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be brought to the surface and minimize the flow into the foundation in order to protect
groundwater and while still maintaining the efficiency of the band drain. The depth of wick
penetration, measured from the existing ground surface is given on Figure 10.

6.2 Vertical Drain Installation
Vertical band drains were installed at the locations and to the depths shown on Figure 10. The
drains were installed from November 1, 1992 to Marci: 12, 1993, A summary of the wick

installation is presented in Table 3.

Table 3: Summary of Wick Installation

Wick Number
Spacing
(ft)

Period
of Time
(months)

Lineal

‘ 7.0 SETTLEMENT MONITORING

Settlement monitoring has been conducted at the Bluewater Mill to observe and document the
consolidation of the slimes portion of the Main Tailings Impoundment following the placement
of fill from cleanup activities around the site.

7.1 Settlement Monuments and Surveys

A total of 27 settlement monuments were placed and have been monitored. Thirteen of these
monuments (1-9, NS8, 11, 16, and 17) have been monitored since September, 1992. The other
14 monuments (19-32) have been monitored since the completion of the vertical band drain
installation (February, 1993). These settlement monuments are located as shown on Figure 11.
The settlement data from these monuments are presented on Table 4. The settlement versus time

and the settlement versus the square root of time curves are plotted and presented in Appe dix
s

The settlement monuments consist of a stable point so that repeated surveying does not disturb
the point. The monuments are constructed of a one foot square steel plate with a 2-in. steel pipe
welded to the plate and the base embedded in 6 inches of concrete. Monuments 1-11 were
placed directly on the slime surface prior to loading. The remainder of the monuments were
. placed approximately 10 feet below the surface after loading occurred. Elevation readings were
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taken for the settlement monuments using differential level surveys. These level surveys were
tied to a stable survey reference monument located off the slime tailings, The uniformity of
survey data indicates good survey precision.

Some settlement readings were taken of the monuments before September, 1992, however, these
data were not used in the analysis because most of the monuments were physically damaged at
some point during construction.

Two additional elevations for each settlement point were determined in addition to the readings
taken from the settlement monuments. These elevations were necessary to develop the initial
portion of the settlement curve. These elevations were obtained from topographic surveys of
the area and from the piezocone data. The methodology used to determine these two elevations
and to adjust the recent settlement data with the two elevations is described below,

tnitial Elevations

The initial elevation of the top of the slime tailings was determined from an aerial survey which
represents the conditions present in January, 1991, prior to placement of any fill. This survey
is presented on Figure 12,

. Fill was placed over the slimes during a period from January 1991 through September 1992 with
the majority of the fill placed between July 1991 and April 1992. The fill was constructed by
first placing a relatively thick lift (approximately 3 to 5 feet) and subsequently placing and
compacting one-foot thick lifts until the required subgrade elevations were achieved. Since the
fill was placed over a span of several months, it was necessary to determine an average time of
placement of the fill for the settlement analysis. January 1, 1992 was approximately the half
way point through the cover placement and therefore this date was used as the starting date for
the settlement analysis,

The second elevation point used in the analysis was obtained by combining two pieces of
information. First, the thickness of the cover was known from the piezocone testing conducted
during July and August, 1992 (Appendix A). Second, the elevation of the top of the cover was
known in April, 1992 from a field topographic survey shown on Figure 13. Using these two
sources of data, the elevation of the top of the slime tailings was determined by subtracting the
thickness of the cover as determined from the piezocone testing from the elevation of the cover.

The interface between the fill and the slime tailings was easily determined from the piezocone

probes. Both the tip resistance and the side friction is much lower for slime tailings than for

the compacted fill. Figure 14 shows a typical piezocone log along with the interpretation of the
. location of the fill/tailings interface.
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The field survey was conducted before the piezocone testing and no fill was placed between
April and August 1992.

Elevation points after August 1992

Differential level surveys of the settlement monuments were taken at 13 points (1-9, NS8, 11.
16 and 17) from September 1992 to the present. Those data were added o the first two
settlement points determined as described above.

The settlement data for the period from September 1992 10 the present were not relative 1o the
top of the slime tailings because the settlement points were not placed directly on top of the
slime tailings. Therefore, the settlement readings had to be adjusted to the top of the slime
tailings in order to correspond to the first two elevations. To adjust the settlement readings, it
was assumed that the elevation of the top of the slime tailings at the time of the settlement
reading in September 1992 was the same as the elevation determined for August 1992 using the
topographic survey and the piezocone data as discussed above. All survey data after September,
1992 was adjusted accordingly. Figure 14-A depicts the establishment of the initial and second
elevation points and the adjustments used for plotting the consolidation graphs.

