S10
Depth: 35' Sample Number: 054-119
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 215.92

Tare Wt. = 15.80
Minus #200 from wash = 2.9%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

221.89 15.80 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

2.9

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 3.0

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G17A / S13
Sample Number: 054-121 Depth: 50' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G17A / S13
Depth: 50' Sample Number: 054-121
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 345.19

Tare Wt. = 15.70
Minus #200 from wash = 3.0%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

355.30 15.70 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

3.0

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 7.0

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G17A / S18
Sample Number: 054-124 Depth: 75' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G17A / S18
Depth: 75' Sample Number: 054-124
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 198.82

Tare Wt. = 15.80
Minus #200 from wash = 7.0%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

212.57 15.80 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

7.0

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15
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Tested By: SR Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

11/08/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 6.6

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G018 S-11
Sample Number: 8003-24 Depth: 40'-41.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G018 S-11
Depth: 40'-41.5' Sample Number: 8003-24
Date: 11/08/2017
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 434.70

Tare Wt. = 15.90
Minus #200 from wash = 6.6%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

464.10 15.90 #200 6.6
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

6.6

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Th
es

e 
re

su
lts

 a
re

 fo
r t

he
 e

xc
lu

si
ve

 u
se

 o
f t

he
 c

lie
nt

 fo
r w

ho
m

 th
ey

 w
er

e 
ob

ta
in

ed
. T

he
y

   
   

ap
pl

y 
on

ly
 to

 th
e 

sa
m

pl
es

 te
st

ed
 a

nd
 a

re
 n

ot
 in

di
ca

tiv
e 

of
 a

pp
ar

en
tly

 id
en

tic
al

 s
am

pl
es

.

Tested By: SR Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

11/08/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 24.6

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G018 S-14
Sample Number: 8003-25 Depth: 60'-61.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G018 S-14
Depth: 60'-61.5' Sample Number: 8003-25
Date: 11/08/2017
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 326.80

Tare Wt. = 15.80
Minus #200 from wash = 24.6%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

428.20 15.80 #200 24.6
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

24.6

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Tested By: SR Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

11/8/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 22.6

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G018 S-17
Sample Number: 8003-27 Depth: 77.5'-79' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G018 S-17
Depth: 77.5'-79' Sample Number: 8003-27
Date: 11/8/2017
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 348.10

Tare Wt. = 15.80
Minus #200 from wash = 22.6%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

445.30 15.80 #200 22.6
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

22.6

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Tested By: SR Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

11/8/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 52.8

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G018 S-34
Sample Number: 8003-40 Depth: 170'-171.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G018 S-34
Depth: 170'-171.5' Sample Number: 8003-40
Date: 11/8/2017
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 334.50

Tare Wt. = 198.30
Minus #200 from wash = 52.8%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

486.70 198.30 #200 52.8
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

52.8

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Tested By: SR Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

11/8/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 61.4

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G018 S-37
Sample Number: 8003-42 Depth: 185'-186.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G018 S-37
Depth: 185'-186.5' Sample Number: 8003-42
Date: 11/8/2017
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 284.80

Tare Wt. = 157.60
Minus #200 from wash = 61.4%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

487.30 157.60 #200 61.4
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

61.4

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/5/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 30.1

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G019 S-12
Sample Number: 7992-7 Depth: 40'-41.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G019 S-12
Depth: 40'-41.5' Sample Number: 7992-7
Date: 10/5/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 185.40

Tare Wt. = 16.40
Minus #200 from wash = 30.1%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

258.10 16.40 #200 30.1
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

30.1

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/5/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 16.3

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G019 S-16
Sample Number: 7992-9 Depth: 60'-61.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G019 S-16
Depth: 60'-61.5' Sample Number: 7992-9
Date: 10/5/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 207.30

Tare Wt. = 16.60
Minus #200 from wash = 16.3%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

244.40 16.60 #200 16.3
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

16.3

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/5/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 35.4

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G019 S-31
Sample Number: 7992-11 Depth: 135'-136.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G019 S-31
Depth: 135'-136.5' Sample Number: 7992-11
Date: 10/5/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 209.00

Tare Wt. = 16.90
Minus #200 from wash = 35.4%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

314.30 16.90 #200 35.4
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

35.4

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/5/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 11.6

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G020 S-13
Sample Number: 7992-20 Depth: 45'-46.5 Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

P
E

R
C

E
N

T 
FI

N
E

R

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
11.6

6 
in

.

3 
in

.

2 
in

.
1½

 in
.

1 
in

.
¾

 in
.

½
 in

.
3/

8 
in

.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Distribution Report

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G020 S-13
Depth: 45'-46.5 Sample Number: 7992-20
Date: 10/5/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 203.00

Tare Wt. = 16.40
Minus #200 from wash = 11.6%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

227.40 16.40 #200 11.6
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

11.6

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/5/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 23.0

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G020 S-35
Sample Number: 7992-24 Depth: 155'-156.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G020 S-35
Depth: 155'-156.5' Sample Number: 7992-24
Date: 10/5/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 406.00

Tare Wt. = 16.10
Minus #200 from wash = 23.0%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

522.60 16.10 #200 23.0
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

23.0

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/5/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 6.5

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G022 S-10
Sample Number: 7992-39 Depth: 35'-36.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G022 S-10
Depth: 35'-36.5' Sample Number: 7992-39
Date: 10/5/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 325.90

Tare Wt. = 15.80
Minus #200 from wash = 6.5%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

347.30 15.80 #200 6.5
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

6.5

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/5/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 14.2

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G022 S-12
Sample Number: 7992-40 Depth: 45'-46.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G022 S-12
Depth: 45'-46.5' Sample Number: 7992-40
Date: 10/5/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 314.60

Tare Wt. = 15.80
Minus #200 from wash = 14.2%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

363.90 15.80 #200 14.2
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

14.2

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/5/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 5.1

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G023 S-9
Sample Number: 7992-44 Depth: 30'-31.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G023 S-9
Depth: 30'-31.5' Sample Number: 7992-44
Date: 10/5/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 325.30

Tare Wt. = 15.80
Minus #200 from wash = 5.1%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

341.90 15.80 #200 5.1
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

5.1

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/21/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 6.1

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G027 S-7
Sample Number: 7995-19 Depth: 20'-21.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

P
E

R
C

E
N

T 
FI

N
E

R

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
6.1

6 
in

.

3 
in

.

2 
in

.
1½

 in
.

1 
in

.
¾

 in
.

½
 in

.
3/

8 
in

.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Distribution Report

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G027 S-7
Depth: 20'-21.5' Sample Number: 7995-19
Date: 10/21/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 208.10

Tare Wt. = 15.70
Minus #200 from wash = 6.1%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

220.50 15.70 #200 6.1
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

6.1

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/27/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 4.3

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G028 S-6
Sample Number: 7995-26 Depth: 25'-26.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G028 S-6
Depth: 25'-26.5' Sample Number: 7995-26
Date: 10/27/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 401.90

Tare Wt. = 15.70
Minus #200 from wash = 4.3%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

419.40 15.70 #200 4.3
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

4.3
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

2/22/2018

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Poorly Graded SAND with Silt
#200 5.3

SP-SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G29 S11
Sample Number: 8023-11 Depth: 50' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

2/22/2018

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 24.1

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G29 S13
Sample Number: 8023-13 Depth: 60' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

2/22/2018

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 24.9

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G29 S15
Sample Number: 8023-14 Depth: 70' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Tested By: GD

Hayre McElroy & Associates, LLC

Redmond, WA

2/22/2018

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Sandy SILT
#200 50.4

ML

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G29 S18
Sample Number: 8023-16 Depth: 85' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

2/22/2018

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

Silty SAND
#200 16.6

SM

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G29 S21
Sample Number: 8023-18 Depth: 100' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G032 S-17
Depth: 70' Sample Number: 8000-11
Date: 11/5/17
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 235.20

Tare Wt. = 15.80
Minus #200 from wash = 19.6%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

288.80 15.80 #200 19.6
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

19.6

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G032 S-29
Depth: 130' Sample Number: 8000-17
Date: 11/5/17
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 198.60

Tare Wt. = 15.80
Minus #200 from wash = 38.4%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

312.40 15.80 #200 38.4
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

38.4

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 17.1

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G33 / S12
Sample Number: 054-78 Depth: 45' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G33 / S12
Depth: 45' Sample Number: 054-78
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 266.50

Tare Wt. = 15.90
Minus #200 from wash = 17.1%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

318.28 15.90 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

17.1

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 27.5

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G33 / S15B
Sample Number: 054-80 Depth: 60' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G33 / S15B
Depth: 60' Sample Number: 054-80
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 170.97

Tare Wt. = 15.86
Minus #200 from wash = 27.5%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

229.66 15.86 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

27.5

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 5.7

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G33 / S17
Sample Number: 054-82 Depth: 70' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)

P
E

R
C

E
N

T 
FI

N
E

R

0

10

20

30

40

50

60

70

80

90

100

GRAIN SIZE - mm.

0.0010.010.1110100

% +3" Coarse
% Gravel

Fine Coarse Medium
% Sand

Fine Silt
% Fines

Clay
5.7

6 
in

.

3 
in

.

2 
in

.
1½

 in
.

1 
in

.
¾

 in
.

½
 in

.
3/

8 
in

.

#4 #1
0

#2
0

#3
0

#4
0

#6
0

#1
00

#1
40

#2
00

Particle Size Distribution Report

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G33 / S17
Depth: 70' Sample Number: 054-82
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 284.11

Tare Wt. = 15.78
Minus #200 from wash = 5.7%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

300.46 15.78 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

5.7

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 16.4

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G33 / S19
Sample Number: 054-84 Depth: 80' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G33 / S19
Depth: 80' Sample Number: 054-84
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 189.65

Tare Wt. = 15.93
Minus #200 from wash = 16.4%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

223.78 15.93 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

16.4

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

12/22/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 30.8

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G33 / S22
Sample Number: 054-86 Depth: 95' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
SIZE FINER PERCENT (X=NO)
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G33 / S22
Depth: 95' Sample Number: 054-86
Date: 12/22/2017
Tested by: GD Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 186.22

Tare Wt. = 16.01
Minus #200 from wash = 30.8%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Cumulative
Pan

Tare Weight
(grams)

Sieve
Opening

Size

Cumulative
Weight

Retained
(grams)

Percent
Finer

261.94 16.01 0.00
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

30.8

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G036 S-2
Depth: 2.5'-4' Sample Number: 8000-28
Date: 11/5/17
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 178.60

Tare Wt. = 15.80
Minus #200 from wash = 32.6%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

257.50 15.80 #200 32.6
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

32.6

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G036 S-4
Depth: 7.5'-9' Sample Number: 8000-29
Date: 11/5/17
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 402.80

Tare Wt. = 15.80
Minus #200 from wash = 4.6%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

421.60 15.80 #200 4.6
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

4.6

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G036 S-8
Depth: 20'-21.5' Sample Number: 8000-30
Date: 11/5/17
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 182.90

Tare Wt. = 15.80
Minus #200 from wash = 6.3%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

194.10 15.80 #200 6.3
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

6.3

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G036 S-13
Depth: 45'-46.5' Sample Number: 8000-33
Date: 11/5/17
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 324.70

Tare Wt. = 15.80
Minus #200 from wash = 5.7%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

343.50 15.80 #200 5.7
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

5.7

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G036 S-15
Depth: 55'-56.5' Sample Number: 8000-34
Date: 11/5/17
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 105.40

Tare Wt. = 15.70
Minus #200 from wash = 1.3%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

106.60 15.70 #200 1.3
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

1.3

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G036A S-4
Depth: 65'-66.5' Sample Number: 8000-38
Date: 11/5/17
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 165.20

Tare Wt. = 15.80
Minus #200 from wash = 0.2%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

165.50 15.80 #200 0.2
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

0.2

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G036A S-8
Depth: 85'-86.5' Sample Number: 8000-40
Date: 11/5/17
Tested by: SR Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 260.30

Tare Wt. = 15.90
Minus #200 from wash = 6.2%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

276.40 15.90 #200 6.2
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

6.2

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/21/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 0.5

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G037 S-12
Sample Number: 7995-77 Depth: 50'-51.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G037 S-12
Depth: 50'-51.5' Sample Number: 7995-77
Date: 10/21/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 370.20

Tare Wt. = 15.80
Minus #200 from wash = 0.5%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

371.90 15.80 #200 0.5
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

0.5

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

10/21/2017

(no specification provided)

PL= LL= PI=

D90= D85= D60=
D50= D30= D15=
D10= Cu= Cc=

USCS= AASHTO=

*

#200 16.3

Golder Associates
ST-DRLE

1657705/17-940

Soil Description

Atterberg Limits

Coefficients

Classification

Remarks

Location: G045 S-29
Sample Number: 7995-133 Depth: 145'-146.5' Date:

Client:
Project:

Project No: Figure

SIEVE PERCENT SPEC.* PASS?
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Hayre McElroy & Associates, LLC

GRAIN SIZE DISTRIBUTION TEST DATA 3/13/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G045 S-29
Depth: 145'-146.5' Sample Number: 7995-133
Date: 10/21/2017
Tested by: BH Checked by: JAM

Sieve Test Data
Post #200 Wash Test Weights (grams):  Dry Sample and Tare = 307.70

Tare Wt. = 16.90
Minus #200 from wash = 16.3%

Dry
Sample

and Tare
(grams)

Tare
(grams)

Sieve
Opening

Size

Weight
Retained
(grams)

Sieve
Weight
(grams)

Percent
Finer

364.50 16.90 #200 16.3
Fractional Components

Cobbles Gravel
Coarse Fine Total

Sand
Coarse Medium Fine Total

Fines
Silt Clay Total

16.3

D10 D15 D20 D30 D50 D60 D80 D85 D90 D95
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

Client:
Project:

Project No.: Figure

Golder Associates
ST-DRLE

1657705/17-940

SYMBOL SOURCE

NATURAL

USCSSAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
NO. CONTENT LIMIT LIMIT INDEX

(%) (%) (%) (%)

SOIL DATA

P
LA

S
TI

C
IT

Y
 IN

D
E

X

0

10

20

30

40

50

60

LIQUID LIMIT
0 10 20 30 40 50 60 70 80 90 100 110

CL-ML

CL o
r O

L

CH or
 O

H

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

LIQUID AND PLASTIC LIMITS TEST REPORT

G018 S-26

120'-121.5'

8003-34 120'-121.5' 35.8 22 44 22 CL
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Hayre McElroy & Associates, LLC

LIQUID AND PLASTIC LIMIT TEST DATA 3/14/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G018 S-26
Depth: 120'-121.5' Sample Number: 8003-34
USCS: CL
Tested by: BH Checked by: JAM

Liquid Limit Data

1
21.14
18.16
11.21

35
42.9

2
23.32
19.56
11.20

21
45.0

3
24.06
20.02
11.21

15
45.9

4 5 6Run No.
Wet+Tare
Dry+Tare

Tare
# Blows

Moisture

M
oi

st
ur

e

42.4

42.8

43.2

43.6

44

44.4

44.8

45.2

45.6

46

46.4

Blows
5 6 7 8 9 10 20 25 30 40

1

2

3

Liquid Limit= 44
Plastic Limit= 22

Plasticity Index= 22
Natural Moisture= 35.8

Liquidity Index= 0.6

Plastic Limit Data

1
21.25
19.45
11.18
21.8

2 3 4Run No.
Wet+Tare
Dry+Tare

Tare
Moisture
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

Client:
Project:

Project No.: Figure

Golder Associates
ST-DRLE

1657705/17-940

SYMBOL SOURCE

NATURAL

USCSSAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
NO. CONTENT LIMIT LIMIT INDEX

(%) (%) (%) (%)

SOIL DATA

P
LA

S
TI

C
IT

Y
 IN

D
E

X

0

10

20

30

40

50

60

LIQUID LIMIT
0 10 20 30 40 50 60 70 80 90 100 110

CL-ML

CL o
r O

L

CH or
 O

H

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

LIQUID AND PLASTIC LIMITS TEST REPORT

G023 S-2 5'-

6.5'

7992-42 5'-6.5' 151.8 NV
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Hayre McElroy & Associates, LLC

LIQUID AND PLASTIC LIMIT TEST DATA 3/12/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G023 S-2
Depth: 5'-6.5' Sample Number: 7992-42
Material Description: 
USCS:
Tested by: BH Checked by: JAM

Liquid Limit Data

1 2 3 4 5 6Run No.
Wet+Tare
Dry+Tare

Tare
# Blows

Moisture

M
oi

st
ur

e

0

4

8

12

16

20

24

28

32

36

40

Blows
5 6 7 8 9 10 20 25 30 40

Liquid Limit= NV
Plastic Limit=

Plasticity Index=
Natural Moisture= 151.8

Natural Moisture Data

Wet+Tare
329.8

Dry+Tare
140.5

Tare
15.8

Moisture
151.8
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

Client:
Project:

Project No.: Figure

Golder Associates
ST-DRLE

1657705/17-940

SYMBOL SOURCE

NATURAL

USCSSAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
NO. CONTENT LIMIT LIMIT INDEX

(%) (%) (%) (%)

SOIL DATA

P
LA

S
TI

C
IT

Y
 IN

D
E

X

0

10

20

30

40

50

60

LIQUID LIMIT
0 10 20 30 40 50 60 70 80 90 100 110

CL-ML

CL o
r O

L

CH or
 O

H

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

LIQUID AND PLASTIC LIMITS TEST REPORT

G024 S-4

7.5'-9'

7995-5 7.5'-9' 50.0 NV
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Hayre McElroy & Associates, LLC

LIQUID AND PLASTIC LIMIT TEST DATA 3/12/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G024 S-4
Depth: 7.5'-9' Sample Number: 7995-5
Material Description: 
USCS: NA
Tested by: BH Checked by: JAM

Liquid Limit Data

1 2 3 4 5 6Run No.
Wet+Tare
Dry+Tare

Tare
# Blows

Moisture

M
oi

st
ur

e

0

4

8

12

16

20

24

28

32

36

40

Blows
5 6 7 8 9 10 20 25 30 40

Liquid Limit= NV
Plastic Limit=

Plasticity Index=
Natural Moisture= 50.0

Natural Moisture Data

Wet+Tare
332.2

Dry+Tare
226.8

Tare
15.8

Moisture
50.0
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

Client:
Project:

Project No.: Figure

Golder Associates
ST-DRLE

1657705/17-940

SYMBOL SOURCE

NATURAL

USCSSAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
NO. CONTENT LIMIT LIMIT INDEX

(%) (%) (%) (%)

SOIL DATA

P
LA

S
TI

C
IT

Y
 IN

D
E

X

0

10

20

30

40

50

60

LIQUID LIMIT
0 10 20 30 40 50 60 70 80 90 100 110

CL-ML

CL o
r O

L

CH or
 O

H

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

LIQUID AND PLASTIC LIMITS TEST REPORT

G024 S5B

10'-11.5'

7995-7 10'-11.5' 161.9 NV

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Hayre McElroy & Associates, LLC

LIQUID AND PLASTIC LIMIT TEST DATA 3/12/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G024 S-5B
Depth: 10'-11.5' Sample Number: 7995-7
Material Description: 
USCS:
Tested by: BH Checked by: JAM

Liquid Limit Data

1 2 3 4 5 6Run No.
Wet+Tare
Dry+Tare

Tare
# Blows

Moisture

M
oi

st
ur

e

0

4

8

12

16

20

24

28

32

36

40

Blows
5 6 7 8 9 10 20 25 30 40

Liquid Limit= NV
Plastic Limit=

Plasticity Index=
Natural Moisture= 161.9

Natural Moisture Data

Wet+Tare
198.0

Dry+Tare
85.3

Tare
15.7

Moisture
161.9
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Tested By: BH Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

Client:
Project:

Project No.: Figure

Golder Associates
ST-DRLE

1657705/17-940

SYMBOL SOURCE

NATURAL

USCSSAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
NO. CONTENT LIMIT LIMIT INDEX

(%) (%) (%) (%)

SOIL DATA

P
LA

S
TI

C
IT

Y
 IN

D
E

X

0

10

20

30

40

50

60

LIQUID LIMIT
0 10 20 30 40 50 60 70 80 90 100 110

CL-ML

CL o
r O

L

CH or
 O

H

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

LIQUID AND PLASTIC LIMITS TEST REPORT

G025 S-4A

15'-16.5'

7995-12 15'-16.5' 215.9 NV
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Hayre McElroy & Associates, LLC

LIQUID AND PLASTIC LIMIT TEST DATA 3/12/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G025 S-4A
Depth: 15'-16.5' Sample Number: 7995-12
Material Description: 
USCS: NA
Tested by: BH Checked by: JAM

Liquid Limit Data

1 2 3 4 5 6Run No.
Wet+Tare
Dry+Tare

Tare
# Blows

Moisture

M
oi

st
ur

e

0

4

8

12

16

20

24

28

32

36

40

Blows
5 6 7 8 9 10 20 25 30 40

Liquid Limit= NV
Plastic Limit=

Plasticity Index=
Natural Moisture= 215.9

Natural Moisture Data

Wet+Tare
260.1

Dry+Tare
93.0

Tare
15.6

Moisture
215.9
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

Client:
Project:

Project No.: Figure

Golder Associates
ST-DRLE

1657705/17-940

SYMBOL SOURCE

NATURAL

USCSSAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
NO. CONTENT LIMIT LIMIT INDEX

(%) (%) (%) (%)

SOIL DATA

P
LA

S
TI

C
IT

Y
 IN

D
E

X

0

10

20

30

40

50

60

LIQUID LIMIT
0 10 20 30 40 50 60 70 80 90 100 110

CL-ML

CL o
r O

L

CH or
 O

H

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

LIQUID AND PLASTIC LIMITS TEST REPORT

G37A S24

108-109.5'

8023-33 108' 21.1 NP NV NP NP
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Tested By: GD Checked By: JAM

Hayre McElroy & Associates, LLC

Redmond, WA

Client:
Project:

Project No.: Figure

Golder Associates
ST-DRLE

1657705/17-940

SYMBOL SOURCE

NATURAL

USCSSAMPLE DEPTH WATER PLASTIC LIQUID PLASTICITY
NO. CONTENT LIMIT LIMIT INDEX

(%) (%) (%) (%)

SOIL DATA

P
LA

S
TI

C
IT

Y
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E

X

0

10

20

30

40

50

60

LIQUID LIMIT
0 10 20 30 40 50 60 70 80 90 100 110

CL-ML

CL o
r O

L

CH or
 O

H

ML or OL MH or OH

Dashed line indicates the approximate
upper limit boundary for natural soils

4

7

LIQUID AND PLASTIC LIMITS TEST REPORT

G045 S-20

85'-86.5'

7995-127 85'-86.5' 30.1 24 52 28 CH
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Hayre McElroy & Associates, LLC

LIQUID AND PLASTIC LIMIT TEST DATA 3/14/2018

Client: Golder Associates
Project: ST-DRLE
Project Number: 1657705/17-940
Location: G045 S-20
Depth: 85'-86.5' Sample Number: 7995-127
Material Description: Fat CLAY
USCS: CH
Tested by: GD Checked by: JAM

Liquid Limit Data

1
20.68
17.40
11.10

25
52.1

2 3 4 5 6Run No.
Wet+Tare
Dry+Tare

Tare
# Blows

Moisture

M
oi

st
ur

e

0

4

8

12

16

20

24

28

32

36

40

Blows
5 6 7 8 9 10 20 25 30 40

1

Liquid Limit= 52
Plastic Limit= 24

Plasticity Index= 28
Natural Moisture= 30.1

Liquidity Index= 0.2

Plastic Limit Data

1
21.21
19.24
11.06
24.1

2 3 4Run No.
Wet+Tare
Dry+Tare

Tare
Moisture
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APPENDIX H

LABORATORY TESTS – SOIL TESTING 
(HWA GEOSCIENCES INC.)
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21312 30th Drive SE 
Suite 110 

Bothell, WA 98021-7010 
Tel: 425.774.0106 
Fax: 425.774.2714 

www.hwageo.com 

Geotechnical & Pavement Engineering Hydrogeology Geoenvironmental Inspection & Testing 

November 13, 2017
HWA Project No. 2012-095-23 T1200

Golder Associates Inc.
18300 Union Hill Road, Suite 200
Redmond, Washington  98052

Attention: Mr. Birkan Bayrak, Ph.D., P.E.

Subject: SOIL LABORATORY TESTING REPORT
Atterberg Limits, Consolidation and Triaxial Strength Testing
Sound Transit Redmond East Link Extension
Golder Project No. 1657705

Dear Mr. Bayrak;

As requested, HWA GeoSciences Inc. (HWA) performed laboratory testing for the above 
referenced project.  Herein we present the results of our laboratory analyses, which are 
summarized on the attached Figures.  The laboratory testing program was performed in general 
accordance with your instructions and appropriate ASTM Standards as outlined below.

SAMPLE DESCRIPTION: The samples were delivered to our laboratory on October 25, 2017 by 
Golder Associates personnel.  The samples were delivered in Shelby tubes designated with 
exploration ID, sample number and depth of sampling. The Shelby tubes were extruded and tests 
were ordered by the client based on photographic information. The samples were classified for 
engineering purposes in general accordance with ASTM D2487.  The sample descriptions appear 
on the attached report Figures.

LIQUID LIMIT, PLASTIC LIMIT, AND PLASTICITY INDEX OF SOILS (ATTERBERG LIMITS): Six 
selected samples were tested using method ASTM D 4318, multi-point method.  The results are 
reported on the attached Liquid Limit, Plastic Limit, and Plasticity Index report, Figure 1.

UNCONSOLIDATED UNDRAINED TRIAXIAL COMPRESSION OF SOILS: The unconsolidated, 
undrained strength of the selected samples were tested in general accordance with method 
ASTM D2850 to determine the strength characteristics of the soil.  Each sample was extruded 
from the sample tube and a representative section was cut from the sample.  The sample ends 
were trimmed to obtain a cylindrical test sample with a length to diameter ratio between 2:1 and 
2.5:1.  The bulk density of the sample was determined by careful weighing and dimensional 
measurement of the trimmed sample. The confining stresses used are indicated on the test plots.  
The results are summarized and plotted graphically on the attached Unconsolidated Undrained 
Triaxial Compression Test for Cohesive Soils reports, Figures 2-7.
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2012-095 T1200
Redmond East Link Extension

Very dark brown, organic SILT (OH)

85.7
32.6
1.038

Figure No.: 2
0.85

Dry Unit Weight (pcf):
Sample Depth: Wet Unit Weight (pcf):

Client: 

G023B

Strain Rate (%\min):

Initial Moisture Content (%):ST-2 (UU-TX1)
Sample Point:
Soil Classification:

0.60
Total Peak Stress (ksf):

Confining Stress (ksf):

HWA GEOSCIENCES INC. Materials Testing Laboratory
Unconsolidated-Undrained Triaxial Compression Test for Cohesive Soils (ASTM D2850)

Golder Associates, Inc.
Project Name: 

Project Number:

5-5.5 feet
163.1Sample Number:
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2012-095 T1200
Redmond East Link Extension

Very dark brown, organic SILT (OH)

77.3
30.0
1.237

Figure No.: 3
0.85

Dry Unit Weight (pcf):
Sample Depth: Wet Unit Weight (pcf):

Client: 

G023B

Strain Rate (%\min):

Initial Moisture Content (%):ST-2 (UU-TX2)
Sample Point:
Soil Classification:

0.71
Total Peak Stress (ksf):

Confining Stress (ksf):

HWA GEOSCIENCES INC. Materials Testing Laboratory
Unconsolidated-Undrained Triaxial Compression Test for Cohesive Soils (ASTM D2850)

Golder Associates, Inc.
Project Name: 

Project Number:

5.5-6.0 feet
157.7Sample Number:
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2012-095 T1200
Redmond East Link Extension

Dark brown, organic SILT (OH)

79.5
40.8
1.313

Figure No.: 4

94.6Sample Number:

Soil Classification:

1.50
Total Peak Stress (ksf):

Confining Stress (ksf):

HWA GEOSCIENCES INC. Materials Testing Laboratory
Unconsolidated-Undrained Triaxial Compression Test for Cohesive Soils (ASTM D2850)

Golder Associates, Inc.
Project Name: 

Project Number:

12.5-13.0 feet

0.85
Dry Unit Weight (pcf):

Sample Depth: Wet Unit Weight (pcf):

Client: 

G024

Strain Rate (%\min):

Initial Moisture Content (%):ST-1 (UU-TX3)
Sample Point:
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2012-095 T1200
Redmond East Link Extension

Dark brown, organic SILT (OH)

79.3
27.4
1.375

Figure No.: 5

ST-1 (UU-TX4)
Sample Point:

HWA GEOSCIENCES INC. Materials Testing Laboratory
Unconsolidated-Undrained Triaxial Compression Test for Cohesive Soils (ASTM D2850)

Golder Associates, Inc.
Project Name: 

Project Number:

12.5-13.0 feetSample Depth: Wet Unit Weight (pcf):

Client: 

G025
189.4Sample Number:

Soil Classification:

1.50
Total Peak Stress (ksf):

Confining Stress (ksf):
0.85

Dry Unit Weight (pcf):
Strain Rate (%\min):

Initial Moisture Content (%):
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2012-095 T1200
Redmond East Link Extension

Very dark brown, organic SILT (OH)

71.0
17.2
1.807

Figure No.: 6

1.60
Total Peak Stress (ksf):

Confining Stress (ksf):
0.85

Dry Unit Weight (pcf):
Strain Rate (%\min):

13.0-13.5 feetSample Depth: Wet Unit Weight (pcf):

Client: 

G025
312.7Sample Number:

Soil Classification:

Initial Moisture Content (%):ST-1 (UU-TX5)
Sample Point:

HWA GEOSCIENCES INC. Materials Testing Laboratory
Unconsolidated-Undrained Triaxial Compression Test for Cohesive Soils (ASTM D2850)

Golder Associates, Inc.
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2012-095 T1200
Redmond East Link Extension

Very dark brown, organic SILT (OH)

70.0
19.6
1.882

Figure No.: 7

Sample Point:

HWA GEOSCIENCES INC. Materials Testing Laboratory
Unconsolidated-Undrained Triaxial Compression Test for Cohesive Soils (ASTM D2850)

Golder Associates, Inc.
Project Name: 

Project Number:

13.5-14.0 feetSample Depth: Wet Unit Weight (pcf):

Client: 

G025
257.7Sample Number:

Soil Classification:

Initial Moisture Content (%):ST-1 (UU-TX6)
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Total Peak Stress (ksf):
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Strain Rate (%\min):

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

2.00

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0

D
ev

ia
to

r S
tr

es
s 

(k
sf

)

Strain (%)

Stress vs. Strain

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



  O
N

E 
D

IM
EN

SI
O

N
AL

  C
O

N
SO

LI
D

AT
IO

N
  A

ST
M

 D
 2

43
5

St
ar

t
Fi

ni
sh

Pr
oj

ec
t N

am
e:

G
ol

de
r-R

ed
m

on
d 

E.
 L

in
k 

Ex
t.

Sa
m

pl
e 

N
um

be
r:

ST
-2

 (C
on

s.
-1

)
M

oi
st

ur
e 

C
on

te
nt

18
7.

6
14

4.
8

%
Pr

oj
ec

t N
um

be
r:

20
12

-0
95

 T
12

00
Sa

m
pl

e 
D

ep
th

:6
.0

-6
.5

Sa
tu

ra
tio

n
96

.9
10

0.
4

%
Bo

re
ho

le
 N

um
be

r:
G

02
3B

Ve
ry

 d
ar

k 
br

ow
n,

 o
rg

an
ic

 S
IL

T 
(O

H
)

D
ry

 D
en

si
ty

24
.0

30
.8

pc
f

FI
G

U
R

E
8

So
il 

D
es

cr
ip

tio
n:

2.
00

2.
20

2.
40

2.
60

2.
80

3.
00

3.
20

3.
40

0.
1

1.
0

10
.0

Void Ratio (e)

St
re

ss
 (k

sf
)

Vo
id

 R
at

io
 v

s.
 S

tr
es

s

2.
00

2.
20

2.
40

2.
60

2.
80

3.
00

3.
20

3.
40 1.

0E
-0

2
1.

0E
-0

1
1.

0E
+0

0

Average Void Ratio (e)

C
oe

ff.
 o

f C
on

so
l.(

in
2 /m

in
ut

e)

Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



  O
N

E 
D

IM
EN

SI
O

N
AL

  C
O

N
SO

LI
D

AT
IO

N
  A

ST
M

 D
 2

43
5

St
ar

t
Fi

ni
sh

Pr
oj

ec
t N

am
e:

G
ol

de
r-R

ed
m

on
d 

E.
 L

in
k 

Ex
t.

Sa
m

pl
e 

N
um

be
r:

ST
-2

 (C
on

s.
-1

)
M

oi
st

ur
e 

C
on

te
nt

18
7.

6
14

4.
8

%
Pr

oj
ec

t N
um

be
r:

20
12

-0
95

 T
12

00
Sa

m
pl

e 
D

ep
th

:6
.0

-6
.5

Sa
tu

ra
tio

n
96

.9
10

0.
4

%
Bo

re
ho

le
 N

um
be

r:
G

02
3B

Ve
ry

 d
ar

k 
br

ow
n,

 o
rg

an
ic

 S
IL

T 
(O

H
)

D
ry

 D
en

si
ty

24
.0

30
.8

pc
f

So
il 

D
es

cr
ip

tio
n:

FI
G

U
R

E
9

0 5 10 15 20 25 30 351.
0E

-0
2

1.
0E

-0
1

1.
0E

+0
0

Strain (%)

C
oe

ff.
 o

f C
on

so
l.(

in
2 /m

in
ut

e)

0 5 10 15 20 25 30 35
0.

1
1.

0
10

.0

Strain  (%)

St
re

ss
 (k

sf
)

St
ra

in
 v

s.
 S

tr
es

s

Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



  O
N

E 
D

IM
EN

SI
O

N
AL

  C
O

N
SO

LI
D

AT
IO

N
  A

ST
M

 D
 2

43
5

St
ar

t
Fi

ni
sh

Pr
oj

ec
t N

am
e:

G
ol

de
r-R

ed
m

on
d 

E.
 L

in
k 

Ex
t.

Sa
m

pl
e 

N
um

be
r:

ST
-1

 (C
on

s.
-2

)
M

oi
st

ur
e 

C
on

te
nt

13
3.

8
13

6.
8

%
Pr

oj
ec

t N
um

be
r:

20
12

-0
95

 T
12

00
Sa

m
pl

e 
D

ep
th

:1
2.

5-
14

.5
Sa

tu
ra

tio
n

90
.9

10
0.

1
%

Bo
re

ho
le

 N
um

be
r:

G
02

4
Ve

ry
 d

ar
k 

br
ow

n,
 o

rg
an

ic
 S

IL
T 

(O
H

)
D

ry
 D

en
si

ty
25

.4
33

.0
pc

f

FI
G

U
R

E
10

So
il 

D
es

cr
ip

tio
n:

2.
30

2.
50

2.
70

2.
90

3.
10

3.
30

3.
50

3.
70

0.
1

1.
0

10
.0

Void Ratio (e)

St
re

ss
 (k

sf
)

Vo
id

 R
at

io
 v

s.
 S

tr
es

s

2.
30

2.
50

2.
70

2.
90

3.
10

3.
30

3.
50

3.
70 1.

0E
-0

3
1.

0E
-0

1
1.

0E
+0

1

Average Void Ratio (e)

C
oe

ff.
 o

f C
on

so
l.(

in
2 /m

in
ut

e)

Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



  O
N

E 
D

IM
EN

SI
O

N
AL

  C
O

N
SO

LI
D

AT
IO

N
  A

ST
M

 D
 2

43
5

St
ar

t
Fi

ni
sh

Pr
oj

ec
t N

am
e:

G
ol

de
r-R

ed
m

on
d 

E.
 L

in
k 

Ex
t.

Sa
m

pl
e 

N
um

be
r:

ST
-1

 (C
on

s.
-2

)
M

oi
st

ur
e 

C
on

te
nt

13
3.

8
13

6.
8

%
Pr

oj
ec

t N
um

be
r:

20
12

-0
95

 T
12

00
Sa

m
pl

e 
D

ep
th

:1
2.

5-
14

.5
Sa

tu
ra

tio
n

90
.9

10
0.

1
%

Bo
re

ho
le

 N
um

be
r:

G
02

4
Ve

ry
 d

ar
k 

br
ow

n,
 o

rg
an

ic
 S

IL
T 

(O
H

)
D

ry
 D

en
si

ty
25

.4
33

.0
pc

f
So

il 
D

es
cr

ip
tio

n:

FI
G

U
R

E
11

0 5 10 15 20 25 301.
0E

-0
3

1.
0E

-0
1

1.
0E

+0
1

Strain (%)

C
oe

ff.
 o

f C
on

so
l.(

in
2 /m

in
ut

e)

0 5 10 15 20 25 30
0.

1
1.

0
10

.0

Strain  (%)

St
re

ss
 (k

sf
)

St
ra

in
 v

s.
 S

tr
es

s

Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



  O
N

E 
D

IM
EN

SI
O

N
AL

  C
O

N
SO

LI
D

AT
IO

N
  A

ST
M

 D
 2

43
5

St
ar

t
Fi

ni
sh

Pr
oj

ec
t N

am
e:

G
ol

de
r-R

ed
m

on
d 

E.
 L

in
k 

Ex
t.

Sa
m

pl
e 

N
um

be
r:

ST
-1

 (C
on

s.
-3

)
M

oi
st

ur
e 

C
on

te
nt

37
9.

1
32

1.
4

%
Pr

oj
ec

t N
um

be
r:

20
12

-0
95

 T
12

00
Sa

m
pl

e 
D

ep
th

:1
4.

0-
14

.5
Sa

tu
ra

tio
n

10
2.

0
98

.5
%

Bo
re

ho
le

 N
um

be
r:

G
02

5
Ve

ry
 d

ar
k 

br
ow

n,
 o

rg
an

ic
 S

IL
T 

(O
H

)
D

ry
 D

en
si

ty
12

.8
14

.6
pc

f

FI
G

U
R

E
12

So
il 

D
es

cr
ip

tio
n:

2.
70

2.
90

3.
10

3.
30

3.
50

3.
70

3.
90

0.
1

1.
0

10
.0

Void Ratio (e)

St
re

ss
 (k

sf
)

Vo
id

 R
at

io
 v

s.
 S

tr
es

s

2.
70

2.
90

3.
10

3.
30

3.
50

3.
70

3.
90 1.

0E
-0

2
1.

0E
-0

1
1.

0E
+0

0
1.

0E
+0

1

Average Void Ratio (e)

C
oe

ff.
 o

f C
on

so
l.(

in
2 /m

in
ut

e)

Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



  O
N

E 
D

IM
EN

SI
O

N
AL

  C
O

N
SO

LI
D

AT
IO

N
  A

ST
M

 D
 2

43
5

St
ar

t
Fi

ni
sh

Pr
oj

ec
t N

am
e:

G
ol

de
r-R

ed
m

on
d 

E.
 L

in
k 

Ex
t.

Sa
m

pl
e 

N
um

be
r:

ST
-1

 (C
on

s.
-3

)
M

oi
st

ur
e 

C
on

te
nt

37
9.

1
32

1.
4

%
Pr

oj
ec

t N
um

be
r:

20
12

-0
95

 T
12

00
Sa

m
pl

e 
D

ep
th

:1
4.

0-
14

.5
Sa

tu
ra

tio
n

10
2.

0
98

.5
%

Bo
re

ho
le

 N
um

be
r:

G
02

5
Ve

ry
 d

ar
k 

br
ow

n,
 o

rg
an

ic
 S

IL
T 

(O
H

)
D

ry
 D

en
si

ty
12

.8
14

.6
pc

f
So

il 
D

es
cr

ip
tio

n:

FI
G

U
R

E
13

0 5 10 15 20 251.
0E

-0
2

1.
0E

-0
1

1.
0E

+0
0

1.
0E

+0
1

Strain (%)

C
oe

ff.
 o

f C
on

so
l.(

in
2 /m

in
ut

e)

0 5 10 15 20 25
0.

1
1.

0
10

.0

Strain  (%)

St
re

ss
 (k

sf
)

St
ra

in
 v

s.
 S

tr
es

s

Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



Ad
de

nd
um

 1
0,

 It
em

 1
5

Vo
lu

m
e 

3 
- I

te
m

 0
6,

 E
nv

iro
nm

en
ta

l D
oc

um
en

ta
tio

n 
- V

3-
06

.0
7.

