
Appendix C

Nitrate, Sulfate, and Uranium Plume Maps

(See text for an explanation of contouring
methods and well-selection criteria)
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Figure E-3. Horizons A and B Monitoring Wells, Uranium Concentration
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Figure E-5. Horizons A and B Sentinel Wells, Sulfate Concentration
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Figure E-8. Horizons C and D Monitoring Wells, Sulfate Concentration
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Figure E-9. Horizons C and D Monitoring Wells, Uranium Concentration



Su

> 350

300 

"
K068 30091

092

250
= j • - 0930• .1003

E 200

z 01

150

0

z _
100

50

0

Date

Figure E-lO. Lower Terrace Monitoring Wells, Nitrate as NO3 Concentration

- m m = m m m m m m m = m mm



- =m m- W m m m m - =--- m m m m

700-

m 600

0689
0 0691

0692
--x-0903

0930
40 4- w-1003

• -1006

m 300

200

100

00

-z~
p Date

A 0 Fidur •- Il I Lwer Terrace Mnnitnrinn W•.Ill Suilfatfe Connentratfinn



71z•
o -

0.06
0689

0692

00.05

090

>-, 0930

= ~--9--1003

"--- 04- 1004

- 0006

D 0.03

0.02

0.01

00

0 -• Date

Figure E-12. Lower Terrace Monitoring Wells, Uranium Concentration

= M M M M = M M M = = = = = m - = m M



=- - -m =- m m m = m m

teb

450

400

350

0z

300

250

200

150
0
0~

0
0

0
0
0
0.

0

~0

I'.)
0
0
.0

0

0 ~
o 0~

0
rT10.~~.

-'0-
_ .-J 0

100

50

Figure E- 13. Deep Monitoring Wells, Nitrate as N03 Concentration



0700

600

500

• --- Loc 0251 E

--B--Loc 02521I

.J 400 Loc 0268 E

= ---x- Loc 0913 G. E
SLoc 0916 G

-..- Loc 0920 E
) 300

m -- I---Loc 0921I

200

100

00 __2:p s

•. • Date

• Figure E- 14. Deep Monitoring Wells, Sulfate Concentration

I<eF'

=m m m= minmmm====m =m m



= m = = = = m m m m m m m m m m m m m

I~J

n

0

tTl
0
Cb
CEO

006

0.05

0.04

tM

E

EU

0
0*

C.)

0
0
0
CE)

C~)
0
0
0
0.

CE)
(.)

*0
0

~0

t'J
0
0
'0

0 CEQ

o 0~

-0 z~~
0

mo~j
- 'c -
C~ .J 0

0.03 -- Loc 0921 E

0.02

0.01

0

Date

Figure E-15. Deep Monitoring Wells, Uranium Concentration



This page intentionally left blank

I
I
U
I
I
I
I
I
I
U
I
U
I
U

I
I

_____ ____I

U.S. Department of Energy
July 2010ITuba City Annual Groundwater Report-April 2009 through March 2010

Doc. No.S06397
Page E-16



Appendix F

Contaminant Concentration Trends at Extraction Wells
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Note: Time-concentration graphs for wells 1107, 1110, 1112, 1115, 1117, 1118, 1123, 1124,
126, 1127, and 1128 are each plotted twice, once at a higher scale on they axis to show
constituents present at higher concentrations, and again at a lower scale to show the trend of a
constituent with concentrations too low to be depicted at the higher scale.
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Calculation 1
Estimated Volume and Mass of

Groundwater Contamination for the Baseline Period
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Calculation Set #1: Estimated Mass and volume of ground water contamination for the baseline period (originally Included In July 2005 annual report)
rubs City, AZ, Disposal Site

dibje the1 bas lin I- of.. .. n a .. o.ndwater .f t M T n e;.mt.t baseline m of..... . nitateu..te and- uran.um .n ... e gr.. dw..e