The remainder of the 27 settlement points (19-32) do not have settlement readings until
February, 1993. Therefore, the recent settlement readings could not be adjusted to the first two

. elevations. For visual presentation, it was assumed that no settlement occurred between August
1992 and February 1993.

7.2 Settlement Results

There are several elements that lead to the conclusion that ar least 90% of the primary settiement
due to the placement of 10 to 15-feet of fill has occurred. First, the calculated model for both
unaid.v and enhanced consolidation by placement of w, 'k drains indicate that 90% settlement
should be complete. Secondly, the settlement data wer: plotted against the square root of time
so that a graphical analysis could be conducted to determine when 90% of the primary
consolidation was complete. This is a widely used technique to interpret settlement data (Lambe
and Whitman, 1969). The settlement versus square root of time curves indicate that 90%
consolidation has occurred. In addition, survey data indicates that any movement occurring now
ts very minimal and consistent with the curves showing that 90% consolidation is complete.

The survey data for the settlement monuments that have a compiete data history (1-9, NS8, 11,
16 and 17) are shown on Figures 15-27. The location of these settlement points is shown on
Figure 28. The graphical solution to determine time for 90% consolidation is also shown on the
figures. For all cases, the settlement data indicate that 90% consolidation has been achieved.
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The remaining settlement monuments (19-32) were not graphically analyzed to determine if 90%
of the primary consolidation is complete. These points could not be adequately evaluated as they
were not monitored for the time period between September 1992 and February 1993, due to
inaccessibility of the monuments or that the monuments had not been installed until after
construction of the loading layer was complete. It is difficult to tie the recent settlement data
to the initial two points without this interim data. Even though the new settiement points were
not evaluated, the graphical presentation of the existing data shown on Figures 29-42 indicates
that the general shape of these curves is similar to the curves with interim data and that the
majority of the consolidation appears completed.

Settiement over the entire area is determined to be complete since the points that could be
analyzed show that at least 90% of the primary consolidation has been achieved and these
settlement point adequately cover the area of concern (Figure 28). Additionally, the other
settlement points (19-32) show results that are similar to the points that were analyzed. Recent
survey readings clearly indicate that any movement occurring in recent months is very minimal
and consistent with the curves showing that 90% consolidarion is complete. The inost recent
readings differ by only a few hundredths of a foot.

8.0 CONCLUSION

. A comprehensive program was conducted which demonstraies that consolidation of the slime
tailings has been achieved and placement of the radon barrier can commence. The program
identified areas where consolidation was complete and no action was necessary. It also
identified areas where an accelerated consolidation program was necessary. Wicks were
installed in these areas and consolidation has now occurred. Monitoring data show that
significant settlement (four to eight feet) has occurred and that very little additional settlement
is occurring. Further, by using the initial data obtained from the surveys and the piezocone
study, the graphical determination of settiement shows that more than 90% of the primary
settiement has occurred and therefore, construction of the final radon barrier can begin.
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Tabie 4 - Settlement Data