02
At

ta
ch

m
en

t 1
5



2012-095 T1200
Redmond East Link Extension

Dark gray, lean CLAY (CL)

116.3
84.9
0.767

Figure No.: 6
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Soil Classification:
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Golder Associates, Inc.
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2012-095 T1200
Redmond East Link Extension

Gray, lean CLAY (CL)

110.2
78.8
1.382

Figure No.: 7

Sample Point:

HWA GEOSCIENCES INC. Materials Testing Laboratory
Unconsolidated-Undrained Triaxial Compression Test for Cohesive Soils (ASTM D2850)

Golder Associates, Inc.
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2012-095 T1200
Redmond East Link Extension

Gray, fat CLAY (CH) with sand

125.8
97.7
7.789

Figure No.: 8
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2012-095 T1200
Redmond East Link Extension

Gray, fat CLAY (CH)

117.4
90.9
8.347

Figure No.: 9

Sample Point:

HWA GEOSCIENCES INC. Materials Testing Laboratory
Unconsolidated-Undrained Triaxial Compression Test for Cohesive Soils (ASTM D2850)

Golder Associates, Inc.
Project Name: 

Project Number:

165-167 feetSample Depth: Wet Unit Weight (pcf):

Client: 

G032
29.1Sample Number:

Soil Classification:

Initial Moisture Content (%):ST-37 (UU-TX10)

20.00
Total Peak Stress (ksf):

Confining Stress (ksf):
1.00

Dry Unit Weight (pcf):
Strain Rate (%\min):

0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

9.00

0.0 5.0 10.0 15.0 20.0 25.0

D
ev

ia
to

r S
tr

es
s 

(k
sf

)

Strain (%)

Stress vs. Strain

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



APPENDIX I

LABORATORY TESTS – SOIL TESTING 
(GOLDER ASSOCIATES LTD)
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~100mL of water passed through sample during consolidation. 11897

38408
158877

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 2

DRLE-G018 ST-2
400kPa, 0.12CSR
34.59-34.63
33

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 27, 2018 M. Sanin March 9, 2018

2.70

152.39

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 31.47 Liquid Limit 24

Area (cm2) Fines Fraction (%)

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
92.52

Consolidation 

Max. Axial Strain % 4.44N/AEffective Overburden Pressure (kPa)

0.12

Cyclic Test Results 

Frequency (Hz)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
20.07
16.16

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 24.18

Dry Mass (g) Initial Saturation (%) >100
189.24

169.50

Ratio of Peak / 'v 0.33
3.75% not reached
3.75% not reached

0.00
5.00

N/A

130.69

3.75% not reached Applied Shear Bias (kPa)
Rate of Shearing (%/hr)
Peak Shear Strength (kPa)

Comments / Special InstructionsComments / Special Instructions

3.75% not reached
3.75% not reached

Max. DU at N= n/a  (zero load)
Min. DU at N= n/a  (zero load)

Maximum Shear Strain MAX (%) 20.00

Shear Strength at MAX (kPa) 127.26

Trim from Undisturbed
23.50
70.80
39.37

Post Cyclic Monotonic Test Results

265.23
-1.17

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Initial Shear Stress (kPa)CSR

Axial Strain at end of Consol. % 4.44

Change in Height Hc (mm) 1.04
400.87
400.42

68.53 Plastic Limit 18

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 20.87

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)
Max. Shear Strain at N= n/a  (zero load)
Min. Shear Strain at N= n/a  (zero load)

400.24
48.24

0.10

Excess Pore Pressure at Peak (kPa)
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G018 ST-2
400kPa, 0.12CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

400.42
4.44
N/A
1.04

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

3.45 4.44

Load (kN) 0.101 0.1999 0.3969 0.9874

Axial Strain (%) 0.74 1.43 2.21

Duration (min) 240 240

400
1.5782

240 240 1504

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 9, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

February 27, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G018 ST-2
400kPa, 0.12CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 27, 2018 M. Sanin March 9, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G018 ST-2
400kPa, 0.12CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 27, 2018 M. Sanin March 9, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G018 ST-2
400kPa, 0.12CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 27, 2018 M. Sanin March 9, 2018
TESTED BY DATE CHECKED BY DATE
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G018 ST-2
400kPa, 0.12CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 27, 2018 M. Sanin March 9, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 27, 2018 M. Sanin March 9, 2018

DRLE-G018 ST-2
400kPa, 0.12CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 100mL of water passed through sample during consolidation. 11897

38408
158877

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 2

DRLE-G018 ST-2
400kPa, 0.16CSR
34.59-34.63
33

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 6, 2018 M. Sanin March 9, 2018

2.70

153.08

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 31.47 Liquid Limit 24

Area (cm2) Fines Fraction (%)

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
92.29

Consolidation 

Max. Axial Strain % 3.65N/AEffective Overburden Pressure (kPa)

0.16

Cyclic Test Results 

Frequency (Hz)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
20.17
16.27

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 23.96

Dry Mass (g) Initial Saturation (%) >100
189.76

2.063.04
-2.40

-5.47
22.51

N/A

0.46

18 Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)

Comments / Special InstructionsComments / Special Instructions

360.74
358.70

Max. DU at N=18 (zero load)
Min. DU at N=18 (zero load)

1 Reconsolidation data calculated from the sample height at end of initial 
consolidation

Trim from Undisturbed
23.37
70.91
39.49

Post Cyclic Reconsolidation Test Results 1

14.21
400.34

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR

Axial Strain at end of Consol. % 3.65

Change in Height Hc (mm) 0.85
400.84
400.44

68.53 Plastic Limit 18

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 20.94

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)

Max. Shear Strain at N=18 (zero load)
Min. Shear Strain at N=18 (zero load)

400.57
64.14

0.10

Axial Strain at end of Reconsol. %
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G018 ST-2
400kPa, 0.16CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

400.44
3.65
N/A
0.85

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

2.85 3.65

Load (kN) 0.1012 0.2002 0.3985 0.9911

Axial Strain (%) 0.58 1.12 1.77

Duration (min) 240 240

400
1.583

240 240 1383

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 9, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

March 6, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G018 ST-2
400kPa, 0.16CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 6, 2018 M. Sanin March 9, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G018 ST-2
400kPa, 0.16CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 6, 2018 M. Sanin March 9, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:

Redmond, WA 34.59-34.63

1657705.200.200.3 Sample Number: DRLE-G018 ST-2
Sound Transit Redmond Link Ext 400kPa, 0.16CSR

GAI 33

Stress at end of Reconsolidation (kPa) 400.34
Comments

Reconsolidation data calculated from the sample height at 
end of initial consolidationAxial Strain at end of Reconsolidation  (%) 2.06

Change in Height Hc (mm) 0.46

Load (kN) 1.583

Increment (kPa) 400

Duration (min) 1277
Axial Strain (%) 2.06

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Stress at Start of Reconsolidation (kPa) 14.21

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 6, 2018 M. Sanin March 9, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 6, 2018 M. Sanin March 9, 2018

DRLE-G018 ST-2
400kPa, 0.16CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 300mL of water passed through sample during consolidation. 11897

38408
158877

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 2

DRLE-G018 ST-2
400kPa, 0.18CSR
34.59-34.63
33

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 27, 2018 M. Sanin March 9, 2018

2.70

153.69

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 31.47 Liquid Limit 24

Area (cm2) Fines Fraction (%)

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
92.39

Consolidation 

Max. Axial Strain % 3.71N/AEffective Overburden Pressure (kPa)

0.18

Cyclic Test Results 

Frequency (Hz)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
20.21
16.32

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 23.81

Dry Mass (g) Initial Saturation (%) >100
190.29

2.15
-1.96

N/A

11 Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)

Comments / Special Instructions
Stage control error; no post cyclic data availiable.

Comments / Special Instructions

337.88
335.64

Max. DU at N=11 (zero load)
Min. DU at N=11 (zero load)

1 Reconsolidation data calculated from the sample height at end of initial 
consolidation

Trim from Undisturbed
23.52
70.72
39.28

Post Cyclic Reconsolidation Test Results 1

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR

Axial Strain at end of Consol. % 3.71

Change in Height Hc (mm) 0.87
400.51
400.10

68.53 Plastic Limit 18

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 20.74

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)

Max. Shear Strain at N=11 (zero load)
Min. Shear Strain at N=11 (zero load)

400.05
72.22

0.10

Axial Strain at end of Reconsol. %
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G018 ST-2
400kPa, 0.18CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

400.10
3.71
N/A
0.87

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

2.82 3.71

Load (kN) 0.0996 0.1976 0.3941 0.9836

Axial Strain (%) 0.40 0.95 1.65

Duration (min) 240 240

400
1.5732

240 240 1510

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 9, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

February 27, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G018 ST-2
400kPa, 0.18CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 27, 2018 M. Sanin March 9, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G018 ST-2
400kPa, 0.18CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 27, 2018 M. Sanin March 9, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 27, 2018 M. Sanin March 9, 2018

DRLE-G018 ST-2
400kPa, 0.18CSR
34.59-34.63
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 100mL of water passed through sample during consolidation. 11894

38407
158879

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 3

DRLE-G033 S-28
380kPa, 0.10CSR
35.80-35.84
33

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 3, 2018 M. Sanin March 1, 2018

2.69

154.96

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 26.9 Liquid Limit 24

Area (cm2) Fines Fraction (%)

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
93.08

Consolidation 

Max. Axial Strain % 2.65N/AEffective Overburden Pressure (kPa)

0.10

Cyclic Test Results 

Frequency (Hz)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
20.08
16.33

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 22.97

Dry Mass (g) Initial Saturation (%) >100
190.56

0.203.75% not reached
3.75% not reached

-17.11
23.00

N/A

0.05

3.75% not reached Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)

Comments / Special InstructionsComments / Special Instructions

3.75% not reached
3.75% not reached

Max. DU at N= n/a  (zero load)
Min. DU at N= n/a  (zero load)

1 Reconsolidation data calculated from the sample height at end of initial 
consolidation

Trim from Undisturbed
23.63
70.82
39.39

Post Cyclic Reconsolidation Test Results 1

252.39
380.03

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR

Axial Strain at end of Consol. % 2.65

Change in Height Hc (mm) 0.63
380.29
379.98

73.1 Plastic Limit 16

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 21.08

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)

Max. Shear Strain at N= n/a  (zero load)
Min. Shear Strain at N= n/a  (zero load)

379.17
38.46

0.10

Axial Strain at end of Reconsol. %

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G033 S-28
380kPa, 0.10CSR
35.80-35.84
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

379.98
2.65
N/A
0.63

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

2.00 2.65

Load (kN) 0.0994 0.1983 0.3948 0.9862

Axial Strain (%) 0.34 0.64 1.12

Duration (min) 360 360

380
1.498

360 360 1434

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 1, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

February 3, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G033 S-28
380kPa, 0.10CSR
35.80-35.84
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 3, 2018 M. Sanin March 1, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G033 S-28
380kPa, 0.10CSR
35.80-35.84
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 3, 2018 M. Sanin March 1, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:

35.80-35.84

Sample Number: DRLE-G033 S-28
380kPa, 0.10CSR

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA

33

Stress at end of Reconsolidation (kPa)

Comments
Reconsolidation data calculated from the sample height at end of 
initial consolidationAxial Strain at end of Reconsolidation  (%)

Change in Height Hc (mm) 

GAI

252.39
380.03

0.20
0.05

Load (kN) 1.4982

Increment (kPa) 380

Axial Strain (%) 0.20

Duration (min) 1207

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Stress at Start of Reconsolidation (kPa)

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 3, 2018 M. Sanin March 1, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 3, 2018 M. Sanin March 1, 2018

DRLE-G033 S-28
380kPa, 0.10CSR
35.80-35.84
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)

Max. Shear Strain at N= n/a  (zero load)
Min. Shear Strain at N= n/a  (zero load)

381.18
49.61

0.10

Axial Strain at end of Reconsol. %

Trim from Undisturbed
23.60
70.89
39.47

Post Cyclic Reconsolidation Test Results 1

89.23
380.60

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR

Axial Strain at end of Consol. % 3.14

Change in Height Hc (mm) 0.74
381.01
380.47

73.1 Plastic Limit 16

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 20.32

Comments / Special InstructionsComments / Special Instructions

3.75% not reached
3.75% not reached

Max. DU at N= n/a  (zero load)
Min. DU at N= n/a  (zero load)

1 Reconsolidation data calculated from the sample height at end of initial 
consolidation

0.743.75% not reached
3.75% not reached

8.69
22.86

N/A

0.17

3.75% not reached Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
20.04
16.37

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 22.40

Dry Mass (g) Initial Saturation (%) 99.00
190.31

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
93.15

Consolidation 

Max. Axial Strain % 3.15N/AEffective Overburden Pressure (kPa)

0.13

Cyclic Test Results 

Frequency (Hz)

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 3, 2018 M. Sanin March 1, 2018

2.69

155.48

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 26.9 Liquid Limit 24

Area (cm2) Fines Fraction (%)

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 100mL of water passed through sample during consolidation. 11897

38408
158877

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 2

DRLE-G033 S-28
380kPa, 0.13CSR
35.76-35.80
33

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 1, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

February 3, 2018

360 360 1415

380
1.5038

2.52 3.15

Load (kN) 0.1023 0.2004 0.3977 0.9904

Axial Strain (%) 0.62 1.09 1.63

Duration (min) 360 360

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

380.47
3.14
N/A
0.74

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G033 S-28
380kPa, 0.13CSR
35.76-35.80
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 3, 2018 M. Sanin March 1, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G033 S-28
380kPa, 0.13CSR
35.76-35.80
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 3, 2018 M. Sanin March 1, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G033 S-28
380kPa, 0.13CSR
35.76-35.80
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Stress at Start of Reconsolidation (kPa)

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 3, 2018 M. Sanin March 1, 2018

Duration (min) 1235
Axial Strain (%) 0.74

Load (kN) 1.5031

Increment (kPa) 380

33

Stress at end of Reconsolidation (kPa)

Comments
Reconsolidation data calculated from the sample height at end of 
initial consolidationAxial Strain at end of Reconsolidation  (%)

Change in Height Hc (mm) 

GAI

89.23
380.60

0.74
0.17

35.76-35.80

Sample Number: DRLE-G033 S-28
380kPa, 0.13CSR

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 3, 2018 M. Sanin March 1, 2018

DRLE-G033 S-28
380kPa, 0.13CSR
35.76-35.80
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)

Max. Shear Strain at N=197 (zero load)
Min. Shear Strain at N=197 (zero load)

380.39
61.10

0.10

Axial Strain at end of Reconsol. %

Trim from Undisturbed
23.32
70.72
39.28

Post Cyclic Reconsolidation Test Results 1

20.62
380.55

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR

Axial Strain at end of Consol. % 2.83

Change in Height Hc (mm) 0.66
381.03
380.90

73.1 Plastic Limit 16

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 19.35

Comments / Special InstructionsComments / Special Instructions

342.40
340.76

Max. DU at N=197 (zero load)
Min. DU at N=197 (zero load)

1 Reconsolidation data calculated from the sample height at end of initial 
consolidation

2.152.16
-1.84

7.26
22.66

N/A

0.48

197 Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
20.21
16.47

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 22.66

Dry Mass (g) Initial Saturation (%) >100
188.68

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
91.60

Consolidation 

Max. Axial Strain % 2.83N/AEffective Overburden Pressure (kPa)

0.16

Cyclic Test Results 

Frequency (Hz)

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 6, 2018 M. Sanin March 1, 2018

2.69

153.82

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 26.9 Liquid Limit 24

Area (cm2) Fines Fraction (%)

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 100mL of water passed through sample during consolidation. 11897

38408
158877

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 2

DRLE-G033 S-28
380kPa, 0.16CSR
35.72-35.76
33
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 1, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

February 6, 2018

360 360 1427

380
1.4967

2.22 2.83

Load (kN) 0.101 0.1997 0.3964 0.9856

Axial Strain (%) 0.43 0.76 1.29

Duration (min) 360 360

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

380.90
2.83
N/A
0.66

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G033 S-28
380kPa, 0.16CSR
35.72-35.76
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 6, 2018 M. Sanin March 1, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G033 S-28
380kPa, 0.16CSR
35.72-35.76
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 6, 2018 M. Sanin March 1, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G033 S-28
380kPa, 0.16CSR
35.72-35.76
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

-6.0

-4.0

-2.0

0.0

2.0

4.0

6.0

0 50 100 150 200 250

Sh
ea

r S
tr

ai
n 

(%
)

Number of Cycles (N)

N = 1

N = 203

3.75%, N = 197

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

0 50 100 150 200 250

Po
re

 P
re

ss
ur

e 
Ra

tio

Number of Cycles (N)

N = 1

N = 203

3.75%, N = 197

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:

Axial Strain (%) 2.15

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 6, 2018 M. Sanin March 1, 2018

Increment (kPa) 380

Duration (min) 1400

Load (kN) 1.4964

Redmond, WA 35.72-35.76

Stress at end of Reconsolidation (kPa)

Axial Strain at end of Reconsolidation  (%)

Change in Height Hc (mm) 

GAI 33

20.62 Comments
380.55 Reconsolidation data calculated from the sample height at end of 

initial consolidation

Stress at Start of Reconsolidation (kPa)

2.15
0.48

1657705.200.200.3 Sample Number: DRLE-G033 S-28
Sound Transit Redmond Link Extension 380kPa, 0.16CSR
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 6, 2018 M. Sanin March 1, 2018

DRLE-G033 S-28
380kPa, 0.16CSR
35.72-35.76
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)

Max. Shear Strain at N=29 (zero load)
Min. Shear Strain at N=29 (zero load)

381.54
72.61

0.10

Axial Strain at end of Reconsol. %

Trim from Undisturbed
23.44
70.84
39.41

Post Cyclic Reconsolidation Test Results 1

26.26
380.55

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR

Axial Strain at end of Consol. % 3.11

Change in Height Hc (mm) 0.73
380.96
380.43

73.1 Plastic Limit 16

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 19.91

Comments / Special InstructionsComments / Special Instructions

331.21
328.38

Max. DU at N=29 (zero load)
Min. DU at N=29 (zero load)

1 Reconsolidation data calculated from the sample height at end of initial 
consolidation

2.172.37
-2.13

9.54
22.71

N/A

0.49

29 Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
20.01
16.26

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 23.06

Dry Mass (g) Initial Saturation (%) 99.99
188.41

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
92.39

Consolidation 

Max. Axial Strain % 3.12N/AEffective Overburden Pressure (kPa)

0.19

Cyclic Test Results 

Frequency (Hz)

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 15, 2018 M. Sanin March 1, 2018

2.69

153.11

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 26.9 Liquid Limit 24

Area (cm2) Fines Fraction (%)

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 100mL of water passed through sample during consolidation. 11897

38408
158877

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 2

DRLE-G033 S-28
380kPa, 0.19CSR
35.84-35.88
33
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 1, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

February 15, 2018

360 360 1328

380
1.5015

2.32 3.12

Load (kN) 0.1012 0.2004 0.3975 0.9885

Axial Strain (%) 0.32 0.66 1.27

Duration (min) 360 360

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

380.43
3.11
N/A
0.73

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G033 S-28
380kPa, 0.19CSR
35.84-35.88
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 15, 2018 M. Sanin March 1, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G033 S-28
380kPa, 0.19CSR
35.84-35.88
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 15, 2018 M. Sanin March 1, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G033 S-28
380kPa, 0.19CSR
35.84-35.88
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:

Axial Strain (%) 2.17

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 15, 2018 M. Sanin March 1, 2018

Increment (kPa) 380

Duration (min) 2545

Load (kN) 1.5015

Redmond, WA 35.84-35.88

Stress at end of Reconsolidation (kPa)

Axial Strain at end of Reconsolidation  (%)

Change in Height Hc (mm) 

GAI 33

26.26 Comments
380.55 Reconsolidation data calculated from the sample height at end of 

initial consolidation

Stress at Start of Reconsolidation (kPa)

2.17
0.49

1657705.200.200.3 Sample Number: DRLE-G033 S-28
Sound Transit Redmond Link Extension 380kPa, 0.19CSR
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 15, 2018 M. Sanin March 1, 2018

DRLE-G033 S-28
380kPa, 0.19CSR
35.84-35.88
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)

Max. Shear Strain at N=15 (zero load)
Min. Shear Strain at N=15 (zero load)

380.07
83.70

0.10

Axial Strain at end of Reconsol. %

Trim from Undisturbed
23.30
70.85
39.42

Post Cyclic Reconsolidation Test Results 1

30.46
380.07

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR

Axial Strain at end of Consol. % 2.91

Change in Height Hc (mm) 0.68
380.37
380.01

73.1 Plastic Limit 16

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 20.00

Comments / Special InstructionsComments / Special Instructions

314.98
314.75

Max. DU at N=15 (zero load)
Min. DU at N=15 (zero load)

1 Reconsolidation data calculated from the sample height at end of initial 
consolidation

2.022.13
-2.02

12.00
22.62

N/A

0.45

15 Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
20.13
16.29

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 23.53

Dry Mass (g) Initial Saturation (%) >100
188.47

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
91.86

Consolidation 

Max. Axial Strain % 2.92N/AEffective Overburden Pressure (kPa)

0.22

Cyclic Test Results 

Frequency (Hz)

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 15, 2018 M. Sanin March 1, 2018

2.69

152.57

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 26.9 Liquid Limit 24

Area (cm2) Fines Fraction (%)

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 200mL of water passed through sample during consolidation. 11894

38407
158879

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 3

DRLE-G033 S-28
380kPa, 0.22CSR
35.88-35.92
33
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 1, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

February 15, 2018

360 360 1343

380
1.4996

2.19 2.92

Load (kN) 0.0992 0.1983 0.3957 0.9871

Axial Strain (%) 0.35 0.70 1.25

Duration (min) 360 360

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

380.01
2.91
N/A
0.68

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G033 S-28
380kPa, 0.22CSR
35.88-35.92
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 15, 2018 M. Sanin March 1, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G033 S-28
380kPa, 0.22CSR
35.88-35.92
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 15, 2018 M. Sanin March 1, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G033 S-28
380kPa, 0.22CSR
35.88-35.92
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:

380.07 Reconsolidation data calculated from the sample height at end of 
initial consolidation2.02

0.45

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Stress at Start of Reconsolidation (kPa)

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 15, 2018 M. Sanin March 1, 2018

Duration (min) 2516
Axial Strain (%) 2.02

Axial Strain at end of Reconsolidation  (%)

Change in Height Hc (mm) 

1657705.200.200.3 Sample Number:

Load (kN) 1.4996

Increment (kPa) 380

GAI

30.46 Comments

DRLE-G033 S-28
Sound Transit Redmond Link Extension 380kPa, 0.22CSR
Redmond, WA

Stress at end of Reconsolidation (kPa)

35.88-35.92
33
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 15, 2018 M. Sanin March 1, 2018

DRLE-G033 S-28
380kPa, 0.22CSR
35.88-35.92
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Direct Simple Shear Testing of Soils Under
Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Peak Shear Strength (kPa)

Location: Redmond, WA Depth (m): 35.80-35.84
Client: GAI Lab ID No: 33

Project No.: 1657705.200.200.3 Sample Number: DRLE-G033 S-28
Project: Sound Transit Redmond Link Extension Test ID: 380kPa, Monotonic

Sample Properties

Preparation Method Trim from Undisturbed Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm) 23.36

General Remarks Equipment Description: GDS - Station 3
~ 25mL of water passed through sample during consolidation. 11894

38407
158879

Area (cm2) 39.51 Fines Fraction (%) 73.1 Plastic Limit 16
Diameter (mm) 70.93 Sand Fraction (%) 26.9 Liquid Limit 24

Volume (cm3) 92.30 Shear Strength est. (kPa) N/A

Specific Gravity (Measured) 2.69 Sensitivity N/A

Weight Volume Relationships 

Initial Wet Mass (g) 180.64 Initial Water Content (%) 15.62

Dry Mass (g) 156.24 Initial Saturation (%) 71.64

Max Applied Vertical Stress (kPa) 380.88 Axial Strain at end of Consol. % 3.52

Vertical Stress at end of Consol (kPa) 380.47 Change in Height Hc (mm)

Initial wet (kN/m3) 19.20 Final Water Content (%) 19.72

Initial dry (kN/m3) 16.60 Final Saturation (%) 100.00

Consolidation 

Effective Overburden Pressure (kPa) N/A Max. Axial Strain % 3.52

0.82

Initial Shear Stress (kPa) 0.05

Applied Shear Bias (kPa) 0.00

Maximum Shear Strain MAX (%) 19.98

Shear Strength at MAX (kPa) 127.65

Initial Vertical Stress (kPa) 380.52

Direct Simple Shear Test Results

134.43

Laboratory OCR N/A

Excess Pore Pressure at Peak (kPa) 153.77

Comments / Special Instructions

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 22, 2018 M. Sanin March 9, 2018

Ratio of Peak / 'v 0.35

Rate of Shearing (%/hr) 5.00

Test Condition Undrained

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 9, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

February 22, 2018

240 240 1971

380
1.505

2.75 3.52

Load (kN) 0.101 0.2004 0.3982 0.9913

Axial Strain (%) 0.24 0.69 1.49

Duration (min) 240 240

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

380.47
3.52
N/A
0.82

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G033 S-28
380kPa, Monotonic
35.80-35.84
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

0.00
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90

0 500 1000 1500 2000 2500 3000 3500

Ax
ia

l D
is

pl
ac

em
en

t (
m

m
)

Time (min)

0

50

100

150

200

250

300

350

400
0 500 1000 1500 2000 2500 3000 3500

N
or

m
al

  S
tr

es
s (

kP
a)

Time (min)

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton February 22, 2018 M. Sanin March 9, 2018
TESTED BY DATE CHECKED BY DATE

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G033 S-28
380kPa, Monotonic
35.80-35.84
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton February 22, 2018 M. Sanin March 9, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G033 S-28
380kPa, Monotonic
35.80-35.84
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 50mL of water passed through sample during consolidation. 11897

38408
158877

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 2

DRLE-G037 ST-1
320kPa, 0.12CSR
36.19-36.23
33

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 14, 2018 M. Sanin March 28, 2018

2.73

155.04

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 18.09 Liquid Limit 30

Area (cm2) Fines Fraction (%)

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
92.88

Consolidation 

Max. Axial Strain % 3.56N/AEffective Overburden Pressure (kPa)

0.12

Cyclic Test Results 

Frequency (Hz)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
20.18
16.37

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 23.26

Dry Mass (g) Initial Saturation (%) >100
191.1

143.57

Ratio of Peak / 'v 0.30
3.75% not reached
3.75% not reached

0.00
4.96

N/A

97.26

3.75% not reached Applied Shear Bias (kPa)
Rate of Shearing (%/hr)
Peak Shear Strength (kPa)

Comments / Special InstructionsComments / Special Instructions

3.75% not reached
3.75% not reached

Max. DU at N= n/a  (zero load)
Min. DU at N= n/a  (zero load)

Maximum Shear Strain MAX (%) 19.99

Shear Strength at MAX (kPa) 96.12

Trim from Undisturbed
23.52
70.91
39.49

Post Cyclic Monotonic Test Results

246.15
-1.85

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Initial Shear Stress (kPa)CSR

Axial Strain at end of Consol. % 3.56

Change in Height Hc (mm) 0.84
320.90
320.50

81.91 Plastic Limit 15

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 21.04

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)
Max. Shear Strain at N= n/a  (zero load)
Min. Shear Strain at N= n/a  (zero load)

321.99
38.64

0.10

Excess Pore Pressure at Peak (kPa)
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G037 ST-1
320kPa, 0.12CSR
36.19-36.23
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

320.50
3.56
N/A
0.84

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

2.89 3.56

Load (kN) 0.1012 0.2006 0.398 0.9904

Axial Strain (%) 0.34 0.76 1.43

Duration (min) 240 240

320
1.2673

240 240 1608

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 28, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

March 14, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G037 ST-1
320kPa, 0.12CSR
36.19-36.23
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 14, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G037 ST-1
320kPa, 0.12CSR
36.19-36.23
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 14, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G037 ST-1
320kPa, 0.12CSR
36.19-36.23
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 14, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G037 ST-1
320kPa, 0.12CSR
36.19-36.23
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 14, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 14, 2018 M. Sanin March 28, 2018

DRLE-G037 ST-1
320kPa, 0.12CSR
36.19-36.23
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)
Max. Shear Strain at N= n/a  (zero load)
Min. Shear Strain at N= n/a  (zero load)

320.02
51.25

0.10

Excess Pore Pressure at Peak (kPa)

Trim from Undisturbed
23.47
70.91
39.49

Post Cyclic Monotonic Test Results

212.98
-3.34

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Initial Shear Stress (kPa)CSR

Axial Strain at end of Consol. % 2.92

Change in Height Hc (mm) 0.69
320.50
319.97

81.91 Plastic Limit 15

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 22.19

Comments / Special InstructionsComments / Special Instructions

3.75% not reached
3.75% not reached

Max. DU at N= n/a  (zero load)
Min. DU at N= n/a  (zero load)

Maximum Shear Strain MAX (%) 20.00

Shear Strength at MAX (kPa) 112.18

111.42

Ratio of Peak / 'v 0.36
3.75% not reached
3.75% not reached

0.00
5.00

N/A

115.82

3.75% not reached Applied Shear Bias (kPa)
Rate of Shearing (%/hr)
Peak Shear Strength (kPa)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
20.06
16.16

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 24.10

Dry Mass (g) Initial Saturation (%) >100
189.5

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
92.69

Consolidation 

Max. Axial Strain % 2.92N/AEffective Overburden Pressure (kPa)

0.16

Cyclic Test Results 

Frequency (Hz)

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 14, 2018 M. Sanin March 28, 2018

2.73

152.7

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 18.09 Liquid Limit 30

Area (cm2) Fines Fraction (%)

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 50mL of water passed through sample during consolidation. 11894

38407
158879

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 3

DRLE-G037 ST-1
320kPa, 0.16CSR
36.23-36.27
33
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 28, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

March 14, 2018

240 240 1634

320
1.2657

2.40 2.92

Load (kN) 0.1001 0.1983 0.3964 0.9889

Axial Strain (%) 0.23 0.72 1.32

Duration (min) 240 240

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

319.97
2.92
N/A
0.69

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G037 ST-1
320kPa, 0.16CSR
36.23-36.27
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 14, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G037 ST-1
320kPa, 0.16CSR
36.23-36.27
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 14, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G037 ST-1
320kPa, 0.16CSR
36.23-36.27
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 14, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G037 ST-1
320kPa, 0.16CSR
36.23-36.27
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 14, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G037 ST-1
320kPa, 0.16CSR
36.23-36.27
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 14, 2018 M. Sanin March 28, 2018

DRLE-G037 ST-1
320kPa, 0.16CSR
36.23-36.27
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 50mL of water passed through sample during consolidation. 11894

38407
158879

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 3

DRLE-G037 ST-1
320kPa, 0.20CSR
36.15-36.19
33

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 19, 2018 M. Sanin March 28, 2018

2.73

141.47

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 18.09 Liquid Limit 30

Area (cm2) Fines Fraction (%)

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
92.06

Consolidation 

Max. Axial Strain % 3.96N/AEffective Overburden Pressure (kPa)

0.20

Cyclic Test Results 

Frequency (Hz)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
19.45
15.08

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 29.00

Dry Mass (g) Initial Saturation (%) >100
182.5

145.49

Ratio of Peak / 'v 0.29
3.75% not reached
3.75% not reached

0.00
5.00

N/A

91.64

3.75% not reached Applied Shear Bias (kPa)
Rate of Shearing (%/hr)
Peak Shear Strength (kPa)

Comments / Special InstructionsComments / Special Instructions

3.75% not reached
3.75% not reached

Max. DU at N= n/a  (zero load)
Min. DU at N= n/a  (zero load)

Maximum Shear Strain MAX (%) 19.99

Shear Strength at MAX (kPa) 85.86

Trim from Undisturbed
23.35
70.85
39.42

Post Cyclic Monotonic Test Results

163.98
-4.67

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Initial Shear Stress (kPa)CSR

Axial Strain at end of Consol. % 3.96

Change in Height Hc (mm) 0.93
320.79
320.38

81.91 Plastic Limit 15

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 25.75

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)
Max. Shear Strain at N= n/a  (zero load)
Min. Shear Strain at N= n/a  (zero load)

320.69
64.20

0.10

Excess Pore Pressure at Peak (kPa)
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G037 ST-1
320kPa, 0.20CSR
36.15-36.19
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

320.38
3.96
N/A
0.93

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

3.24 3.96

Load (kN) 0.1015 0.2004 0.3976 0.9888

Axial Strain (%) 0.35 0.91 1.82

Duration (min) 240 240

320
1.2647

240 240 1767

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 28, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

March 19, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G037 ST-1
320kPa, 0.20CSR
36.15-36.19
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 19, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G037 ST-1
320kPa, 0.20CSR
36.15-36.19
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 19, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G037 ST-1
320kPa, 0.20CSR
36.15-36.19
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 19, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G037 ST-1
320kPa, 0.20CSR
36.15-36.19
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 19, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 19, 2018 M. Sanin March 28, 2018

DRLE-G037 ST-1
320kPa, 0.20CSR
36.15-36.19
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)

Max. Shear Strain at N=11 (zero load)
Min. Shear Strain at N=11 (zero load)

320.10
79.92

0.10

Axial Strain at end of Reconsol. %

Trim from Undisturbed
23.42
70.85
39.42

Post Cyclic Reconsolidation Test Results 1

51.57
319.88

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR

Axial Strain at end of Consol. % 3.93

Change in Height Hc (mm) 0.92
320.41
320.05

81.91 Plastic Limit 15

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 22.34

Comments / Special InstructionsComments / Special Instructions

233.91
231.68

Max. DU at N=11 (zero load)
Min. DU at N=11 (zero load)

1 Reconsolidation data calculated from the sample height at end of initial 
consolidation

1.822.55
-1.46

14.28
22.50

N/A

0.41

11 Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
19.75
15.66

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 26.09

Dry Mass (g) Initial Saturation (%) >100
185.89

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
92.33

Consolidation 

Max. Axial Strain % 3.93N/AEffective Overburden Pressure (kPa)

0.25

Cyclic Test Results 

Frequency (Hz)

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 17, 2018 M. Sanin March 28, 2018

2.73

147.43

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) 18.09 Liquid Limit 30

Area (cm2) Fines Fraction (%)

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 50mL of water passed through sample during consolidation. 11894

38407
158879

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 3

DRLE-G037 ST-1
320kPa, 0.25CSR
36.31-36.35
33
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 28, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

March 17, 2018

240 240 1541

320
1.2632

3.20 3.93

Load (kN) 0.0994 0.1978 0.3952 0.9873

Axial Strain (%) 0.37 0.96 1.75

Duration (min) 240 240

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

320.05
3.93
N/A
0.92

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G037 ST-1
320kPa, 0.25CSR
36.31-36.35
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 17, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G037 ST-1
320kPa, 0.25CSR
36.31-36.35
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

-0.30

-0.20

-0.10

0.00

0.10

0.20

0.30

-8 -6 -4 -2 0 2 4 6 8

CS
R 

Shear Strain (%)

N = 1
N = 14
3.75%, N = 11

-100

-80

-60

-40

-20

0

20

40

60

80

100

0 50 100 150 200 250 300 350

Sh
ea

r S
tr

es
s (

kP
a)

Effective Vertical Stress (kPa)

N = 1
N = 14
3.75%, N = 11

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 17, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

DRLE-G037 ST-1
320kPa, 0.25CSR
36.31-36.35
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:

319.88 Reconsolidation data calculated from the sample height at end of 
initial consolidation1.82

0.41

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Stress at Start of Reconsolidation (kPa)

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 17, 2018 M. Sanin March 28, 2018

Duration (min) 1383
Axial Strain (%) 1.82

Axial Strain at end of Reconsolidation  (%)

Change in Height Hc (mm) 

1657705.200.200.3 Sample Number:

Load (kN) 1.2632

Increment (kPa) 320

GAI

51.57 Comments

DRLE-G037 ST-1
Sound Transit Redmond Link Extension 320kPa, 0.25CSR
Redmond, WA

Stress at end of Reconsolidation (kPa)

36.31-36.35
33
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 17, 2018 M. Sanin March 28, 2018

DRLE-G037 ST-1
320kPa, 0.25CSR
36.31-36.35
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 50mL of water passed through sample during consolidation. 11897

38408
158877

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 2

DRLE-G045 ST-3
415kPa, 0.20CSR
43.09-43.13
33

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 24, 2018 M. Sanin March 28, 2018

2.76

142.34

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) N/A Liquid Limit 37

Area (cm2) Fines Fraction (%)

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
91.60

Consolidation 

Max. Axial Strain % 5.62N/AEffective Overburden Pressure (kPa)

0.20

Cyclic Test Results 

Frequency (Hz)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
19.47
15.24

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 27.70

Dry Mass (g) Initial Saturation (%) 98.91
181.77

2.151.92
-2.14

23.17
22.01

N/A

0.47

24 Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)

Comments / Special InstructionsComments / Special Instructions

319.56
312.40

Max. DU at N=24 (zero load)
Min. DU at N=24 (zero load)

1 Reconsolidation data calculated from the sample height at end of initial 
consolidation

Trim from Undisturbed
23.32
70.72
39.28

Post Cyclic Reconsolidation Test Results 1

63.03
415.43

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR

Axial Strain at end of Consol. % 5.62

Change in Height Hc (mm) 1.31
415.78
415.32

N/A Plastic Limit 20

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 23.09

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)

Max. Shear Strain at N=24 (zero load)
Min. Shear Strain at N=24 (zero load)

416.37
83.04

0.10

Axial Strain at end of Reconsol. %

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G045 ST-3
415kPa, 0.20CSR
43.09-43.13
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

415.32
5.62
N/A
1.31

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

4.19 5.62

Load (kN) 0.1015 0.1995 0.3953 0.9854

Axial Strain (%) 0.50 1.23 2.33

Duration (min) 240 240

415
1.6332

240 240 1694

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 28, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

March 24, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G045 ST-3
415kPa, 0.20CSR
43.09-43.13
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 24, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G045 ST-3
415kPa, 0.20CSR
43.09-43.13
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 24, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:

Sound Transit Redmond Link Extension 415kPa, 0.20CSR
Redmond, WA

Stress at end of Reconsolidation (kPa)

43.09-43.13
33

Axial Strain at end of Reconsolidation  (%)

Change in Height Hc (mm) 

1657705.200.200.3 Sample Number:

Load (kN) 1.6339

Increment (kPa) 415

GAI

63.03 Comments

DRLE-G045 ST-3

1374
Axial Strain (%) 2.15

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Stress at Start of Reconsolidation (kPa)

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 24, 2018 M. Sanin March 28, 2018

Duration (min)

415.43 Reconsolidation data calculated from the sample height at end of 
initial consolidation2.15

0.47
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 24, 2018 M. Sanin March 28, 2018

DRLE-G045 ST-3
415kPa, 0.20CSR
43.09-43.13
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001

Vertical LVDT Serial No.:
Vertical Load Cell Serial No.:
Shear Load Cell Serial No.:

Lab ID No:
Depth (m):
Test ID:
Sample Number:

General Remarks
~ 50mL of water passed through sample during consolidation. 11894

38407
158879

Project No.:
Project:
Location:
Client:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Equipment Description: GDS - Station 3

DRLE-G045 ST-3
415kPa, 0.25CSR
43.13-43.17
33

Sample Properties

Preparation Method

TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 24, 2018 M. Sanin March 28, 2018

2.76

138.97

Laboratory OCR

Visual Description SILTY CLAY; some sand; grey, w>PL, firm.