. ...... ........ . .. ............... I ............... .. -... ......... .. ... ... ........... I . . . . . ............. ... I.......I .............. ....... . . ... ......... ......... I ...................
Method: I1) estimate the area of the plume from baseline contaminant maps separately for Horizons A and B combined and Horizons C and D combined

_e_•ate he-wrtical-thickness -of--contaminatin for Horizons A and B combined and Horizons C and 0 combined
3)ass----)asme 25% porosity and compu the separate plume voumes for Horizons A and B combined and Horizons C and D combined
4)compute separate concentration svrages for sulfate and uranium for Horizons A and B combined and Horizons C and D combined from baseline contaminant maps
5) multiply concentration axerage by plume ,vlume to determine contaminant mass for Horizons A and B combined and Horizons C and D combined

.... . . .. .. - .....................
caicualtion: I __ _________

11 map area of contmlanti. rtplumel i j
.on rzons A and B plume length (northeast to southwest: 4,000 ft ....ap.area.of.contam.nant.pl.me - -................... - --

are 7.200,00 ftI-
Horizons C and D plume length (northeast to southwest' 2,500 fit..... ..... ........... ..... ..... .. ............ ...........-..- -. .-- -.-- --- -- -- --- -.-- ---....... ......... .. ..

thIckness of contamination .... .

Horn An Horizons C and D
thickness Horizon A 5 f thickness Horizon C -50--

. .................. ................... H n B 50 f . .hickness Horzon 0 2 r
. A&B combined thickness 75 if C&D combined thickness 75"f_ ___

•assý.mp tuons--... . . .......................... . ............................... ....... .....approimately the upper half of Horizon A not saturated during baseline period.*entire thickness of Honzon C contaminated................................... '•pi~ i~ i~iT~i~ ~ii• •i~fii----Horion-Ano--stura ed....... ........ iiii

-Horizn B is fuly saturate D iHrio not contaminated at many locations,_assume 50% contaminated thickness

Horizons A and B volume groundwater 135,00000 00ftA3 i T35,000, i-3

...................... ........................................ ................ ................................. .................... ............_________ - . . ________ I 1,012,500,Og'al 1,013,000,000 gal ____

.3,832,312,500 L 3,32,000,000 L ~ ____............ .... ..... ... ... .... ..... .
Horizons C and D volume of contaminated groundwater 28,125,000 28,000,000 )

C ~~~210,937,500j gal { 211,000,000 gal_____

41 baseline concentrations 9 I

Horizons A and B Hzs n
welgL en N03 wlHorizon U mg/L sulfatemgLN mg/L as N3n03
262 B __ 0.379 931 W8 10 __ O~!~__90 ___ 38

263 B 0.485[. 1990. 1140 11102 D _... 0.533 ••20. - 650L
-265 B 0.090 1520 _____ 720 11103 D ___ 0.355 70, 12

29'7 B 0.073 3680 14 .104 D 0.194. 1870:93......... ... --. --_ - -........ - -.. . - 1--do!--------- -- ---
909 A 051 1960 1470 1105 D 2.10 150
908 B 052 2430 651 [o 1109 C5 150 . 6

o~~~o7--- -- -•~........ -- ......... ..... .... .• o .1-

B99 3 0.040 55 485 11107 D 0.1181 1200, 1060
194 B_ __ 0.312 7360 D.2320 18 C 0.6461 3400; 1410
1936 B 0.267 - 30 2950111_109. _ 0- - 3280 798

. . . . 0 .95.10 0 l t..........................0 5 1 .. ......... . ..........- .. ....... . . ..................... . .................. ...
840I A 0.5461 7550 510 1100_ 05{ S

2
i 227 __

941 .8 745 35bi, 11111 D 0.191 9888i 421____

942 B . 0.246 3030 ,13601 1112 •D 0.130 1140; 617
94 B 0.950 1590 1010 -11113... 0.053 2804 143

geonetric mean mg/L 0.231 2174 1028 11114 0.040 3281 228

... . . . ... ............................................ . . .-- 1119 - 0.1 .................. -... 2. .
---_-__---_ -- 0.040 250 10.

