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Study well locations, well thermographs, and near-stream groundwater levels, along the S. Fork Palouse R. and Paradise Ck.
Sinclair, K.A., and Kardouni J.D., 2009, Surface water/groundwater interactions and near-stream groundwater quality along the Palouse River, South Fork Palouse River, and Paradise Creek

—-n DEPARTMENT OF

medl ECOLOGY

State of Washington

P1 P2 P3 P4 P5 P6
Instream Piezometer AKY496 (S. Fk. Palouse River at RM 1.2) Instream Piezometer AKY495 (S. Fk. Palouse River at RM 3.4) Instream Piezometer AKY493 (S. Fk. Palouse River at RM 5.4) Instream Piezometer AKY494 (S. Fk. Palouse River at RM 7.3) Instream Piezometer AKY488 (S. Fk. Palouse R. at RM 9.3) Instream Piezometer AKY497 (S. Fk. Palouse River at RM 11.4)
30 0.06 35 0.06 30 & - - 0.02 30 0.04 30 0.04 30 v = - = 0.12
] — Stream temperature —— Stream temperature — Stream lemperalure — Stream temperature L —— Stream temperature y —__ Stream temperature
—— Temperature 1.05 ft below streambed PR —— Temperature 1.67 ft below streambed . _ — Temperature 0.87 ft below streambed
e o s — Temerr 11 st  Tompn 45t e rerpatre 7o i s et 171t e e e s
— Temperature 3.82 ft below streambed —— Temperature 3.12 ft below streambed 1 004 ~ Temperature 4.39 ft below streambed Ii —Temperature 2.5 ft below streambed = Groundwater t(-:,-mperature in well ALB694 | —G?g:ﬁ?il:/ali;er témpera?uor:zast Zsfé%gi
£ 25 Da“)./ mean stre-amfIO\A{, SFPR at Pullman 0.04 = Daily mean streamflow, SFPR at Pullman =25 Daily mean steamflow, SFPR at Pullman 0 x 25 ] P . -+ 0.02 25 Dail " flow, SFPR at Pull T 0.02 , 25 Daily mean streamflow, SFPR at Pullman 0.1
» @ Vertical hydraulic gradient ® ® \Vertical hydraulic gradient 2 ® Vertical hydraulic gradient - o Daily mean streamflow, SFRP at Pullman — ally mean streamtiow, at Fullman ™ : Py rt)', | hwdraulic aradic —
- 5 . ™ @ o ® Vertical hydraulic gradient 0 o ® Vertical hydraulic gradient @D o ertical hydraulic gradient )
3 2 & 2 £ 8 = 8 = 2 = 8
5 f 3 002 ¢ 3 5 3 5 3 . 5 3 5
E 20 - - 002 2 E % E 20 0022 E20 o 2 E 20 0 2 =20 - 0.08 2
8 | 2 3 % 8 GE) @ g ] [ 5 ] g
2 E 9 g = £ 8 £ ¢ E 8 | £
» 5 o 3 2 = o T o S 5 =
= g = ) s =~ 5 = e = S
9 15 o g 9 S 15 0045 215 0028 15 0029 ©15 1 0.06°5
g ] o 3 g < 5 8 & & g8 5
- = o A - o o O
® £ 0 0025 @ £ o £ o L g 2
3 3 2 s R 2 2 3 = 2 5 =
© A 5 © © = = © = © - A e e =
g 10 0022 g > %10 0062 g 10 H— 0042 T 10 0048 $10 = 0043
£ 5 B T £ T g T g £ g T
8 g s 0048 2 8 S 5 o 8§ § 5
g, ? > 3 § 3 § 3 § 5 :
© 1 i '\\ © > 0 S © > © > 5 1 >