Height (mm)
Diameter (mm) Sand Fraction (%) N/A Liquid Limit 37

Area (cm2) Fines Fraction (%)

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Volume (cm3) Shear Strength est. (kPa) N/A

Specific Gravity (Measured) Sensitivity N/A
91.41

Consolidation 

Max. Axial Strain % 5.34N/AEffective Overburden Pressure (kPa)

0.25

Cyclic Test Results 

Frequency (Hz)

Initial Dry Unit Weight (kN/m3) Final Saturation (%) 100.00
19.38
14.91

Weight Volume Relationships 

Initial Wet Mass (g) Initial Water Content (%) 29.93

Dry Mass (g) Initial Saturation (%) >100
180.57

1.862.27
-1.47

25.56
22.16

N/A

0.41

10 Initial Shear Stress (kPa)
Height at beginning of Reconsol (mm)
Change in Height Hc (mm)

Comments / Special InstructionsComments / Special Instructions

277.54
274.15

Max. DU at N=10 (zero load)
Min. DU at N=10 (zero load)

1 Reconsolidation data calculated from the sample height at end of initial 
consolidation

Trim from Undisturbed
23.41
70.51
39.05

Post Cyclic Reconsolidation Test Results 1

88.46
415.11

Max Applied Vertical Stress (kPa)
Vertical Stress at end of Consol (kPa)

Initial Vertical Stress (kPa)
Max. Applied Vertical Stress (kPa)CSR

Axial Strain at end of Consol. % 5.34

Change in Height Hc (mm) 1.25
415.55
415.11

N/A Plastic Limit 20

Initial Wet Unit Weight (kN/m3) Final Water Content (%) 24.76

Cycles to 3.75% Shear Strain
Initial Vertical Stress (kPa)
Max Abs. Cyclic Shear Stress (kPa)

Max. Shear Strain at N=10 (zero load)
Min. Shear Strain at N=10 (zero load)

414.83
103.69

0.10

Axial Strain at end of Reconsol. %

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Consolidation Summary

Redmond, WA
GAI

1657705.200.200.3
Sound Transit Redmond Link Extension

DRLE-G045 ST-3
415kPa, 0.25CSR
43.13-43.17
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

Increment (kPa) 25

Stress at end of Consolidation (kPa)

Axial Strain at end of Consolidation  (%)

OCR

Change in Height Hc (mm) 

415.11
5.34
N/A
1.25

Comments
Volumetric strains during consolidation may not be 
comparable to those measured in an oedometer test due to 
seating of the platens and possible lateral sample 
deformation during loading.

50 100 250

3.89 5.34

Load (kN) 0.0982 0.1965 0.3913 0.9774

Axial Strain (%) 0.39 0.99 2.06

Duration (min) 240 240

415
1.6226

240 240 1706

DATE 

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 28, 2018
TESTED BY DATE

M. Sanin
CHECKED BY

March 24, 2018
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G045 ST-3
415kPa, 0.25CSR
43.13-43.17
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 24, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

DRLE-G045 ST-3
415kPa, 0.25CSR
43.13-43.17
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
Sound Transit Redmond Link Extension
Redmond, WA
GAI

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

G. Patton March 24, 2018 M. Sanin March 28, 2018
TESTED BY DATE CHECKED BY DATE

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project: Test ID:
Location: Depth (m):
Client: Lab ID No:

Sound Transit Redmond Link Extension 415kPa, 0.25CSR
Redmond, WA

Stress at end of Reconsolidation (kPa)

43.13-43.17
33

Axial Strain at end of Reconsolidation  (%)

Change in Height Hc (mm) 

1657705.200.200.3 Sample Number:

Load (kN) 1.6216

Increment (kPa) 415

GAI

88.46 Comments

DRLE-G045 ST-3

1343
Axial Strain (%) 1.86

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

Stress at Start of Reconsolidation (kPa)

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 24, 2018 M. Sanin March 28, 2018

Duration (min)

415.11 Reconsolidation data calculated from the sample height at end of 
initial consolidation1.86

0.41
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Cyclic Direct Simple Shear Testing of Soils Under
 Consolidated Constant-Volume Conditions

NORSOK G-001
Project No.:
Project:
Location:
Client:

Sound Transit Redmond Link Extension
Redmond, WA
GAI

Tel: 604-412-6899 Fax: 604-412-6816 www.golder.com

TESTED BY DATE CHECKED BY DATE

Golder Associates Ltd.
300, 3811 North Fraser Way, Burnaby, British Columbia, Canada V5J 5J2

The test data given herein pertain to the sample provided only. This report constitutes a testing service only.

G. Patton March 24, 2018 M. Sanin March 28, 2018

DRLE-G045 ST-3
415kPa, 0.25CSR
43.13-43.17
33

Sample Number:
Test ID:
Depth (m):
Lab ID No:

1657705.200.200.3
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Project No.:
Project: Sample Number:
Location: Depth (m):
Client: Lab ID No:

TESTED BY DATE CHECKED BY DATE

DC March 6, 2018 LP

Mass of Tare  (g) 183.61 183.06

March 13,2018

Corrected Specific Gravity to 20°C G20ºC

Bulk G (SSD) GSSD

Apparent

Specific Gravity of Coarse Fraction  (ASTM C 127-12)

2.71 2.69

Mass of Flask + Water (g) M w,t 339.76 339.96

Tare Number 12D 13D

Mass of Tare + Dry Soil (g) 221.16 220.76

Flask Number C D

Specific Gravity at Test Temperature

Air Removal Method M p Hot Plate Hot Plate 

Mass of Flask (g) 90.23 90.43

363.45 363.64

Mass of Oven Dry Soil (g) MS 37.55 37.7

Temperature Coefficient K 1.00 1.00
Gt

Trial 1 Trial 2

Specific Gravity of Soil Solids By Water Pycnometer Reference
ASTM D854 -14

1657705 Phase 200 Borehole: DRLE-G018
Sound Transit Redmond Link Extension ST-2

Redmond, WA 34.59 - 34.67

G
Absorption (%)

Excluded Material 
Description

No excluded material

GAI 33

19.1 18.9

Mass of Flask + Dry Soil (g) 127.85 128.18

Mass of Flask + Soil + Water (g) M ws,t

Specific Gravity of Fine Fraction Method B - Oven Dried Samples

% Passing 4.75mm

Test Temperature (°C) Tt

Visual Description: 100.00

A

Bulk G (Oven Dry) GOD

Specific Gravity at 20ºC G20ºC 2.71 2.69

COMBINED SPECIFIC GRAVITY Gavg @20ºC

AVERAGE SPECIFIC GRAVITY OF TRIALS 2.70

Mass of Sample @ SSD (g)
Mass of Oven Dry Sample (g)

Percentage Retained on 4.75mm
Mass of Sample in Water (g)

Golder Associates Ltd. - Burnaby Lab
#300 - 3811 North Fraser Way
Burnaby, B.C. Canada V5J 5J2

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Client:
Project:
Location:
Project No.:

Specific Gravity of Coarse Fraction  (ASTM C 127-12)
Percentage Retained on 4.75mm
Mass of Sample in Water (g)

Bulk G (Oven Dry) 

DC February 6, 2018 LH September 2, 2018
TESTED BY DATE CHECKED BY DATE

GOD

Specific Gravity at Test Temperature Gt 2.69 2.69

Specific Gravity at 20ºC G20ºC 2.69 2.69

AVERAGE SPECIFIC GRAVITY OF TRIALS 2.69

Mass of Tare  (g) 181.19 182.18

Mass of Oven Dry Soil (g) MS 39.26 39.43

Temperature Coefficient K 1.00 1.00

Mass of Flask + Water (g) M w,t 338.68 340.27

Tare Number 6D 7D

Mass of Tare + Dry Soil (g) 220.45 221.61

Mass of Flask + Dry Soil (g) 128.53 130.27

Mass of Flask + Soil + Water (g) M ws,t 363.36 365.02

Test Temperature (°C) Tt 21.1 21.1

Lab ID No: 331657705 Phase: 200 Task: 200.3

Specific Gravity of Fine Fraction Method B - Oven Dried Samples
Trial 1 Trial 2

Visual Description: % Passing 4.75mm 100.00
Golder Classification

Excluded Material 
Description

No excluded material

SPECIFIC GRAVITY OF SOIL SOLIDS BY WATER PYCNOMETER Reference(s)
ASTM D854 -14

Borehole: DRLE-G033GAI 

Sample Number: S-28

Depth  (ft): 34 - 42

Sound Transit Redmond Link Extension 

Redmond, WA

Flask Number H I

Air Removal Method M p Hot Plate Hot Plate 

Mass of Flask (g) 89.34 91

Bulk G (SSD) GSSD

Mass of Sample @ SSD (g)
Mass of Oven Dry Sample (g)

Corrected Specific Gravity to 20°C G20ºC

COMBINED SPECIFIC GRAVITY Gavg @20ºC

Apparent G
Absorption (%) A

Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2

Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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Client:
Project:
Location:
Project No.:

Corrected Specific Gravity to 20°C G20ºC

COMBINED SPECIFIC GRAVITY Gavg @20ºC

Apparent G
Absorption (%) A

Bulk G (SSD) GSSD

Mass of Sample @ SSD (g)
Mass of Oven Dry Sample (g)

Flask Number C D

Air Removal Method M p Hot Plate Hot Plate 

Mass of Flask (g) 90.27 90.44

SPECIFIC GRAVITY OF SOIL SOLIDS BY WATER PYCNOMETER Reference(s)
ASTM D854 -14

Borehole: DRLE-G044GAI

Sample Number: ST-1

Depth  (m): 32.11 - 32.14

Sound Transit Redmond Link Extension

Redmond, WA

Lab ID No: 331657705 Phase: 200 Task: 200.3

Specific Gravity of Fine Fraction Method B - Oven Dried Samples
Trial 1 Trial 2

Visual Description: % Passing 4.75mm 100.00
Golder Classification

Excluded Material 
Description

No excluded material

Mass of Flask + Dry Soil (g) 130.35 130.35

Mass of Flask + Soil + Water (g) M ws,t 364.98 365.09

Test Temperature (°C) Tt 20.2 20.2

Mass of Flask + Water (g) M w,t 339.72 339.92

Tare Number 3D VN

Mass of Tare + Dry Soil (g) 224.21 223.80

Mass of Tare  (g) 184.39 184.20

Mass of Oven Dry Soil (g) MS 39.82 39.60

Temperature Coefficient K 1.00 1.00

Specific Gravity at Test Temperature Gt 2.73 2.74

Specific Gravity at 20ºC G20ºC 2.73 2.74

AVERAGE SPECIFIC GRAVITY OF TRIALS 2.74

Specific Gravity of Coarse Fraction  (ASTM C 127-12)
Percentage Retained on 4.75mm
Mass of Sample in Water (g)

Bulk G (Oven Dry) 

SJ February 15, 2018 LH February 23, 2018
TESTED BY DATE CHECKED BY DATE

GOD

Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2

Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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Client:
Project:
Location:
Project No.:

Corrected Specific Gravity to 20°C G20ºC

COMBINED SPECIFIC GRAVITY Gavg @20ºC

Apparent G
Absorption (%) A

Bulk G (SSD) GSSD

Mass of Sample @ SSD (g)
Mass of Oven Dry Sample (g)

Flask Number E F

Air Removal Method M p Hot Plate Hot Plate 

Mass of Flask (g) 90.50 90.28

SPECIFIC GRAVITY OF SOIL SOLIDS BY WATER PYCNOMETER Reference(s)
ASTM D854 -14

Borehole: DRLE-G045GAI

Sample Number: ST-1

Depth  (m): 27.64 - 27.68

Sound Transit Redmond Link Extension

Redmond, WA

Lab ID No: 331657705 Phase: 200 Task: 200.3

Specific Gravity of Fine Fraction Method B - Oven Dried Samples
Trial 1 Trial 2

Visual Description: % Passing 4.75mm 100.00
Golder Classification

Excluded Material 
Description

No excluded material

Mass of Flask + Dry Soil (g) 130.30 130.4

Mass of Flask + Soil + Water (g) M ws,t 364.95 365

Test Temperature (°C) Tt 20.3 20.3

Mass of Flask + Water (g) M w,t 339.66 339.60

Tare Number KC1 DC

Mass of Tare + Dry Soil (g) 224.93 224.90

Mass of Tare  (g) 185.38 185.00

Mass of Oven Dry Soil (g) MS 39.55 39.90

Temperature Coefficient K 1.00 1.00

Specific Gravity at Test Temperature Gt 2.77 2.75

Specific Gravity at 20ºC G20ºC 2.77 2.75

AVERAGE SPECIFIC GRAVITY OF TRIALS 2.76

Specific Gravity of Coarse Fraction  (ASTM C 127-12)
Percentage Retained on 4.75mm
Mass of Sample in Water (g)

Bulk G (Oven Dry) 

SJ February 15, 2018 LH February 23, 2018
TESTED BY DATE CHECKED BY DATE

GOD

Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2

Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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Client:
Project:
Location:
Project No.:

Specific Gravity of Coarse Fraction  (ASTM C 127-12)
Percentage Retained on 4.75mm
Mass of Sample in Water (g)

Bulk G (Oven Dry) 

SJ March 27, 2018 LH April 26, 2018
TESTED BY DATE CHECKED BY DATE

GOD

Specific Gravity at Test Temperature Gt 2.75 2.78

Specific Gravity at 20ºC G20ºC 2.75 2.77

AVERAGE SPECIFIC GRAVITY OF TRIALS 2.76

Mass of Tare  (g) 182.1 180.66

Mass of Oven Dry Soil (g) MS 57.50 57.34

Temperature Coefficient K 1.00 1.00

Mass of Flask + Water (g) M w,t 339.61 339.75

Tare Number 1D 3D

Mass of Tare + Dry Soil (g) 239.6 238.00

Mass of Flask + Dry Soil (g) 147.79 147.87

Mass of Flask + Soil + Water (g) M ws,t 376.22 376.43

Test Temperature (°C) Tt 23.3 23.2

Lab ID No: 331657705 Phase: 200 Task: 200.3

Specific Gravity of Fine Fraction Method B - Oven Dried Samples
Trial 1 Trial 2

Visual Description: % Passing 4.75mm 100.00
Golder Classification

Excluded Material 
Description

No excluded material

SPECIFIC GRAVITY OF SOIL SOLIDS BY WATER PYCNOMETER Reference(s)
ASTM D854 -14

Borehole: DRLE-G045GAI

Sample Number: ST-3

Depth  (m): 42.97 - 42.99

Sound Transit Redmond Link Extension

Redmond, WA

Flask Number C D

Air Removal Method M p Vacuum Vacuum

Mass of Flask (g) 90.21 90.45

Bulk G (SSD) GSSD

Mass of Sample @ SSD (g)
Mass of Oven Dry Sample (g)

Corrected Specific Gravity to 20°C G20ºC

COMBINED SPECIFIC GRAVITY Gavg @20ºC

Apparent G
Absorption (%) A

Golder Associates Ltd
#300 - 3811 North Fraser Way Burnaby, British Columbia Canada V5J 5J2

Tel: (604) 412 6899 Fax: (604) 412 6812  www.golder.com

Golder Associates: Operations in Africa, Asia, Australasia, Europe, North America and South America
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Golder Associates Ltd -Burnaby Laboratory

#300-3811 North Fraser Way

Burnaby ,B.C. Canada V5J 5J2

Borehole:

Sample: ST-1

Depth (m):

Lab ID No: 33

Visual Description: CLAY, some silt, trace sand, W > PL, grey, stiff

Sample Type:

Other Remarks:

Confining Pressure: 715 kPa

Machine:

Height (cm): Load Cell:

Diameter (cm): Axial DCDT:

Area (cm2): Cell Pressure:

Volume (cm3): Feed Rate (%/min):

Wet Weight (g):

 wet (kN/m3):

 dry  (kN/m3):

Water content, w (%):

Saturation (%):

Void ratio, e:

Specific Gravity (assumed):

q MAX ( 1 total - 3 total) at failure (kPa):

Strain, f:

1 total  (kPa):

3 total (kPa):

Unconsolidated Undrained Triaxial Compression Test on Cohesive Soils
Reference

ASTM D2850
GAI

Sound Transit Redmond Link Extension

Client:

Project:

1073.95

17.76

12.49

42.1

Equipment

PS5-156

LP-946

Sample Data

15.06

7.08

39.39

1.00593

Initial Sample Characteristics

Location:

Project No.:

DRLE-G018

Redmond, WA

Intact

1657705.200.200.3

35.81

715

891

176.4

7.04

TESTED BY DATE CHECKED BY DATE

April 27, 2018TM April 26, 2018 MS

Strength Results

Truepath Load Frame - Stn. 5

691946

Atterberg Limit Results

Plastic Limits
Plastic Index
Classification

Liquid Limits 57

27

30

CH

102

1.12

2.70
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Golder Associates Ltd -Burnaby Laboratory

#300-3811 North Fraser Way

Burnaby ,B.C. Canada V5J 5J2

GAI Borehole: DRLE-G018

Sound Transit Redmond Link Extension Sample: ST-1

Depth (m):

Lab ID No: 33

Unconsolidated Undrained Triaxial Compression Test on Cohesive Soils
Reference

ASTM D2850

TESTED BY DATE CHECKED BY DATE

TM April 26, 2018 MS April 27, 2018

1657705.200.200.3Project No.:

Client:

Project:

35.81Location: Redmond, WA
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Golder Associates Ltd -Burnaby Laboratory

#300-3811 North Fraser Way

Burnaby ,B.C. Canada V5J 5J2

Borehole:

Sample: S-25

Depth (m):

Lab ID No: 33

Visual Description: SANDY SILT, some clay, W > PL, grey, very stiff

Sample Type:

Other Remarks: Sand lenses throughout the sample

Confining Pressure: 625 kPa

Machine:

Height (cm): Load Cell:

Diameter (cm): Axial DCDT:

Area (cm2): Cell Pressure:

Volume (cm3): Feed Rate (%/min):

Wet Weight (g):

 wet  (kN/m3):

 dry  (kN/m3):

Water content, w (%):

Saturation (%):

Void ratio, e:

Specific Gravity (assumed):

q MAX ( 1 total - 3 total) at failure (kPa):

Strain, f:

1 total  (kPa):

3 total (kPa):

Unconsolidated Undrained Triaxial Compression Test on Cohesive Soils
Reference

ASTM D2850
GAI

Sound Transit Redmond Link Extension

Client:

Project:

1150.09

18.15

13.56

33.8

Equipment

PS-3322

LP-174

Sample Data

15.65

7.11

39.70

1.00621

Initial Sample Characteristics

Location:

Project No.:

DRLE-G033

Redmond, WA

Intact

1657705.200.200.3

32.46

624

956

332.6

5.01

TESTED BY DATE CHECKED BY DATE

April 23, 2018TM April 17, 2018 DL

Strength Results

Truepath Load Frame - Stn. 5

205857

Atterberg Limit Results

Plastic Limits
Plastic Index
Classification

Liquid Limits

92

1.02

2.80

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Golder Associates Ltd -Burnaby Laboratory

#300-3811 North Fraser Way

Burnaby ,B.C. Canada V5J 5J2

GAI Borehole: DRLE-G033

Sound Transit Redmond Link Extension Sample: S-25

Depth (m):

Lab ID No: 33

32.46Location: Redmond, WA

Unconsolidated Undrained Triaxial Compression Test on Cohesive Soils
Reference

ASTM D2850

TESTED BY DATE CHECKED BY DATE

TM April 17, 2018 DL April 23, 2018

1657705.200.200.3Project No.:

Client:

Project:
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Golder Associates Ltd -Burnaby Laboratory

#300-3811 North Fraser Way

Burnaby ,B.C. Canada V5J 5J2

Borehole:

Sample: ST-2

Depth (m):

Lab ID No: 33

Visual Description: SILTY CLAY, W>PL, grey, stiff

Sample Type:

Other Remarks:

Confining Pressure: 660 kPa

Machine:

Height (cm): Load Cell:

Diameter (cm): Axial DCDT:

Area (cm2): Cell Pressure:

Volume (cm3): Feed Rate (%/min):

Wet Weight (g):

 wet  (kN/m3):

 dry  (kN/m3):

Water content, w (%):

Saturation (%):

Void ratio, e:

Specific Gravity (assumed):

q MAX ( 1 total - 3 total) at failure (kPa):

Strain, f:

1 total  (kPa):

3 total (kPa):

Strength Results

Truepath Load Frame - Stn. 5

205857

Atterberg Limit Results

Plastic Limits
Plastic Index
Classification

Liquid Limits 51

22

29

CH

100

1.08

2.80

TESTED BY DATE CHECKED BY DATE

April 23, 2018TM April 17, 2018 DL

659

797

147.2

4.17

Location:

Project No.:

DRLE-G037

Redmond, WA

Intact

1657705.200.200.3

34.14

1172.63

18.28

13.21

38.4

Equipment

PS-3322

LP-174

Sample Data

15.35

7.22

40.98

1.00629

Initial Sample Characteristics

Unconsolidated Undrained Triaxial Compression Test on Cohesive Soils
Reference

ASTM D2850
GAI

Sound Transit Redmond Link Extension

Client:

Project:

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
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Golder Associates Ltd -Burnaby Laboratory

#300-3811 North Fraser Way

Burnaby ,B.C. Canada V5J 5J2

GAI Borehole: DRLE-G037

Sound Transit Redmond Link Extension Sample: ST-2

Depth (m):

Lab ID No: 331657705.200.200.3Project No.:

Client:

Project:

TESTED BY DATE CHECKED BY DATE

TM April 17, 2018 DL April 23, 2018

34.14Location: Redmond, WA

Unconsolidated Undrained Triaxial Compression Test on Cohesive Soils
Reference

ASTM D2850
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Golder Associates Ltd -Burnaby Laboratory

#300-3811 North Fraser Way

Burnaby ,B.C. Canada V5J 5J2

Borehole:

Sample: ST-2

Depth (m):

Lab ID No: 33

Visual Description: SILTY CLAY, trace sand, W~PL, grey, very stiff

Sample Type:

Other Remarks:

Confining Pressure: 820 kPa

Machine:

Height (cm): Load Cell:

Diameter (cm): Axial DCDT:

Area (cm2): Cell Pressure:

Volume (cm3): Feed Rate (%/min):

Wet Weight (g):

 wet  (kN/m3):

 dry  (kN/m3):

Water content, w (%):

Saturation (%):

Void ratio, e:

Specific Gravity (assumed):

q MAX ( 1 total - 3 total) at failure (kPa):

Strain, f:

1 total  (kPa):

3 total (kPa):

Strength Results

Truepath Load Frame - Stn. 5

205857

Atterberg Limit Results

Plastic Limits
Plastic Index
Classification

Liquid Limits 47

22

25

CI

97

0.96

2.80

TESTED BY DATE CHECKED BY DATE

April 23, 2018TM April 17, 2018 DL

821

1063

241.9

5.75

Location:

Project No.:

DRLE-G044

Redmond, WA

Intact

1657705.200.200.3

40.08

1127.24

18.67

14.00

33.4

Equipment

PS-3322

LP-174

Sample Data

14.93

7.10

39.64

1.00592

Initial Sample Characteristics

Unconsolidated Undrained Triaxial Compression Test on Cohesive Soils
Reference

ASTM D2850
GAI

Sound Transit Redmond Link Extension

Client:

Project:
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Golder Associates Ltd -Burnaby Laboratory

#300-3811 North Fraser Way

Burnaby ,B.C. Canada V5J 5J2

GAI Borehole: DRLE-G044

Sound Transit Redmond Link Extension Sample: ST-2

Depth (m):

Lab ID No: 331657705.200.200.3Project No.:

Client:

Project:

TESTED BY DATE CHECKED BY DATE

TM April 17, 2018 DL April 23, 2018

40.08Location: Redmond, WA

Unconsolidated Undrained Triaxial Compression Test on Cohesive Soils
Reference

ASTM D2850
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Golder Associates Ltd. - Burnaby Laboratory 

Unit 300 - 3811 North Fraser Way

Burnaby, B.C. Canada V5J 5J2

Project No. : Client  : Borehole: DRLE-G033
Sch No. Project : Sample:
Lab Work: Location: Depth(m): 35.51

Advanced to 15kPa due to swelling.

Reference(s)One-Dimensional Consolidation Properties of Soils 

1657705.200.200.3
33
TM

ASTM D 2435/D 2435M-11
GAI
Sound Transit Redmond Link Extension
Redmond, WA

S-28

April 10, 2018 April 26, 2018
TESTED BY DATE CHECKED BY DATE

TM MS
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Golder Associates Ltd. - Burnaby Laboratory 

Unit 300 - 3811 North Fraser Way

Burnaby, B.C. Canada V5J 5J2

Project No. : Client  : Borehole: DRLE-G033
Sch No. Project : Sample:
Lab Work: Location: Depth(m): 35.51

Machine: Initial Final Initial Final
Mach No. Height (mm) = 22.15 20.64 139.13 139.36

Ring No. Diameter (mm) = 63.36 63.36 118.26 118.26

Drainage: Area (cm2) = 31.53 31.53 w (%) = 17.65 17.84

Volume (cm3) = 69.82 65.06 e    = 0.588 0.480

wet (kg/m3) = 1993 2142

dry (kg/m3) = 1694 1818

ASTM Method: Gs = 2.69 Measured S (%) = 81 100

Method for Cv : Hs (mm) = 13.94

  Havg :

Time Increment: Liquid Limit:

Plastic Limit:

N/A Plasticity Index:

Soil Classification:

t 90

(min)

1 12 0.08 22.08 0.30 8.14 0.584

2 24 0.08 22.08 0.31 8.13 0.583 18 0.58 11.04 0.14 1.2E-01 1.6E-07

3 48 0.14 22.01 0.63 8.06 0.578 36 0.58 11.02 0.14 1.3E-01 1.6E-06

4 96 0.17 21.91 1.06 7.97 0.571 72 0.57 10.98 0.14 1.2E-01 1.1E-06

5 192 0.20 21.82 1.50 7.87 0.564 144 0.57 10.93 0.14 1.2E-01 5.4E-07

6 383 0.25 21.66 2.19 7.72 0.554 287 0.56 10.87 0.14 1.2E-01 4.3E-07

7 575 0.14 21.60 2.49 7.65 0.549 479 0.55 10.81 0.14 1.1E-01 1.8E-07

8 862 0.19 21.49 2.99 7.54 0.541 718 0.54 10.77 0.14 1.2E-01 2.1E-07

9 1293 0.21 21.36 3.55 7.42 0.532 1077 0.54 10.71 0.14 1.1E-01 1.5E-07

Comments: Void Ratio Vs. Stress computed for end of primary consolidation. 

Final height measured after unloading.

Description: SILTY CLAY; some sand, dark grey, moist, very dense.

April 26, 2018
TESTED BY DATE CHECKED BY DATE

Load #

TM April 10, 2018

 e
(H-Hs)/Hs

MS

One-Dimensional Consolidation Properties of Soils 
Reference(s)

ASTM D 2435/D 2435M-11
GAI
Sound Transit Redmond Link Extension

1657705.200.200.3
33
TM

S-28

Half the specimen height

Stress avg     
(kPa)

H        
(mm)

600 min

Stress 
(kPa)

Corrected  
d f            

(mm)

H-Hs           

(mm)

Dry Wt (g) =

Double-sided

Atterberg Limits

24

Cv       
(cm2/sec)

Havg        

(mm)
k         

(cm/sec)

8

Sigma-1

7 Wet Wt (g) =

16

 B - Constant Time Increment @ EOP

Taylor

eavg

Redmond, WA

CL

Remarks Sample Properties

Equipment

M

Phase Relationships

Estimated Preconsolidation Stress:

Specimen Geometry
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Golder Associates Ltd. - Burnaby Laboratory 

Unit 300 - 3811 North Fraser Way

Burnaby, B.C. Canada V5J 5J2

Project No. : Client  : Borehole: DRLE-G045
Sch No. Project : Sample:
Lab Work: Location: Depth(m): 42.67

Advanced to 15kPa due to swelling.

Reference(s)One-Dimensional Consolidation Properties of Soils 

1657705.200.200.3
33
TM

ASTM D 2435/D 2435M-11
GAI
Sound Transit Redmond Link Extension
Redmond, WA

ST-3

April 9, 2018 April 26, 2018
TESTED BY DATE CHECKED BY DATE

TM MS
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Golder Associates Ltd. - Burnaby Laboratory 

Unit 300 - 3811 North Fraser Way

Burnaby, B.C. Canada V5J 5J2

Project No. : Client  : Borehole: DRLE-G045
Sch No. Project : Sample:
Lab Work: Location: Depth(m): 42.67

Machine: Initial Final Initial Final
Mach No. Height (mm) = 21.85 20.40 133.00 133.90

Ring No. Diameter (mm) = 63.42 63.42 108.93 108.93

Drainage: Area (cm2) = 31.59 31.59 w (%) = 22.10 22.92

Volume (cm3) = 69.02 64.43 e    = 0.749 0.632

wet (kg/m3) = 1927 2078

dry (kg/m3) = 1578 1691

ASTM Method: Gs = 2.76 Measured S (%) = 81 100

Method for Cv : Hs (mm) = 12.49

  Havg :

Time Increment: Liquid Limit:

Plastic Limit:

N/A Plasticity Index:

Soil Classification:

t 90

(min)

1 5 0.01 21.91 0.01 9.41 0.753

2 12 0.21 21.79 0.52 9.30 0.744 8 0.75 10.92 0.28 6.1E-02 4.2E-06

3 24 0.14 21.72 0.83 9.23 0.739 18 0.74 10.88 0.34 4.9E-02 1.3E-06

4 48 0.17 21.64 1.22 9.14 0.732 36 0.74 10.84 0.27 6.1E-02 9.9E-07

5 96 0.16 21.55 1.61 9.06 0.725 72 0.73 10.80 0.29 5.8E-02 4.7E-07

6 192 0.19 21.48 1.96 8.98 0.719 144 0.72 10.76 0.34 4.9E-02 1.7E-07

7 383 0.26 21.35 2.56 8.85 0.708 287 0.71 10.71 0.35 4.6E-02 1.4E-07

8 575 0.16 21.26 2.95 8.77 0.702 479 0.71 10.65 0.59 2.7E-02 5.6E-08

9 862 0.19 21.19 3.29 8.69 0.696 718 0.70 10.61 0.34 4.7E-02 5.6E-08

10 1293 0.25 21.02 4.06 8.52 0.682 1077 0.69 10.55 0.57 2.8E-02 5.0E-08

Comments: Void Ratio Vs. Stress computed for end of primary consolidation. 

Final height taken from last LVDT reading. 

Description: SILTY CLAY; some sand, dark grey, moist, very dense.

April 26, 2018
TESTED BY DATE CHECKED BY DATE

Load #

TM April 9, 2018

 e
(H-Hs)/Hs

MS

One-Dimensional Consolidation Properties of Soils 
Reference(s)

ASTM D 2435/D 2435M-11
GAI
Sound Transit Redmond Link Extension

1657705.200.200.3
33
TM

ST-3

Half the specimen height

Stress avg     
(kPa)

H        
(mm)

600 min

Stress 
(kPa)

Corrected  
d f            

(mm)

H-Hs           

(mm)

Dry Wt (g) =

Double-sided

Atterberg Limits

37

Cv       
(cm2/sec)

Havg        

(mm)
k         

(cm/sec)

15

Sigma-1

6 Wet Wt (g) =

20

 B - Constant Time Increment @ EOP

Taylor

eavg

Redmond, WA

CI

Remarks Sample Properties

Equipment

Stn1

Phase Relationships

Estimated Preconsolidation Stress:

Specimen Geometry
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APPENDIX J

LABORATORY TESTS - RADIOGRAPHIC 
EXAMINATION (ACUREN GROUP INC.)
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APPENDIX K

LABORATORY TESTS – SOIL RESISTIVITY 
AND CORROSIVITY TESTING 
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

 
14648 NE 95th Street, Redmond, WA  98052 • (425) 883-3881 
 
 
 
 
May 10, 2018 
 
 
 
 
 
Jim McElroy 
Hayre McElroy & Associates, LLC  
9644 153rd Ave NE, Suite B8 
Redmond, WA 98052 
 
 
Re: Analytical Data for Project DRLE 
 Laboratory Reference No. 1805-014 
 
 
Dear Jim: 
 
Enclosed are the analytical results and associated quality control data for samples submitted on May 2, 2018. 
 
The standard policy of OnSite Environmental, Inc. is to store your samples for 30 days from the date of receipt.  If you 
require longer storage, please contact the laboratory. 
 
We appreciate the opportunity to be of service to you on this project.  If you have any questions concerning the data, 
or need additional information, please feel free to call me. 
 
Sincerely, 

 
 
David Baumeister 
Project Manager 
 
 
 
Enclosures 
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: May 10, 2018  
Samples Submitted: May 2, 2018  
Laboratory Reference: 1805-014  
Project: DRLE  
 

 
Case Narrative 

 
Samples were collected on May 2, 2018 and received by the laboratory on May 2, 2018.  They were maintained at 
the laboratory at a temperature of 2oC to 6oC.    
 
Please note that any and all soil sample results are reported on a dry-weight basis, unless otherwise noted below. 
 
General QA/QC issues associated with the analytical data enclosed in this laboratory report will be indicated with a 
reference to a comment or explanation on the Data Qualifier page.  More complex and involved QA/QC issues will be 
discussed in detail below. 
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: May 10, 2018  
Samples Submitted: May 2, 2018  
Laboratory Reference: 1805-014  
Project: DRLE  
 

CHLORIDE 
SM 4500-Cl E 

 
Matrix: Soil       
Units: mg/Kg       
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
Client ID: G013 S507 12.5-21-5'     
Laboratory ID: 05-014-01           
Chloride ND 24 SM 4500-Cl E 5-3-18 5-3-18   
        
        
Client ID: G013 S1 2.5-4.0'     
Laboratory ID: 05-014-02           
Chloride ND 22 SM 4500-Cl E 5-3-18 5-3-18   
        
        
Client ID: G014 S2-7 5'-21.5'     
Laboratory ID: 05-014-03           
Chloride ND 24 SM 4500-Cl E 5-3-18 5-3-18   
        
        
Client ID: G028 S1-4 7.5'-16.5'     
Laboratory ID: 05-014-04           
Chloride ND 21 SM 4500-Cl E 5-3-18 5-3-18   
        
        
Client ID: G029 S1 5-6.5'     
Laboratory ID: 05-014-05           
Chloride ND 22 SM 4500-Cl E 5-3-18 5-3-18   
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: May 10, 2018  
Samples Submitted: May 2, 2018  
Laboratory Reference: 1805-014  
Project: DRLE  
 

CHLORIDE 
SM 4500-Cl E 

QUALITY CONTROL 
 
Matrix: Soil       
Units: mg/Kg       
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
METHOD BLANK       
Laboratory ID: MB0503S1           
Chloride ND 20 SM 4500-Cl E 5-3-18 5-3-18   
 
 
       Source Percent Recovery  RPD  
Analyte Result   Spike Level Result Recovery Limits RPD Limit Flags 
DUPLICATE             
Laboratory ID: 05-014-04                     
    ORIG DUP                     
Chloride ND ND   NA NA NA NA NA 20   
              
MATRIX SPIKE             
Laboratory ID: 05-014-04                     
    MS   MS   MS         
Chloride 461   500 ND 92 75-125 NA NA   
              
SPIKE BLANK             
Laboratory ID: SB0503S1                     
    SB   SB   SB         
Chloride 459   500 NA 92 75-125 NA NA   
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: May 10, 2018  
Samples Submitted: May 2, 2018  
Laboratory Reference: 1805-014  
Project: DRLE  
 

 
% MOISTURE 

 
Date Analyzed: 5-3-18     
      
      
Client ID  Lab ID   % Moisture 
      

G013 S5&7 12.5-21-5' 05-014-01   15 

G013 S1 2.5-4.0'  05-014-02   10 

G014 S2-7 5'-21.5'  05-014-03   15 

G028 S1-4 7.5'-16.5'  05-014-04   6 

G029 S1 5-6.5'  05-014-05   9 
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

 
Data Qualifiers and Abbreviations 

 
A - Due to a high sample concentration, the amount spiked is insufficient for meaningful MS/MSD recovery data. 
 
B - The analyte indicated was also found in the blank sample. 

 
C - The duplicate RPD is outside control limits due to high result variability when analyte concentrations are 

within five times the quantitation limit. 
 
E - The value reported exceeds the quantitation range and is an estimate. 
 
F - Surrogate recovery data is not available due to the high concentration of coeluting target compounds. 
 
H - The analyte indicated is a common laboratory solvent and may have been introduced during sample 

preparation, and be impacting the sample result. 
 
I - Compound recovery is outside of the control limits. 
 
J - The value reported was below the practical quantitation limit.  The value is an estimate. 
 
K - Sample duplicate RPD is outside control limits due to sample inhomogeneity.  The sample was 
      re-extracted and re-analyzed with similar results. 
 
L - The RPD is outside of the control limits. 
 
M - Hydrocarbons in the gasoline range are impacting the diesel range result. 
 
M1 - Hydrocarbons in the gasoline range (toluene-naphthalene) are present in the sample. 
 
N - Hydrocarbons in the lube oil range are impacting the diesel range result. 
 
N1 - Hydrocarbons in diesel range are impacting lube oil range results. 
 
O - Hydrocarbons indicative of heavier fuels are present in the sample and are impacting the gasoline result. 
 
P - The RPD of the detected concentrations between the two columns is greater than 40. 
 
Q - Surrogate recovery is outside of the control limits. 
 
S - Surrogate recovery data is not available due to the necessary dilution of the sample. 
 
T - The sample chromatogram is not similar to a typical ____________. 
 
U - The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 
 
U1 - The practical quantitation limit is elevated due to interferences present in the sample. 
 
V - Matrix Spike/Matrix Spike Duplicate recoveries are outside control limits due to matrix effects. 
 
W - Matrix Spike/Matrix Spike Duplicate RPD are outside control limits due to matrix effects. 
 
X - Sample extract treated with a mercury cleanup procedure. 
 
X1- Sample extract treated with a sulfuric acid/silica gel cleanup procedure. 
 
Y - The calibration verification for this analyte exceeded the 20% drift specified in method 8260C, and therefore the 

reported result should be considered an estimate.  The overall performance of the calibration verification standard 
met the acceptance criteria of the method. 

 
Z -  
 
ND - Not Detected at PQL 
PQL - Practical Quantitation Limit 
RPD - Relative Percent Difference 
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APPENDIX L

LABORATORY TESTS – ANALYTICAL 
DATA (ONSITE ENVIRONMENTAL INC.)
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

 
14648 NE 95th Street, Redmond, WA  98052 • (425) 883-3881 
 
 
 
 
November 6, 2017 
 
 
 
 
 
Reda Mikhail 
Golder Associates Inc. 
18300 NE Union Hill Road 
Suite 200 
Redmond, WA  98052-3333 
 
 
 
Re: Analytical Data for Project 1657705.200.200.6 
 Laboratory Reference No. 1710-377 
 
 
Dear Reda: 
 
Enclosed are the analytical results and associated quality control data for samples submitted on October 27, 2017. 
 
The standard policy of OnSite Environmental, Inc. is to store your samples for 30 days from the date of receipt.  If you 
require longer storage, please contact the laboratory. 
 
We appreciate the opportunity to be of service to you on this project.  If you have any questions concerning the data, 
or need additional information, please feel free to call me. 
 
Sincerely, 

 
 
David Baumeister 
Project Manager 
 
 
 
Enclosures 
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

 
Case Narrative 

 
Samples were collected on October 26, 2017 and received by the laboratory on October 27, 2017.  They were 
maintained at the laboratory at a temperature of 2oC to 6oC.    
 
Please note that any and all soil sample results are reported on a dry-weight basis, unless otherwise noted below. 
 