11117 D 0.040[ 2551 225
_______-.___ -. -- .. 11......... 0.040 2 0 7 9

______ ~ ~ ~ ~ ~ ~ ~ -F F______ ____ ____119 6--" D 0.555'48____

I11120. . 1.3 233i 2901
1..... .. .. ....................... ........ . ...... ......... 0.849 12. 35

....................... .... . . . -................ ................ . ...............,1123 D .. 0.261 1240

1125 250
__ 0.04 250;_ 104 _ _

912 -__-- 0.04 849; 403 __

_____geometric mean rng/L 0.214 1020. 46477. 71 - _-- - 19 - -- I -- ~.--- i
..............~~ .. oe.r ... ..... .... .. ........................ ... .. ..... .......................... .. ... ... ... .. ........... ............ .- ............................... ........... ................................ ... ..................................................

81• ass calculation _6 tota volume and masses
Horizons A and B mass uranium 894 kg I~~.~tm otmntdgonwtr I 163,000,000 ft-3

It................ .i)tobi l volume c na rnd m nas e .. t .ad g o d a ..... .... .....
........ ....... ... .. s u r..u . ............................ . . . ......... ... . ........................ .................... ..... ....n t l a e .r u d a e ..6 ,0 0 , 0

I~lI. ~l __ 1,222,600,000 gal
-- __-_____ __ ..... mass sulfate -- ,33-6 4,627,182,800 L

- zzzzvl18,359,764 lb
mass N as NO 3,940,63 kg __ total mass uranium ___ 1,056 kg

b8,685,162 b 2,326 lb
.............................. .. ... ... ........ .......t. . . ..

HoiosCand D0 as uranium 171 kg toa mass sulfate 9,144,611 kg
. o , • o~. ......D...s ......... .....................................................-.-..].. .... .. ........_..,. .....

1 20,164,502 l
mass sulfate 814,310 kg . o0,1a4,802 lb

1.79 btotal mass nitrate asN3 4,310,973 kg

. . . N....kg ........................ . ..........1 . .. 4 l.... b

Figure G-1. Calculation Set, Estimated Mass and Volume of Ground Water Contamination,
Tuba City, Arizona, Disposal Site
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Calculation 2
Estimated Aquifer Restoration Time

Based on Mass and Volume Removal Rates
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• • Calculation Set #2: Estimated aquifer restoration time based on mass and volume removal rates
- Tuba City Site _

Annual Performance Evaluation Report ---
' Period of Review: April 2009 through March 2010

Objective: !Estimate aquifer cleanup times

! Method: Compare mass and volume removed as of April 1, 2010 to estimates of initial contaminant inventory; predict cleanup time calculated removal rates to date.

Calculation: 1 Estimate #1: Initial contaminant volume and mass estimates from DOE Baseline Performance Evaluation, May 2003. -

SEstimate #2: Initial contaminant volume and mass estimates recalculated for April 2005 - March 2006 Performance Evaluation Report - see Calculation Set #1

Estimate #1

Nitrate
Sulfate
Uranium

initial mass lb
12,400,000
17,900,000

2,800

cumulative removed lb!
1,135,6491
2,862,526:

720.9

% removed
9

16
26

cleanup date
2087
2051
2032

initial vol gal
3.40E+09
2.70E+09

cumulative removed gal
.. .. ....................338,423 ,-00[)

338,423,000
..........338 O,4 000

pore volume
removal rate % I yr

1.3
1.6
1.4:

# pore vols removed0 100

0.125
.. .... .... .. ....... ... . ....0.1 1 13

i-pore volume
cleanup time, yrs

78
62
69

% plume vol removedl
10i
13
11

oC )

-J -C,

Nitrate
Sulfate.
Uranium
tl=

• --tl=. .