= 5 N 004 = B 5 -0.08 = 5 006 = 5 -0.06 =5 0.02
] ‘\\\ NN -0.06 ]
NPAN
0 T T T 1 T T T T T -0.06 0 T T T T T T T T -0.08 0 T T 1 T T T T -0.1 0 T T T T T T T T -0.08 0 T T T T T T T T -0.08 0 T T T T T T T T 0
May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07
P7 P8 P9 P11 P12 P13
Instream Piezometer AKY498 (S. Fk. Palouse River at RM 15.0) Instream Piezometer AKY499 (S. Fk. Palouse River at RM 17.7) Instream Piezometer AKY490 (S. Fk. Palouse River at RM 20.1) Instream Piezometer AKY500 (S. Fk. Palouse River at RM 22.2) Instream Piezometer AKY492 (Missouri Flat Ck. at RM 0.0) Instream Piezometer AKY491 (S. Fk. Palouse River at RM 23.6)
30 0.06 30 0.06 30 0.06 30 0 30 0.2 30 0.08
—_Srtream tetmpeorast:rf?b ow st bed — Stream temperature A —— Stream temperature —— Stream temperature —— Stream temperature ] (]
— Temperature 0. elow streambe — Temperature 1.21 ft below streambed —— Temperature 0.86 ft below streambed ——Tem ture 2.58 ft bel 1 bed —— Temperature 0.61 ft below streambed |
—T t 1.65 ft bel t bed . perature 2. elow streambe | I
—szgz::tz:z 2.51ft b(eelgx :t:gzmbgd —$22§Z:$: ;;z : Ez:gx 2I:z:$gzg — Temperature 1.45 ft below streambed —— Temperature 3.57 ft below streambed —Iemperature 421:2 2 Eelﬂo‘” streambbedd ] i::qi:r:{zz(zrast;r: below streambed
— Groundwater temperature in well AHT029 i i === Off-stream groundwater temperature ol i ——Temperature 4. elow streambe . - E A
£ 25 DaiI; m\gan Streamflowl,J SFIPI;vat Pullman 0.04 £ 25 Daily mean streamflow, SFPR at Pullman [T 0.04 £ 25 Daily mean streamflow, SFPR at Pullman 0.04 £ 25 Da"Y mean Stre.amﬂw." SFPRatPulman 1 .0.2 £ 25 1 Daily mean streamflow, SFPR at Pullman 0 D 25 —— Temperature 2.38 ft below streambed 0.06
(}w ® Vertical hydraulic gradient ‘?m ® \Vertical hydraulic gradient ™ ‘é\" ® Verti R ’ PR @ Vertical hydraulic gradient = ;’\n ® Vertical hvdraulic aradiont & 2 4 ) -
- —~ = @ = ertical hydraulic gradient @ :__‘ a = ¢ ¢] a = J Daily mean streamflow, SFPR at Pullman 3
= 5 = <L = o = L = ° 2 = ! ® Vertical hydraulic gradient 2
8 £ 3 S 3 5 8 S 3 s & S
€ 20 - L 0.02 3 E 20 - 002 2 E 20 A 002 2 € 20 - 042 E20 022 E 20 - 0.04 2
@ S @ 2 0§ 1 S © o 5 ¢ g 1 g
o g o E 0o E O £ 0o £ g | £
& 5 & g 5 I S 3 s o ] . =
= 2 = S = = 5 = S O 1 &
S 15 | o § 515 0o 7§ Q151 0 3 © 15 - 065 215 1 04T 215 L 002 T
S 5 S 6 & 5 & & £ 5 8 ] 5
© o o £ o £ o 2 o 2 £ e ° £
2 3 2 g2 32 B 2 g 3 § 8§ ° g
o s £ c © | i} 5 2 | T O 083 5 A °
aé 10 -0.02]_>:~ aé_10 -0.02:'>:, g 10 1 0.025, aé_10 -O.BI>. g 10 O.GJ>:, CIg’_10 ] 0 E>.