General QA/QC issues associated with the analytical data enclosed in this laboratory report will be indicated with a 
reference to a comment or explanation on the Data Qualifier page.  More complex and involved QA/QC issues will be 
discussed in detail below. 
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

NWTPH-HCID 
 

Matrix: Soil       
Units: mg/Kg (ppm)       
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
Client ID: G34-10261215      
Laboratory ID: 10-377-01           
Gasoline Range Organics ND 23 NWTPH-HCID 10-31-17 10-31-17  
Diesel Range Organics ND 58 NWTPH-HCID 10-31-17 10-31-17  
Lube Oil Range Organics ND 120 NWTPH-HCID 10-31-17 10-31-17   
Surrogate: Percent Recovery Control Limits     
o-Terphenyl 105 50-150     
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

NWTPH-HCID 
QUALITY CONTROL 

 
Matrix: Soil       
Units: mg/Kg (ppm)       
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
METHOD BLANK       
Laboratory ID: MB1031S1           
Gasoline Range Organics ND 20 NWTPH-HCID 10-31-17 10-31-17  
Diesel Range Organics ND 50 NWTPH-HCID 10-31-17 10-31-17  
Lube Oil Range Organics ND 100 NWTPH-HCID 10-31-17 10-31-17   
Surrogate: Percent Recovery Control Limits     
o-Terphenyl 108 50-150     
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

VOLATILES EPA 8260C 
page 1 of 2 

 
Matrix: Soil       
Units: mg/kg       
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
Client ID: G34-10261215      
Laboratory ID: 10-377-01           
Dichlorodifluoromethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Chloromethane ND 0.0024 EPA 8260C 10-30-17 10-30-17  
Vinyl Chloride ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Bromomethane ND 0.0024 EPA 8260C 10-30-17 10-30-17  
Chloroethane ND 0.0024 EPA 8260C 10-30-17 10-30-17  
Trichlorofluoromethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,1-Dichloroethene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Acetone ND 0.0024 EPA 8260C 10-30-17 10-30-17  
Iodomethane ND 0.0024 EPA 8260C 10-30-17 10-30-17  
Carbon Disulfide ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Methylene Chloride ND 0.0024 EPA 8260C 10-30-17 10-30-17  
(trans) 1,2-Dichloroethene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Methyl t-Butyl Ether ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,1-Dichloroethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Vinyl Acetate ND 0.0024 EPA 8260C 10-30-17 10-30-17  
2,2-Dichloropropane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
(cis) 1,2-Dichloroethene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
2-Butanone ND 0.0024 EPA 8260C 10-30-17 10-30-17  
Bromochloromethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Chloroform ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,1,1-Trichloroethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Carbon Tetrachloride ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,1-Dichloropropene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Benzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,2-Dichloroethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Trichloroethene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,2-Dichloropropane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Dibromomethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Bromodichloromethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
2-Chloroethyl Vinyl Ether ND 0.0024 EPA 8260C 10-30-17 10-30-17  
(cis) 1,3-Dichloropropene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Methyl Isobutyl Ketone ND 0.0024 EPA 8260C 10-30-17 10-30-17  
Toluene ND 0.0024 EPA 8260C 10-30-17 10-30-17  
(trans) 1,3-Dichloropropene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

VOLATILES EPA 8260C 
page 2 of 2 

 
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
Client ID: G34-10261215      
Laboratory ID: 10-377-01           
1,1,2-Trichloroethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Tetrachloroethene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,3-Dichloropropane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
2-Hexanone ND 0.0024 EPA 8260C 10-30-17 10-30-17  
Dibromochloromethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,2-Dibromoethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Chlorobenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,1,1,2-Tetrachloroethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Ethylbenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
m,p-Xylene ND 0.00095 EPA 8260C 10-30-17 10-30-17  
o-Xylene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Styrene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Bromoform ND 0.0024 EPA 8260C 10-30-17 10-30-17  
Isopropylbenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Bromobenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,1,2,2-Tetrachloroethane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,2,3-Trichloropropane ND 0.00048 EPA 8260C 10-30-17 10-30-17  
n-Propylbenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
2-Chlorotoluene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
4-Chlorotoluene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,3,5-Trimethylbenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
tert-Butylbenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,2,4-Trimethylbenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
sec-Butylbenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,3-Dichlorobenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
p-Isopropyltoluene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,4-Dichlorobenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,2-Dichlorobenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
n-Butylbenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,2-Dibromo-3-chloropropane ND 0.0024 EPA 8260C 10-30-17 10-30-17  
1,2,4-Trichlorobenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
Hexachlorobutadiene ND 0.0024 EPA 8260C 10-30-17 10-30-17  
Naphthalene ND 0.00048 EPA 8260C 10-30-17 10-30-17  
1,2,3-Trichlorobenzene ND 0.00048 EPA 8260C 10-30-17 10-30-17  

Surrogate: Percent Recovery Control Limits         
Dibromofluoromethane 126 75-131     
Toluene-d8 112 83-126     
4-Bromofluorobenzene 107 78-125     
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

VOLATILES by EPA 8260C 
METHOD BLANK QUALITY CONTROL 

page 1 of 2 
 
Matrix: Soil       
Units: mg/kg       
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
         
Laboratory ID: MB1030S1           
Dichlorodifluoromethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Chloromethane ND 0.0050 EPA 8260C 10-30-17 10-30-17  
Vinyl Chloride ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Bromomethane ND 0.0050 EPA 8260C 10-30-17 10-30-17  
Chloroethane ND 0.0050 EPA 8260C 10-30-17 10-30-17  
Trichlorofluoromethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,1-Dichloroethene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Acetone ND 0.0050 EPA 8260C 10-30-17 10-30-17  
Iodomethane ND 0.0050 EPA 8260C 10-30-17 10-30-17  
Carbon Disulfide ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Methylene Chloride ND 0.0050 EPA 8260C 10-30-17 10-30-17  
(trans) 1,2-Dichloroethene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Methyl t-Butyl Ether ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,1-Dichloroethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Vinyl Acetate ND 0.0050 EPA 8260C 10-30-17 10-30-17  
2,2-Dichloropropane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
(cis) 1,2-Dichloroethene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
2-Butanone ND 0.0050 EPA 8260C 10-30-17 10-30-17  
Bromochloromethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Chloroform ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,1,1-Trichloroethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Carbon Tetrachloride ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,1-Dichloropropene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Benzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,2-Dichloroethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Trichloroethene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,2-Dichloropropane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Dibromomethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Bromodichloromethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
2-Chloroethyl Vinyl Ether ND 0.0050 EPA 8260C 10-30-17 10-30-17  
(cis) 1,3-Dichloropropene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Methyl Isobutyl Ketone ND 0.0050 EPA 8260C 10-30-17 10-30-17  
Toluene ND 0.0050 EPA 8260C 10-30-17 10-30-17  
(trans) 1,3-Dichloropropene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

VOLATILES by EPA 8260C 
METHOD BLANK QUALITY CONTROL 

page 2 of 2 
 
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
         
Laboratory ID: MB1030S1           
1,1,2-Trichloroethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Tetrachloroethene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,3-Dichloropropane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
2-Hexanone ND 0.0050 EPA 8260C 10-30-17 10-30-17  
Dibromochloromethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,2-Dibromoethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Chlorobenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,1,1,2-Tetrachloroethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Ethylbenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
m,p-Xylene ND 0.0020 EPA 8260C 10-30-17 10-30-17  
o-Xylene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Styrene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Bromoform ND 0.0050 EPA 8260C 10-30-17 10-30-17  
Isopropylbenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Bromobenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,1,2,2-Tetrachloroethane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,2,3-Trichloropropane ND 0.0010 EPA 8260C 10-30-17 10-30-17  
n-Propylbenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
2-Chlorotoluene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
4-Chlorotoluene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,3,5-Trimethylbenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
tert-Butylbenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,2,4-Trimethylbenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
sec-Butylbenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,3-Dichlorobenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
p-Isopropyltoluene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,4-Dichlorobenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,2-Dichlorobenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
n-Butylbenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,2-Dibromo-3-chloropropane ND 0.0050 EPA 8260C 10-30-17 10-30-17  
1,2,4-Trichlorobenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
Hexachlorobutadiene ND 0.0050 EPA 8260C 10-30-17 10-30-17  
Naphthalene ND 0.0010 EPA 8260C 10-30-17 10-30-17  
1,2,3-Trichlorobenzene ND 0.0010 EPA 8260C 10-30-17 10-30-17  

Surrogate: Percent Recovery Control Limits         
Dibromofluoromethane 107 75-131     
Toluene-d8 110 83-126     
4-Bromofluorobenzene 112 78-125     
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

VOLATILES by EPA 8260C 
SB/SBD QUALITY CONTROL 

 
Matrix: Soil             
Units: mg/kg             
        Percent Recovery  RPD  

Analyte Result   Spike Level   Recovery Limits RPD Limit Flags 
SPIKE BLANKS             
Laboratory ID: SB1030S1                     
    SB SBD   SB SBD   SB SBD         
1,1-Dichloroethene 0.0522 0.0515  0.0500 0.0500  104 103 58-126 1 20  
Benzene 0.0563 0.0555  0.0500 0.0500  113 111 72-122 1 19  
Trichloroethene 0.0472 0.0480  0.0500 0.0500  94 96 75-120 2 20  
Toluene 0.0518 0.0513  0.0500 0.0500  104 103 78-123 1 19  
Chlorobenzene 0.0487 0.0486  0.0500 0.0500  97 97 75-120 0 18  

Surrogate:                         
Dibromofluoromethane      102 104 75-131    
Toluene-d8       105 107 83-126    
4-Bromofluorobenzene      108 109 78-125    
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

SEMIVOLATILES EPA 8270D/SIM 
page 1 of 2 

 
Matrix: Soil       
Units: mg/Kg       
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
Client ID:   G34-10261215       
Laboratory ID: 10-377-01           
n-Nitrosodimethylamine ND 0.039 EPA 8270D 11-2-17 11-2-17  
Pyridine  ND 0.39 EPA 8270D 11-2-17 11-2-17  
Phenol  ND 0.039 EPA 8270D 11-2-17 11-2-17  
Aniline  ND 0.19 EPA 8270D 11-2-17 11-2-17  
bis(2-Chloroethyl)ether ND 0.039 EPA 8270D 11-2-17 11-2-17  
2-Chlorophenol ND 0.039 EPA 8270D 11-2-17 11-2-17  
1,3-Dichlorobenzene ND 0.039 EPA 8270D 11-2-17 11-2-17  
1,4-Dichlorobenzene ND 0.039 EPA 8270D 11-2-17 11-2-17  
Benzyl alcohol ND 0.19 EPA 8270D 11-2-17 11-2-17  
1,2-Dichlorobenzene ND 0.039 EPA 8270D 11-2-17 11-2-17  
2-Methylphenol (o-Cresol) ND 0.039 EPA 8270D 11-2-17 11-2-17  
bis(2-Chloroisopropyl)ether ND 0.039 EPA 8270D 11-2-17 11-2-17  
(3+4)-Methylphenol (m,p-Cresol) ND 0.039 EPA 8270D 11-2-17 11-2-17  
n-Nitroso-di-n-propylamine ND 0.039 EPA 8270D 11-2-17 11-2-17  
Hexachloroethane ND 0.039 EPA 8270D 11-2-17 11-2-17  
Nitrobenzene ND 0.039 EPA 8270D 11-2-17 11-2-17  
Isophorone ND 0.039 EPA 8270D 11-2-17 11-2-17  
2-Nitrophenol ND 0.039 EPA 8270D 11-2-17 11-2-17  
2,4-Dimethylphenol ND 0.039 EPA 8270D 11-2-17 11-2-17  
bis(2-Chloroethoxy)methane ND 0.039 EPA 8270D 11-2-17 11-2-17  
2,4-Dichlorophenol ND 0.039 EPA 8270D 11-2-17 11-2-17  
1,2,4-Trichlorobenzene ND 0.039 EPA 8270D 11-2-17 11-2-17  
Naphthalene 0.011 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
4-Chloroaniline ND 0.19 EPA 8270D 11-2-17 11-2-17  
Hexachlorobutadiene ND 0.039 EPA 8270D 11-2-17 11-2-17  
4-Chloro-3-methylphenol ND 0.039 EPA 8270D 11-2-17 11-2-17  
2-Methylnaphthalene 0.015 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
1-Methylnaphthalene 0.019 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Hexachlorocyclopentadiene ND 0.039 EPA 8270D 11-2-17 11-2-17  
2,4,6-Trichlorophenol ND 0.039 EPA 8270D 11-2-17 11-2-17  
2,3-Dichloroaniline ND 0.039 EPA 8270D 11-2-17 11-2-17  
2,4,5-Trichlorophenol ND 0.039 EPA 8270D 11-2-17 11-2-17  
2-Chloronaphthalene ND 0.039 EPA 8270D 11-2-17 11-2-17  
2-Nitroaniline ND 0.039 EPA 8270D 11-2-17 11-2-17  
1,4-Dinitrobenzene ND 0.039 EPA 8270D 11-2-17 11-2-17  
Dimethylphthalate ND 0.039 EPA 8270D 11-2-17 11-2-17  
1,3-Dinitrobenzene ND 0.039 EPA 8270D 11-2-17 11-2-17  
2,6-Dinitrotoluene ND 0.039 EPA 8270D 11-2-17 11-2-17  
1,2-Dinitrobenzene ND 0.039 EPA 8270D 11-2-17 11-2-17  
Acenaphthylene 0.012 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
3-Nitroaniline ND 0.039 EPA 8270D 11-2-17 11-2-17  
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

SEMIVOLATILES EPA 8270D/SIM 
page 2 of 2 

 
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
Client ID:   G34-10261215       
Laboratory ID: 10-377-01           
2,4-Dinitrophenol ND 0.19 EPA 8270D 11-2-17 11-2-17  
Acenaphthene ND 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
4-Nitrophenol ND 0.039 EPA 8270D 11-2-17 11-2-17  
2,4-Dinitrotoluene ND 0.039 EPA 8270D 11-2-17 11-2-17  
Dibenzofuran ND 0.039 EPA 8270D 11-2-17 11-2-17  
2,3,5,6-Tetrachlorophenol ND 0.039 EPA 8270D 11-2-17 11-2-17  
2,3,4,6-Tetrachlorophenol ND 0.039 EPA 8270D 11-2-17 11-2-17  
Diethylphthalate ND 0.19 EPA 8270D 11-2-17 11-2-17  
4-Chlorophenyl-phenylether ND 0.039 EPA 8270D 11-2-17 11-2-17  
4-Nitroaniline ND 0.039 EPA 8270D 11-2-17 11-2-17  
Fluorene ND 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
4,6-Dinitro-2-methylphenol ND 0.19 EPA 8270D 11-2-17 11-2-17  
n-Nitrosodiphenylamine ND 0.039 EPA 8270D 11-2-17 11-2-17  
1,2-Diphenylhydrazine ND 0.039 EPA 8270D 11-2-17 11-2-17  
4-Bromophenyl-phenylether ND 0.039 EPA 8270D 11-2-17 11-2-17  
Hexachlorobenzene ND 0.039 EPA 8270D 11-2-17 11-2-17  
Pentachlorophenol ND 0.19 EPA 8270D 11-2-17 11-2-17  
Phenanthrene 0.017 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Anthracene 0.014 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Carbazole ND 0.039 EPA 8270D 11-2-17 11-2-17  
Di-n-butylphthalate ND 0.19 EPA 8270D 11-2-17 11-2-17  
Fluoranthene 0.020 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Benzidine ND 0.39 EPA 8270D 11-2-17 11-2-17  
Pyrene  0.021 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Butylbenzylphthalate ND 0.19 EPA 8270D 11-2-17 11-2-17  
bis-2-Ethylhexyladipate ND 0.19 EPA 8270D 11-2-17 11-2-17  
3,3'-Dichlorobenzidine ND 0.19 EPA 8270D 11-2-17 11-2-17  
Benzo[a]anthracene 0.012 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Chrysene 0.020 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
bis(2-Ethylhexyl)phthalate ND 0.19 EPA 8270D 11-2-17 11-2-17  
Di-n-octylphthalate ND 0.19 EPA 8270D 11-2-17 11-2-17  
Benzo[b]fluoranthene 0.031 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Benzo(j,k)fluoranthene 0.0086 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Benzo[a]pyrene 0.014 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Indeno[1,2,3-cd]pyrene 0.016 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Dibenz[a,h]anthracene ND 0.0078 EPA 8270D/SIM 11-2-17 11-2-17  
Benzo[g,h,i]perylene 0.015 0.0078 EPA 8270D/SIM 11-2-17 11-2-17   
Surrogate: Percent Recovery Control Limits     
2-Fluorophenol 47 18 - 113     
Phenol-d6 59 19 - 119     
Nitrobenzene-d5 53 19 - 119     
2-Fluorobiphenyl 67 33 - 109     
2,4,6-Tribromophenol 69 19 - 121     
Terphenyl-d14 69 30 - 116     
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

SEMIVOLATILES EPA 8270D/SIM 
METHOD BLANK QUALITY CONTROL 

page 1 of 2 
 
Matrix: Soil       
Units: mg/Kg       
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
           
Laboratory ID: MB1102S2           
n-Nitrosodimethylamine ND 0.033 EPA 8270D 11-2-17 11-2-17  
Pyridine  ND 0.33 EPA 8270D 11-2-17 11-2-17  
Phenol  ND 0.033 EPA 8270D 11-2-17 11-2-17  
Aniline  ND 0.17 EPA 8270D 11-2-17 11-2-17  
bis(2-Chloroethyl)ether ND 0.033 EPA 8270D 11-2-17 11-2-17  
2-Chlorophenol ND 0.033 EPA 8270D 11-2-17 11-2-17  
1,3-Dichlorobenzene ND 0.033 EPA 8270D 11-2-17 11-2-17  
1,4-Dichlorobenzene ND 0.033 EPA 8270D 11-2-17 11-2-17  
Benzyl alcohol ND 0.17 EPA 8270D 11-2-17 11-2-17  
1,2-Dichlorobenzene ND 0.033 EPA 8270D 11-2-17 11-2-17  
2-Methylphenol (o-Cresol) ND 0.033 EPA 8270D 11-2-17 11-2-17  
bis(2-Chloroisopropyl)ether ND 0.033 EPA 8270D 11-2-17 11-2-17  
(3+4)-Methylphenol (m,p-Cresol) ND 0.033 EPA 8270D 11-2-17 11-2-17  
n-Nitroso-di-n-propylamine ND 0.033 EPA 8270D 11-2-17 11-2-17  
Hexachloroethane ND 0.033 EPA 8270D 11-2-17 11-2-17  
Nitrobenzene ND 0.033 EPA 8270D 11-2-17 11-2-17  
Isophorone ND 0.033 EPA 8270D 11-2-17 11-2-17  
2-Nitrophenol ND 0.033 EPA 8270D 11-2-17 11-2-17  
2,4-Dimethylphenol ND 0.033 EPA 8270D 11-2-17 11-2-17  
bis(2-Chloroethoxy)methane ND 0.033 EPA 8270D 11-2-17 11-2-17  
2,4-Dichlorophenol ND 0.033 EPA 8270D 11-2-17 11-2-17  
1,2,4-Trichlorobenzene ND 0.033 EPA 8270D 11-2-17 11-2-17  
Naphthalene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
4-Chloroaniline ND 0.17 EPA 8270D 11-2-17 11-2-17  
Hexachlorobutadiene ND 0.033 EPA 8270D 11-2-17 11-2-17  
4-Chloro-3-methylphenol ND 0.033 EPA 8270D 11-2-17 11-2-17  
2-Methylnaphthalene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
1-Methylnaphthalene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Hexachlorocyclopentadiene ND 0.033 EPA 8270D 11-2-17 11-2-17  
2,4,6-Trichlorophenol ND 0.033 EPA 8270D 11-2-17 11-2-17  
2,3-Dichloroaniline ND 0.033 EPA 8270D 11-2-17 11-2-17  
2,4,5-Trichlorophenol ND 0.033 EPA 8270D 11-2-17 11-2-17  
2-Chloronaphthalene ND 0.033 EPA 8270D 11-2-17 11-2-17  
2-Nitroaniline ND 0.033 EPA 8270D 11-2-17 11-2-17  
1,4-Dinitrobenzene ND 0.033 EPA 8270D 11-2-17 11-2-17  
Dimethylphthalate ND 0.033 EPA 8270D 11-2-17 11-2-17  
1,3-Dinitrobenzene ND 0.033 EPA 8270D 11-2-17 11-2-17  
2,6-Dinitrotoluene ND 0.033 EPA 8270D 11-2-17 11-2-17  
1,2-Dinitrobenzene ND 0.033 EPA 8270D 11-2-17 11-2-17  
Acenaphthylene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
3-Nitroaniline ND 0.033 EPA 8270D 11-2-17 11-2-17  
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

SEMIVOLATILES EPA 8270D/SIM 
METHOD BLANK QUALITY CONTROL 

page 2 of 2 
 
     Date Date  
Analyte Result PQL Method Prepared Analyzed Flags 
           
Laboratory ID: MB1102S2           
2,4-Dinitrophenol ND 0.17 EPA 8270D 11-2-17 11-2-17  
Acenaphthene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
4-Nitrophenol ND 0.033 EPA 8270D 11-2-17 11-2-17  
2,4-Dinitrotoluene ND 0.033 EPA 8270D 11-2-17 11-2-17  
Dibenzofuran ND 0.033 EPA 8270D 11-2-17 11-2-17  
2,3,5,6-Tetrachlorophenol ND 0.033 EPA 8270D 11-2-17 11-2-17  
2,3,4,6-Tetrachlorophenol ND 0.033 EPA 8270D 11-2-17 11-2-17  
Diethylphthalate ND 0.17 EPA 8270D 11-2-17 11-2-17  
4-Chlorophenyl-phenylether ND 0.033 EPA 8270D 11-2-17 11-2-17  
4-Nitroaniline ND 0.033 EPA 8270D 11-2-17 11-2-17  
Fluorene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
4,6-Dinitro-2-methylphenol ND 0.17 EPA 8270D 11-2-17 11-2-17  
n-Nitrosodiphenylamine ND 0.033 EPA 8270D 11-2-17 11-2-17  
1,2-Diphenylhydrazine ND 0.033 EPA 8270D 11-2-17 11-2-17  
4-Bromophenyl-phenylether ND 0.033 EPA 8270D 11-2-17 11-2-17  
Hexachlorobenzene ND 0.033 EPA 8270D 11-2-17 11-2-17  
Pentachlorophenol ND 0.17 EPA 8270D 11-2-17 11-2-17  
Phenanthrene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Anthracene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Carbazole ND 0.033 EPA 8270D 11-2-17 11-2-17  
Di-n-butylphthalate ND 0.17 EPA 8270D 11-2-17 11-2-17  
Fluoranthene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Benzidine ND 0.33 EPA 8270D 11-2-17 11-2-17  
Pyrene  ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Butylbenzylphthalate ND 0.17 EPA 8270D 11-2-17 11-2-17  
bis-2-Ethylhexyladipate ND 0.17 EPA 8270D 11-2-17 11-2-17  
3,3'-Dichlorobenzidine ND 0.17 EPA 8270D 11-2-17 11-2-17  
Benzo[a]anthracene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Chrysene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
bis(2-Ethylhexyl)phthalate ND 0.17 EPA 8270D 11-2-17 11-2-17  
Di-n-octylphthalate ND 0.17 EPA 8270D 11-2-17 11-2-17  
Benzo[b]fluoranthene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Benzo(j,k)fluoranthene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Benzo[a]pyrene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Indeno[1,2,3-cd]pyrene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Dibenz[a,h]anthracene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17  
Benzo[g,h,i]perylene ND 0.0067 EPA 8270D/SIM 11-2-17 11-2-17   
Surrogate: Percent Recovery Control Limits     
2-Fluorophenol 82 18 - 113     
Phenol-d6 85 19 - 119     
Nitrobenzene-d5 78 19 - 119     
2-Fluorobiphenyl 85 33 - 109     
2,4,6-Tribromophenol 88 19 - 121     
Terphenyl-d14 91 30 - 116     
 

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



14 

OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

SEMIVOLATILES EPA 8270D/SIM 
MS/MSD QUALITY CONTROL 

 
Matrix: Soil             
Units: mg/Kg             
       Source Percent Recovery  RPD  
Analyte Result   Spike Level Result Recovery Limits RPD Limit Flags 
MATRIX SPIKES             
Laboratory ID: 10-377-01                     
    MS MSD   MS MSD   MS MSD         
Phenol 0.707 0.759  1.33 1.33 ND 53 57 25 - 103 7 36  
2-Chlorophenol 0.646 0.723  1.33 1.33 ND 49 54 21 - 109 11 38  
1,4-Dichlorobenzene 0.233 0.286  0.667 0.667 ND 35 43 20 - 110 20 40  
n-Nitroso-di-n-propylamine 0.351 0.402  0.667 0.667 ND 53 60 20 - 111 14 38  
1,2,4-Trichlorobenzene 0.324 0.366  0.667 0.667 ND 49 55 20 - 107 12 40  
4-Chloro-3-methylphenol 0.820 0.835  1.33 1.33 ND 62 63 30 - 111 2 29  
Acenaphthene 0.385 0.408  0.667 0.667 ND 58 61 27 - 109 6 30  
4-Nitrophenol 0.722 0.702  1.33 1.33 ND 54 53 20 - 119 3 29  
2,4-Dinitrotoluene 0.379 0.382  0.667 0.667 ND 57 57 32 - 103 1 30  
Pentachlorophenol 1.03 0.986  1.33 1.33 ND 77 74 20 - 127 4 31  
Pyrene   0.437 0.433   0.667 0.667 ND 66 65 37 - 111 1 28   
Surrogate:             
2-Fluorophenol       42 47 18 - 113    
Phenol-d6       52 56 19 - 119    
Nitrobenzene-d5       49 51 19 - 119    
2-Fluorobiphenyl       64 64 33 - 109    
2,4,6-Tribromophenol      65 63 19 - 121    
Terphenyl-d14       65 64 30 - 116    
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

TOTAL METALS 
EPA 6010C/7471B 

 

Matrix: Soil      

Units: mg/kg (ppm)      

    Date Date  

Analyte Result PQL EPA Method Prepared Analyzed Flags 

       

Lab ID: 10-377-01      

Client ID: G34-10261215           

Arsenic ND 12 6010C 10-30-17 10-30-17  

Barium 83 2.9 6010C 10-30-17 10-30-17  

Cadmium ND 0.58 6010C 10-30-17 10-30-17  

Chromium 27 0.58 6010C 10-30-17 10-30-17  

Lead 13 5.8 6010C 10-30-17 10-30-17  

Mercury ND 0.29 7471B 10-31-17 10-31-17  

Selenium ND 12 6010C 10-30-17 10-30-17  

Silver ND 1.2 6010C 10-30-17 10-30-17   
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

TOTAL METALS 
EPA 6010C/7471B 

METHOD BLANK QUALITY CONTROL 
 

Date Extracted: 10-30&31-17     

Date Analyzed: 10-30&31-17     

      

Matrix: Soil     

Units: mg/kg (ppm)     

      

Lab ID: MB1030SM1&MB1031S1    

      

      

      

      

Analyte Method  Result  PQL 

       

Arsenic 6010C  ND  10 

       

Barium 6010C  ND  2.5 

       

Cadmium 6010C  ND  0.50 

       

Chromium 6010C  ND  0.50 

       

Lead 6010C  ND  5.0 

       

Mercury 7471B  ND  0.25 

       

Selenium 6010C  ND  10 

       

Silver 6010C  ND  1.0 
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

TOTAL METALS 
EPA 6010C/7471B 

DUPLICATE QUALITY CONTROL 
 

Date Extracted: 10-30&31-17          

Date Analyzed: 10-30&31-17          

            

Matrix: Soil          

Units: mg/kg (ppm)          

            

Lab ID: 10-364-08          

              

              

              

    Sample Duplicate        

Analyte   Result Result RPD PQL Flags 

             

Arsenic   ND ND NA 10  

             

Barium   41.2 42.1 2 2.5  

             

Cadmium   ND ND NA 0.50  

            

Chromium   30.3 30.1 1 0.50  

            

Lead   ND ND NA 5.0  

              

Mercury   ND ND NA 0.25   

            

Selenium   ND ND NA 10  

            

Silver   ND ND NA 1.0  
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

TOTAL METALS 
EPA 6010C/7471B 

MS/MSD QUALITY CONTROL 
 

Date Extracted: 10-30&31-17       

Date Analyzed: 10-30&31-17       

         

Matrix: Soil       

Units: mg/kg (ppm)       

         

Lab ID: 10-364-08       

         

         

         

  Spike  Percent  Percent   

Analyte Level MS Recovery MSD Recovery RPD Flags 

         

Arsenic 100 91.6 92 92.2 92 1  

         

Barium 100 136 95 135 94 0  

         

Cadmium 50.0 47.1 94 46.7 93 1  

        

Chromium 100 118 87 116 86 1  

        

Lead 250 222 89 217 87 2  

         

Mercury 0.500 0.506 101 0.503 101 1  

        

Selenium 100 95.9 96 94.7 95 1  

        

Silver 25.0 20.5 82 20.2 81 2  
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

pH 
EPA 9045D 

 
Matrix: Soil       
Units: pH (@ 25ºC)       
     Date Date  
Analyte Result   Method Prepared Analyzed Flags 
Client ID: G34-10261215      
Laboratory ID: 10-377-01           
pH   5.8   EPA 9045D 10-27-17 10-27-17   
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

Date of Report: November 6, 2017  
Samples Submitted: October 27, 2017  
Laboratory Reference: 1710-377  
Project: 1657705.200.200.6  
 

 
% MOISTURE 

 
Date Analyzed: 10-30-17     
      
      
Client ID  Lab ID   % Moisture 
      

G34-10261215  10-377-01   14 
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OnSite Environmental, Inc.  14648 NE 95th Street, Redmond, WA  98052 (425) 883-3881 
 

This report pertains to the samples analyzed in accordance with the chain of custody, 
and is intended only for the use of the individual or company to whom it is addressed. 

 
Data Qualifiers and Abbreviations 

 
A - Due to a high sample concentration, the amount spiked is insufficient for meaningful MS/MSD recovery data. 
 
B - The analyte indicated was also found in the blank sample. 

 
C - The duplicate RPD is outside control limits due to high result variability when analyte concentrations are 

within five times the quantitation limit. 
 
E - The value reported exceeds the quantitation range and is an estimate. 
 
F - Surrogate recovery data is not available due to the high concentration of coeluting target compounds. 
 
H - The analyte indicated is a common laboratory solvent and may have been introduced during sample 

preparation, and be impacting the sample result. 
 
I - Compound recovery is outside of the control limits. 
 
J - The value reported was below the practical quantitation limit.  The value is an estimate. 
 
K - Sample duplicate RPD is outside control limits due to sample inhomogeneity.  The sample was 
      re-extracted and re-analyzed with similar results. 
 
L - The RPD is outside of the control limits. 
 
M - Hydrocarbons in the gasoline range are impacting the diesel range result. 
 
M1 - Hydrocarbons in the gasoline range (toluene-napthalene) are present in the sample. 
 
N - Hydrocarbons in the lube oil range are impacting the diesel range result. 
 
N1 - Hydrocarbons in diesel range are impacting lube oil range results. 
 
O - Hydrocarbons indicative of heavier fuels are present in the sample and are impacting the gasoline result. 
 
P - The RPD of the detected concentrations between the two columns is greater than 40. 
 
Q - Surrogate recovery is outside of the control limits. 
 
S - Surrogate recovery data is not available due to the necessary dilution of the sample. 
 
T - The sample chromatogram is not similar to a typical ____________. 
 
U - The analyte was analyzed for, but was not detected above the reported sample quantitation limit. 
 
U1 - The practical quantitation limit is elevated due to interferences present in the sample. 
 
V - Matrix Spike/Matrix Spike Duplicate recoveries are outside control limits due to matrix effects. 
 
W - Matrix Spike/Matrix Spike Duplicate RPD are outside control limits due to matrix effects. 
 
X - Sample extract treated with a mercury cleanup procedure. 
 
X1- Sample extract treated with a Sulfuric acid/Silica gel cleanup procedure. 
 
Y - The calibration verification for this analyte exceeded the 20% drift specified in method 8260C, and therefore the 

reported result should be considered an estimate.  The overall performance of the calibration verification standard 
met the acceptance criteria of the method. 

 
Z -  
 
ND - Not Detected at PQL 
PQL - Practical Quantitation Limit 
RPD - Relative Percent Difference 
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APPENDIX M

SUPPLEMENTARY DATA – VWP 
CALIBRATION SHEETS
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APPENDIX N

SUPPLEMENTARY DATA – DRILL RIG 
HAMMER EFFICIENCIES
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Table N 1: Drill Rig Hammer Efficiencies

Borehole Subcontractor Rig Type Rig Model ETR Reference
DRLE G001 HOLT Truck CME 85 90 Report 3, pg 2
DRLE G002 HOLT Truck Mobile B 58 83 Report 4, pg 2
DRLE G003 HOLT Truck CME 85 90 Report 3, pg 2
DRLE G004 HOLT Truck CME 85 90 Report 3, pg 2
DRLE G005 HOLT Truck CME 85 90 Report 3, pg 2
DRLE G006 HOLT Truck Mobile B 58 83 Report 4, pg 2
DRLE G007 HOLT Truck Mobile B 58 83 Report 4, pg 2
DRLE G008 HOLT Truck Mobile B 58 83 Report 4, pg 2
DRLE G010 HOLT Truck Mobile B 59 98 Report 5, pg 3
DRLE G011 HOLT Truck Mobile B 58 83 Report 4, pg 2
DRLE G012 HOLT Truck Mobile B 58 83 Report 4, pg 2
DRLE G013 HOLT Truck Mobile B 58 83 Report 4, pg 2
DRLE G014 HOLT Truck Mobile B 58 83 Report 4, pg 2
DRLE G015 HOLT Truck Mobile B 58 83 Report 4, pg 2
DRLE G016 Holocene Truck CME 850 86.1 Report 1, pg 4
DRLE G017 Holocene Track CME 850 86.1 Report 1, pg 4
DRLE G017A Holocene Truck Mobile B 58 89.7 Report 2, pg 2
DRLE G018 Holocene Track CME 850 86.1 Report 1, pg 4
DRLE G019 HOLT Track Mobile B 54 88.2 Report 6, pg4
DRLE G020 HOLT Track Mobile B 54 88.2 Report 6, pg4
DRLE G021 HOLT Track Mobile B 54 88.2 Report 6, pg4
DRLE G022 HOLT Track Mobile B 54 88.2 Report 6, pg4
DRLE G023 HOLT Track Mobile B 54 88.2 Report 6, pg4
DRLE G023b HOLT Track Mobile B 54 88.2 Report 6, pg4
DRLE G024 HOLT Track Mobile B 54 88.2 Report 6, pg4
DRLE G025 HOLT Track Mobile B 54 88.2 Report 6, pg4
DRLE G027 HOLT Truck CME 85 90 Report 3, pg 2
DRLE G028 HOLT Truck Mobile B 59 98 Report 5, pg 3
DRLE G029 Holocene Truck Mobile B 58 89.7 Report 2, pg 2
DRLE G031 HOLT Truck Mobile B 58 83 Report 4, pg 2
DRLE G032 HOLT Truck CME 85 90 Report 3, pg 2
DRLE G033 Holocene Truck Mobile B 58 89.7 Report 2, pg 2
DRLE G034 HOLT Track Mobile B 54 88.2 Report 6, pg4
DRLE G034A Holocene Truck Mobile B 58 89.7 Report 2, pg 2
DRLE G035 Holocene Truck Mobile B 58 89.7 Report 2, pg 2
DRLE G036 HOLT Track Mobile B 54 88.2 Report 6, pg4
DRLE G036A Holocene Truck Mobile B 58 89.7 Report 2, pg 2
DRLE G037 HOLT Sonic Terra Sonic CC 150 95 Report 5, pg 5
DRLE G037A Holocene Truck Mobile B 58 89.7 Report 2, pg 2
DRLE G038 Holocene Truck Mobile B 58 89.7 Report 2, pg 2
DRLE G044 Holocene Track CME 850 86.1 Report 1, pg 4
DRLE G045 Holocene Track CME 850 86.1 Report 1, pg 4
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APPENDIX  A
AN INTRODUCTION INTO SPT DYNAMIC PILE TESTING

The following has been written by GRL Engineers, Inc. and may only be copied with its written permission.

1. BACKGROUND

The Standard Penetration Test is frequently
conducted as an in-situ assessment of soil strength.
This test requires that a 140 lb weight is dropped 30
inches onto a drive rod at whose bottom a sampler is
usually installed. The sampler is driven for 18 inches;
the number of blows required for the last 12 inches of
driving is the so-called N-value. The N-value may be
used as a strength indicator for foundation design or
as a means of assessing the liquefaction potential of
soils.

Obviously, the SPT hammer efficiency is an important
consideration when using the N-values for design
purposes. Measurements have indicated that the
energy in the drive rod is sometimes only 30% and
and may reach 90% of the potential or rated energy of
the SPT hammer (E-rated = 0.35 kip-ft or 0.475 kJ).
The type of hammer used to drive the rod is the main
reason for these variations. On the average, the
energy in the drive rod is 60% of the standard rated
energy.

Because of the variability of energy, methods based
on N-values are considered unreliable. However,
measurements during SPT testing using the Case
Method can be done on a routine basis and these
measurements yield the transferred energy values.
With measured energy, EMX, known, an adjustment
of the measured N-value, Nm, can be made as follows.

N60 = Nm [Em / (0.6Er )] (1)

Thus, if the measured energy value is equal to the
normally expected transferred energy of 60% of E-
rated then the adjusted and measured N-values are
identical. On the other hand, if the measured energy
is only 30% then the adjusted blow count will be
reduced by 50%.

2. DYNAMIC TESTING AND ANALYSIS
METHODS APPLIED TO SPT

The Case Method of dynamic pile testing, named after
the Case Institute of Technology where it was

developed between 1964 and 1975, requires that a
substantial ram mass (e.g. a pile driving hammer)
impacts the pile top such that the pile undergoes at
least a small permanent set.  Thus, the method is
also referred to as a “High Strain Method”. The Case
Method requires dynamic measurements on the pile
or shaft under the ram impact and then a calculation
of various quantities. Conveniently, for SPT
applications, the measurements and analyses are
done by a single piece of equipment: the SPT
Analyzer. The  Pile Driving Analyzer® (PDA) is also
suitable to perform these measurements and data
processing.

A related analysis method is the “Wave Equation
Analysis” which calculates a relationship between
bearing capacity, pile stresses, transferred energy
and field blow count.  The GRLWEAP™ program
performs this analysis and provides a complete set
of helpful information and input data. This program
can be used very effectively to simulate the SPT
driving process.

3. MEASUREMENTS

GRL uses equipment manufactured by Pile
Dynamics, Inc. The system includes either an SPT-
Analyzer™ (SPTA) or a Pile Driving Analyzer®
(PDA), an instrumented rod section and two
accelerometers. SPT energy testing is very closely
related to and borrows procedures from dynamic pile
testing. Those interested in the basis of the SPT
energy testing method may obtain extensive
literature on dynamic pile testing from GRL
Engineers, Inc.

3.1 SPT Analyzer or Pile Driving Analyzer

The basis for the results calculated by the SPTA or
PDA are strain and acceleration measured in an
instrumented rod section. These signals are
converted to rod top force, F(t), and rod top velocity,
v(t). The SPTA or PDA conditions, calibrates and
displays these signals and immediately computes
average pile force and velocity thereby eliminating
bending effects. The product of these two
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measurements is then integrated over time which
yields the energy transferred to the instrumented
section as a function of time (see Section 4.1).

For convenience and accuracy, strain measurements
are usually taken on an instrumented section of SPT
drive rod. Ideally, the section properties of the
instrumented rod and those of the drive rod are the
same, however, using subs, other sections can also
be utilized.

For the instrumented section, PDI provides a force
calibration in such a way that the output of the
instrumented rod is directly calculated without the
need for an accurate elastic modulus or cross
sectional area of the rod section.

The acceleration measurements are often demanding
in the SPT environment, because of high frequency
and high acceleration motion components. An
experienced measurement engineer, therefore, has to
evaluate the quality of this data before final
conclusions are drawn from the numerical results
calculated by SPTA or PDA.

SPTA or PDA records are taken while the standard N-
value is acquired in the conventional manner. This
then allows a direct correlation between N-value and
average transferred energy.

3.2 HPA

The SPT hammer’s ram velocity may be directly
obtained using radar technology in the Hammer
Performance Analyzer™.  The impact velocity results
can be automatically processed with a PC or recorded
on a strip chart. HPA measurements yield a hammer
kinetic energy, but not the energy transferred to the
drive rod.

4 RECORD EVALUATION BY SPTA OR PDA

4.1 HAMMER PERFORMANCE

The PDA calculates the energy transferred to the pile
top from:

E(t) = o
t F( )v( ) d (2)

The maximum of the E(t) curve is often called
ENTHRU or EMX; it is the most important quantity for
an overall evaluation of the performance of a hammer

and driving system. EMX allows for a classification of
the hammer's performance when presented as, eT,
the rated transfer efficiency, also called energy
transfer ratio (ETR) or global efficiency.

eT = EMX/ER (3)

where ER  is the hammer manufacturer’s rated
energy value or 0.35 kip-ft (0.475 kJ) in the case of
the SPT hammer.

Often in the SPT literature one finds also reference
to the EF2 energy. This evaluation is based on
assumed  proportionality between force and velocity
(see also Section 5):

v(t) = F(t) / Z (4)

where Z = EA/c is the pile impedance, E is the elastic
modulus, A is the cross sectional area and c is the
speed of the stress wave in the pile material.. 