Estimate #2

Nitrate
Sufat--e
Uranium

PmJjectionr
Nitrate
Sulfate
Uranium

tl=
t2=

t2-tl=

mass removal
rate % per yr cleanup time, yrs

2.1 .49
3.3: 30

1i5-Jun-02
01-Apr-i 0

7.8 yrs

# yrs!
until cleanup

77
41
22

1-pore volume
cleanup date

2080
2064
2071

# yrs
until cleanup

71
54
61

initial mass Ib
9,500,000

20,000,0001
2,300

mass removal
rate % per yr

1.5-

4.0
15-Jun-02
1-Apr-10

cumulative removed Ib
1,135,649
2,862,526

720.§

cleanup time, yrs
65
541
25t

% removed
12
141
31

cleanup date
2067
2056
2027

initial vol gal

1.20E+09
1.20E+09

cumulative removed gal
338,423,000
338,423,000
338,423,000

pore volume
remo3el rate % I yr

3.6
3.6
3.6

# pore vols removed
0.282
0.282
0.282:

1.-pore volume
cleanup time, yrs

28:
28

% plume vol removed::

28[

#yrsý
until cleanup

57
47,
17

1-pore volumel
cleanup date

20301
2030

.2030

#yrs
until cleanup

206
20

7.8!yrs

Figure G-2. Calculation Set 2, Estimated Aquifer Restoration Time Based on Mass and Volume Removal Rates
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Calculation 3
Calculate a Bulk Index of Aquifer Restoration for Sulfate
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Calculation Set #3: Calculate a bulk Index of aquifer restoration for sulfate
Tuba City, JlZ Dosal Site

Objective: Deselop a bulk concentration index for measuring restoration progress for suffate.

Method: 1) Compute an aerge conceytrtion of a contaninanrtor agien sampling date/event for a selected group of monitor wells within the contaminant plume.
2) Plot the computed averages over time.

Calculation: The selected monitor wells below hav the most comprehensie data set and am located throughout the contaminant plume in Horizons A and B
No historical data exist for Horizons C and 0 within the contaminant plume.
Note: Where data ame absent in the table below, concentrations am canied fton-ad from the prevous date as shown in bold alkl.

Sulfate (mgfL) Sulfate, Sulfate,
Date 0262 0263 0265 0267 0906 0908 0909 0929 0934 0936 0940 0941 0942 arithmetic mean (mglL) geometric mean (mgILo
08/18(2001 931 1990 1520 3620 1840 2310 419 19.9 7450 4570 7230 620 3030 baseline 2735 1482
03I0W202 931 1990 1520 3680 1660 2430 666 28.1 7360 4360 7550 745 3030 baseline 2765 1594
= ..2012002 931 190 1520 . 3530-16 2330 637 27.9 11900 4400 7550 745 2680 3072 1625
02/0612003 931 1990 1520 3550 1660 2430 629 27.6 2970 4880' 9180 920 2790 2575 1524
08(08/2003 1190 1640 1070 3690 1650 2400 564 29.1 2640 3240 10300 1010 2890 2486 1453
02/1212004 1190 1640 1070 3690 1650 2400 540 29.1 1900 3200 9600 800 2800 2347 1375
06/31/2004 1000 1900 800 3500 1700 2600 590 26 2300 2500 9600 710 2900 2317 1331

021(05 1000 21100 810 3700 1900 300 680 20 2300 2700 9600 890_ 3000ý 2439 1426
08(31/2005 830 2000 1100 3600 1900 3000 770 28 2500 2600 9600 990 2800 2432 1450
02(22/2006 820 2000 1000 3500 2100 3000 840 27 2400 2100 9600 890 3000 2406 1431
08(31/2006 960 2000 1100 3600 2100 2700 810 27 2300 1600 9600 750 2900 2342 1390