Oste S1 s2 s3 Se S5 s6 87 s8 NS8 58 s10 S S12 $13 S14 $15
SAN-92 56198 66159 6810 6608 6608 6808 6608 68134 6606 & 861786 | destroyed 66148 nei st by evaluation penod
AUG-G2 68119 6810.2 6604 4 66048 8600 6 8601.7 86058 8606 9 6602 8812 | by TMC 8609 5
15-0CT-92 86121 6610.2 6604 9 66048 6600 5 6601.7 6605 8 6608 9 8502 86119 8600 6
25-NOV-92 6612 66009 | 66049 6604 6 6600 4 8601 5 6805 7 6605 8 6602 5612 6608 6
[o3-DEC 82 86118 6609 8 6604 6 €604 3 6600 2 6601 4 8805 4 6606 & 8601 7 86117 6609 3
10-DEC 92 6611 7 ©6098 6604 6 6604 3 6600 2 8601 4 6605 4 6606 & 6601 7 88117 6609 3
16-DEC 92 8611 7 5609 8 6604 & 6604 3 6600 1 6601 4 6605 4 8606 & 8601 7 8611 7 6608 3
23-DEC 92 66118 6609 8 6804 6 6604 3 6600 1 6601 4 6605 4 6608 5 6601 7 8611.7 8609 3
36-DEC 92 66118 5609 8 6604 5 6604 2 8800 1 6601 4 6605 3 6608 5 €603 7 8611 7 5608 3
Hnuausa 66117 6602 9 8604 5 6604 2 8600 6601 3 6605 3 8606 5 6601 6 6611 8 8608 3
14-JAN 83 86118 6600 8 66804 6 66043 s6001,| 86013 6605 3 6606 S 6601 5 66116 66093
21.JAN 93 86118 6609 9 8604 5 6604 3 6600 88013 6605.3 8606 4 8601 4 66118 6809 3
28-JaN-93 66116 | 560991 6604 6 6604 3 6600 1 6601.3 605 3 6606 8601 5 6811.7 6809 3
22FERO3 | 66188| 660992) 660456 660428 ] 660004 | 660139 | 660533 | 6608 42 86017 | 661178 6600 31
11MARA3 | #81185] 660807 | 660448 | 6604 21 6600 | 660136| e60S2e| e60632) 680166| 661172 6809 31
22MAR23 | 861195 660001 | 660454 | 65042S| #600CH | 660141 | 660536) 60828 | 6601 7 66118 6609 34
07 APR a3 611 9 6609 91 6604 a4 6604 1S €600 6601 34 6605 3 6606 '8 6801 64 6611 78 6608 35
saPRay | s61102 66000 | es0442| e6041a| esecoe| B60133| 660529) GEOB S| eSO1E3 | 661177 6608 35
21-APR 23 #6119 650881 6604 4 68041 | ©se997 | 660131 | 680527 | €806 11| 66016l | 661175 6608 33
20-APR-93 6119 6800 85 6604 37 6604 09 6599 96 6601 31 6605 26 6506 1 6601 6 66t T7 8609 33
1MAYe3 | es1187 | 660983 86043 | 660402| 650088 ( 660123] 680519 66060 | 6601 S3 86117 6609 28
2omAY a3 | es1ias| 660087 | 660424| 660398 | 65098471 660121 | €60517| 660504 6RO1 S| 661160 6609 25
WJUNSA | 861187 | 660087 | 660425| 660396 650084 | 660122] 680518 | 680595 | 660!151 | 861173 6609 28
240UNe3 | 8611891 850081 | 680424 | BE03G6 | 6SeeES | 660122 eeosve | 680592 | es01s2 | eei 72 6808 26
TJULeY | 86118S| 660984 | 6GE0414| 660385 659275] 6601 15| GE0S0B| 660584 | 660142 | 661168 6609 21
73me3 | e6nies| 660885| 660412 | 6FR0383| 650675 | 660115 | 660500 | 680533 | 6G6I1 41 661169 6605 24
2AUGHS | 661189 | 660984 | 660412 | 6060383 | 6500 74 | 6801 1S 66051 | 660S83 | 660142 | 861168 6609 26
5-AUG 23 o611 a9 6609 79 6604 09 6603 77 6588 71 6601 14 6605 97 6605 8 6801 4 661+ 68 6608 25
neseFas | es11es| esoe 78| 88040 66037 | 659863 ) 660108| 66050V | 660574 660132 | 661165 6609 21
25SEP93 | 661186 | 660078 | 680402 | 6603 71| 652965 66011 | ee0sca| ee0574| 80133 | es1166 6602 22
josocies | 661183) 660977 | 680368 | 660365| 659057 | 660103| 660498 6805 7 68013 | 61162 6600 17
1BOCTey | 661184 660873 | H60395| 660361 | 659054| 660101 | 660494 | 660S66| 660125 661162 8608 17
o2 NOV-93 | 6611 83 68087 | 660391 86036 | 6500 52 8601 | ®80483 | 660566 | 660123 661164 6609 18
15-NOV-33 66118 6608 7 | @6C3 &6 6503 5 85995 6601 | 660489 | 660F 62 86012 | 6116 8608 15

All values e normalized as explained in Sec 71




Tabie 4 - Settlement Data (cont )

| s1e 517 518 S8 s 521 s22 $23 S 525 s28 sz 528 52 $30 $31 s32

[ JAN-92 8 e 8810 EE S608 80?7 7 8807 1 86:0 e80s 2 #8086 7 8808 8 8823 a610s aswne 8609 3 a8t [ 328 ] s
AUG %2 8808 S 808 S0 8 6302 8602 4 6508 8508 §503 9 SH0S 4 S80S 6804 7 B8 88086 BO0S 807 ¢ 5857 ¢
BOCcT e SHON 5 6805

25 NOV.92 5808 S L
jospec 82 s608 3 6804 8

10-DEC 82 8808 2% 804 8

8- DEC 97 5608 8 S804 8

23-DEC 82 8608 2= pee

30 0EC 82 HEOS 2 Lol ]