Combining equations 2 and 4 leads to 

EF(t) = o
t F( )2 / Z d (5)

The EF2 transferred energy value is the EF-value at
the time t = 2L/c, where L is the drive rod length and
c is the stress wave speed in steel (16,800 ft/s or
5,124 m/s). Since the force is easier to measure than
both force and velocity, Equation 5 is preferred by
some test engineers.  However, the EF method is
fraught with errors and certain correction factors
have to be applied to make it approximately correct.
Among the error sources are the following:

• Proportionality is often violated prior to time
2L/c.  The proportionality between force and
velocity in a downward traveling wave only
holds if the wave does not encounter a
disturbance prior to reflecting off the pile toe.
Such disturbances include a change in cross
sectional area, an open or loose splice or joint,
or resistance along the shaft.

• Using only one force measurement precludes
a data quality check based on the
proportionality between force and velocity.
Thus, a force measurement that is for some
reason in error may not be detectable, which
will lead to errors in the EF2 value.  Data
quality checks will be discussed further in
Section 5.
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The use if EF2 is therefore not recommended but it is
often included in result presentations for the sake of
completeness.

4.2 STRESSES

During SPT monitoring, it is also of interest to monitor
compressive stresses at both the top of the drive rod
and at its bottom.

At the pile top (location of sensors) the maximum
compression stress averaged over the rod’s cross
section, CSX, is directly obtained from the
measurements. Note that this stress value refers to
the instrumented section. If the rod has a different
cross sectional area then the stress in the rod will be
different from CSX.

The SPTA or PDA can also calculate, in an
approximate manner, the force at the rod bottom,
CFB. To obtain the corresponding stress, this force
value should be divided by the appropriate cross
sectional area, e.g. by the rod area just above the
sampler or by the sampler area itself. Of course, non-
uniform stress components as they might occur at the
sampler tip due to a sloping rock are not considered
in this calculation.

5. DATA QUALITY CHECKS

Quality data is the first and foremost requirement for
accurate dynamic testing results. It is therefore
important that the measurement engineer performing
SPTA or PDA tests has the experience necessary to
recognize measurement problems and take
appropriate corrective action should problems
develop.  Fortunately, dynamic pile testing allows for
certain data quality checks because two independent
measurements are taken that have to conform to the
so-called proportionality relationship.

As long as there is only a wave traveling in one
direction, as is the case during impact when only a
downward traveling wave exists in the rod, force and
velocity measured at its top are proportional

F = v Z (5)

where Z is again the pile impedance, Z = EA/c. This
relationship can also be expressed in terms of stress

 = F/A = v (E/c) (6)

or strain

 = /E = v / c (7)

This means that the early portion of strain times
wave speed must be equal to the velocity unless the
proportionality is affected by high friction near the
pile top or by a pile cross sectional change not far
below the sensors.   Checking the proportionality is
an excellent means of assuring meaningful
measurements but is only truly meaningful for
perfectly uniform rods. Open or loose splices, for
example, will lead to a non-proportionality. For SPT
rods it is fortunate that usually no soil resistance acts
along the shaft and for that reason, proportionality
can exist until the stress wave returns from sampler
top or rod bottom unless connectors are not
sufficiently tightened or have a significant mass.

Velocity data quality can also be checked by looking
at the final displacement, DFN, which is calculated
from the acceleration by double integration. If the
calculated final displacement is much higher or lower
than indicated by the N-value, the accelerometer
attachment may be loose or the sensor may be
faulty.   If major drift in the velocity is observed,  the
EMX value may be in error, even though
proportionality from impact to time 2L/c exists. In this
case, it may be useful to evaluate the energy
transferred to the drill rod at time 2L/c, which is
calculated by the PDA or SPTA as the E2E quantity.

© 2003 GRL Engineers, Inc.
App-A-SPT-12-03
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Robert  Miner  Dynamic  Testing,  Inc.
Dynamic Measurements and Analyses for Deep Foundations

July 2, 2013
Mr. Dale Abernathy
Holt Services, Inc. 
13000 Lakeholme Road Sw
Lakewood, WA 98498

Re: Penetration Test Energy Measurements 
Bore Hole: E340-B-07A, July 1, 2013 
Truck Mounted CME Rig No. 7, 140lb ram, NW-J Rod 
Bellevue, Washington RMDT Job No. 13F36

Dear Mr. Abernathy,

This letter presents energy transfer measurements made during Standard Penetration Tests
for the drill hole and drill rig referenced above.  Robert Miner Dynamic Testing, Inc. (RMDT)
made dynamic measurements with a Pile Driving Analyzer® as a hammer advanced the NW rod
during sampling with a split spoon sampler.

The purpose of RMDT's testing was the measurement of energy transferred to the drill rods. 
Measurements were made on a section of NW gauge rod at the top of the drill rod.  Strain
gages and accelerometers on the rod were connected to a Pile Driving Analyzer® (PDA) which
generally processed acceleration and strain measurements from each hammer blow and stored
both the measurements and computed results.  Measurements and data processing generally
followed the ASTM D 4633-10 standard.  Energy transfer past the gage location, EFV, was
computed by the PDA using force and velocity records as follows:

The value "a" corresponds to the start of the record which is when the energy transfer begins
and "b" is the time at which energy transferred to the rod reaches a maximum value.  Appendix
A contains more information on our measurement equipment and methods of analysis.  The
EFV  energy calculation is  identical to the EMX energy result discussed in Appendix A.   The 
EFV and EMX values apply to the sensor location near the top of the rod.  

TEST DETAILS

Testing occurred on July 1, 2013. Boring E340-B-07A was advanced in the maintenance yard
for the Microsoft Connector Buses in Bellevue, Washington.  NW size rod was used to advance 
a split spoon sampler.  The automatic hammer in use during our testing was manufactured by
Central Mine Equipment (CME) and was reported to use a 140 lb ram.   The drill rig was a truck-
mounted CME-85 and referred to as Rig No. 7 by the operator. 

Robert Miner Dynamic Testing, Inc.
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SPT Energy Measurements, Holt Services, Bellevue, WA July 2, 2013
RMDT Job No. 13F36 Page 2

RESULTS
A summary of testing and monitoring results is given in Table 1.  The tabulated results include
the starting sample depth, the penetration resistance, the number of hammers blows in our data
set, measured energy transfer, EFV,  the computed transfer efficiency, ETR, and the hammer
blow rate, BPM.   Appendix B contains detailed numeric results for each individual test.

Energy measurements must be divided by the theoretical free fall energy of the hammer to
obtain an efficiency.  A 140 lb ram raised 30 inches above an impact surface has 350 lb-ft of
potential energy.  Thus, the transfer energy results for sampling with the 140 ram may be
divided by 350 lb-ft to yield the ratio of the  delivered energy to the nominal potential energy. 
This efficiency ratio, ETR,  is given for each sample interval as a percent efficiency.

Table 1.  Summary of Test Details and Results for the 140-lb ram and Split Spoon
               Sampler

Sample Name
and

Sample
Start

Depth

Penetration
Resistance

(Blow/Set)

Number
 of Blows

 in
 Data Set

Average
Transfer
Energy

EFV
(lb-ft)

Average
Transfer
Efficiency

ETR
(percent)

Average
Hammer

Blow Rate
BPM

   (blow/min)

Sample 1, 15ft 48/1ft 48 298 85 46

Sample 2, 20ft 58/1ft 58 306 87 46

Sample 3, 30ft 89/1ft 89 317 91 47

Sample 4, 40ft 81/1ft 81 316 90 47

Sample 5, 50ft 50/6in 49 325 93 45

Sample 6, 60ft 57/6in 57 321 92 46

Average for Split Spoon samples: 314 90 46

Six sample returns were monitored while the 140 lb ram and standard split spoon sampler were
in use.  The overall average ETR and hammer blow rate was 90 percent and 46 blows per
minute, respectively.

Robert Miner Dynamic Testing, Inc.
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SPT Energy Measurements, Holt Services, Bellevue, WA July 2, 2013
RMDT Job No. 13F36 Page 3

It was a pleasure to assist you and to participate on this project with the staff of Holt Services,
Inc.  Please do not hesitate to contact us if you or your client have any questions about this
report.

Sincerely,

Andrew Banas
Staff Engineer
Robert Miner Dynamic Testing, Inc.

Robert Miner Dynamic Testing, Inc.
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APPENDIX  A

AN INTRODUCTION INTO DYNAMIC PILE TESTING METHODS
The following has been written by Goble Rausche Likins and Associates, Inc. and may only be copied with its written permission.

BACKGROUND

Modern procedures of design and construction control

require verification of bearing capacity and integrity of

deep foundations during preconstruction test

programs and also production installation.  Dynamic

pile testing methods meet this need economically and

reliably, and therefore, form an important part of a

quality assurance program when deep foundations

are executed.  Several dynamic pile testing methods

exist; they have different benefits and limitations and

different requirements for proper execution.

The Case Method of dynamic pile testing, named

after the Case Institute of Technology where it was

developed between 1964 and 1975, requires that a

substantial ram mass (such as that of a pile driving

hammer) impacts the pile top such that the pile

undergoes at least a small permanent set.   The

method is therefore also referred to as a “High Strain

Method”.  The Case Method requires dynamic

measurements on the pile or shaft under the ram

impact and then an evaluation of various quantities

based on closed form solutions of the wave equation,

a partial differential equation describing   the motion

of a rod under the effect of an impact.  Conveniently,

measurements and analyses are done by a single

piece of equipment: the Pile Driving Analyzer® (PDA).

However, for bearing capacity evaluations an

important additional method is CAPWAP® which

performs a much more rigorous analysis of the

dynamic records than the simpler Case Method.

A related analysis method is the “Wave Equation

Analysis” which calculates a relationship between

bearing capacity and pile stress and field blow count.

The GRLWEAP™ program performs this analysis

and provides a complete set of helpful information

and input data.

The following description deals primarily with the

Case Method or “High Strain Test” Method of pile

testing, however, for the sake of completeness,  the

“Low Strain Test” performed with the Pile  Integrity

Test™ (PIT), mainly for pile integrity evaluation, will

also be described.

RESULTS FROM DYNAMIC TESTING

There are two main objectives of high strain dynamic

pile testing:

• Dynamic Pile Monitoring and

• Dynamic Load Testing.

Dynamic pile monitoring is conducted during the

installation of impact driven piles to achieve a safe

and economical pile installation.  Dynamic load

testing, on the other hand, has as its primary goal

the assessment of pile bearing capacity.  It is

applicable to both cast insitu piles or drilled shafts

and impact driven piles during restrike.

Dynamic Pile Monitoring

During pile installation, the sensors attached to the

pile measure pile top force and velocity.  A PDA

conditions and processes these signals and

calculates or evaluates:

• Bearing capacity at the time of testing, including an

assessment of shaft resistance development and

driving resistance.  This information supports

formulation of a driving criterion. 

• Dynamic pile stresses, axial and averaged over the

pile cross section, both tensile and compressive,

during pile driving to limit the potential of damage

either near the pile top or along its length.  Bending

stresses can be evaluated at the point of sensor

attachment.

• Pile integrity assessment by the PDA is based on

the recognition of certain wave reflections from

along the pile.  If detected early enough, a pile may

be saved from complete destruction.  On the other

hand, once damage is recognized measures can

be taken to prevent reoccurrence.

• Hammer performance parameters including the

energy transferred to the pile, the hammer speed

in blows per minute and the stroke of open ended

diesel hammers.
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Dynamic Pile Load Testing

Bearing capacity testing of either driven piles or

drilled shafts applies the same basic measurement

approach of dynamic pile monitoring.  However, the

test is done independent of the pile installation

process and therefore a pile driving hammer or other

dynamic loading device may not be available.  If a

special ram has to be mobilized then its weight should

be between 0.8 and 2% of the test load (e.g. between

4 and 10 tons for a 500 ton test load) to assure

sufficient soil resistance activation.

For a successful test, it most important that the test is

conducted after a sufficient waiting time following pile

installation for soil properties approaching their long

term condition or concrete to properly set.  During

testing, PDA results of pile/shaft stresses and

transferred energy are used to maintain safe stresses

and assure sufficient resistance activation.  For safe

and sufficient testing  of drilled shafts, ram energies

are often increased from blow to blow until the test

capacity has been activated.  On the other hand,

restrike tests on driven piles may require a warm

hammer so that the very first blow produces a

complete resistance activation. Data must be

evaluated by CAPWAP for bearing capacity.

After the dynamic load test has been conducted with

sufficient energy and safe stresses, the CAPWAP

analysis provides the following results:

• Bearing capacity i.e. the mobilized capacity present

at the time of testing

• Resistance distribution including shaft resistance

and end bearing components

• Stresses in pile or shaft calculated for both the

static load application and the dynamic test.  These

stresses are averages over the cross section and

do not include bending effects or nonuniform

contact stresses, e.g. when the pile toe is on

uneven rock.

• Shaft impedance vs depth; this is an estimate of the

shaft shape if it differs substantially from the

planned profile

• Dynamic soil parameters for shaft and toe, i.e.

damping factors and quakes (related to the dynamic

 stiffness of the resistance at the pile/soil

interface.)

MEASUREMENTS

PDA

The basis for the results calculated by the PDA are

pile top strain and acceleration measurements which

are converted to force and velocity records,

respectively.  The PDA conditions, calibrates and

displays these signals and immediately computes

average pile force and velocity thereby eliminating

bending effects.  Using closed form Case Method

solutions, based on the one-dimensional linear wave

equation, the PDA calculates the results described

in the analytical solutions section below. 

HPA

The ram velocity may be directly obtained using

radar technology in the Hammer Performance

Analyzer™.  For this unit to be applicable, the ram

must be visible.  The impact velocity results can be

automatically processed with a PC or recorded on a

strip chart.

Saximeter™

For open end diesel hammers, the time between two

impacts indicates the magnitude of the ram fall

height or stroke.  This information is not only

measured and calculated by the PDA but also by the

convenient, hand-held Saximeter.

PIT

The Pile Integrity Tester™ (PIT) can be used to

evaluate defects in concrete piles or shafts which

may have occurred during driving or casting.  Also

timber piles of limited length can be tested in that

manner.  This so-called "Low Strain Method" or

“Pulse-Echo Method” of integrity testing requires only

the measurement of acceleration at the pile top.  The

stress wave producing impact is then generated by

a small hand-held hammer and the records

interpreted in the time domain.  PIT also supports

the so-called “Transient Response Method” which

requires the additional measurement of the hammer

force and an analysis in the frequency domain.  This

method may also be used to evaluate the unknown

length of deep foundations under existing structures.
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ANALYTICAL SOLUTIONS
BEARING CAPACITY

Wave Equation

GRL has written the GRLWEAP™ program which

calculates a relationship between bearing capacity,

pile stress and blow count.  This relationship is often

called the “bearing graph.” Once the blow count is

known from pile installation logs, the bearing graph

yields the bearing capacity.  This approach requires

no measurements and therefore can be performed

during the design stage of a project, for example for

the selection of hammer, cushion and pile size.  

After dynamic pile monitoring and/or dynamic load

testing has been performed, the “Refined Wave

Equation Analysis” or RWEA (see schematic below)

is often performed by inputting the PDA and

CAPWAP calculated parameters.  Then the bearing

graph from the RWEA is the basis for a safe and

sufficient driving criteria.

Case Method

The Case Method is a closed form solution based on

a few simplifying assumptions such as ideal plastic

soil behavior and an ideally elastic and uniform pile.

Given the measured pile top force F(t) and pile top

velocity v(t), the total soil resistance is

2 2R(t) = ½{[F(t) + F(t )] + Z[v(t) - v(t )]} (1)

where

t = a point in time after impact

2t = time t + 2L/c

L = pile length below gages

c = (E/�)  is the speed of the stress wave½

� = pile mass density

Z = EA/c is the pile impedance

E = elastic modulus of the pile (� c )2

A = pile cross sectional area

dThe total soil resistance consists of a dynamic (R )

sand a static (R ) component.  The static component

is therefore

s dR (t) = R(t) - R (t) (2)

The dynamic component may be computed from a

tsoil damping factor, J, and a pile toe velocity, v (t)

which is conveniently calculated for the pile toe.

Using wave considerations, this approach leads

immediately to the dynamic resistance

dR (t) = J[F(t) + Zv(t) - R(t)] (3)

and finally to the static resistance by means of

Equation 2.  

There are a number of ways in which Eq. 1 through

23 can be evaluated.  Most commonly, t  is set to that

time at which the static resistance becomes

maximum.  The result is the so-called RMX capacity.

Damping factors for RMX typically range between

0.5 for coarse grained materials to 1.0 for clays.  The

RSP capacity (this method is most commonly

referred to in the literature, yet it is not very

frequently used) requires damping factors between

0.1 for sand and 1.0 for clay.  Another capacity, RA2,

determines the capacity at a time when the pile is

essentially at rest and thus damping is small; RA2
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therefore requires no damping parameter.  In any

event, the proper Case Method and its associated

damping parameter is most conveniently found after

a CAPWAP analysis has been performed.

The static resistance calculated by Case Method or

CAPWAP is the mobilized resistance at the time of

testing. Consideration therefore has to be given to soil

setup or relaxation effects and whether or not a

sufficient set has been achieved under the test

loading that would correspond to a full activation of

the ultimate soil resistance.

The PDA also calculates an estimate of shaft

resistance as the difference between force and

velocity times impedance at the time immediately

prior to the return of the stress wave from the pile toe.

This shaft resistance is not reduced by damping

effects and is therefore called the total shaft

resistance SFT.  A correction for damping effects

produces the static shaft resistance estimate, SFR.

The Case Method solution is simple enough to be

evaluated "in real time," i.e. between hammer blows,

using the PDA.  It is therefore possible to calculate all

relevant results for all hammer blows and plot these

results as a function of depth or blow number.  This is

done in the PDAPLOT program. 

CAPWAP

 

The CAse Pile Wave Analysis Program combines the

wave equation pile and soil model with the Case

Method measurements.  Thus, the solution includes

not only the total and static bearing capacity values

but also the shaft resistance, end bearing, damping

factors and soil stiffnesses.  The method iteratively

calculates a number of unknowns by signal matching.

While it is necessary to make hammer performance

assumptions for a GRLWEAP analysis, the CAPWAP

program works with the pile top measurements.

Furthermore, while GRLWEAP and Case Method

require certain assumptions regarding the soil

behavior, CAPWAP calculates these soil parameters.

STRESSES

During pile monitoring, it is important that

compressive stress maxima at pile top and toe and

tensile stress maxima somewhere along the pile be

calculated for each hammer blow.

At the pile top (location of sensors) both the

maximum compression stress, CSX, and the

maximum stress from individual strain transducers,

CSI, are directly obtained from the measurements.

Note that CSI is greater than or equal to CSX and

the difference between CSI and CSX is a measure

of bending in the plane of the strain transducers.

Note also that all stresses calculated for locations

below the sensors are averaged over the pile cross

section and therefore do not include components

from either bending or eccentric soil resistance

effects.

The PDA calculates the compressive stress at the

pile bottom, CSB, assuming (a) a uniform pile and

(b) that the pile toe force is the maximum value of

the total resistance R(t) minus the total shaft

resistance, SFT.  Again, for this stress estimation

uniform resistance force are assumed (e.g. not a

sloping rock.)

For concrete piles, the maximum tension stress,

TSX, is also of great importance.  It occurs at some

point below the pile top.  The maximum tension

stress can be computed from the pile top

measurements by finding  the maximum tension

Uwave (either traveling upward, W ,  or downward,

dW ) and reducing it by the minimum compressive

wave traveling in opposite direction.

uW  = ½[F(t) - Zv(t)] (4)

dW  = ½[F(t) + Zv(t)] (5)

CAPWAP also calculates tensile and compressive

stresses along the pile and, in general, more

accurately than the PDA.  In fact, for non-uniform

piles or piles with joints, cracks or other

discontinuities, the closed form solutions from the

PDA may be in error.

PILE INTEGRITY

High Strain Tests (PDA)

Stress waves in a pile are reflected wherever the pile

impedance, Z = EA/c = �cA = A �(E �), changes.

Therefore, the pile impedance is a measure of the

quality of the pile material (E, �, c) and the size of its

cross section (A).  The reflected waves arrive at the

pile top at a time which is greater the farther away

from the pile top the reflection occurs.  The
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magnitude of the change of the upward traveling

wave (calculated from the measured force and

velocity, Eq. 4) indicates the extent of the cross

isectional change.  Thus, with �  (BTA) being a relative

integrity factor which is unity for no impedance

change and zero for the pile end, the following is

calculated by the PDA.

i i i�  = (1 - � )/(1 + � ) (6)

with

i UR UD Di UR�  = ½(W  - W )/(W  - W ) (7)

where

UR is the upward traveling wave at the onset ofW

the reflected wave. It is caused by resistance.

UD is the upwards traveling wave due to theW

damage reflection.

DiW is the maximum downward traveling wave due
to impact.

It can be shown that this formulation is quite accurate

as long as individual reflections from different pile

impedance changes have no overlapping effects on

the stress wave reflections.

Without rigorous derivation, it has been proposed to

consider as slight damage when � is above 0.8 and a

serious damage when � is less than 0.6.

 Low Strain Tests (PIT)

The pile top is struck with a held hand hammer and

the resulting pile top velocity is measured, displayed

and interpreted for signs of wave reflections.  In

general, a comparison of the reflected acceleration

leads to a relative measure of extent of damage,

again the location of the problem is indicated by the

arrival time of the reflection.  PIT records can also be

interpreted by the �-Method.  However, low strain

tests do not activate much resistance which simplifies

UREq. 7 since W  is then equal to zero.

For drilled shafts and PIT records that clearly show a

toe reflection, an approximate shaft profile can be

calculated from low strain records using the PITSTOP

program’s PROFILE routine.

HAMMER PERFORMANCE

The PDA calculates the energy transferred to the

pile top from:

oE(t) = �  F(t)v(t) dt (8a)t

The maximum of the E(t) curve is the most important

information for an overall evaluation of the

performance of a hammer and driving system.  This

EMX value allows for a classification of the

hammer's performance when presented as the rated

transfer efficiency, also called energy transfer ratio

(ETR) or global efficiency

T Re  = EMX/E (8b)

where 

RE  is the manufacturer’s rated energy value.

Both Saximeter and PDA calculate the stroke (STK)

of an open end diesel hammer using

B LSTK = (g/8) T  - h (9)2

where

g is the earth’s gravitational acceleration,

BT is the time between two hammer blows,

Lh is a stroke loss value due to gas compression

and time losses during impact (usually 0.3 ft or

0.1 m).

DETERMINATION OF WAVE SPEED

An important facet of dynamic pile testing is an

assessment of pile material properties.  Since in

general force is determined from strain by

multiplication with elastic modulus, E, and cross

sectional area, A, the dynamic elastic modulus has

to be determined for pile materials other than steel.

In general, the records measured by the PDA clearly

indicate a pile toe reflection as long as pile

penetration per blow is greater than 1 mm or .04

inches.  The time between the onset of the force and

velocity records at impact and the onset of the

reflection from the toe (usually apparent by a local

maximum of the wave up curve) is the so-called

wave travel time, T.  Dividing 2L (L is here the length

of the pile below sensors) by T leads to the stress

wave speed in the pile:

c = 2L/T (10)
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The elastic modulus of the pile material is related to

the wave speed according to the linear elastic wave

equation theory by

E = c � (11)2

Since the mass density of the pile material, �, is

usually well known (an exception is timber for which

samples should be weighed), the elastic modulus is

easily found from the wave speed.  Note, however,

that this is a dynamic modulus which is generally

higher than the static one and that the wave speed

depends to some degree on the strain level of the

stress wave.  For example, experience shows that the

wave speed from PIT is roughly 5% higher than the

wave speed observed during a high strain test.

Other Notes:

• If the pile material is nonuniform then the wave

speed c, according to Eq. 10, is an average wave

speed and does not necessarily reflect the pile

material properties of the location where the strain

sensors are attached to the pile top.  For example,

pile driving often causes fine tension cracks some

distance below the top of concrete piles.  Then the

average c is slower than that at the pile top.  It is

therefore recommended to determine E in the

beginning of pile driving and not adjust it when the

average c changes.

• If the pile has such a high resistance that there is no

clear indication of a toe reflection then the wave

speed of the pile material must be determined either

by assumption or by taking a sample of the

concrete and measuring its wave speed in a simple

free column test.  Another possibility is to use the

proportionality relationship, discussed under “DATA

QUALITY CHECKS” to find c as the ratio between

the measured velocity and measured strain.

DATA QUALITY CHECKS

Quality data is the first and foremost requirement for

accurate dynamic testing results.  It is therefore

important that the measurement engineer performing

PDA or PIT tests has the experience necessary to

recognize measurement problems and take

appropriate corrective action should problems

develop.  Fortunately, dynamic pile testing allows for

certain data quality checks because two independent

measurements are taken that have to conform to

certain relationships.

Proportionality

As long as there is only a wave traveling in one

direction, as is the case during impact when only a

downward traveling wave exists in the pile, force and

velocity measured at the pile top are proportional

F = v Z = v (EA/c) (12a)

This relationship can also be expressed in terms of

stress

� = v (E/c) (12b)

or strain

� = v / c (12c)

This means that the early portion of strain times

wave speed must be equal to the velocity unless the

proportionality is affected by high friction near the

pile top or by a pile cross sectional change not far

below the sensors.   Checking the proportionality is

an excellent means of assuring meaningful

measurements.

Measurements are always taken at opposite sides of

the pile as a means of calculating the average force

and velocity in the pile.  The velocity on the two sides

of the pile is very similar even when high bending

exists.  Thus, an independent check of the velocity

measurements is easy and simple.

Strain measurements may differ greatly between the

two sides of the pile when bending exists.  It is even

possible that tension is measured on one side while

very high compression exists on the other side of the

pile.  In extreme cases, bending might be so high

that it leads to a nonlinear stress distribution.  The

averaging of the two strain signals does then not

lead to the average pile force and proportionality will

not be achieved.

When testing drilled shafts, measurements of strain

may also be affected by local concrete quality

variations.  It is then often necessary to use four

strain transducers spaced at 90 degrees around the

pile for an improved strain data quality.  The use of

four transducers is also recommended for large pile
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diameters, particularly when it is difficult to mount the

sensors at least two pile widths or diameters below

the pile top. 

LIMITATIONS, ADDITIONAL CONSIDERATIONS

Mobilization of capacity

Estimates of pile capacity from dynamic testing

indicate the mobilized pile capacity at the time of

testing.  At very high blow counts (low set per blow),

dynamic test methods tend to produce lower bound

capacity estimates as not all resistance (particularly

at and near the toe) is fully activated.

Time dependent soil resistance effects

Static pile capacity from dynamic method calculations

provide an estimate of the axial pile capacity.

Increases and decreases in the pile capacity with time

typically occur (soil setup/relaxation).  Therefore,

restrike testing usually yields a better indication

of long term pile capacity than a test at the end of

pile driving.  Often a wait period of one or two days

between end of driving and restrike is satisfactory for

a realistic prediction of pile capacity but this waiting

time depends, among other factors, on the

permeability of the soil.

(A) Soil setup

Because excess positive pore pressures often

develop during pile driving in fine grained soil (clays,

silts or even fine sands), the capacity of a pile at the

time of driving may often be less than the long term

pile capacity.  These pore pressures reduce the

effective stress acting on the pile thereby reducing the

soil resistance to pile penetration, and thus the pile

capacity at the time of driving.  As these pore

pressures dissipate, the soil resistance acting on the

pile increases as does the axial pile capacity.  This

phenomena is routinely called soil setup or soil

freeze.

(B) Relaxation

Relaxation (capacity reduction with time) has been

observed for piles driven into weathered shale, and

may take several days to fully develop.  Pile capacity

estimates based upon initial driving or short term

restrike tests can significantly overpredict long term

pile capacity.  Therefore, piles driven into shale

should be tested after a minimum one week wait

either statically or dynamically (with particular

emphasis than on the first few blows).  Relaxation

has also been observed for displacement piles

driven into dense saturated silts or fine sands due to

a negative pore pressure effect at the pile toe.

Again, restrike tests should be used, with great

emphasis on early blows.

Capacity results for open pile profiles

Larger diameter open ended pipe piles (or H-piles

which do not bear on rock) may behave differently

under dynamic and static loading conditions.  Under

dynamic loads the soil inside the pile or between its

flanges may slip and produce internal friction while

under static loads the plug may move with the pile,

thereby creating end bearing over the full pile cross

section.  As a result both friction and end bearing

components may be different under static and

dynamic conditions. 

CAPWAP Analysis Results

A portion of the soil resistance calculated on an

individual soil segment in a CAPWAP analysis can

usually be shifted up or down the shaft one soil

segment without significantly altering the match

quality.  Therefore, use of the CAPWAP resistance

distribution for uplift, downdrag, scour, or other

geotechnical considerations should be made with an

understanding of these analysis limitations.

Stresses

PDA and CAPWAP calculated stresses are average

values over the cross section.  Additional allowance

has to be made for bending or non-uniform contact

stresses.  To prevent damage it is therefore

important to maintain good hammer-pile alignment

and to protect the pile toes using appropriate devices

or an increased cross sectional area.

In the United States is has become generally

acceptable to limit the dynamic installation stresses

of driven piles to the following levels:

90% of yield strength for steel piles

85% of the concrete compressive strength - after

subtraction of the effective prestress - for

concrete piles in compression
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100% of effective prestress plus ½ of the

concrete’s tension strength for prestressed

piles in tension

70% of the reinforcement strength for regularly

reinforced concrete piles in tension 

300% of the static design allowable stress for

timber

Note that the dynamic stresses may either be directly

measured at the pile top by the PDA or calculated by

the PDA for other locations along the pile based on

the pile top measurements. 

Additional design considerations

Numerous factors have to be considered in pile

foundation design.  Some of these considerations

include

• additional pile loading from downdrag or negative

skin friction,

• lateral and uplift loading requirements

• effective stress changes (due to changes in water

table, excavations, fills or other changes in

overburden),

• long term settlements in general and settlement
from underlying weaker layers and/or pile group
effects,

These factors have not been evaluated by GRL and

have not been considered in the interpretation of the

dynamic testing results.  The foundation designer

should determine if these or any other considerations

are applicable to this project and the foundation

design.

Wave equation analysis results

The results calculated by the wave equation analysis

program depend on a variety of hammer, pile and

soil input parameters.  Although attempts have been

made to base the analysis on the best available

information, actual field conditions may vary and

therefore stresses and blow counts may differ from

the predictions reported.  Capacity predictions

derived from wave equation analyses should use

restrike information.  However, because of the

uncertainties associated with restrike blow counts

and restrike hammer energies, correlations of such

results with static test capacities with have often

displayed considerable scatter.

As for PDA and CAPWAP, the theory on which

GRLWEAP is based is the one-dimensional wave

equation.  For that reason, stress predictions by the

wave equation analysis can only be averages over

the pile cross section.  Thus, bending stresses or

stress concentrations due to non-uniform impact or

uneven soil or rock resistance are not considered in

these results.  Stress maxima calculated by the wave

equation are usually subjected to the same limits as

those measured directly or calculated from

measurements by the PDA.
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Summary of Case Method Field Results
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APPENDIX  A

AN INTRODUCTION INTO DYNAMIC PILE TESTING METHODS
The following has been written by Goble Rausche Likins and Associates, Inc. and may only be copied with its written permission.

BACKGROUND

Modern procedures of design and construction control

require verification of bearing capacity and integrity of

deep foundations during preconstruction test

programs and also production installation.  Dynamic

pile testing methods meet this need economically and

reliably, and therefore, form an important part of a

quality assurance program when deep foundations

are executed.  Several dynamic pile testing methods

exist; they have different benefits and limitations and

different requirements for proper execution.

The Case Method of dynamic pile testing, named

after the Case Institute of Technology where it was

developed between 1964 and 1975, requires that a

substantial ram mass (such as that of a pile driving

hammer) impacts the pile top such that the pile

undergoes at least a small permanent set.   The

method is therefore also referred to as a “High Strain

Method”.  The Case Method requires dynamic

measurements on the pile or shaft under the ram

impact and then an evaluation of various quantities

based on closed form solutions of the wave equation,

a partial differential equation describing   the motion

of a rod under the effect of an impact.  Conveniently,

measurements and analyses are done by a single

piece of equipment: the Pile Driving Analyzer® (PDA).

However, for bearing capacity evaluations an

important additional method is CAPWAP® which

performs a much more rigorous analysis of the

dynamic records than the simpler Case Method.

A related analysis method is the “Wave Equation

Analysis” which calculates a relationship between

bearing capacity and pile stress and field blow count.

The GRLWEAP™ program performs this analysis

and provides a complete set of helpful information

and input data.

The following description deals primarily with the

Case Method or “High Strain Test” Method of pile

testing, however, for the sake of completeness,  the

“Low Strain Test” performed with the Pile  Integrity

Test™ (PIT), mainly for pile integrity evaluation, will

also be described.

RESULTS FROM DYNAMIC TESTING

There are two main objectives of high strain dynamic

pile testing:

• Dynamic Pile Monitoring and

• Dynamic Load Testing.

Dynamic pile monitoring is conducted during the

installation of impact driven piles to achieve a safe

and economical pile installation.  Dynamic load

testing, on the other hand, has as its primary goal

the assessment of pile bearing capacity.  It is

applicable to both cast insitu piles or drilled shafts

and impact driven piles during restrike.

Dynamic Pile Monitoring

During pile installation, the sensors attached to the

pile measure pile top force and velocity.  A PDA

conditions and processes these signals and

calculates or evaluates:

• Bearing capacity at the time of testing, including an

assessment of shaft resistance development and

driving resistance.  This information supports

formulation of a driving criterion. 

• Dynamic pile stresses, axial and averaged over the

pile cross section, both tensile and compressive,

during pile driving to limit the potential of damage

either near the pile top or along its length.  Bending

stresses can be evaluated at the point of sensor

attachment.

• Pile integrity assessment by the PDA is based on

the recognition of certain wave reflections from

along the pile.  If detected early enough, a pile may

be saved from complete destruction.  On the other

hand, once damage is recognized measures can

be taken to prevent reoccurrence.

• Hammer performance parameters including the

energy transferred to the pile, the hammer speed

in blows per minute and the stroke of open ended

diesel hammers.
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Dynamic Pile Load Testing

Bearing capacity testing of either driven piles or

drilled shafts applies the same basic measurement

approach of dynamic pile monitoring.  However, the

test is done independent of the pile installation

process and therefore a pile driving hammer or other

dynamic loading device may not be available.  If a

special ram has to be mobilized then its weight should

be between 0.8 and 2% of the test load (e.g. between

4 and 10 tons for a 500 ton test load) to assure

sufficient soil resistance activation.

For a successful test, it most important that the test is

conducted after a sufficient waiting time following pile

installation for soil properties approaching their long

term condition or concrete to properly set.  During

testing, PDA results of pile/shaft stresses and

transferred energy are used to maintain safe stresses

and assure sufficient resistance activation.  For safe

and sufficient testing  of drilled shafts, ram energies

are often increased from blow to blow until the test

capacity has been activated.  On the other hand,

restrike tests on driven piles may require a warm

hammer so that the very first blow produces a

complete resistance activation. Data must be

evaluated by CAPWAP for bearing capacity.

After the dynamic load test has been conducted with

sufficient energy and safe stresses, the CAPWAP

analysis provides the following results:

• Bearing capacity i.e. the mobilized capacity present

at the time of testing

• Resistance distribution including shaft resistance

and end bearing components

• Stresses in pile or shaft calculated for both the

static load application and the dynamic test.  These

stresses are averages over the cross section and

do not include bending effects or nonuniform

contact stresses, e.g. when the pile toe is on

uneven rock.

• Shaft impedance vs depth; this is an estimate of the

shaft shape if it differs substantially from the

planned profile

• Dynamic soil parameters for shaft and toe, i.e.

damping factors and quakes (related to the dynamic

 stiffness of the resistance at the pile/soil

interface.)

MEASUREMENTS

PDA

The basis for the results calculated by the PDA are

pile top strain and acceleration measurements which

are converted to force and velocity records,

respectively.  The PDA conditions, calibrates and

displays these signals and immediately computes

average pile force and velocity thereby eliminating

bending effects.  Using closed form Case Method

solutions, based on the one-dimensional linear wave

equation, the PDA calculates the results described

in the analytical solutions section below. 

HPA

The ram velocity may be directly obtained using

radar technology in the Hammer Performance

Analyzer™.  For this unit to be applicable, the ram

must be visible.  The impact velocity results can be

automatically processed with a PC or recorded on a

strip chart.

Saximeter™

For open end diesel hammers, the time between two

impacts indicates the magnitude of the ram fall

height or stroke.  This information is not only

measured and calculated by the PDA but also by the

convenient, hand-held Saximeter.

PIT

The Pile Integrity Tester™ (PIT) can be used to

evaluate defects in concrete piles or shafts which

may have occurred during driving or casting.  Also

timber piles of limited length can be tested in that

manner.  This so-called "Low Strain Method" or

“Pulse-Echo Method” of integrity testing requires only

the measurement of acceleration at the pile top.  The

stress wave producing impact is then generated by

a small hand-held hammer and the records

interpreted in the time domain.  PIT also supports

the so-called “Transient Response Method” which

requires the additional measurement of the hammer

force and an analysis in the frequency domain.  This

method may also be used to evaluate the unknown

length of deep foundations under existing structures.
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ANALYTICAL SOLUTIONS
BEARING CAPACITY

Wave Equation

GRL has written the GRLWEAP™ program which

calculates a relationship between bearing capacity,

pile stress and blow count.  This relationship is often

called the “bearing graph.” Once the blow count is

known from pile installation logs, the bearing graph

yields the bearing capacity.  This approach requires

no measurements and therefore can be performed

during the design stage of a project, for example for

the selection of hammer, cushion and pile size.  

After dynamic pile monitoring and/or dynamic load

testing has been performed, the “Refined Wave

Equation Analysis” or RWEA (see schematic below)

is often performed by inputting the PDA and

CAPWAP calculated parameters.  Then the bearing

graph from the RWEA is the basis for a safe and

sufficient driving criteria.

Case Method

The Case Method is a closed form solution based on

a few simplifying assumptions such as ideal plastic

soil behavior and an ideally elastic and uniform pile.

Given the measured pile top force F(t) and pile top

velocity v(t), the total soil resistance is

2 2R(t) = ½{[F(t) + F(t )] + Z[v(t) - v(t )]} (1)

where

t = a point in time after impact

2t = time t + 2L/c

L = pile length below gages

c = (E/�)  is the speed of the stress wave½

� = pile mass density

Z = EA/c is the pile impedance

E = elastic modulus of the pile (� c )2

A = pile cross sectional area

dThe total soil resistance consists of a dynamic (R )

sand a static (R ) component.  The static component

is therefore

s dR (t) = R(t) - R (t) (2)

The dynamic component may be computed from a

tsoil damping factor, J, and a pile toe velocity, v (t)

which is conveniently calculated for the pile toe.

Using wave considerations, this approach leads

immediately to the dynamic resistance

dR (t) = J[F(t) + Zv(t) - R(t)] (3)

and finally to the static resistance by means of

Equation 2.  

There are a number of ways in which Eq. 1 through

23 can be evaluated.  Most commonly, t  is set to that

time at which the static resistance becomes

maximum.  The result is the so-called RMX capacity.

Damping factors for RMX typically range between

0.5 for coarse grained materials to 1.0 for clays.  The

RSP capacity (this method is most commonly

referred to in the literature, yet it is not very

frequently used) requires damping factors between

0.1 for sand and 1.0 for clay.  Another capacity, RA2,

determines the capacity at a time when the pile is

essentially at rest and thus damping is small; RA2
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therefore requires no damping parameter.  In any

event, the proper Case Method and its associated

damping parameter is most conveniently found after

a CAPWAP analysis has been performed.

The static resistance calculated by Case Method or

CAPWAP is the mobilized resistance at the time of

testing. Consideration therefore has to be given to soil

setup or relaxation effects and whether or not a

sufficient set has been achieved under the test

loading that would correspond to a full activation of

the ultimate soil resistance.

The PDA also calculates an estimate of shaft

resistance as the difference between force and

velocity times impedance at the time immediately

prior to the return of the stress wave from the pile toe.

This shaft resistance is not reduced by damping

effects and is therefore called the total shaft

resistance SFT.  A correction for damping effects

produces the static shaft resistance estimate, SFR.

The Case Method solution is simple enough to be

evaluated "in real time," i.e. between hammer blows,

using the PDA.  It is therefore possible to calculate all

relevant results for all hammer blows and plot these

results as a function of depth or blow number.  This is

done in the PDAPLOT program. 