2(22(200 1000 2100 990 3400 2100 2900 870 23 2600 1600 1701 780 3100 1782 1230
8/1&(2007 1100 2000 1000 3100 2ý00 2800 850 23 2500 1701 880 3000 1746 1194
2/5/2008 1400 2200 1300 3400 2000 3000 930 25 2800 2200 1000 3200 1955 1352
8(20r2008 1600 2200 1300 3800 3100 960 23 3000 1200 3400 2058 1307
02(25(2009 1400 2000 1200 3300 2700 910 22 2700 1200 3200 1863 1200
08/13(2009 1600 2000 1300 3200 1700 2800 910 23 2900 1200 3200 1894 1277
02/09/2010 2100 3100 1300 00 1900 3000 900 25 3200 1400 3400 2175 1450

Bulk Restoration Trend: Sulfate Bulk Restoration Trend: Sulfate

0~
no

z
E0

CD
a,

Wl

3250

2750,

E 2250

1750

I250

750

3250

2750

---- Sulfate, geometric mean
E2250 (mg/L)

1750

o1250

750 .....

250

Date Date

tl= Jun-02 t1= Jun-02
t2= Feb-10 t2= Feb-10
t2 -11= 7.6 yr t2 -t1= 7.6 yr
t3= Jun-18 extrapolated t3= Jun-30 extrapolated

projected cleanup time fmom tl= 16 yr projected cleanup time from t1= 28 yr
projected cleanup time foa t22= 8 yr protected cleanup time from 12= 20 yr

Figure G-3. Calculation Set 3, Calculate a Bulk Index of Aquifer Restoration for Sulfate
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Calculation 4
Calculate a Bulk Index of Aquifer Restoration for Uranium
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Calculation Set #4: Calculate a bulk Index of aquifer re-storatf r.on for.uran I um-. ..
'Tuba City, AZ, Disposal Site
Objective: Deelop a buk concentration index for measuring restoration progress for uranium

Method: 1) Compute an avrage concentration of a contaminant for a grn sampling date/event for a selected group of monitor wens within the contaminant plume
2 •) Copr the comued awags oa time ... .. ......

oCalculation: Nte Selected monitor wets below hew the most comprehensie data set and re locate trhot athe aminpiue min Horizons A and B;

mr noifstorical data exist for Horizons C and D within the contaminant plueme.
Note: where data are absent in th table below concentrations are cane forward from the previous date as shown in bo hld tai

-S
so

Uranium mg/L
datea ampled Loc 0262 Loc 0263 Loc 0265 Loc 0267 Loc 0906 Loc 090M Loc 0909 Lo 0929 Loc 0934 ILoc 0936 Loc 0940 Loc 0941 Loc 0942

08/16/01 0.379 0.485 0.090 0.070 0.934 0111 0.018 0.001 0.2980 0.281 0.643 0.103 0.251 baseline

03/06/02 0.379 0.485 0.090 0.073 ,0951 0.122 0,039 0.001 0,312 0267 0.546 0.089 0.246 baseline
08(20/02 0.379 0.485 0.090 0.074 0.698 0. 122 0.0 0.001 0.336 0.306 0.546 0.089 0.218

02/0•/03 0.379 0.485 0.090 0.07..7 0653 0.124 0,03 0 ..2 0.355 0.582 0.432 0o102 0221
08O803 0.425 0.173 0.055 0.078 086671 0.106 0.028 0.002. 0350 0.606 0.428 0.086 0.232
,02/12/04 0.425 0.173 0.055 00 a 0 .07 -0.002 0.32o 0.60 0.430 0.081 0.240
08310 ....... 0 -230 0 045 0 088-0-890 0.120 0.029 0.001 0-320 0.470 0.4-0 0.076 0 .27
0i210/05 0.560 0190 0045 0085 0.80 0 .110 0.035 0.001 0280 0.470 0.430 0049 0.270
!08131/65 0.860 0.140 0.00 0095 0.830 0.1100 0.042 .001 0.260 0.350 o.30 0.049 0230
ý02(22/06 0.T70 0.120 0.054 0.088 0.710 0.100 0.048 0.001 0.250 6ý40.246 430 0.049 0.33
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Figure G-4. Calculation Set 4, Calculate a Bulk Index of Aquifer Restoration for Uranium
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