107 JAN 83 8608 ? 5804 6

14 JAN33 5806 2 w5048

2L IAN Y 808 2 S804 8 -

28 AN 8 85086 1 B804 8

T2FFB WY 8506 07 6604 S5 8500 8 8802 8602 4 8606 806 803 S B60S 4 6608 8604 7 BEOS 8608 1 B80S & 8607 4 8o 2
1 MAR 8 S80S 97 #0604 48 8600 56 601 93 6802 4% 806 01 8605 9 8803 8t 8608 & 5608 97 808 57 H80% 8 S6n= N AT 8807 28 B8G7 09
22 MAR &3 SE0S Ba B804 52 S800 62 5601 99 S602 45 B608 07 860S 81 8503 87 6805 41 8808 8504 8 s68US 91 BS06 08 630 41 BECT 4 827 08
07 APy, 23 B80S A8 B804 41 G60D Se 8801 88 6802 37 8605 83 6605 2 8803 76 B80S 38 GEO8 05 B804 a8 8508 78 BE06 01 aB0s 71 8607 10 B606 o8
15 APR.G Y S80S 84 6504 8800 53 68 AG 6602 36 S605 81 8805 7% 66803 77 6605 34 a608 07 B804 35 6605 74 8805 2% S80S 68 3807 37 S606 82
21 APR 93 B80S 78 8604 28 8800 53 SB0O1 56 BEOT 34 8605 9 8605 7S 603 74 8605 32 B60S 06 H60a &1 6608 7 605 85 8805 83 8607 12 8808 33
2 APRLaY o808 7S §804 32 8800 ST 801 85 8602 33 S80S A8 8805 74 6803 72 608 31 BEOR 06 6604 38 B80T 68 BECS 94 86805 52 8807 12 S80S e
T MAY &Y E60S 84 B804 28 6800 44 S601 I8 6807 2¢ 680S 81 G605 £4 HHCN 64 as0s 22 8306 02 S804 20 8605 S8 S80S 84 6505 51 se07 03 S806 72
9 MAY &) S805 57 S804 2 8800 22 &80 7R 8802 23 8608 7S 9805 ST HHO3 58 &80% 22 B608 O 680« 2% 86808 51 8s0s 8 BE05 44 SH08 9% 5606 84
W0 RAMNe3 SBO% 5% 8504 24 SO0 4 8801 74 862 23 8805 74 8605 S8 603 8 8605 22 6809 02 asoa 21 8808 52 680S & S80S 44 8607 0% 5608 83
2 Aame 6805 52 S804 18 G800 42 S801 74 6H02 2¢ 8808 71 S80S 56 6801 8 6608 2° 8808 05 S804 17 BHOS 49 65605 78 L] 507 a80e 57
13. A8 87 S80S 4 6604 08 S8O0 M BE01 BE S802 18 S505 83 GBS 45 8603 S B60S 17 6809 S6G4 08 B80S W 6808 67 6805 28 0508 97 DEOE 44
7 AR 93 S605 9 S6G4 08 6800 ¥ #S0" 88 6802 '8 62805 &3 B80S 47 S603 48 8605 13 6800 03 BH04 03 S80S 37 AR0L 68 80s 28 H806 §2 B80S ¢1
12 AUG 82 S80S 37 B804 05 S56C ¥ 8601 &% 8802 1S 8805 61 6805 a1 8603 48 6805 14 8608 0 8804 8808 3 605 85 8608 73 6806 93 S608 36
25 AUG 8 S808 32 80 02 6600 34 8801 62 8802 13 B80S 5% 8808 37 $803 43 8605 11 S8O8 04 68073 98 S80S 31 B80S 81 8805 19 8508 2 S608 37
08 SEP &- L S803 e 800 26 6607 S4 S602 07 &605 51 8805 28 6603 36 S80% 06 4808 08 S603 A7 S80S 24 5808 53 8805 08 8606 85 8605 24
%SEP S 8808 24 603 53 S50 29 601 5§ H602 08 8605 52 6808 2% 6003 17 6805 C7 L) 6607 A8 8508 23 8608 53 S80S 07 6608 87 S806 21
08T 8 a80S 19 asM 9 S600 24 8601 46 6602 02 6505 5 8605 23 #6803 3% 6805 02 BE0S 886G 81 8605 19 B80S 45 S804 55 B 84 6605 14
wOCT 8 8808 13 603 87 6650 ¢ a501 47 GB01T 98 8808 47 #8605 19 803 27 8604 98 L] 8803 77 6808 17 6508 42 604 B4 BS08 8 S806 08
|02 NOV 3 8805 ) 6603 83 4800 19 8801 46 G601 99 8805 33 8605 18 6603 25 6604 98 8608 a8 8603 72 88085 12 6505 ¢4 G604 33 L SH06 08
TS NOV-83 60S S0 78 5600 18 G501 43 801 98 6605 2 6805 08 § 6803 22 6804 34 S806 95 SB03 65 FSO5 08 8608 35 S804 57 sa06 77 6606 01

Al vaiues s7e normakzed as expiamed in Sec 71
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