CAPWAP

 

The CAse Pile Wave Analysis Program combines the

wave equation pile and soil model with the Case

Method measurements.  Thus, the solution includes

not only the total and static bearing capacity values

but also the shaft resistance, end bearing, damping

factors and soil stiffnesses.  The method iteratively

calculates a number of unknowns by signal matching.

While it is necessary to make hammer performance

assumptions for a GRLWEAP analysis, the CAPWAP

program works with the pile top measurements.

Furthermore, while GRLWEAP and Case Method

require certain assumptions regarding the soil

behavior, CAPWAP calculates these soil parameters.

STRESSES

During pile monitoring, it is important that

compressive stress maxima at pile top and toe and

tensile stress maxima somewhere along the pile be

calculated for each hammer blow.

At the pile top (location of sensors) both the

maximum compression stress, CSX, and the

maximum stress from individual strain transducers,

CSI, are directly obtained from the measurements.

Note that CSI is greater than or equal to CSX and

the difference between CSI and CSX is a measure

of bending in the plane of the strain transducers.

Note also that all stresses calculated for locations

below the sensors are averaged over the pile cross

section and therefore do not include components

from either bending or eccentric soil resistance

effects.

The PDA calculates the compressive stress at the

pile bottom, CSB, assuming (a) a uniform pile and

(b) that the pile toe force is the maximum value of

the total resistance R(t) minus the total shaft

resistance, SFT.  Again, for this stress estimation

uniform resistance force are assumed (e.g. not a

sloping rock.)

For concrete piles, the maximum tension stress,

TSX, is also of great importance.  It occurs at some

point below the pile top.  The maximum tension

stress can be computed from the pile top

measurements by finding  the maximum tension

Uwave (either traveling upward, W ,  or downward,

dW ) and reducing it by the minimum compressive

wave traveling in opposite direction.

uW  = ½[F(t) - Zv(t)] (4)

dW  = ½[F(t) + Zv(t)] (5)

CAPWAP also calculates tensile and compressive

stresses along the pile and, in general, more

accurately than the PDA.  In fact, for non-uniform

piles or piles with joints, cracks or other

discontinuities, the closed form solutions from the

PDA may be in error.

PILE INTEGRITY

High Strain Tests (PDA)

Stress waves in a pile are reflected wherever the pile

impedance, Z = EA/c = �cA = A �(E �), changes.

Therefore, the pile impedance is a measure of the

quality of the pile material (E, �, c) and the size of its

cross section (A).  The reflected waves arrive at the

pile top at a time which is greater the farther away

from the pile top the reflection occurs.  The
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magnitude of the change of the upward traveling

wave (calculated from the measured force and

velocity, Eq. 4) indicates the extent of the cross

isectional change.  Thus, with �  (BTA) being a relative

integrity factor which is unity for no impedance

change and zero for the pile end, the following is

calculated by the PDA.

i i i�  = (1 - � )/(1 + � ) (6)

with

i UR UD Di UR�  = ½(W  - W )/(W  - W ) (7)

where

UR is the upward traveling wave at the onset ofW

the reflected wave. It is caused by resistance.

UD is the upwards traveling wave due to theW

damage reflection.

DiW is the maximum downward traveling wave due
to impact.

It can be shown that this formulation is quite accurate

as long as individual reflections from different pile

impedance changes have no overlapping effects on

the stress wave reflections.

Without rigorous derivation, it has been proposed to

consider as slight damage when � is above 0.8 and a

serious damage when � is less than 0.6.

 Low Strain Tests (PIT)

The pile top is struck with a held hand hammer and

the resulting pile top velocity is measured, displayed

and interpreted for signs of wave reflections.  In

general, a comparison of the reflected acceleration

leads to a relative measure of extent of damage,

again the location of the problem is indicated by the

arrival time of the reflection.  PIT records can also be

interpreted by the �-Method.  However, low strain

tests do not activate much resistance which simplifies

UREq. 7 since W  is then equal to zero.

For drilled shafts and PIT records that clearly show a

toe reflection, an approximate shaft profile can be

calculated from low strain records using the PITSTOP

program’s PROFILE routine.

HAMMER PERFORMANCE

The PDA calculates the energy transferred to the

pile top from:

oE(t) = �  F(t)v(t) dt (8a)t

The maximum of the E(t) curve is the most important

information for an overall evaluation of the

performance of a hammer and driving system.  This

EMX value allows for a classification of the

hammer's performance when presented as the rated

transfer efficiency, also called energy transfer ratio

(ETR) or global efficiency

T Re  = EMX/E (8b)

where 

RE  is the manufacturer’s rated energy value.

Both Saximeter and PDA calculate the stroke (STK)

of an open end diesel hammer using

B LSTK = (g/8) T  - h (9)2

where

g is the earth’s gravitational acceleration,

BT is the time between two hammer blows,

Lh is a stroke loss value due to gas compression

and time losses during impact (usually 0.3 ft or

0.1 m).

DETERMINATION OF WAVE SPEED

An important facet of dynamic pile testing is an

assessment of pile material properties.  Since in

general force is determined from strain by

multiplication with elastic modulus, E, and cross

sectional area, A, the dynamic elastic modulus has

to be determined for pile materials other than steel.

In general, the records measured by the PDA clearly

indicate a pile toe reflection as long as pile

penetration per blow is greater than 1 mm or .04

inches.  The time between the onset of the force and

velocity records at impact and the onset of the

reflection from the toe (usually apparent by a local

maximum of the wave up curve) is the so-called

wave travel time, T.  Dividing 2L (L is here the length

of the pile below sensors) by T leads to the stress

wave speed in the pile:

c = 2L/T (10)
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The elastic modulus of the pile material is related to

the wave speed according to the linear elastic wave

equation theory by

E = c � (11)2

Since the mass density of the pile material, �, is

usually well known (an exception is timber for which

samples should be weighed), the elastic modulus is

easily found from the wave speed.  Note, however,

that this is a dynamic modulus which is generally

higher than the static one and that the wave speed

depends to some degree on the strain level of the

stress wave.  For example, experience shows that the

wave speed from PIT is roughly 5% higher than the

wave speed observed during a high strain test.

Other Notes:

• If the pile material is nonuniform then the wave

speed c, according to Eq. 10, is an average wave

speed and does not necessarily reflect the pile

material properties of the location where the strain

sensors are attached to the pile top.  For example,

pile driving often causes fine tension cracks some

distance below the top of concrete piles.  Then the

average c is slower than that at the pile top.  It is

therefore recommended to determine E in the

beginning of pile driving and not adjust it when the

average c changes.

• If the pile has such a high resistance that there is no

clear indication of a toe reflection then the wave

speed of the pile material must be determined either

by assumption or by taking a sample of the

concrete and measuring its wave speed in a simple

free column test.  Another possibility is to use the

proportionality relationship, discussed under “DATA

QUALITY CHECKS” to find c as the ratio between

the measured velocity and measured strain.

DATA QUALITY CHECKS

Quality data is the first and foremost requirement for

accurate dynamic testing results.  It is therefore

important that the measurement engineer performing

PDA or PIT tests has the experience necessary to

recognize measurement problems and take

appropriate corrective action should problems

develop.  Fortunately, dynamic pile testing allows for

certain data quality checks because two independent

measurements are taken that have to conform to

certain relationships.

Proportionality

As long as there is only a wave traveling in one

direction, as is the case during impact when only a

downward traveling wave exists in the pile, force and

velocity measured at the pile top are proportional

F = v Z = v (EA/c) (12a)

This relationship can also be expressed in terms of

stress

� = v (E/c) (12b)

or strain

� = v / c (12c)

This means that the early portion of strain times

wave speed must be equal to the velocity unless the

proportionality is affected by high friction near the

pile top or by a pile cross sectional change not far

below the sensors.   Checking the proportionality is

an excellent means of assuring meaningful

measurements.

Measurements are always taken at opposite sides of

the pile as a means of calculating the average force

and velocity in the pile.  The velocity on the two sides

of the pile is very similar even when high bending

exists.  Thus, an independent check of the velocity

measurements is easy and simple.

Strain measurements may differ greatly between the

two sides of the pile when bending exists.  It is even

possible that tension is measured on one side while

very high compression exists on the other side of the

pile.  In extreme cases, bending might be so high

that it leads to a nonlinear stress distribution.  The

averaging of the two strain signals does then not

lead to the average pile force and proportionality will

not be achieved.

When testing drilled shafts, measurements of strain

may also be affected by local concrete quality

variations.  It is then often necessary to use four

strain transducers spaced at 90 degrees around the

pile for an improved strain data quality.  The use of

four transducers is also recommended for large pile
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diameters, particularly when it is difficult to mount the

sensors at least two pile widths or diameters below

the pile top. 

LIMITATIONS, ADDITIONAL CONSIDERATIONS

Mobilization of capacity

Estimates of pile capacity from dynamic testing

indicate the mobilized pile capacity at the time of

testing.  At very high blow counts (low set per blow),

dynamic test methods tend to produce lower bound

capacity estimates as not all resistance (particularly

at and near the toe) is fully activated.

Time dependent soil resistance effects

Static pile capacity from dynamic method calculations

provide an estimate of the axial pile capacity.

Increases and decreases in the pile capacity with time

typically occur (soil setup/relaxation).  Therefore,

restrike testing usually yields a better indication

of long term pile capacity than a test at the end of

pile driving.  Often a wait period of one or two days

between end of driving and restrike is satisfactory for

a realistic prediction of pile capacity but this waiting

time depends, among other factors, on the

permeability of the soil.

(A) Soil setup

Because excess positive pore pressures often

develop during pile driving in fine grained soil (clays,

silts or even fine sands), the capacity of a pile at the

time of driving may often be less than the long term

pile capacity.  These pore pressures reduce the

effective stress acting on the pile thereby reducing the

soil resistance to pile penetration, and thus the pile

capacity at the time of driving.  As these pore

pressures dissipate, the soil resistance acting on the

pile increases as does the axial pile capacity.  This

phenomena is routinely called soil setup or soil

freeze.

(B) Relaxation

Relaxation (capacity reduction with time) has been

observed for piles driven into weathered shale, and

may take several days to fully develop.  Pile capacity

estimates based upon initial driving or short term

restrike tests can significantly overpredict long term

pile capacity.  Therefore, piles driven into shale

should be tested after a minimum one week wait

either statically or dynamically (with particular

emphasis than on the first few blows).  Relaxation

has also been observed for displacement piles

driven into dense saturated silts or fine sands due to

a negative pore pressure effect at the pile toe.

Again, restrike tests should be used, with great

emphasis on early blows.

Capacity results for open pile profiles

Larger diameter open ended pipe piles (or H-piles

which do not bear on rock) may behave differently

under dynamic and static loading conditions.  Under

dynamic loads the soil inside the pile or between its

flanges may slip and produce internal friction while

under static loads the plug may move with the pile,

thereby creating end bearing over the full pile cross

section.  As a result both friction and end bearing

components may be different under static and

dynamic conditions. 

CAPWAP Analysis Results

A portion of the soil resistance calculated on an

individual soil segment in a CAPWAP analysis can

usually be shifted up or down the shaft one soil

segment without significantly altering the match

quality.  Therefore, use of the CAPWAP resistance

distribution for uplift, downdrag, scour, or other

geotechnical considerations should be made with an

understanding of these analysis limitations.

Stresses

PDA and CAPWAP calculated stresses are average

values over the cross section.  Additional allowance

has to be made for bending or non-uniform contact

stresses.  To prevent damage it is therefore

important to maintain good hammer-pile alignment

and to protect the pile toes using appropriate devices

or an increased cross sectional area.

In the United States is has become generally

acceptable to limit the dynamic installation stresses

of driven piles to the following levels:

90% of yield strength for steel piles

85% of the concrete compressive strength - after

subtraction of the effective prestress - for

concrete piles in compression
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100% of effective prestress plus ½ of the

concrete’s tension strength for prestressed

piles in tension

70% of the reinforcement strength for regularly

reinforced concrete piles in tension 

300% of the static design allowable stress for

timber

Note that the dynamic stresses may either be directly

measured at the pile top by the PDA or calculated by

the PDA for other locations along the pile based on

the pile top measurements. 

Additional design considerations

Numerous factors have to be considered in pile

foundation design.  Some of these considerations

include

• additional pile loading from downdrag or negative

skin friction,

• lateral and uplift loading requirements

• effective stress changes (due to changes in water

table, excavations, fills or other changes in

overburden),

• long term settlements in general and settlement
from underlying weaker layers and/or pile group
effects,

These factors have not been evaluated by GRL and

have not been considered in the interpretation of the

dynamic testing results.  The foundation designer

should determine if these or any other considerations

are applicable to this project and the foundation

design.

Wave equation analysis results

The results calculated by the wave equation analysis

program depend on a variety of hammer, pile and

soil input parameters.  Although attempts have been

made to base the analysis on the best available

information, actual field conditions may vary and

therefore stresses and blow counts may differ from

the predictions reported.  Capacity predictions

derived from wave equation analyses should use

restrike information.  However, because of the

uncertainties associated with restrike blow counts

and restrike hammer energies, correlations of such

results with static test capacities with have often

displayed considerable scatter.

As for PDA and CAPWAP, the theory on which

GRLWEAP is based is the one-dimensional wave

equation.  For that reason, stress predictions by the

wave equation analysis can only be averages over

the pile cross section.  Thus, bending stresses or

stress concentrations due to non-uniform impact or

uneven soil or rock resistance are not considered in

these results.  Stress maxima calculated by the wave

equation are usually subjected to the same limits as

those measured directly or calculated from

measurements by the PDA.
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Appendix B

Summary of Case Method Results
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Robert  Miner  Dynamic  Testing,  Inc.
Dynamic Measurements and Analyses for Deep Foundations

May 9, 2013
Mr. Dale Abernathy
Holt Services, Inc. 
13000 Lakeholme Road Sw
Lakewood, WA 98498

Re: Penetration Test Energy Measurements 
Rig B2177GW, 140lb and 300 lb ram, NW-J, November 1, 2012 
Landa Track Rig Model L-10-T, 140 lb ram, NW-J, April 17, 2013
Tera-Sonic CC-150, 140 lb ram, AW-J, April 19, 2013
King and Pierce County, Washington

          RMDT Job No. 12F53
Dear Mr. Abernathy,

This letter presents energy transfer measurements made during Penetration Tests for the drill
rigs referenced above.  Robert Miner Dynamic Testing, Inc. (RMDT) made dynamic
measurements with a Pile Driving Analyzer® as a hammer advanced the NW or AW rod during
soil sampling.

The purpose of RMDT's testing was the measurement of energy transferred to the drill rods. 
Measurements were made on a sections of NW or AW gauge rod at the top of the drill rod. 
Strain gages and accelerometers on the rod were connected to a Pile Driving Analyzer® (PDA)
which generally processed acceleration and strain measurements from each hammer blow and
stored both the measurements and computed results.  Measurements and data processing
generally followed the ASTM D 4633-10 standard.  Energy transfer past the gage location, EFV,
was computed by the PDA using force and velocity records as follows:

The value "a" corresponds to the start of the record which is when the energy transfer begins
and "b" is the time at which energy transferred to the rod reaches a maximum value.  Appendix
A contains more information on our measurement equipment and methods of analysis.  The
EFV  energy calculation is  identical to the EMX energy result discussed in Appendix A.   The 
EFV and EMX values apply to the sensor location near the top of the rod.  

TEST DETAILS

Rig B2177GW, November 1, 2012 
Testing occurred on November 1, 2012. Boring B59 was advanced at the Holt Services Yard
located in Lakewood. Washington. The drill rig was a Model B59 manufactured by Mobile Drill
International (Mobile). The automatic hammer in use during our testing was also manufactured

Mailing Address:   P.O. Box 340,  Manchester, WA,  98353, USA Phone: 360-871-5480
Location:  2288 Colchester Dr. E., Ste A,  Manchester, WA,  98353 Fax: 360-871-5483
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SPT Energy Measurements, Holt Services, Inc. May 9, 2013
RMDT Job No. 12F53 Page 2

by Mobile and was reported to use either a 140 lb or a 300 lb ram.  A 140 lb and 300 lb ram
were used to advance a standard split spoon and a 3" O.D. split spoon sampler, respectively. 
NW size rod was used during all testing.

Track Rig Model L-10-T, April 17, 2013
Testing occurred on April 17, 2013. Boring E330-B28 was advanced along the proposed Sound
Transit East Link Lightrail Line near 116th Ave NE and NE 8th St in Bellevue, Washington. The
drill rig was a track-mounted Landa Drilling Services, Inc. Limited Access Rig (SN:130115). The
automatic hammer in use during our testing was reported to use a 140 lb ram to advance a
standard split spoon sampler. NW size rod was used during all testing 

Terra-Sonic CC150 Track Rig, April 19, 2013
Testing occurred on April 19, 2013. Boring E340-B12 was advanced along the proposed Sound
Transit East Link Lightrail Line near 124th Ave NE and NE 14th St in Bellevue, Washington. The
drill rig was a track-mounted Terra-Sonic Rig. The automatic hammer in use during our testing
was a Mobile self compensating autohammer and was reported to use a 140 lb ram to advance
a standard split spoon sampler.  AW size rod was used during all testing.

RESULTS

Summaries of the results for tests conducted at each of the three test sites (and ram weights)
are given in Tables 1 through 4. The tabulated results include the starting sample depth, the
penetration resistance, the number of hammers blows in our data set, measured energy
transfer, EFV,  the computed transfer efficiency, ETR, and the hammer blow rate, BPM.  
Appendix B contains detailed numeric results for each individual test.

Energy measurements must be divided by the theoretical free fall energy of the hammer to
obtain an efficiency.    A 140 lb ram raised 30 inches above an impact surface has 350 lb-ft of
potential energy.  A 300 lb ram raised 30 inches above an impact surface has 750 lb-ft of
potential energy.   Thus, the transfer energy results for sampling with the 140 and 300 lb rams
may be divided by 350 and 750 lb-ft, respectively,  to yield the ratio of the  delivered energy to
the nominal potential energy.  This efficiency ratio, ETR,  is given for each sample interval as
a percent efficiency. 

Rig B2177GW, November 1, 2012 
Five sample returns were monitored while a 140 lb ram and standard split spoon sampler were
in use.  The overall average ETR was 98 percent and the average hammer blow rate was 22
blows per minute.

Robert Miner Dynamic Testing, Inc.
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Table 1.  Summary of Test Details and Results for Rig B2177GW using a 140-lb ram
                and Split Spoon Sampler, November 1, 2012

Sample Name
and Start

Depth

Penetration
Resistance

(Blow/Set)

Number
 of Blows

 in
 Data Set

Average
Transfer
Energy

EFV
(lb-ft)

Average
Transfer
Efficiency

ETR
(percent)

Average
Hammer

Blow Rate
BPM

   (blow/min)

20 ft 7/1 ft 7 300 86 24

35 ft 6/1 ft 6 354 101 21

40 ft 4/1 ft 4 353 101 22

55 ft 5/1 ft 5 354 101 22

65 ft 19/1 ft 19 356 102 22

Average: 343 98 22

For this drilling rig on November 1, 2012 five sample intervals were monitored while a 300 lb
ram and a 3" O.D. split spoon sampler were used.  For the 300 lb ram the average  ETR values
within the sample intervals ranged from 99 to 103 percent.  The overall average ETR was 101
percent and the average hammer blow rate was 23 blows per minute.

Table 2.  Summary of Test Details and Results for Rig B2177GW using a 300-lb ram
                and 3"O.D. Sampler, November 1, 2012

Sample Name
and Start

Depth

Penetration
Resistance

(Blow/Set)

Number
 of Blows

 in
 Data Set

Average
Transfer
Energy

EFV
(lb-ft)

Average
Transfer
Efficiency

ETR
(percent)

Average
Hammer

Blow Rate
BPM

(blow/min)

25 ft 12/1 ft 12 739 99 25

30 ft 6/1 ft 6 738 98 24

45 ft 3/1 ft 3 769 103 21

50 ft 3/1 ft 3 770 103 23

60 ft 3/1 ft 3 759 101 20

Average: 755 101 23

Robert Miner Dynamic Testing, Inc.
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Track Rig Model L-10-T, April 17, 2013
Six sample returns were monitored while the 140 lb ram and standard split spoon sampler were
in use.  For the 140 lb ram the average  ETR values within the sample intervals ranged from 83
to 90 percent. The overall average ETR value was 87 percent. The hammer strike rate was
reduced after Sample 50 ft was recorded to determine if the hammer strike rate (BPM) 
influenced the recorded transfer energy (EFV). Test results reported only modest variations to
the calculated  EFV at hammer strike rates between 24 and 49 BPM. 

Table 3.  Summary of Test Details and Results for Rig L-10-T using a 140-lb ram
                and Standard Split Spoon Sampler, April 17, 2013

Sample Name
and Start

Depth

Penetration
Resistance

(Blow/Set)

Number
 of Blows

 in
 Data Set

Average
Transfer
Energy

EFV
(lb-ft)

Average
Transfer
Efficiency

ETR
(percent)

Average
Hammer

Blow Rate
BPM

(blow/min)

35 ft 50/6 in 49 296 85 48

40 ft 50/6 in 50 307 88 46

45 ft 75/1 ft 75 308 88 49

50 ft 66/1 ft 66 315 90 49

55 ft 50/4 in 40 292 83 24

60 ft 50/6 in 50 311 89 25

Average: 305 87 40

Robert Miner Dynamic Testing, Inc.
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Terra-Sonic CC150 Track Rig

Three sample returns were monitored while the 140 lb ram and standard split spoon sampler
were in use before artesian pressures forced drilling to halt for the day. The overall average
ETR and hammer blow rate was 95 percent and 46 blows per minute, respectively. 

Table 4.  Summary of Test Details and Results for Terra-Sonic CC150 Track Rig using a
                140-lb ram and Standard Split Spoon Sampler, April 19, 2013

Sample Name
and Start

Depth

Penetration
Resistance

(Blow/Set)

Number
 of Blows

 in
 Data Set

Average
Transfer
Energy

EFV
(lb-ft)

Average
Transfer
Efficiency

ETR
(percent)

Average
Hammer

Blow Rate
BPM

(blow/min)

20 ft 30/1 ft 30 339 97 44

30 ft 50/4 in 50 325 93 47

45 ft 50/6 in 44 338 97 48

Average: 334 95 46

It was a pleasure to assist you and to participate on this project with the staff of Holt Services,
Inc.   Please do not hesitate to contact us if you or your client have any questions about this
report.

Sincerely,

Andrew Banas
Staff Engineer
Robert Miner Dynamic Testing, Inc.

3
Robert Miner
President

Robert Miner Dynamic Testing, Inc.
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Appendix B

Summary of Case Method Field Results

Robert Miner Dynamic Testing, Inc.
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APPENDIX  A

AN INTRODUCTION INTO DYNAMIC PILE TESTING METHODS
The following has been written by Goble Rausche Likins and Associates, Inc. and may only be copied with its written permission.

BACKGROUND

Modern procedures of design and construction control

require verification of bearing capacity and integrity of

deep foundations during preconstruction test

programs and also production installation.  Dynamic

pile testing methods meet this need economically and

reliably, and therefore, form an important part of a

quality assurance program when deep foundations

are executed.  Several dynamic pile testing methods

exist; they have different benefits and limitations and

different requirements for proper execution.

The Case Method of dynamic pile testing, named

after the Case Institute of Technology where it was

developed between 1964 and 1975, requires that a

substantial ram mass (such as that of a pile driving

hammer) impacts the pile top such that the pile

undergoes at least a small permanent set.   The

method is therefore also referred to as a “High Strain

Method”.  The Case Method requires dynamic

measurements on the pile or shaft under the ram

impact and then an evaluation of various quantities

based on closed form solutions of the wave equation,

a partial differential equation describing   the motion

of a rod under the effect of an impact.  Conveniently,

measurements and analyses are done by a single

piece of equipment: the Pile Driving Analyzer® (PDA).

However, for bearing capacity evaluations an

important additional method is CAPWAP® which

performs a much more rigorous analysis of the

dynamic records than the simpler Case Method.

A related analysis method is the “Wave Equation

Analysis” which calculates a relationship between

bearing capacity and pile stress and field blow count.

The GRLWEAP™ program performs this analysis

and provides a complete set of helpful information

and input data.

The following description deals primarily with the

Case Method or “High Strain Test” Method of pile

testing, however, for the sake of completeness,  the

“Low Strain Test” performed with the Pile  Integrity

Test™ (PIT), mainly for pile integrity evaluation, will

also be described.

RESULTS FROM DYNAMIC TESTING

There are two main objectives of high strain dynamic

pile testing:

• Dynamic Pile Monitoring and

• Dynamic Load Testing.

Dynamic pile monitoring is conducted during the

installation of impact driven piles to achieve a safe

and economical pile installation.  Dynamic load

testing, on the other hand, has as its primary goal

the assessment of pile bearing capacity.  It is

applicable to both cast insitu piles or drilled shafts

and impact driven piles during restrike.

Dynamic Pile Monitoring

During pile installation, the sensors attached to the

pile measure pile top force and velocity.  A PDA

conditions and processes these signals and

calculates or evaluates:

• Bearing capacity at the time of testing, including an

assessment of shaft resistance development and

driving resistance.  This information supports

formulation of a driving criterion. 

• Dynamic pile stresses, axial and averaged over the

pile cross section, both tensile and compressive,

during pile driving to limit the potential of damage

either near the pile top or along its length.  Bending

stresses can be evaluated at the point of sensor

attachment.

• Pile integrity assessment by the PDA is based on

the recognition of certain wave reflections from

along the pile.  If detected early enough, a pile may

be saved from complete destruction.  On the other

hand, once damage is recognized measures can

be taken to prevent reoccurrence.

• Hammer performance parameters including the

energy transferred to the pile, the hammer speed

in blows per minute and the stroke of open ended

diesel hammers.
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Dynamic Pile Load Testing

Bearing capacity testing of either driven piles or

drilled shafts applies the same basic measurement

approach of dynamic pile monitoring.  However, the

test is done independent of the pile installation

process and therefore a pile driving hammer or other

dynamic loading device may not be available.  If a

special ram has to be mobilized then its weight should

be between 0.8 and 2% of the test load (e.g. between

4 and 10 tons for a 500 ton test load) to assure

sufficient soil resistance activation.

For a successful test, it most important that the test is

conducted after a sufficient waiting time following pile

installation for soil properties approaching their long

term condition or concrete to properly set.  During

testing, PDA results of pile/shaft stresses and

transferred energy are used to maintain safe stresses

and assure sufficient resistance activation.  For safe

and sufficient testing  of drilled shafts, ram energies

are often increased from blow to blow until the test

capacity has been activated.  On the other hand,

restrike tests on driven piles may require a warm

hammer so that the very first blow produces a

complete resistance activation. Data must be

evaluated by CAPWAP for bearing capacity.

After the dynamic load test has been conducted with

sufficient energy and safe stresses, the CAPWAP

analysis provides the following results:

• Bearing capacity i.e. the mobilized capacity present

at the time of testing

• Resistance distribution including shaft resistance

and end bearing components

• Stresses in pile or shaft calculated for both the

static load application and the dynamic test.  These

stresses are averages over the cross section and

do not include bending effects or nonuniform

contact stresses, e.g. when the pile toe is on

uneven rock.

• Shaft impedance vs depth; this is an estimate of the

shaft shape if it differs substantially from the

planned profile

• Dynamic soil parameters for shaft and toe, i.e.

damping factors and quakes (related to the dynamic

 stiffness of the resistance at the pile/soil

interface.)

MEASUREMENTS

PDA

The basis for the results calculated by the PDA are

pile top strain and acceleration measurements which

are converted to force and velocity records,

respectively.  The PDA conditions, calibrates and

displays these signals and immediately computes

average pile force and velocity thereby eliminating

bending effects.  Using closed form Case Method

solutions, based on the one-dimensional linear wave

equation, the PDA calculates the results described

in the analytical solutions section below. 

HPA

The ram velocity may be directly obtained using

radar technology in the Hammer Performance

Analyzer™.  For this unit to be applicable, the ram

must be visible.  The impact velocity results can be

automatically processed with a PC or recorded on a

strip chart.

Saximeter™

For open end diesel hammers, the time between two

impacts indicates the magnitude of the ram fall

height or stroke.  This information is not only

measured and calculated by the PDA but also by the

convenient, hand-held Saximeter.

PIT

The Pile Integrity Tester™ (PIT) can be used to

evaluate defects in concrete piles or shafts which

may have occurred during driving or casting.  Also

timber piles of limited length can be tested in that

manner.  This so-called "Low Strain Method" or

“Pulse-Echo Method” of integrity testing requires only

the measurement of acceleration at the pile top.  The

stress wave producing impact is then generated by

a small hand-held hammer and the records

interpreted in the time domain.  PIT also supports

the so-called “Transient Response Method” which

requires the additional measurement of the hammer

force and an analysis in the frequency domain.  This

method may also be used to evaluate the unknown

length of deep foundations under existing structures.
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ANALYTICAL SOLUTIONS
BEARING CAPACITY

Wave Equation

GRL has written the GRLWEAP™ program which

calculates a relationship between bearing capacity,

pile stress and blow count.  This relationship is often

called the “bearing graph.” Once the blow count is

known from pile installation logs, the bearing graph

yields the bearing capacity.  This approach requires

no measurements and therefore can be performed

during the design stage of a project, for example for

the selection of hammer, cushion and pile size.  

After dynamic pile monitoring and/or dynamic load

testing has been performed, the “Refined Wave

Equation Analysis” or RWEA (see schematic below)

is often performed by inputting the PDA and

CAPWAP calculated parameters.  Then the bearing

graph from the RWEA is the basis for a safe and

sufficient driving criteria.

Case Method

The Case Method is a closed form solution based on

a few simplifying assumptions such as ideal plastic

soil behavior and an ideally elastic and uniform pile.

Given the measured pile top force F(t) and pile top

velocity v(t), the total soil resistance is

2 2R(t) = ½{[F(t) + F(t )] + Z[v(t) - v(t )]} (1)

where

t = a point in time after impact

2t = time t + 2L/c

L = pile length below gages

c = (E/�)  is the speed of the stress wave½

� = pile mass density

Z = EA/c is the pile impedance

E = elastic modulus of the pile (� c )2

A = pile cross sectional area

dThe total soil resistance consists of a dynamic (R )

sand a static (R ) component.  The static component

is therefore

s dR (t) = R(t) - R (t) (2)

The dynamic component may be computed from a

tsoil damping factor, J, and a pile toe velocity, v (t)

which is conveniently calculated for the pile toe.

Using wave considerations, this approach leads

immediately to the dynamic resistance

dR (t) = J[F(t) + Zv(t) - R(t)] (3)

and finally to the static resistance by means of

Equation 2.  

There are a number of ways in which Eq. 1 through

23 can be evaluated.  Most commonly, t  is set to that

time at which the static resistance becomes

maximum.  The result is the so-called RMX capacity.

Damping factors for RMX typically range between

0.5 for coarse grained materials to 1.0 for clays.  The

RSP capacity (this method is most commonly

referred to in the literature, yet it is not very

frequently used) requires damping factors between

0.1 for sand and 1.0 for clay.  Another capacity, RA2,

determines the capacity at a time when the pile is

essentially at rest and thus damping is small; RA2
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therefore requires no damping parameter.  In any

event, the proper Case Method and its associated

damping parameter is most conveniently found after

a CAPWAP analysis has been performed.

The static resistance calculated by Case Method or

CAPWAP is the mobilized resistance at the time of

testing. Consideration therefore has to be given to soil

setup or relaxation effects and whether or not a

sufficient set has been achieved under the test

loading that would correspond to a full activation of

the ultimate soil resistance.

The PDA also calculates an estimate of shaft

resistance as the difference between force and

velocity times impedance at the time immediately

prior to the return of the stress wave from the pile toe.

This shaft resistance is not reduced by damping

effects and is therefore called the total shaft

resistance SFT.  A correction for damping effects

produces the static shaft resistance estimate, SFR.

The Case Method solution is simple enough to be

evaluated "in real time," i.e. between hammer blows,

using the PDA.  It is therefore possible to calculate all

relevant results for all hammer blows and plot these

results as a function of depth or blow number.  This is

done in the PDAPLOT program. 

CAPWAP

 

The CAse Pile Wave Analysis Program combines the

wave equation pile and soil model with the Case

Method measurements.  Thus, the solution includes

not only the total and static bearing capacity values

but also the shaft resistance, end bearing, damping

factors and soil stiffnesses.  The method iteratively

calculates a number of unknowns by signal matching.

While it is necessary to make hammer performance

assumptions for a GRLWEAP analysis, the CAPWAP

program works with the pile top measurements.

Furthermore, while GRLWEAP and Case Method

require certain assumptions regarding the soil

behavior, CAPWAP calculates these soil parameters.

STRESSES

During pile monitoring, it is important that

compressive stress maxima at pile top and toe and

tensile stress maxima somewhere along the pile be

calculated for each hammer blow.

At the pile top (location of sensors) both the

maximum compression stress, CSX, and the

maximum stress from individual strain transducers,

CSI, are directly obtained from the measurements.

Note that CSI is greater than or equal to CSX and

the difference between CSI and CSX is a measure

of bending in the plane of the strain transducers.

Note also that all stresses calculated for locations

below the sensors are averaged over the pile cross

section and therefore do not include components

from either bending or eccentric soil resistance

effects.

The PDA calculates the compressive stress at the

pile bottom, CSB, assuming (a) a uniform pile and

(b) that the pile toe force is the maximum value of

the total resistance R(t) minus the total shaft

resistance, SFT.  Again, for this stress estimation

uniform resistance force are assumed (e.g. not a

sloping rock.)

For concrete piles, the maximum tension stress,

TSX, is also of great importance.  It occurs at some

point below the pile top.  The maximum tension

stress can be computed from the pile top

measurements by finding  the maximum tension

Uwave (either traveling upward, W ,  or downward,

dW ) and reducing it by the minimum compressive

wave traveling in opposite direction.

uW  = ½[F(t) - Zv(t)] (4)

dW  = ½[F(t) + Zv(t)] (5)

CAPWAP also calculates tensile and compressive

stresses along the pile and, in general, more

accurately than the PDA.  In fact, for non-uniform

piles or piles with joints, cracks or other

discontinuities, the closed form solutions from the

PDA may be in error.

PILE INTEGRITY

High Strain Tests (PDA)

Stress waves in a pile are reflected wherever the pile

impedance, Z = EA/c = �cA = A �(E �), changes.

Therefore, the pile impedance is a measure of the

quality of the pile material (E, �, c) and the size of its

cross section (A).  The reflected waves arrive at the

pile top at a time which is greater the farther away

from the pile top the reflection occurs.  The
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magnitude of the change of the upward traveling

wave (calculated from the measured force and

velocity, Eq. 4) indicates the extent of the cross

isectional change.  Thus, with �  (BTA) being a relative

integrity factor which is unity for no impedance

change and zero for the pile end, the following is

calculated by the PDA.

i i i�  = (1 - � )/(1 + � ) (6)

with

i UR UD Di UR�  = ½(W  - W )/(W  - W ) (7)

where

UR is the upward traveling wave at the onset ofW

the reflected wave. It is caused by resistance.

UD is the upwards traveling wave due to theW

damage reflection.

DiW is the maximum downward traveling wave due
to impact.

It can be shown that this formulation is quite accurate

as long as individual reflections from different pile

impedance changes have no overlapping effects on

the stress wave reflections.

Without rigorous derivation, it has been proposed to

consider as slight damage when � is above 0.8 and a

serious damage when � is less than 0.6.

 Low Strain Tests (PIT)

The pile top is struck with a held hand hammer and

the resulting pile top velocity is measured, displayed

and interpreted for signs of wave reflections.  In

general, a comparison of the reflected acceleration

leads to a relative measure of extent of damage,

again the location of the problem is indicated by the

arrival time of the reflection.  PIT records can also be

interpreted by the �-Method.  However, low strain

tests do not activate much resistance which simplifies

UREq. 7 since W  is then equal to zero.

For drilled shafts and PIT records that clearly show a

toe reflection, an approximate shaft profile can be

calculated from low strain records using the PITSTOP

program’s PROFILE routine.

HAMMER PERFORMANCE

The PDA calculates the energy transferred to the

pile top from:

oE(t) = �  F(t)v(t) dt (8a)t

The maximum of the E(t) curve is the most important

information for an overall evaluation of the

performance of a hammer and driving system.  This

EMX value allows for a classification of the

hammer's performance when presented as the rated

transfer efficiency, also called energy transfer ratio

(ETR) or global efficiency

T Re  = EMX/E (8b)

where 

RE  is the manufacturer’s rated energy value.

Both Saximeter and PDA calculate the stroke (STK)

of an open end diesel hammer using

B LSTK = (g/8) T  - h (9)2

where

g is the earth’s gravitational acceleration,

BT is the time between two hammer blows,

Lh is a stroke loss value due to gas compression

and time losses during impact (usually 0.3 ft or

0.1 m).

DETERMINATION OF WAVE SPEED

An important facet of dynamic pile testing is an

assessment of pile material properties.  Since in

general force is determined from strain by

multiplication with elastic modulus, E, and cross

sectional area, A, the dynamic elastic modulus has

to be determined for pile materials other than steel.

In general, the records measured by the PDA clearly

indicate a pile toe reflection as long as pile

penetration per blow is greater than 1 mm or .04

inches.  The time between the onset of the force and

velocity records at impact and the onset of the

reflection from the toe (usually apparent by a local

maximum of the wave up curve) is the so-called

wave travel time, T.  Dividing 2L (L is here the length

of the pile below sensors) by T leads to the stress

wave speed in the pile:

c = 2L/T (10)
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The elastic modulus of the pile material is related to

the wave speed according to the linear elastic wave

equation theory by

E = c � (11)2

Since the mass density of the pile material, �, is

usually well known (an exception is timber for which

samples should be weighed), the elastic modulus is

easily found from the wave speed.  Note, however,

that this is a dynamic modulus which is generally

higher than the static one and that the wave speed

depends to some degree on the strain level of the

stress wave.  For example, experience shows that the

wave speed from PIT is roughly 5% higher than the

wave speed observed during a high strain test.

Other Notes:

• If the pile material is nonuniform then the wave

speed c, according to Eq. 10, is an average wave

speed and does not necessarily reflect the pile

material properties of the location where the strain

sensors are attached to the pile top.  For example,

pile driving often causes fine tension cracks some

distance below the top of concrete piles.  Then the

average c is slower than that at the pile top.  It is

therefore recommended to determine E in the

beginning of pile driving and not adjust it when the

average c changes.

• If the pile has such a high resistance that there is no

clear indication of a toe reflection then the wave

speed of the pile material must be determined either

by assumption or by taking a sample of the

concrete and measuring its wave speed in a simple

free column test.  Another possibility is to use the

proportionality relationship, discussed under “DATA

QUALITY CHECKS” to find c as the ratio between

the measured velocity and measured strain.

DATA QUALITY CHECKS

Quality data is the first and foremost requirement for

accurate dynamic testing results.  It is therefore

important that the measurement engineer performing

PDA or PIT tests has the experience necessary to

recognize measurement problems and take

appropriate corrective action should problems

develop.  Fortunately, dynamic pile testing allows for

certain data quality checks because two independent

measurements are taken that have to conform to

certain relationships.

Proportionality

As long as there is only a wave traveling in one

direction, as is the case during impact when only a

downward traveling wave exists in the pile, force and

velocity measured at the pile top are proportional

F = v Z = v (EA/c) (12a)

This relationship can also be expressed in terms of

stress

� = v (E/c) (12b)

or strain

� = v / c (12c)

This means that the early portion of strain times

wave speed must be equal to the velocity unless the

proportionality is affected by high friction near the

pile top or by a pile cross sectional change not far

below the sensors.   Checking the proportionality is

an excellent means of assuring meaningful

measurements.

Measurements are always taken at opposite sides of

the pile as a means of calculating the average force

and velocity in the pile.  The velocity on the two sides

of the pile is very similar even when high bending

exists.  Thus, an independent check of the velocity

measurements is easy and simple.

Strain measurements may differ greatly between the

two sides of the pile when bending exists.  It is even

possible that tension is measured on one side while

very high compression exists on the other side of the

pile.  In extreme cases, bending might be so high

that it leads to a nonlinear stress distribution.  The

averaging of the two strain signals does then not

lead to the average pile force and proportionality will

not be achieved.

When testing drilled shafts, measurements of strain

may also be affected by local concrete quality

variations.  It is then often necessary to use four

strain transducers spaced at 90 degrees around the

pile for an improved strain data quality.  The use of

four transducers is also recommended for large pile
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diameters, particularly when it is difficult to mount the

sensors at least two pile widths or diameters below

the pile top. 

LIMITATIONS, ADDITIONAL CONSIDERATIONS

Mobilization of capacity

Estimates of pile capacity from dynamic testing

indicate the mobilized pile capacity at the time of

testing.  At very high blow counts (low set per blow),

dynamic test methods tend to produce lower bound

capacity estimates as not all resistance (particularly

at and near the toe) is fully activated.

Time dependent soil resistance effects

Static pile capacity from dynamic method calculations

provide an estimate of the axial pile capacity.

Increases and decreases in the pile capacity with time

typically occur (soil setup/relaxation).  Therefore,

restrike testing usually yields a better indication

of long term pile capacity than a test at the end of

pile driving.  Often a wait period of one or two days

between end of driving and restrike is satisfactory for

a realistic prediction of pile capacity but this waiting

time depends, among other factors, on the

permeability of the soil.

(A) Soil setup

Because excess positive pore pressures often

develop during pile driving in fine grained soil (clays,

silts or even fine sands), the capacity of a pile at the

time of driving may often be less than the long term

pile capacity.  These pore pressures reduce the

effective stress acting on the pile thereby reducing the

soil resistance to pile penetration, and thus the pile

capacity at the time of driving.  As these pore

pressures dissipate, the soil resistance acting on the

pile increases as does the axial pile capacity.  This

phenomena is routinely called soil setup or soil

freeze.

(B) Relaxation

Relaxation (capacity reduction with time) has been

observed for piles driven into weathered shale, and

may take several days to fully develop.  Pile capacity

estimates based upon initial driving or short term

restrike tests can significantly overpredict long term

pile capacity.  Therefore, piles driven into shale

should be tested after a minimum one week wait

either statically or dynamically (with particular

emphasis than on the first few blows).  Relaxation

has also been observed for displacement piles

driven into dense saturated silts or fine sands due to

a negative pore pressure effect at the pile toe.

Again, restrike tests should be used, with great

emphasis on early blows.

Capacity results for open pile profiles

Larger diameter open ended pipe piles (or H-piles

which do not bear on rock) may behave differently

under dynamic and static loading conditions.  Under

dynamic loads the soil inside the pile or between its

flanges may slip and produce internal friction while

under static loads the plug may move with the pile,

thereby creating end bearing over the full pile cross

section.  As a result both friction and end bearing

components may be different under static and

dynamic conditions. 

CAPWAP Analysis Results

A portion of the soil resistance calculated on an

individual soil segment in a CAPWAP analysis can

usually be shifted up or down the shaft one soil

segment without significantly altering the match

quality.  Therefore, use of the CAPWAP resistance

distribution for uplift, downdrag, scour, or other

geotechnical considerations should be made with an

understanding of these analysis limitations.

Stresses

PDA and CAPWAP calculated stresses are average

values over the cross section.  Additional allowance

has to be made for bending or non-uniform contact

stresses.  To prevent damage it is therefore

important to maintain good hammer-pile alignment

and to protect the pile toes using appropriate devices

or an increased cross sectional area.

In the United States is has become generally

acceptable to limit the dynamic installation stresses

of driven piles to the following levels:

90% of yield strength for steel piles

85% of the concrete compressive strength - after

subtraction of the effective prestress - for

concrete piles in compression
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100% of effective prestress plus ½ of the

concrete’s tension strength for prestressed

piles in tension

70% of the reinforcement strength for regularly

reinforced concrete piles in tension 

300% of the static design allowable stress for

timber

Note that the dynamic stresses may either be directly

measured at the pile top by the PDA or calculated by

the PDA for other locations along the pile based on

the pile top measurements. 

Additional design considerations

Numerous factors have to be considered in pile

foundation design.  Some of these considerations

include

• additional pile loading from downdrag or negative

skin friction,

• lateral and uplift loading requirements

• effective stress changes (due to changes in water

table, excavations, fills or other changes in

overburden),

• long term settlements in general and settlement
from underlying weaker layers and/or pile group
effects,

These factors have not been evaluated by GRL and

have not been considered in the interpretation of the

dynamic testing results.  The foundation designer

should determine if these or any other considerations

are applicable to this project and the foundation

design.

Wave equation analysis results

The results calculated by the wave equation analysis

program depend on a variety of hammer, pile and

soil input parameters.  Although attempts have been

made to base the analysis on the best available

information, actual field conditions may vary and

therefore stresses and blow counts may differ from

the predictions reported.  Capacity predictions

derived from wave equation analyses should use

restrike information.  However, because of the

uncertainties associated with restrike blow counts

and restrike hammer energies, correlations of such

results with static test capacities with have often

displayed considerable scatter.

As for PDA and CAPWAP, the theory on which

GRLWEAP is based is the one-dimensional wave

equation.  For that reason, stress predictions by the

wave equation analysis can only be averages over

the pile cross section.  Thus, bending stresses or

stress concentrations due to non-uniform impact or

uneven soil or rock resistance are not considered in

these results.  Stress maxima calculated by the wave

equation are usually subjected to the same limits as

those measured directly or calculated from

measurements by the PDA.
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Summary of Case Method Field Results

Robert Miner Dynamic Testing, Inc.
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APPENDIX  A
AN INTRODUCTION INTO SPT DYNAMIC PILE TESTING

The following has been written by GRL Engineers, Inc. and may only be copied with its written permission.

1. BACKGROUND

The Standard Penetration Test is frequently
conducted as an in-situ assessment of soil strength.
This test requires that a 140 lb weight is dropped 30
inches onto a drive rod at whose bottom a sampler is
usually installed. The sampler is driven for 18 inches;
the number of blows required for the last 12 inches of
driving is the so-called N-value. The N-value may be
used as a strength indicator for foundation design or
as a means of assessing the liquefaction potential of
soils.

Obviously, the SPT hammer efficiency is an important
consideration when using the N-values for design
purposes. Measurements have indicated that the
energy in the drive rod is sometimes only 30% and
and may reach 90% of the potential or rated energy of
the SPT hammer (E-rated = 0.35 kip-ft or 0.475 kJ).
The type of hammer used to drive the rod is the main
reason for these variations. On the average, the
energy in the drive rod is 60% of the standard rated
energy.

Because of the variability of energy, methods based
on N-values are considered unreliable. However,
measurements during SPT testing using the Case
Method can be done on a routine basis and these
measurements yield the transferred energy values.
With measured energy, EMX, known, an adjustment
of the measured N-value, Nm, can be made as follows.

N60 = Nm [Em / (0.6Er )] (1)

Thus, if the measured energy value is equal to the
normally expected transferred energy of 60% of E-
rated then the adjusted and measured N-values are
identical. On the other hand, if the measured energy
is only 30% then the adjusted blow count will be
reduced by 50%.

2. DYNAMIC TESTING AND ANALYSIS
METHODS APPLIED TO SPT

The Case Method of dynamic pile testing, named after
the Case Institute of Technology where it was

developed between 1964 and 1975, requires that a
substantial ram mass (e.g. a pile driving hammer)
impacts the pile top such that the pile undergoes at
least a small permanent set.  Thus, the method is
also referred to as a “High Strain Method”. The Case
Method requires dynamic measurements on the pile
or shaft under the ram impact and then a calculation
of various quantities. Conveniently, for SPT
applications, the measurements and analyses are
done by a single piece of equipment: the SPT
Analyzer. The  Pile Driving Analyzer® (PDA) is also
suitable to perform these measurements and data
processing.

A related analysis method is the “Wave Equation
Analysis” which calculates a relationship between
bearing capacity, pile stresses, transferred energy
and field blow count.  The GRLWEAP™ program
performs this analysis and provides a complete set
of helpful information and input data. This program
can be used very effectively to simulate the SPT
driving process.

3. MEASUREMENTS

GRL uses equipment manufactured by Pile
Dynamics, Inc. The system includes either an SPT-
Analyzer™ (SPTA) or a Pile Driving Analyzer®
(PDA), an instrumented rod section and two
accelerometers. SPT energy testing is very closely
related to and borrows procedures from dynamic pile
testing. Those interested in the basis of the SPT
energy testing method may obtain extensive
literature on dynamic pile testing from GRL
Engineers, Inc.

3.1 SPT Analyzer or Pile Driving Analyzer

The basis for the results calculated by the SPTA or
PDA are strain and acceleration measured in an
instrumented rod section. These signals are
converted to rod top force, F(t), and rod top velocity,
v(t). The SPTA or PDA conditions, calibrates and
displays these signals and immediately computes
average pile force and velocity thereby eliminating
bending effects. The product of these two
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measurements is then integrated over time which
yields the energy transferred to the instrumented
section as a function of time (see Section 4.1).

For convenience and accuracy, strain measurements
are usually taken on an instrumented section of SPT
drive rod. Ideally, the section properties of the
instrumented rod and those of the drive rod are the
same, however, using subs, other sections can also
be utilized.

For the instrumented section, PDI provides a force
calibration in such a way that the output of the
instrumented rod is directly calculated without the
need for an accurate elastic modulus or cross
sectional area of the rod section.

The acceleration measurements are often demanding
in the SPT environment, because of high frequency
and high acceleration motion components. An
experienced measurement engineer, therefore, has to
evaluate the quality of this data before final
conclusions are drawn from the numerical results
calculated by SPTA or PDA.

SPTA or PDA records are taken while the standard N-
value is acquired in the conventional manner. This
then allows a direct correlation between N-value and
average transferred energy.

3.2 HPA

The SPT hammer’s ram velocity may be directly
obtained using radar technology in the Hammer
Performance Analyzer™.  The impact velocity results
can be automatically processed with a PC or recorded
on a strip chart. HPA measurements yield a hammer
kinetic energy, but not the energy transferred to the
drive rod.

4 RECORD EVALUATION BY SPTA OR PDA

4.1 HAMMER PERFORMANCE

The PDA calculates the energy transferred to the pile
top from:

E(t) = o
t F( )v( ) d (2)

The maximum of the E(t) curve is often called
ENTHRU or EMX; it is the most important quantity for
an overall evaluation of the performance of a hammer

and driving system. EMX allows for a classification of
the hammer's performance when presented as, eT,
the rated transfer efficiency, also called energy
transfer ratio (ETR) or global efficiency.

eT = EMX/ER (3)

where ER  is the hammer manufacturer’s rated
energy value or 0.35 kip-ft (0.475 kJ) in the case of
the SPT hammer.

Often in the SPT literature one finds also reference
to the EF2 energy. This evaluation is based on
assumed  proportionality between force and velocity
(see also Section 5):

v(t) = F(t) / Z (4)

where Z = EA/c is the pile impedance, E is the elastic
modulus, A is the cross sectional area and c is the
speed of the stress wave in the pile material.. 

Combining equations 2 and 4 leads to 

EF(t) = o
t F( )2 / Z d (5)

The EF2 transferred energy value is the EF-value at
the time t = 2L/c, where L is the drive rod length and
c is the stress wave speed in steel (16,800 ft/s or
5,124 m/s). Since the force is easier to measure than
both force and velocity, Equation 5 is preferred by
some test engineers.  However, the EF method is
fraught with errors and certain correction factors
have to be applied to make it approximately correct.
Among the error sources are the following:

• Proportionality is often violated prior to time
2L/c.  The proportionality between force and
velocity in a downward traveling wave only
holds if the wave does not encounter a
disturbance prior to reflecting off the pile toe.
Such disturbances include a change in cross
sectional area, an open or loose splice or joint,
or resistance along the shaft.

• Using only one force measurement precludes
a data quality check based on the
proportionality between force and velocity.
Thus, a force measurement that is for some
reason in error may not be detectable, which
will lead to errors in the EF2 value.  Data
quality checks will be discussed further in
Section 5.
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The use if EF2 is therefore not recommended but it is
often included in result presentations for the sake of
completeness.

4.2 STRESSES

During SPT monitoring, it is also of interest to monitor
compressive stresses at both the top of the drive rod
and at its bottom.

At the pile top (location of sensors) the maximum
compression stress averaged over the rod’s cross
section, CSX, is directly obtained from the
measurements. Note that this stress value refers to
the instrumented section. If the rod has a different
cross sectional area then the stress in the rod will be
different from CSX.

The SPTA or PDA can also calculate, in an
approximate manner, the force at the rod bottom,
CFB. To obtain the corresponding stress, this force
value should be divided by the appropriate cross
sectional area, e.g. by the rod area just above the
sampler or by the sampler area itself. Of course, non-
uniform stress components as they might occur at the
sampler tip due to a sloping rock are not considered
in this calculation.

5. DATA QUALITY CHECKS

Quality data is the first and foremost requirement for
accurate dynamic testing results. It is therefore
important that the measurement engineer performing
SPTA or PDA tests has the experience necessary to
recognize measurement problems and take
appropriate corrective action should problems
develop.  Fortunately, dynamic pile testing allows for
certain data quality checks because two independent
measurements are taken that have to conform to the
so-called proportionality relationship.

As long as there is only a wave traveling in one
direction, as is the case during impact when only a
downward traveling wave exists in the rod, force and
velocity measured at its top are proportional

F = v Z (5)

where Z is again the pile impedance, Z = EA/c. This
relationship can also be expressed in terms of stress

 = F/A = v (E/c) (6)

or strain

 = /E = v / c (7)

This means that the early portion of strain times
wave speed must be equal to the velocity unless the
proportionality is affected by high friction near the
pile top or by a pile cross sectional change not far
below the sensors.   Checking the proportionality is
an excellent means of assuring meaningful
measurements but is only truly meaningful for
perfectly uniform rods. Open or loose splices, for
example, will lead to a non-proportionality. For SPT
rods it is fortunate that usually no soil resistance acts
along the shaft and for that reason, proportionality
can exist until the stress wave returns from sampler
top or rod bottom unless connectors are not
sufficiently tightened or have a significant mass.

Velocity data quality can also be checked by looking
at the final displacement, DFN, which is calculated
from the acceleration by double integration. If the
calculated final displacement is much higher or lower
than indicated by the N-value, the accelerometer
attachment may be loose or the sensor may be
faulty.   If major drift in the velocity is observed,  the
EMX value may be in error, even though
proportionality from impact to time 2L/c exists. In this
case, it may be useful to evaluate the energy
transferred to the drill rod at time 2L/c, which is
calculated by the PDA or SPTA as the E2E quantity.

© 2003 GRL Engineers, Inc.
App-A-SPT-12-03
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1. INTRODUCTION  
The Central Puget Sound Regional Transit Authority (Sound Transit) seeks to purchase credits from the 
Keller Farm Mitigation Bank as mitigation for unavoidable wetland impacts associated with the 
Downtown Redmond Link Extension Project (Project). While not yet certified, according to City of 
Redmond staff and the Mitigation Bank Project Sponsor, mitigation bank construction is anticipated to 
begin in summer of 2019.   

Project-related wetland impacts will occur within unincorporated King County (Marymoor Park) and the 
Redmond city limits. All permanent wetland and buffer impacts within Redmond will be compensated 
for with a purchase of credits at the Keller Farm Mitigation Bank. Additionally, long-term temporary 
impacts that occur within Redmond will be compensated with a credit purchase.  

The purpose of this document is to describe the basis for using mitigation bank credits to mitigate for 
Project wetland impacts that will occur within Redmond city limits. This document reviews the wetland 
impacts within Redmond city limits and provides details on the Keller Farm Mitigation Bank, including 
the proposed credit ratios that are anticipated to be used by the Bank. 

1.1 Project Description and Background 
The Project will add 3.4 miles of light rail and two new light rail stations from the interim terminus of the 
Redmond Technology Station to downtown Redmond (Figure 1-1). The two new future light rail stations 
are the SE Redmond Station and Downtown Redmond Station. The Project’s alignment will travel within the 
Redmond city limits in King County and within unincorporated King County (Marymoor Park). Construction 
of the Project is expected to begin in 2020 and be open for service in 2023.  

The Project is documented as “Segment E” of the East Link Extension, a light rail system to service the 
cities of Seattle, Mercer Island, Bellevue, and Redmond. The Final Environmental Impact Statement (EIS) 
for the East Link Project was completed in 2011. A lack of funding postponed the final segment of the 
project (Segment E, Redmond). In 2016, voters approved the Downtown Redmond Link Extension 
Project and addendums and re-evaluations were made to the East Link EIS to reflect current conditions.  

The project alignment will be a combination of surface, elevated, and retained cut and fill elements. The 
alignment starts at the existing Redmond Technology Station and runs parallel to the east/south side of 
State Route (SR) 520 until crossing over SR 520 near Redmond Way. There will be elevated guideways 
for crossings over the Sammamish River and SR 520/Bear Creek. Staging areas in proximity to the stream 
crossings are required for construction of the elevated guideways. Two new light rail stations will be 
built: (1) the SE Redmond Station adjacent to Marymoor Park and (2) the Downtown Redmond Station 
at the intersection of 166th Ave NE and NE 76th Street near Redmond Way (see Figure 1-1).  
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2. WETLAND EXISTING CONDITIONS 

2.1 Study Area 
The portion of the wetland assessment study located within the Redmond city limits in Sections 11, 12, 
13, 14, and 23, Township 25N, Range 05E, Willamette Meridian is referred to herein as the Redmond 
portion of the study area. Consistent with the requirements of the City of Redmond’s critical areas code, 
the study area for wetlands and aquatic habitats (including streams) extends 300 feet from the limits of 
the project footprint. Project biologists conducted delineations within 200 feet of the project footprint 
limits and estimated wetland and stream resource conditions beyond that area. In areas without 
property access, estimates of wetland extent and ratings were based on aerial photography, topographic 
maps, and other background sources, as well as attributes visible from publicly accessible areas. 

Much of the overall study area consists of developed urban areas, including commercial and residential 
areas, as well as SR 520. Patches of less-developed areas occur in forested areas along the 
SR 520 right-of-way and the Bear Creek and Sammamish River riparian corridors. The western portion of 
the study area drains to the Sammamish River, while the eastern portion drains to Bear Creek, a 
tributary to the Sammamish River. The study area is in Water Resource Inventory Area (WRIA) 8, Lake 
Washington/Cedar/Sammamish.  

2.2 Wetlands 
A total of 10 wetlands (Wetlands WRE-1 through WRE-9 and WKC-3) were delineated within the 
Redmond portion of the study area, as described in the Downtown Redmond Link Extension: City of 
Redmond Critical Areas Report (Figure 2-1, sheets A to D) (Parametrix 2019). Wetland WKC-3 is largely 
within King County (Marymoor Park) and is a mitigation site that was constructed by King County in 2001. 
This site is protected by a restrictive covenant (King County 2000). However, the northern portion of 
WKC-3 is located within Washington State Department of Transportation (WSDOT) right-of-way within 
the Redmond city limits and, therefore, within the Redmond portion of the study area. This wetland area 
was not part of the previous mitigation action and is not protected within the restrictive covenant. 

Biologists used the methods specified in the Corps of Engineers Wetland Delineation Manual 
(Environmental Laboratory 1987) and the indicators described in the Regional Supplement to the Corps 
of Engineers Wetland Delineation Manual: Western Mountains, Valleys, and Coast Region (U.S. Army 
Corps of Engineers [Corps] 2010) to delineate on-site wetlands. Delineated wetlands were classified 
according to the U.S. Fish and Wildlife Service (USFWS) Classification of Wetlands and Deepwater 
Habitats of the United States (FGDC 2013). The Hydrogeomorphic (HGM) classification was assigned to 
wetlands using methods developed in a Hydrogeomorphic Classification System for Wetlands 
(Brinson 1993).  

Each wetland was rated for its functional abilities pertaining to water quality, hydrology, and habitat. 
Rating scores were assigned as “High (H),” “Medium (M),” or “Low (L)” based on these functional 
abilities at a site level, landscape level, and societal value. After calculating functional scores, each 
wetland is classified as a Category I, II, III, or IV following the Washington State Department of Ecology’s 
(Ecology) Washington State Wetland Rating System for Western Washington (Hruby 2014).  
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There will be unavoidable project impacts to 6 of the 10 wetlands within the Redmond portion of the 
study area. The Project includes a mix of permanent and temporary wetland impacts, as well as 
permanent and temporary impacts to wetland buffer. Unavoidable impacts are further detailed in 
Section 3 of this plan.  

Table 2-1 summarizes the 6 impacted wetlands located within the Redmond portion of the study area. 
Tables 2-2 through 2-7 provide additional details, including wetland classification and functional rating. 

Table 2-1. Wetlands Included in the Mitigation Bank Use Plan 

Wetland  
Name 

Wetland Size 
(acres) 

Cowardin  
Classa 

Hydrogeomorphic 
Classb 

Ecology Wetland 
Categoryc 

WKC-3 (Redmond portion 
of study area) 

0.23 PFO, PSS, PEM Depressional  III 

WRE-2 0.07 PSS Slope IV 

WRE-4 0.08 PEM Depressional III 

WRE-5 >10 PFO, PSS, PEM Riverine I 

WRE-6 0.43 PFO, PSS Riverine I 

WRE-8 1.01 PFO, PSS, PEM Depressional II 
Ecology = Washington State Department of Ecology 
PEM = palustrine emergent 

PSS = palustrine scrub-shrub 
PFO = palustrine forested 
a Classification of Wetlands and Deepwater Habitats of the United States (FGDC 2013). 
b A Hydrogeomorphic Classification for Wetlands (Brinson 1993). 
c Washington State Wetland Rating System for Western Washington (Hruby 2014).  
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Table 2-2. Wetland WKC-3 Information Summary 

Wetland WKC-3 

Local Jurisdiction: Redmond (0.23 
acre) 
King County 
(4.82 acres) 

 

Ecology Rating  
(Hruby 2014): 

III 

Wetland Size (acres): 5.05 in total 

Cowardin  
Classification: 

PFO, PSS, PEM 

Hydrogeomorphic 
Classification: 

Depressional 

Function Improving Water Quality Hydrologic Habitat 

Site Potential M M M 

Landscape Potential M H L 

Value H L H 

Score based on ratings 7  6 6 

Total 19 

Function Functional Assessment 

Water Quality Water quality functions for Wetland WKC-3 scored 7 points (moderately high). Discharges of 
untreated stormwater to the site and proximity of urban development increase the potential for 
water quality improvement for Wetland WKC-3. Seasonal ponding within a quarter of the wetland 
allows sediments to settle out from the water column. Persistent ungrazed vegetation comprises over 
95 percent of the site and improves water quality through sediment trapping. 

Hydrology The hydrologic functions score for the site is a moderate 6 points. The constrained outlet and ponding 
potential allow for greater surface water storage. Marks of ponding at the site measured between 0.5 
and 2 feet. Because Wetland WKC-3 has a constrained outlet, surface water is detained, thereby 
reducing downstream flooding. However, downstream flooding is not a significant issue; therefore, 
the wetland has limited opportunity to provide this function. 

Habitat The habitat score for the site is 6 points (moderate). Multiple vegetation classes with high species 
diversity form a high interspersion of habitats at the site. Special habitat features include large woody 
debris, snags, and thin persistent vegetation. Buffers and wildlife corridors for Wetland WKC-3 are 
limited by roads and recreational development.  
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Table 2-3. Wetland WRE-2 Information Summary 

Wetland WRE-2 

Local Jurisdiction: Redmond 

 

Ecology Rating  
(Hruby 2014): 

IV 

Wetland Size (acre): 0.07  

Cowardin  
Classification: 

PSS 

Hydrogeomorphic 
Classification: 

Slope 

Function Improving Water Quality Hydrologic Habitat 

Site Potential L L L 

Landscape Potential M M L 

Value H L L 

Score based on ratings 6  4 3 

Total 13 

Function Functional Assessment 

Water Quality Wetland WRE-2 scored 6 points (moderate) for water quality functions. This seep wetland is located 
near the base of a gradual slope and is adjacent to SR 520. The site intercepts surface water runoff and 
discharges directly into a 303(d) list water body (the Sammamish River), thus offering potential water 
quality improvements downstream. 

Hydrology Wetland WRE-2 has a moderately low hydrologic function score of 4 points. The site contains some 
rigid vegetation to slow surface flow velocity, and downstream areas are not recognized as having 
flood problems. 

Habitat For habitat function, Wetland WRE-2 scored a low 3 points. The site consists of only a single scrub-
shrub vegetation class and saturation water regime, with no special habitat features. Habitat 
connectivity is limited by adjacent residential housing and SR 520. 
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Table 2-4. Wetland WRE-4 Information Summary 

Wetland WRE-4 

Local Jurisdiction: Redmond 

 

Ecology Rating  
(Hruby 2014): 

III 

Wetland Size (acre): 0.08 

Cowardin  
Classification: 

PEM 

Hydrogeomorphic 
Classification: 

Depressional 

Function Improving Water Quality Hydrologic Habitat 

Site Potential M L L 

Landscape Potential M H L 

Value H L M 

Score based on ratings 7 5 4 

Total 16 

Function Functional Assessment 

Water Quality Wetland WRE-4 scored 7 points (moderately high) for water quality functions. A constricted outlet 
contributes to seasonal ponding of a quarter of the total wetland area, slowing the water and allowing 
for treatment time. Major roads surround Wetland WRE-4 on all sides and discharge surface water 
runoff into the wetland, thus providing opportunities for treatment. 

Hydrology Hydrologic functions of Wetland WRE-4 scored 5 points (moderate). The site has high potential for 
surface water runoff catchment and retention; however, marks of ponding were observed at less than 
0.5 feet even though the wetland could store 1 to 2 feet of water. 

Habitat Only an emergent vegetation class with less than five species is present at the site. Low plant diversity, 
lack of habitat features, and lack of connectivity contribute to a moderately low habitat score of 4 for 
Wetland WRE-4. 
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Table 2-5. Wetland WRE-5 Information Summary 

Wetland WRE-5 

Local Jurisdiction: Redmond 

 

Ecology Rating  
(Hruby 2014): 

I 

Wetland Size (acres): >10  

Cowardin  
Classification: 

PFO, PSS, PEM 

Hydrogeomorphic 
Classification: 

Riverine 

Function Improving Water Quality Hydrologic Habitat 

Site Potential H M H 

Landscape Potential H H L 

Value H H H 

Score based on ratings 9 8 7 

Total 24 

Function Functional Assessment 

Water Quality With a score of 9 points, Wetland WRE-5 has very high water quality functional abilities. The proximity 
of the wetland to urban development increases the site’s landscape potential for water quality 
improvements. At a site level, Wetland WRE-5 has depressions and vegetation covering most of the 
area to slow and retain surface water, thus allowing pollutants to settle out. The wetland is contiguous 
to Bear Creek, which is on Ecology’s 303(d) list. A Total Maximum Daily Load (TMDL) plan for the Bear-
Evans watershed has been established to address warm temperatures, low dissolved oxygen, and high 
bacteria levels. 

Hydrology Wetland WRE-5 scored 8 points (high) for hydrologic functions. The floodplain width and the large 
number of trees and shrubs in the area contribute to slowing the velocity of floodwaters. Wetland 
WRE-5 has been identified as an important flood storage area in the City of Redmond’s Final 
Comprehensive Flood Hazard Management Plan. 

Habitat Habitat functions of the site scored 7 points (moderately high). Interspersion of habitats is  
high, with four vegetation classes (including a diversely stratified forested class) and open  
water. Various habitat features are present such as large downed logs, snags, undercut banks, stable 
steep slopes for denning, and thin-stemmed persistent plants for amphibian egg-laying. Bear Creek 
provides habitat for multiple salmon species, including federally listed Chinook salmon. Wetland WRE-
5 helps support these fish populations by providing refuge and rearing areas and is mapped as a 
Priority Habitat by Washington Department of Fish and Wildlife (WDFW). 
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Table 2-6. Wetland WRE-6 Information Summary 

Wetland WRE-6 

Local Jurisdiction: Redmond 

 

Ecology Rating  
(Hruby 2014): 

I 

Wetland Size (acres): 0.43  

Cowardin  
Classification: 

PFO, PSS 

Hydrogeomorphic 
Classification: 

Riverine 

Function Improving Water Quality Hydrologic Habitat 

Site Potential H M H 

Landscape Potential H H L 

Value H H H 

Score based on ratings 9 8 7 

Total 24 

Function Functional Assessment 

Water Quality Water quality functions of the site scored a high 9 points. Surface depressions cover approximately 
half of the area, and trees and shrubs cover much of the wetland. Bear Creek flows through Wetland 
WRE-6 and is on Ecology’s 303(d) list. The wetland is contiguous to Bear Creek, which is on Ecology’s 
303(d) list. A TMDL plan for the Bear-Evans watershed has been established to address warm 
temperatures, low dissolved oxygen, and high bacteria levels. 

Hydrology Wetland WRE-6 scored a high 8 points for hydrologic functions. Its urban location increases the 
landscape potential for flood control. At a site level, Wetland WRE-6 has a high proportion of trees 
and shrubs to slow flood velocities but a low stream-to-wetland ratio for overbank storage potential. 
Wetland WRE-6 has been identified as an important flood storage area in the City of Redmond’s Final 
Comprehensive Flood Hazard Management Plan. 

Habitat The habitat function score for Wetland WRE-6 is 7 points (moderately high). Wetland WRE-6 has a 
high interspersion of habitats, with two vegetation classes and three water regimes and many habitat 
features present. Wetland WRE-6 is recognized by WDFW as a priority habitat for multiple salmon 
species. 
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Table 2-7. Wetland WRE-8 Information Summary 

Wetland WRE-8 

Local Jurisdiction: Redmond 

 

Ecology Rating  
(Hruby 2014): 

II 

Wetland Size (acres): 1.01  

Cowardin  
Classification: 

PFO, PSS, PEM 

Hydrogeomorphic 
Classification: 

Depressional 

Function Improving Water Quality Hydrologic Habitat 

Site Potential M M M 

Landscape Potential M H L 

Value H H H 

Score based on ratings 7 8 6 

Total 21 

Function Functional Assessment 

Water Quality Wetland WRE-8 has a moderately high water quality functional score of 7 points. The site receives 
stormwater discharges from paved trails and roads nearby. A highly constricted outlet contributes to 
ponding of more than a quarter of the site. 

Hydrology Persistent ungrazed vegetation assists in sediment trapping and comprises over 95 percent of Wetland 
WRE-8. High ponding marks of 0.5 to 2 feet and potential to reduce flooding downstream contribute 
to the high hydrologic functions score of 8 for the site. 

Habitat The total habitat score for Wetland WRE-8 is a moderate 6 points. Wetland WRE-8 has high habitat 
interspersion of four vegetation classes (including a diversely stratified forested community). Habitat 
features present within the wetland include large woody debris and thin-stemmed persistent plants 
for amphibian breeding, as well as nearby WDFW priority habitats.  
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3. WETLAND IMPACTS 
3.1 Avoidance and Minimization of Impacts to Wetland Resources 

The East Link Project EIS evaluated a wide range of alternatives to meet the Project’s purpose and need. 
The Sound Transit Board of Directors selected a project based on a variety of factors and extensive input 
from stakeholders, including local jurisdictions. To avoid and minimize impacts to critical areas, the 
project alignment is generally within the SR 520 right-of-way, where critical areas may have previously 
been disturbed by construction and routinely maintained. The Project has applied mitigation sequencing 
to avoid and minimize impacts to wetlands. 

The Project will avoid impacts to aquatic resources wherever practicable. Through design refinements, 
there will be no impacts to 4 of the 10 wetlands delineated within the Redmond portion of the study area. 
Where unavoidable, the Project will minimize impacts to aquatic resources throughout the final design 
process. The footprint of the track prism will be minimized through Wetland WKC-3 by using retained fill 
construction methods. Impacts to wetlands associated with Bear Creek (Wetlands WRE-5 and WRE-6) will 
be reduced by requiring retaining walls to limit the footprint of adjacent roadway and facility construction 
and by extending bridges to fully span the stream’s active channels. Construction of these retaining walls 
will reduce the impact area of Wetlands WRE-5 and WRE-6 by approximately 0.03 acre, in total. 

Temporary impacts to wetlands will be minimized by refining construction plans to reduce the footprint 
needed for staging areas and access routes. All temporary impacts to wetlands will be rectified as part of 
the Project. Where temporary wetland excavation occurs, the contractor will test soil texture and 
replace it with similar soils if soils cannot be stockpiled and used for site restoration. Additional details 
on proposed wetland impact avoidance and minimization measures are presented in the City of 
Redmond Critical Areas Report (Parametrix 2019). 

3.2 Summary of Unavoidable Wetland Impacts 
The Project will result in a range of impact types to wetlands. Some wetland areas will be permanently 
affected, either through the placement of fill material or the installation of structures that preclude the 
regrowth of wetland vegetation (due to shading or physical obstruction). Other wetland areas will have 
a permanent change in the vegetation type due to height restrictions near guideways and electrical 
systems. Some wetland areas will be temporarily impacted to varying degrees. The wetland and buffer 
impacts are summarized in Table 3-1.  

Table 3-1. Summary of Wetland Impacts 

Wetland 

Permanent 
Wetland 
Impacts 
(acres) 

Long-Term 
Temporary 

Wetland Impacts 
(acres) 

Short-Term 
Temporary 

Wetland Impacts 
(acres) 

Wetland 
Vegetation 
Conversion 

(acres) 

Permanent 
Wetland Buffer 
Impacts (acres) 

WKC-3 (Redmond 
portion of study area) 

0.231 0 0 0 0.061 

WRE-2 0.074 0 0 0 0 
WRE-4 0 0.078 0 0 0.029 
WRE-5 0.075 1.178 0 0.023 0.259 
WRE-6  0.052 0.186 0 0 0.206 
WRE-8 0.506 0 0 0 0.269 
Grand Total 0.938 1.442 0 0.023 0.824 
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3.2.1 Permanent 
Permanent wetland impacts will occur where the Project will permanently fill or otherwise result in a 
complete loss of wetland function. Table 3-2 presents a summary of permanent impacts (within the 
Redmond portion of the study area) that will result from the Project. These impacts will be mitigated 
through a Keller Farm Mitigation Bank credit purchase. 

Table 3-2. Permanent Wetland Fill/grade Impacts 

Wetland ID 
Wetland Size 

(acres) 
Affected Cowardin 

Classa 
Impact Size 

(acres) Source of Impact 

WKC-3 
(Redmond portion 
of study area) 

0.231 PEM, PSS 0.231b Placement of fill within the retaining 
walls for the guideway and an 
approximately 10-foot-wide area on the 
south side of the guideway to facilitate 
future maintenance access. 

WRE-2 0.074 PSS 0.074 Placement of fill for the guideway. 

WRE-5 >10 PFO, PSS 0.075 Excavation of soils to remove the 
existing railroad crossing and restore and 
enhance the stream channel and 
floodplain area, including associated 
riparian wetlands. Placement of fill for 
columns and shafts associated with the 
Bear Creek crossing structure and East 
Lake Sammamish Trail pedestrian bridge. 
There will be fill for the trail prism, and 
access areas under the elevated 
guideway. 

WRE-6 0.430 PFO, PSS 0.052 Excavation of soils to remove the 
existing railroad crossing and restore and 
enhance the stream channel and 
floodplain area, including associated 
riparian wetlands. Placement of fill for 
columns and shafts associated with the 
Bear Creek crossing structure and East 
Lake Sammamish Trail pedestrian bridge. 
There will be fill for the trail prism, and 
access areas under the elevated 
guideway. 

WRE-8 1.010 PFO, PSS 0.506 Placement of fill within the wetland to 
provide construction staging and access 
to construct the elevated guideway, 
column, shaft for the elevated guideway, 
and trail realignment for the connector 
trail. 

PEM = palustrine emergent 
PSS = palustrine scrub-shrub 
PFO = palustrine forested 
a Classification of Wetlands and Deepwater Habitats of the United States (FGDC 2013). 
b Impacts occurring to the portion of Wetland WKC-3 located within unincorporated King County will be mitigated through a permittee-responsible project in 

Marymoor Park. 
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3.2.2 Long-Term Temporary 
Long-term temporary impacts will occur where construction will disturb non-woody vegetation for more 
than 1 year, or where woody vegetation is temporarily impacted for any time period. Table 3-3 presents 
a summary of these temporary impacts. Following completion of the work that created the temporary 
impacts, the affected areas will be restored. All temporary fill will be removed, the existing subgrade 
prepared, and existing surface and groundwater flow restored by recontouring the work area. The RZC 
does not require additional mitigation to compensate for temporal impacts to wetland functions 
resulting from temporary impacts. However, per Corps and Ecology requirements, long-term temporary 
impacts will be mitigated through a Keller Farm Mitigation Bank credit purchase. 

Table 3-3. Long-Term Temporary Wetland Impacts 

Wetland 
ID 

Wetland Size 
(acres) 

Affected Cowardin 
Classa 

Impact Size 
(acres) Source of Impact 

WRE-4 0.078 PEM 0.078 Placement of temporary fill to provide staging areas and 
construction access for the Sammamish River crossing 
structure. 

WRE-5 >10 PFO, PSS 1.178 Placement of temporary fill within the wetland to provide 
construction staging and access to construct the Bear 
Creek crossing structure, trail prism, and SR 520 ramp 
revisions. 

WRE-6 0.430 PFO, PSS 0.186 Placement of temporary fill within the wetland to provide 
construction staging and access to construct the elevated 
track, column and shaft construction for the elevated 
track, and trail realignment for the connector trail.  

PEM = palustrine emergent 
PSS = palustrine scrub-shrub 
PFO = palustrine forested 
a Classification of Wetlands and Deepwater Habitats of the United States (FGDC 2013). 

3.2.3 Short-Term Temporary 
Short-term temporary impacts will occur where construction will disturb existing non-woody vegetation 
for a duration of less than 1 year. There are no short-term temporary wetland impacts that will occur 
within Redmond city limits. 

3.2.4 Permanent Vegetation Conversion 
Permanent vegetation conversion impacts will occur where wetland forest habitat is permanently 
converted to scrub-shrub or emergent habitat, but the total wetland area will not decrease, there is no 
permanent fill, and permanent hydrological impacts are avoided. Table 3-4 presents a summary of 
permanent vegetation conversion impacts resulting from the Project. The RZC does not require 
additional mitigation to compensate for impacts to wetland functions resulting from permanent 
vegetation conversion impacts. However, per Corps and Ecology requirements, permanent vegetation 
conversion impacts will be mitigated through a Keller Farm Mitigation Bank credit purchase. 
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Table 3-4. Permanent Wetland Vegetation Conversion Impacts  

Wetland 
ID 

Wetland Size 
(acres) 

Affected Cowardin 
Classa 

Impact Size 
(acres) Source of Impact 

WRE-5 >10 PFO, PSS 0.023 Conversion of forest habitat to scrub-shrub or 
emergent habitat, due to installation of the Bear 
Creek crossing structure. 

PSS = palustrine scrub-shrub 
PFO = palustrine forested 
a Classification of Wetlands and Deepwater Habitats of the United States (FGDC 2013). 

3.2.5 Permanent Wetland Buffer 
Permanent wetland buffer impacts will occur where the Project will permanently fill or clear wetland 
buffer areas. Table 3-5 presents a summary of permanent wetland buffer impacts resulting from the 
Project. These impacts will be mitigated through a Keller Farm Mitigation Bank credit purchase. 
Mitigation for permanent wetland buffer impacts is required by the City of Redmond (RZC 12.63.010), 
but is not required by Ecology or the Corps. 

Table 3-5. Permanent Wetland Buffer Impacts  

Wetland 
ID 

Wetland  
Category a 

Wetland 
Buffer Width 

(feet) b 
Impact Size 

(acres) Source of Impact 

WKC-3 
(Redmond portion 
of study area) 

III 125 0.061 Placement of fill within the wetland buffer for 
guideway alignment.  

WRE-4 III 80 0.029 Placement of fill within the wetland buffer for 
guideway alignment. 

WRE-5 I 150 0.259 Placement of fill within wetland buffer for 
pedestrian bridge. 

WRE-6 I 150 0.206 Placement of fill within wetland buffer for 
pedestrian bridge. 

WRE-8 II 150 0.269 Placement of fill within wetland buffer for 
guideway columns. 

a Washington State Wetland Rating System for Western Washington (Hruby 2014). 
b Wetland buffers widths assigned according to RZC 21.64.030.B. 
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3.3 Affected Wetland Functions   
Project impacts will result in alterations to the functions provided by these wetlands. These functional 
changes are described, by wetland, in the paragraphs below.  

3.3.1 Wetland WKC-3 
The portion of Wetland WKC-3 within the Redmond city limits is located in the SR 520 right-of-way and 
provides lower levels of water quality, hydrologic, and habitat functions, as compared to the portion of 
the wetland to the south, in Marymoor Park (King County). The portion of Wetland WKC-3 within the 
Redmond study area is composed of Himalayan blackberry and some common roadside grasses; 
therefore, its wildlife habitat is very limited and of lower quality. Functional loss will occur where the 
wetland is filled and vegetation converted, thus modifying some of the attributes (water storage 
volume, area and vegetation for water quality treatment, habitat area, and features). 

3.3.2 Wetland WRE-2 
Wetland WRE-2 is located at the toe of a steep slope east of SR 520, north of NE 60th Street. The entire 
0.074-acre area of Wetland WRE-2 will be permanently filled, thus eliminating the moderate level of 
water quality functions as well as the low levels of hydrology and habitat functions the wetland 
provides.  

3.3.3 Wetland WRE-4 
Wetland WRE-4 is in a linear depression positioned in the SR 520 interchange with West Lake 
Sammamish Parkway NE. The entire 0.078-acre area of Wetland WRE-4 will be filled for up to 2 years for 
construction access. This will eliminate the moderate water quality and hydrologic functions and low 
level of habitat functions provided by the wetland. Wetland functions will be restored after 
construction. A drainage pipe will be installed within the fill to maintain conveyance during construction. 

3.3.4 Wetland WRE-5 
Wetland WRE-5 is a Bear Creek riparian wetland located south of the abandoned railway corridor. The 
wetland will have a small area of permanent fill compared to its overall size (less than 0.1 acre of impact 
to wetland over 10 acres in size), as well as areas of long-term (1.178 acres) impacts. Temporary impacts 
will occur through placement of temporary fill to provide staging and access to construct the Bear Creek 
crossing structure, trail prism, SR 520 ramp revisions. Bear Creek restoration activities will also result in 
temporary impacts. 

Given the relatively small area of permanent fill, the Project will minimally reduce the functions 
provided by this wetland when project work is completed. The functions provided by this wetland will 
be temporarily reduced during construction due to the removal of vegetation and alterations to ground 
elevations. Wetland WRE-5 provides very high water quality and hydrologic functions and moderate 
habitat functions. Although the wetland will be permanently and temporarily altered, this area will be 
part of a larger restoration effort of the Bear Creek riparian corridor following construction. The 
restoration plan will attempt to maintain or improve these functions compared to the current conditions 
by adding and enhancing features (e.g., side channels and flood bench wetlands). Temporary impacts 
will minimally reduce wetland functions until they are restored after construction is complete. 
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3.3.5 Wetland WRE-6 
Wetland WRE-6 is a Bear Creek riparian wetland located north of the abandoned railway corridor. The 
wetland will have approximately 10 percent of its area (0.052 acre) permanently affected by the Project. 
Long-term temporary impacts (0.186 acre) will also occur. Temporary impacts will occur through 
construction staging and access to construct the elevated track, column and shaft construction for the 
elevated track, and trail realignment for the connector trail. Bear Creek restoration activities will also 
result in temporary impacts. 

As a result of permanent impacts, the Project will reduce the functions provided by this wetland when 
completed. A temporary reduction in wetland functions during construction will occur due to the 
removal of vegetation and alterations to ground elevations. Wetland WRE-6 currently provides very high 
water quality and hydrologic functions and moderate habitat functions, although these functions are 
limited (as compared to Wetland WRE-5) due to the relatively small size (0.43 acre) of the wetland. 
Although Wetland WRE-6 will be permanently and temporarily altered, this area will be part of a larger 
restoration effort of the Bear Creek riparian corridor following construction. The restoration plan will 
attempt to maintain or improve these functions compared to the current conditions by adding and 
enhancing features (e.g., side channels and flood bench wetlands). Temporary impacts will minimally 
reduce wetland functions until they are restored after construction is complete. 

3.3.6 Wetland WRE-8 
Wetland WRE-8 is a forested wetland located on either side of the Redmond Connector Trail. The area 
to the south of the trail will have approximately half of its area (0.506 acre) permanently affected by the 
Project as a result of relocating the existing trail and installing guideway piers in the wetland, which will 
mainly eliminate areas of remnant wetland that are cut off from the larger wetland and create more 
remnant areas. The low clearance of the guideway (between 13 feet and 22 feet) in this area will 
preclude the re-establishment of forested and full-height scrub-shrub wetland vegetation. In addition, 
there will be fill material placed in the wetland to realign the Redmond Central Connector trail and to 
accommodate stormwater facilities. Moderate water quality functions will be reduced due to the loss of 
wetland vegetation, although some function will remain because half of the vegetation will be retained. 
The wetland’s moderate habitat functions will be reduced due to vegetation loss. Due to the permanent 
vegetation conversion and overall reduction of function to the southern portion of Wetland WRE-8, this 
section is considered a total take.  
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4. WETLAND MITIGATION BANK USE 

4.1 Site Selection Rationale 
The City of Redmond requires all wetlands affected within Redmond city limits to be mitigated for within 
the city limits (RZC 21.64.010[L][2][i]). There is inadequate space in the immediate project vicinity to 
provide the required wetland mitigation and protective buffers. Furthermore, the 2008 Compensatory 
Mitigation for Losses of Aquatic Resources, Final Rule (Corps 2008) places using a mitigation bank at the 
top of the preference hierarchy for compensatory mitigation options in part because large consolidated 
mitigation projects with regulatory oversight reduce the potential risk of further temporal loss and 
restoration failures that is sometimes associated with permittee-responsible mitigation. Additionally, 
large consolidated mitigation projects such as mitigation banks are situated in high priority restoration 
areas within a watershed and can often provide greater ecological uplift to wetland resources as well as 
greater habitat connectivity for wetland- and aquatic-dependent plants and animals. Therefore, Sound 
Transit proposes to purchase credits from the Keller Farm Mitigation Bank for compensatory mitigation 
for wetland impacts within Redmond city limits associated with the Project. The project corridor is 
within the service area of the Keller Farm Mitigation Bank and approximately 0.5 mile from of the 
proposed bank site location (Habitat Bank, LLC 2015).  

The Keller Farm Mitigation Bank is 75.2 acres in size and is located near the intersection of Avondale 
Road and NE Union Hill Road. The Keller Farm was claimed by Morris Keller in 1889 and used as a 
homestead and dairy farm until the 1980s. Prior to settlement, the site consisted of wetlands and other 
aquatic areas mixed with riparian uplands and hydrologically connected to Bear, Evans, and Perrigo 
creeks.  The land was used primarily for row crops until the Keller Farm property was sold to the City of 
Redmond in 2015 for preservation of the site and development of a mitigation bank project. Bear Creek 
flows through the property and was historically rerouted and used for log transportation. Perrigo Creek 
also flows through the property and was rerouted to directly parallel Avondale Road. Perrigo Creek 
currently drains into Bear Creek in the western corner of the site. The floodplain of these creeks was 
ditched and tiled for farm use. The confluence of Evans Creek with Bear Creek is adjacent to the 
property and just upstream from the southeast corner.  

The City of Redmond’s Watershed Management Plan designated Bear Creek as a “Highest Restoration 
Watershed” (Herrera 2013). The Watershed Management Plan focuses on landscape and ecological 
principles and outlines the City of Redmond’s commitment to rehabilitating natural resources within the 
next 50 to 100 years. High Restoration Watersheds such as Bear Creek are anticipated to be fully 
rehabilitated by 2060. The Keller Farm site has been identified in numerous watershed planning 
documents throughout the last 3 decades as having the potential for significant ecological lift and 
rehabilitation within the Bear Creek Basin that could benefit the entire watershed. Currently the site is 
extensively ditched and soils have been tilled over the past century. Invasive species such as reed 
canarygrass, Japanese knotweed, and Himalayan blackberry overrun the site, and there is very little 
native tree or shrub cover present.   

The Keller Farm Mitigation Bank design goals were developed as part of the Project Prospectus (Habitat 
Bank, LLC 2015) and Basis of Design Report (Shannon and Wilson Inc. 2018).  The design goals are 
consistent with Ecology, Corps, and U.S. Environmental Protection Agency guidelines for establishing 
mitigation bank goals and criteria, as well as with Bear Creek Basin restoration planning efforts and 
WRIA 8 restoration goals as established by the WRIA 8 Salmon Recovery Council. Wetland and habitat 
restoration goals on this mitigation bank site were developed to address the limiting factors in the 
watershed related to the loss of wetland hydrology, the loss of habitat and vegetation communities, and 
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the manipulation of topography affecting wetlands, floodplain, and stream habitat conditions as well as 
anadromous fish species, including threatened Chinook salmon. The site-specific goals and objectives 
include the following: 

 Permanently protect ecosystem functions at the mitigation bank by implementing the 
Instrument and executing a conservation easement with permanent funding for site 
stewardship.  

 Re-establish wetland hydrology and varying wetland hydroperiods across the site by disabling 
farm ditches and drainage tiles and targeted grading. 

 Create additional habitat area that supports wetland-dependent organisms.  

 Increase habitat structure and diversity on the mitigation bank site over existing conditions.  

 Re-establish wetland vegetation and wetland habitat communities across the site.  

 Remove and control invasive plant species and reintroduce native vegetation.  

 Plant native trees, shrubs, and herbaceous species to re-establish a mosaic of habitat 
communities and increase habitat structure, complexity, and function.  

 Improve access for aquatic organisms to floodplain wetland and aquatic areas.  

 Enhance and create off-channel rearing and refuge habitat for salmonids within the floodplain 
streams and deeper backwater areas connected to Bear Creek. 

 Reconnect Bear Creek to the floodplain and improve floodplain functions on the mitigation bank 
site, including attenuation of flood flows, reductions in peak flood flows, food web and organic 
material support and transport, and refuge habitat for fish and wildlife during flood events.   

 Establish a connection point for the future relocation of Perrigo Creek through the adjacent 
parcel north of the mitigation bank site.  

 Re-establish and rehabilitate stream channel habitat in the floodplain through grading and 
addition of large woody debris.  

 Create pool habitat and increase channel habitat complexity. 

 Increase shading and cover of streams on the mitigation bank site over existing conditions.   

4.1.1 Wetland Functions Provided at Wetland Mitigation Bank 
The following wetland functions are described based on background information presented in the 
Habitat Bank, LLC, 2015 Keller Farm Mitigation Bank Project Prospectus: 

Water Quality  

Bear Creek and Evans Creek are currently listed on Ecology’s 303(d)list for failure to meet bioassessment 
state standards. Both streams are also currently listed as Category 4A waters for failure to meet 
dissolved oxygen, temperature, and bacteria standards (Ecology 2018). In June 2008, Ecology began a 
TMDL for the Bear-Evans watershed to address these dissolved oxygen, temperature, and bacteria 
issues. During the 2008 Water Quality Assessment, Ecology revised the impaired listings from Category 5 
to Category 4a (Ecology 2011). Removing ditches and reconnecting groundwater to Bear Creek will 
increase dissolved oxygen and base flows to the creek. Increased riparian vegetation will also help cool 
the stream and potentially reduce bacteria growth.  
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The tilled topsoil layer of the site will be ripped out at around a depth of 14 inches to break up the plow 
layer. Final grading will add microdepressions to create a wetland mosaic. This also allows surface water 
to pool in depressions and settle out sediments and heavy metals while recharging groundwater.  

Wetland re-establishment will extend all the way up to Avondale Road and intercept stormwater runoff 
from a major roadway, thus improving surface water quality within highly developed WRIA 8. 

Hydrology 

Restoring Bear Creek and Perrigo Creek with their historical floodplains and re-establishing 63 acres of 
wetland will greatly increase the surface water storage capacity of the site and upstream from the 
project corridor. Diverting water that would otherwise flow down Bear Creek will reduce downstream 
flooding after storm surges.  

Habitat  

The Keller Farm Mitigation Bank will re-establish and rehabilitate existing and former wetlands on site, 
as well as provide off-channel rearing and refuge habitat for resident and anadromous fish species. . In 
addition to the site being within a Highest Restoration Watershed in WRIA 8, it is designated as a Core 
Chinook area by the Chinook Salmon Conservation Plan (Salmon Recovery Council 2005). Bear Creek 
also provides habitat for cutthroat and resident trout and coho, sockeye, steelhead, and kokanee 
salmon. Improving fish habitat is one of the main focuses of the mitigation bank site. Planting the 
riparian corridor will provide vegetation overhang and cool the streams as well as provide a food source 
from falling insects. Large woody debris and off-channel habitat will provide stream complexity and 
rearing/refuge habitat for fish.  

Removing the invasive Himalayan blackberry, Japanese knotweed, and giant hogweed and planting a 
variety of native vegetation will increase the species diversity and structural diversity of the site. A 
mosaic of different wetland hydroperiods and vegetation classes will greatly increase habitat potential 
and wildlife diversity. The large size of the site can support healthy wildlife populations and ecosystems 
with less edge habitat compared to smaller mitigation sites. The Keller Farm Mitigation Bank directly 
abuts a WSDOT mitigation site and Bear Creek Park, so therefore will provide habitat connectivity for 
wetland-dependent wildlife, including native amphibians, small mammals, song birds, birds of prey, and 
migratory waterfowl.  

Summary of Restoration Actions at the Keller Farm Mitigation Bank 

The proposed mitigation bank project restoration actions have the potential to greatly improve the 
existing conditions of wetlands, streams, and fish and wildlife habitat within the bank site. Restoration 
actions will rehabilitate 7.9 acres of existing wetland habitats while re-establishing approximately 51.1 
acres of wetlands. The existing 7,114 linear feet (1.7 acres) of existing ditched tributary streams will be 
rehabilitated, and approximately 5,162 linear feet (2.6 acres) of stream channel will be added.  

Enhanced connections with the Bear Creek floodplain will be established, thus increasing the range of 
flow conditions where Bear Creek flows will contribute to hydrologic support of floodplain wetlands and 
streams. These connections will also allow fish access to the re-established wetlands and stream 
channels in the floodplain. The City of Redmond hopes to implement the Bear Creek Habitat Restoration 
Plan in the channel and riparian buffer corridor of Bear Creek adjacent to the mitigation bank; this will 
provide further habitat for anadromous and resident fish in Bear Creek.  

Post-construction, the mitigation bank site will consist of a mosaic of uplands, stream channel, and 
forested, scrub-shrub, and emergent wetlands and provide improved habitat for regionally important 
salmonid populations. Post-project conditions will provide numerous functional benefits over existing 
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conditions, including recharging the local groundwater aquifer, increasing floodplain wetland 
groundwater storage, providing cooling of groundwater through soil heat adsorption of surface waters, 
and delaying release of cooler groundwater to the floodplain streams later in the spring and summer 
when stream temperatures are highest. Plantings in the wetlands and adjacent to Bear Creek and the 
floodplain streams will also help to moderate summer stream water temperatures and improve habitat 
functions for wetland-dependent fish and wildlife. 

4.1.2 Wetland Functions Not Provided at Wetland Mitigation Bank 
Based upon an analysis of project-related wetland functions, impacts, and information provided by the 
mitigation bank proponent regarding wetland functions that will be provided at the bank (Habitat Bank, 
LLC 2015), Sound Transit has concluded that the Keller Farm Mitigation Bank site will adequately 
compensate for all wetland functions in equal or greater amounts. 

4.2 Proposed Mitigation Credits 
The Keller Farm Mitigation Bank proponent (Habitat Bank, LLC) provided Sound Transit with details on 
the upcoming Mitigation Bank Instrument (MBI) to be used for calculating bank credits. The upcoming 
MBI will provide the recommended credit amount according to impact area based on the functional 
category of the wetland, as presented in Table 4-1.  

Table 4-1. Credits Recommended for Wetland Impacts  

Impact Type  Credit Recommended per Impact Area 

Permanent: Category I 
Wetland 

1.5:1 

Permanent: Category II 
Wetland 

1.2:1 

Permanent: Category III 
Wetland 

1:1 

Permanent: Category IV 
Wetland 

0.85:1 

Permanent: Wetland Buffer 0.3:1 

Permanent: Vegetation 
Conversion 

Calculated at one-quarter of the permanent impact ratio where mitigation is 
already proposed for temporary impacts. For standalone vegetation conversion 
impacts with no associated temporary impacts, mitigation is calculated at one-
half of the permanent impact ratio. 

Temporary: Long-Term Calculated at one-quarter of the permanent impact ratio. 

 

Sound Transit proposes to purchase a total of 1.512 bank credits from the Keller Farm Mitigation Bank to 
compensate for permanent and long-term temporary impacts to wetlands, permanent vegetation 
conversion impacts to wetlands, and permanent wetland buffer impacts within Redmond city limits. 
Table 4-2 provides the wetland category and impact area with the credit ratio and subsequent credit total.    
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Table 4-2. Proposed Mitigation Bank Credits at Keller Farm Mitigation Bank 

Wetland Name Impact Area Wetland Category Credit Ratio Credit Total 
Permanent Wetland Impact 

WKC-3 (Redmond 
portion of study area) 0.231 III 1 0.231 
WRE-2 0.074 IV 0.85 0.063 
WRE-5 0.075 I 1.5 0.113 
WRE-6 0.052 I 1.5 0.078 
WRE-8 0.506 II 1.2 0.607 
Total 0.938   1.092 

Long-Term Temporary Impacts 
WRE-4 0.078 III 0.25 0.020 
WRE-5 0.317a I 0.375 0.119 
WRE-6 0.168 I 0.375 0.070 
Total 0.460   0.209 

Permanent Vegetation Conversion Impacts 
WRE-5 0.023 I 0.375 0.009 
Total 0.023   0.009 

Permanent Wetland Buffer Impact 
WKC-3 (Redmond 
portion) 0.061 III 0.3 0.018 
WRE-4 0.029 III 0.3 0.009 
WRE-5 0.259 I  0.3 0.078 
WRE-6 0.206 I  0.3 0.062 
WRE-8 0.269 II 0.3 0.081 
Total 0.824   0.248 

      GRAND TOTAL 1.558 
a The total long-term temporary impact to WRE-5 is 1.178 acres. However, 0.861 acre of this total will result from mitigation actions; additional mitigation for 

temporal impacts to this area is not required. 
 

4.2.1 Credit Purchase or Transfer Timing 
Construction of the Project is scheduled to begin in 2020 and finish in 2023. Use of the Keller Farm 
Mitigation Bank for compensatory mitigation is contingent on the bank being certified before Project-
related wetland impacts occur within Redmond city limits. The mitigation bank proponent and the City 
of Redmond have stated that the bank is expected to be certified in 2019. Proof of credit purchase will 
be provided to the Corps, Ecology, and the City of Redmond before any wetlands are affected by the 
Project. If bank certification does not occur by the start of project construction, Sound Transit will 
formulate an alternative mitigation strategy before any wetlands are impacted.  
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Downtown Redmond Link Extension SEPA Compliance 
 
Environmental compliance pursuant to the State Environmental Policy Act (SEPA) for the Downtown 
Redmond Link Extension (DRLE) was completed with the East Link Project Final Environmental Impact 
Statement (EIS) issued in July 2011 and the Downtown Redmond Link Extension SEPA Addendum issued 
August 31, 2018.  The Federal Transit Administration (FTA) and Federal Highway Administration (FHWA) 
issued a Record of Decision (ROD) for the project on November 16, 2011 and November 17, 2011, 
respectively. FTA approved a National Environmental Policy Act (NEPA) Re-evaluation on August 29, 
2018. The NEPA process is complete.  
 
The 2011 East Link Extension Final EIS and the ROD can be found at the following link: 
 
https://www.soundtransit.org/get-to-know-us/documents-reports/east-link-final-environmental-
impact-statement-executive-summary 
 
The 2018 DRLE SEPA Addendum, can be found at the following link: 
 
https://www.soundtransit.org/get-to-know-us/documents-reports/downtown-redmond-link-extension-
2018-sepa-addendum-to-east-link 
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719 2ND AVENUE, SUITE 200  |  SEATTLE, WA 98104  |  P 206.394.3700 

MEMORANDUM 

DATE: February 6, 2019 
 

TO: Ellie Ziegler, Sound Transit 
 

FROM: Michael Hall 
 

SUBJECT: City of Redmond Shoreline Jurisdiction Tree Protection Plan 
 

PROJECT NAME: Downtown Redmond Link Extension 
  

This Tree Protection Plan is intended to summarize the Downtown Redmond Link Extension Project’s (Project) 
compliance with the City of Redmond’s (City) tree protection requirements as provided in the Redmond Zoning 
Code (RZC) Chapter 21.72. This plan provides information about sources, methodology, and regulatory 
requirements for trees within the project vicinity that are located within the City’s shoreline jurisdiction. A 
proposed tree replacement strategy is also summarized in this plan. 

Information on tree size, species, and condition data were obtained from the arborist’s report developed for the 
Project (Attachment A); the report also describes the methodology used to rate each tree in the project area. 
Details on the individual trees within City shoreline jurisdiction are listed in the Tree Table (Attachment B). Maps 
showing the location of trees to be retained, impacted, and removed are included as Attachment C. 

City Tree Protection Plan reporting requirements state that the Tree Table accompanying a Tree Protection Plan 
should list only those trees larger than 6 inches in diameter at breast height (dbh). Because construction permit 
applications are expected to be submitted approximately 2 years after the tree survey was conducted (in 2018), 
the Tree Table includes all trees evaluated during the arborists’ field reviews, regardless of dbh. 

Each tree was assigned to one of the following categories (as specified in the City’s Guidelines for Demonstrating 
Conformance with Tree Protection Standards), based on its location relative to the critical areas disturbance line 
and the Bear Creek restoration work area: 

 Removed (The tree will be cut down or removed from the site.)  

 Impacted (The tree will be left standing, but ground disturbance will take place within 5 feet of the tree’s 
dripline.)  

 Retained (The tree will be left standing, and no ground disturbance will take place within 5 feet of the 
tree’s dripline.)  

Entries in the Replacement Exemption field of the Tree Table are based on the arborist’s evaluations of tree vigor 
and structure. Trees evaluated as “Poor” or “Dead/Dying” in either vigor or structure (or both) are considered to 
meet the RZC definition of unhealthy and/or hazardous trees. 

According to RZC 21.78, a Hazardous Tree is a “tree that is dead, or is so affected by a significant structural defect 
or disease, that falling or failure appears imminent, or a tree that impedes safe vision or traffic flow, or that 
otherwise currently poses a threat to life or property.” 
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According to RZC 21.72.080(B), no tree replacement is required for trees that are hazardous, dead, diseased, 
injured, or in a declining condition with no reasonable assurance of regaining vigor. It was assumed for this 
analysis that trees identified as “Hazard tree,” “Dead/Dying,” or “Poor structure” in the Replacement Exemption 
field will not need to be replaced. 

RZC 21.68.110(A)(2) specifies special replacement ratios for significant trees that are removed within shoreline 
jurisdiction. For trees between 6 and 9 inches dbh, the replacement ratio is two new trees for every tree 
removed. For each additional 3 inches dbh above 6 inches dbh, one additional replacement tree shall be planted, 
with a maximum of six replacement trees. 

According to RZC 21.72.090(B)(2), if more than 65 percent of the trees on a site are removed, tree replacement 
shall be at a minimum of three trees for each significant tree removed.  

Values in the Replacement Trees field in the Tree Table reflect the above requirements. A value of “N/A” indicates 
a tree that is not slated for removal.  

A total of 299 trees were tagged and rated within the City’s shoreline jurisdiction; 69 of which were determined 
to be unhealthy and/or hazardous. The results of the tree analysis for the “healthy” trees, as detailed in the Tree 
Table, are summarized in Table 1. 

TTable 1. Tree Table Analysis Summary 

Tree Type  Removal  Impacted  Retained** Total  

Landmark 
(>30” dbh) 

0 2 0 2 

0% (of all trees) 1% (of all trees) 0% (of all trees) 1% (of all trees) 

Significant 
(6” to 30” dbh) 

158 37 35 230 

69% (of all significant trees) 16% (of all significant trees) 15% (of all significant trees) 99% (of all trees) 

Totals 158 39 35 232 

68% (of all trees) 17% (of all trees) 15% (of all trees) N/A 

Replacement Trees 514 N/A N/A 514 

* “Impacted” trees will also be retained, but are not included in the “retained” column per City reporting requirements. 

Sound Transit has identified three areas within City shoreline jurisdiction along Bear Creek where replacement 
trees will be planted; see the attached tree replacement figure (Attachment D). The three areas total 
approximately 2.3 acres in area and are either composed of invasive herbaceous or woody vine species (i.e., reed 
canarygrass and Himalayan blackberry) and/or will be temporarily cleared for construction access and staging. 
Based upon approximately 75 percent coverage of trees planted 12-feet on-center using triangle spacing, the 
identified tree replacement areas could accommodate installation of 590 trees. Therefore, these areas will 
conservatively accommodate the anticipated 514 trees that Sound Transit is required to install within City 
shoreline jurisdiction. 

The design-build contractor will evaluate the anticipated tree removal requirements during final design and will 
develop a final tree retention, protection, and replacement plan based on their proposed construction methods. 
The total number of trees to be removed may be reduced if the Contractor’s approach reduces the extent of 
anticipated clearing required for construction access or staging areas. Tree removal will also be avoided if the 
contractor determines that some trees may be pruned in lieu of full removal.  
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1. DATA SUMMARY 

1.1 Introduction 
When the 3+ miles of above-ground light rail track is constructed for the Downtown Redmond Link 
Extension (DRLE), many mature trees will be removed from the Washington State Department of 
Transportation (WSDOT) State Route 520 right-of-way, King County’s Marymoor Park, and within the 
City of Redmond.   All three jurisdictions have policy statements regarding tree removal and each 
jurisdiction has different approaches for the replacement of trees removed in the course of 
construction.  The following is a summary of the estimated tree removal levels, documented 
expectations for tree replacement in each of the three primary jurisdictions, and an estimate of tree 
replacement mitigation levels needed to meet the requirements.  A list of the Codes referenced is 
included in the Appendix. 

1.2 Tree Assessment  
The identification of trees within the project area is based upon an extensive field survey and tree 
hazard assessment undertaken by Urban Forestry Services, Inc. (UFS) during Preliminary Engineering, 
based upon the guideway alignment the DRLE Preliminary Engineering Contract Drawings (August, 
2018). Trees that are in the vicinity of the current assumed Project Impact Area were cataloged and 
assessed to be able to address jurisdictional mitigation requirements. Refer to the Tree Assessment 
Summary Report (September, 2018) by UFS for a full summary of extents of trees surveyed, definition of 
risk categories, and other information associated with identification and assessment of tree resources. 
The tree data collected has been entered into the Redmond Link Tree Inventory Database, a GIS web 
application that allows the user to access specific tree information or to filter data into useful 
categories:  

http://parametrix.maps.arcgis.com/apps/webappviewer/index.html?id=5fdc0dfd98d7467f866d47af0b6
1ebe1 

1.3 Assessment Categories 
For the purposes of this document, the Low Estimate encompasses trees that will be required to be 
removed for the light rail construction and safe operations. This tree count is comprised of two tree 
removal categories defined in the GIS web application. Category 1 trees are those that will be removed 
within the width of the guideway plus a 15’ vegetation clear zone to each side of the track. Any tree that 
has a portion of its trunk or Interior Critical Root Zone (ICRZ) within this site area is categorized as a 
‘Category 1 tree – Removal Required’. See DCM Chapter 10 for a description of the vegetation clear zone 
and the Tree Assessment Summary Report for a description of the ICRZ.  ‘Category 2- Removal Required’ 
trees are those trees outside of the vegetation clear zone that will need to be removed. Trees are 
grouped in this category for several reasons: 

• The tree is a species that has a natural propensity to fail (such as cottonwoods and  
 alders); 

• A tree where direct impact to the root system does not fall into being a Category 1 tree but 
surrounding construction, including removal of neighboring trees, make the trees more apt to fail; or 

• A tree whose form, height or condition are not inherently hazardous but, in proximity to the rail 
line, creates a risk to operations. See the Tree Assessment Summary Report for a detailed description of 
risk determination factors.  
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The High Estimate takes the number of trees required to be removed (Low Estimate) and adds in all of 
the trees within property currently planned to be accessible to the Contractor through right-of-way 
acquisitions, temporary construction easements, and other temporary and permanent real estate 
property agreements. Assuming that the Contractor uses all of this available space, any tree that has its 
trunk or ICRZ extending into this zone is categorized as a ‘Category 3 Tree – Potential Removal’ (trees in 
this zone that are already categorized as Category 2 are not double counted).  

Category 4 trees are defined as those that require pruning for safe retention or will need to be removed.  
The Contractor and Project Arborist are given the option to prune or remove the tree, according to the 
specific needs of the construction plan. 

The two categories of required removals (Category 1 + Category 2) identify the lowest level of 
anticipated tree removal (Low Estimate). Adding the potential tree removals (Category 3 + Category 4) 
to this number indicates the highest level of tree impact currently anticipated (High Estimate). 

Category 5 trees, those that recommended for maintenance pruning but pose no risk to the light rail 
operation, are not included in these removal counts. 

1.4 Scope of Report 
Tree removal numbers noted in this document compare the number of trees that can reliably be 
predicted to be removed within a minimal project impact area to the potential impacts of removing all 
trees within an extended project impact area. This allows the Preliminary Engineering team to present a 
range in the number of trees that will need to be removed for construction.   These numbers may be 
increased or decreased including, but not limited to, the following reasons: 

• Revisions to the Preliminary Engineering design or construction parameters. If the design or 
construction needs change, and consequently cause revisions to the project impact areas, the number of 
impacted trees is likely to change.  

• Refinement of area needed for construction use. The contractor may choose to protect trees 
within the estimated project impact area to reduce mitigation requirements. 

Before any site work begins, a Tree and Vegetation Protection Plan is required, in accordance with Spec 
01 56 39, to clearly identify trees to be removed, trees to be protected and to define tree protection 
measures needed to ensure trees to remain are not impacted adversely by construction. The Contractor 
will be required to provide tree replacement mitigation for all healthy trees removed, whether 
intentional or not, in accordance with jurisdictional requirements. For each jurisdiction, the estimated 
removal and mitigation requirements are outlined. All calculations for tree mitigation are based on local 
regulations as of May, 2018.  Jurisdictional mitigation requirements may change over time and any final 
tree mitigation plans will need to comply with current requirements. 

1.5 Limitations 
Although this report provides estimated tree removal and corresponding tree replacement mitigation 
numbers, it is beyond the scope of this study to determine where the mitigation trees may be planted. 
Due to the constrained linear limits of the project and the requirements for clear zones for the both the 
rail line and WSDOT operations, there may not be sufficient available area within the boundaries of the 
project to fulfill the tree mitigation requirements.  Potential areas for tree planting mitigation have been 
provided by WSDOT (see Letter of Concurrence/WSDOT Roadside Restoration Expectations document) 
and King County (see King County Tree Mitigation Plan) to assist the Contractor in proposing mitigation 
plans for approval. Final mitigation plans, including locations and maintenance / warranty agreements, 
are the responsibility of the Contractor to be confirmed with each affected jurisdiction.  
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Finally, this report does not attempt to outline or propose any tree replacement mitigation related to 
incursions and impacts on critical areas (wetlands, critical slopes, wildlife habitat, geologic hazard, etc.). 
Tree removal and mitigation efforts will be guided by critical area studies conducted by appropriate 
specialists, and the regulations and permitting of the relevant governing body. 
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2. MITIGATION CALCULATIONS 

2.1 WSDOT 
WSDOT’s tree replacement policy is based on removing vegetation only for highway purposes. The 
Roadside Manual stipulates that where a project (or entity) disturbs the roadside, the project (or entity) 
is responsible for restoring the disturbed area to the ecosystem appropriate to the location and the 
applicable roadside zone.  

WSDOT approaches tree replacement mitigation in a manner closely aligned with land restoration 
practices, which replace a lost mature plant with more plants of a smaller size to encourage natural 
succession in the new plant community. To minimize loss of tree canopy cover, vegetation replacement 
ratios apply. For WSDOT Category 2 vegetation (moderate-sized conifer and late-successional species 
trees, between 4 - 30 inch Diameter at Breast Height (DBH)), the replacement value is a ratio of one 1-
gallon replacement tree for each one inch of tree trunk DBH removed. This requirement does not 
require mitigation for early-successional tree species that are typically short-lived, like alder and poplar. 
For WSDOT Category 1 vegetation (mature, old-growth or heritage trees greater than 30 inch DBH),  a 
ratio of six  1-gallon sized trees for every one inch of Category 1 tree trunk DBH removed is required. For 
WSDOT Category 3 vegetation (small trees less than 4 inch DBH), the replacement ratio is 1:1, using a 
mix of trees and shrubs to match the character of the trees removed. WSDOT Category 3 vegetation has 
not been quantified for this report as it is assumed that the opportunity to replace this vegetation can 
occur within the general restoration plantings proposed with this project.  

WSDOT preference is that tree canopy loss is mitigated within the area disturbed by the project. If this is 
not achievable, the next options for location of mitigation plantings are to plant within the WSDOT ROW 
in areas outside of the disturbed limits but within the same highway corridor or within WSDOT ROW on 
another highway within the same region. DRLE will have limited opportunities to accommodate 
replacement tree plantings within the area impacted by the Project. See the WSDOT Roadside 
Restoration Expectations document for identification of potential mitigation planting areas. A Plant 
Establishment Agreement for three years of maintenance is typically required for any mitigation 
plantings on WSDOT property, in accordance with the Roadside Policy Manual.  

Sound Transit and WSDOT have come to an agreement to modify the stated policy on tree replacement 
quantities for the DRLE project. Sound Transit has agreed to direct the Contractor to plant larger sized 
trees (5 gal. size); in return, WSDOT has agreed to an associated reduction in the number of trees 
required to be planted by a factor of 4 (75%).   

Sound Transit and WSDOT have also come to an agreement to modify the stated policy on length of 
warranty and maintenance. Sound Transit has agreed to provide additional years of plant maintenance 
and WSDOT has agreed to an associated reduction in the number of trees required to be planted. For 
every 1 year of maintenance (past the required three years), WSDOT will allow a 5% reduction in the 
number of trees required to be planted.  The Contractor will be responsible for providing 2 years 
warranty and maintenance on all landscape areas within the WSDOT ROW, including all tree 
replacement plantings. Sound Transit will then pay WSDOT to perform maintenance on these areas for 
the following 11 years (13 years maintenance total). In return, WSDOT will allow a 50% reduction (5% 
for each of 10 years) in the number of tree required to be planted.   Refer to the Project Requirements 
and to the WSDOT Roadside Restoration Expectations document for further information. 
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Figure 1. WSDOT Estimated Tree Removals and Replacement Mitigation 

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Tree Assessment Summary Report 
Sound Transit 
 

6 September 13, 2018  Downtown Redmond Link Extension 

 

2.2 King County 
King County defines a significant tree as an existing healthy tree that is not a hazard tree and that is a 
minimum of twelve inches DBH for deciduous trees or eight inches DBH for evergreen trees. A significant 
tree may be credited as two trees if: the tree is greater than eighteen inches DBH; is located in a 
grouping of at least five trees with canopies that touch or overlap; provides energy savings through 
winter wind protection or summer shading as a result of its location relative to buildings; belongs to a 
unique or unusual species; is located within twenty-five feet of any critical area or required critical area 
buffers; or the tree is listed on a historical register. 

A significant tree to be replaced by a new replacement tree shall be assigned a diameter of twelve 
inches. If using replacement trees measuring three inches caliper or greater, one-half inch caliper of 
replacement tree shall be provided for each one inch DBH of significant tree removed. If using 
replacement trees measuring less than three inches caliper, one inch caliper of replacement tree shall 
be provided for each one inch DBH of significant tree removed. 

If tree replacement cannot be fulfilled on the impacted site, King County may request trees be located in 
alternate locations to protect or enhance wildlife habitat. See King County Tree Mitigation Plan for 
identification of potential mitigation planting areas.  

King County requires a 2 year warranty and maintenance period on any plantings. 
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Figure 2. King County Estimated Tree Removals and Replacement Mitigation 
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2.3 City of Redmond 
General site development standards in the City of Redmond Zoning Code note that site improvements 
shall be designed to protect trees on site, especially stands of healthy trees, trees with habitat or slope 
stabilization function, or trees at the perimeter of a property that serve a screening function. The City 
may require trees designated to be protected within the development permitting process to be 
permanently protected by being noted on the deed or binding site plan. 

The City defines a Significant Tree as any healthy tree six inches DBH or any tree four inches DBH that, 
after considering its age, height, value, or function, is determined to be a significant tree or tree stand. A 
Landmark Tree is any healthy tree over thirty inches DBH. To remove a healthy Landmark Tree, an 
International Society of Arborists (ISA) Tree Evaluation Form and a Tree Removal Exception Request 
form must be completed. 

For each Significant Tree removed, one replacement tree must be planted. Landmark Trees removed 
shall be replaced with three new trees.  Minimum sizes for replacement trees are 2-1/2 inch caliper for 
deciduous trees or 6 foot height for conifers. It is preferable for the tree to be planted on the site where 
it is removed but alternative planting areas could include City or County-owned opens space, parks or 
Native Growth Protection Areas. No replacement trees are required for hazardous, dead or diseased 
trees that are removed.   

For any development projects that identify Significant Trees within or adjacent to the work impact zone, 
a tree protection and replacement plan must be submitted to the City. In order to adequately protect 
trees near a construction zone, tree protection barriers must be placed at least 5’ outside the dripline of 
the tree.  

The City has created a set of supplemental standards for tree preservation and replacement within the 
Marymoor Design district near the SE Redmond Station.  Redevelopment must include enough tree 
plantings to provide 15% canopy coverage of the site within 10 years of completion. The plans can utilize 
existing trees to remain, replacement trees and street trees to meet the requirements.  

The City of Redmond requires a 1 year warranty and maintenance period on any plantings. 
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Figure 3. City of Redmond Estimated Tree Removals and Replacement Mitigation 

Addendum 10, Item 15 Volume 3 - Item 06, Environmental Documentation - V3-06.07.02
Attachment 15



Tree Assessment Summary Report 
Sound Transit 
 

10 September 13, 2018  Downtown Redmond Link Extension 

 

3. SUMMARY 
This set of mitigation calculations presents a comparison of the minimum and the maximum amount of 
trees that can predicted to be removed for the DRLE project, using the Preliminary Engineering plans as 
a basis. It is anticipated that the Contractor will be able to use these estimates to begin to understand 
the scope of tree removal and to quantify the mitigation that each jurisdiction will require for removal 
of these resources.  The expectation is that, as more detailed plans for construction access and laydown 
are completed, a more concise plan for tree preservation, tree removal and replacement mitigation will 
be determined by the Contractor.  

Trees to be protected and those to be removed will be identified and tracked on the Tree and 
Vegetation Protection Plan, as required in spec section 015639, as well as with the GIS web application.  
At the completion of the project, the Contractor will update and confirm the tree inventory and turn 
over the updated GIS file to Sound Transit in accordance with the Project Requirements. Sound Transit 
will use the GIS application to create a basis for a long-term tree management plan for vegetation 
maintenance. Creating a plan for monitoring, assessing and removal of hazard trees allows Sound 
Transit to be able to retain healthy, mature trees in the vicinity of the light rail line while reducing the 
risks to safe rail operation.   

Trees are important natural resources. They provide environmental benefits (cleaning the air, providing 
shade, reducing stormwater runoff), personal benefits (increased health benefits) and community 
benefits (increasing property values, enhancing outdoor use areas). Established, mature trees have 
better soil holding capacity to prevent runoff, provide more shade, and sequester more carbon dioxide 
than younger, smaller trees so there is value in retaining larger trees along the Project. Potential 
strategies for protecting and retaining mature trees along the alignment include planning ahead for 
installation of tree protection measures during construction, use of sensitive construction methods 
around existing trees, and ensuring all site staff are educated on the intentions and the requirements of 
the tree protection measures. 
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APPENDIX A 
 

Jurisdictional codes relating to tree protection, removal and mitigation 
 
WSDOT 
Roadside Policy Manual, M 3110.03  
Roadside Manual, M 25-30 
 
King County 
Title 21 A Zoning 
Title 16 Clearing and Grading 
 
City of Redmond 
Redmond Zoning Code (Redmond Municipal Code Title 21) 
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