8 g s g 5 R 8 5 g £ 8
9] 5 & = 1 £ 5 £ T £ 3 1 £
g g g g 2 3 3 o 2 E 2 2 \ / =
5 004 = 5 -0.04 Z 5 -0.04 = 5 -1 Z 5 - -0.8 5 ~ R -0.02
¢ “\ﬁfw
0 T T T T T T T T -0.06 0 T T T T T T T T -0.06 0 T T T T T T T T T T T T T T -0.06 0 T T T T T T T T -1.2 0 T T T T T T T T T T T T T -1 0 T r T T T T T T -0.04
May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07
P14 P15 P16 P17 W3 W4
Instream Piezometer ALB689 (S. Fk. Palouse River at RM 26.7) Instream Piezometer ALB688 (S. Fk. Palouse River at RM 33.8) Instream Piezometer ALB691 (Paradise Creek at RM 3.8) Instream Piezometer ALB692 (Paradise Creek at RM 6.6) Well ALB694 16N/44E-33D WellAHT029 15N/44E-15E
30 0.1 30 0.12 30 0.16 30 0.08 20 2170 20 2245
1 ® — Stream temperature | ¢ —— Stream temperature 1 —— Stream temperature — Stream temperature Groundwater temperature 24 feet below land surface Groundwater temperature 20 ft below land surface
—— Temperature 1.14 ft below streambed —— Temperature 0.77 ft below streambed —— Temperature 1.15 ft below streambed ° — Temperature 0.75 ft below streambed Daily mean streamflow, SFPR at Pullman g?cl)ly:c;ezr:es"tlr:aerrﬂow, SFPR at Pullman
° —— Temperature 2.71 ft below streambed — Temperature 2.07 ft below streambed —— Temperature 2.53 ft below streambed ~ Temperature 2.05 ft below streambed —®— Groundwater level e Applrjoxiﬁate ad]'lacent streambed elevation
. 25 Daily mean streamflow, SFPR at Pullman | | og . 25 _-l;zﬁ;pi?;:rzt?;infftlcl))\?vlogFls’tFr{e:{n;j?man 1 o4 . 25 Daily mean streamflow, Paradise Ck. at Moscow . 014 . 25 _Bzmpr:::rzs; :ﬁ?;'ﬂ?";;::;z’:‘;bgdk' st Moscow -+ 0.06 . ~— Approximate adjacent streambed elevation .
‘}w ] @ Vertical hydraulic gradient = ‘}w 4 ® Vertical hydraulic gra di’ent = mQ 4 ® Vertical hydraulic gradient 'g, F"\” ® Vertical hydraulic gradi;ent > ﬁ § m& (6\?
g ] ég ] é E ] L &€ 8 <151 - 2165 2 §15- [ 2235 2
3 S & S & 1 s 3 s 2 S 3 S
E 20 006 2 E 20 0082 E 20 | 0125 E 20 A 004 @ E 0 E 0]
® ] Q ] (O ] E s § Z © z
o ] £ ¢ ] £ o ] s ¢ E = o 9 ®
& 3G ] S 5] s 3 s 0 g @ 38
I 5 S 55 £ 5 <35 g
o> 15 004 5 15 1 0.063 15 1 F 01 B o 151 0025 210 1 e —— T r——— 2160 § o 10 - r 2225 3
s ] o S ] o 3 ] 9 8 o2 . H
e g g ] g e ] S e £ g g 5 S
g | g 2 | g 2 , £ 3 g B 3 B 8
o 10 T 002 2 @10 0.048 o 10 ® L ¥a 008> o 10 0 3 g [CIY o
o ] T o ] T Q ] | \ T o T £ o e S
5 3 8 | 3 8 | *fwﬁf ’ g s g 2 255 & 2 s 2215 3
5 55 58 ] ° Wlﬁ 5 3 £ 2 °] (705 2 g
T 1 > 8 > & S > 5 =
Z 5 0 Z 5 002° = 5 v"” W q;.‘ 006 = 5 002° = g = 5
J J ]
1
. | lu\ r
0 T T T T T T T T -0.02 0 r T r T T T T T 0 0 T S e r T T = 0.04 0 T e T T T = -0.04 0 T T T T T T T T T 2150 0 T T T T T T T T T 2205
May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 Mar-06 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07  Sep-07 Mar-06 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07  Sep-07
FIGURE 2 EXPLANATION
W5 W6 W7 w8 S1
@ Positive hydraulic gradient WellAGJ767 15N/44E-23L WellAGJ770 15N/44E-23F WellAGJ768 15N/45E-31P Well AHJ874 14N/46E-17H Dug well/spring AHT033 15N/44E -25P
(g roundwater diSCharge to stream indicated) %0 2235 60 2245 40 2320 60 2520 20 Groundwater temperature 15.5 feet below land surface 2300
) Daily mean streamflow, SFPR at Pullman Daily mean streamflow, SFPR at Pullman Daily mean streamflow, SFPR at Pullman Daily mean strea:ﬁlow SFPIIQ at Pullman
No measurable gradient —e— Groundwater level —e— Groundwater level Y :
—@— Groundwater level I . " . —&— Ground water level
-~ Approximate adjacent streambed elevation Approximate adjacent streambed elevation -——- Approximate adjacent streambed elevation
‘ Negative hyd raulic gradient Daily mean streamflow, SFPR at Pullman . — Approximate adjacent streambed elevation .
N —e— i > ) > D )
(streamflow loss to groundwater indicated) Waterlevel in well , N S g S = §
—— Approximate adjacent streambed elevation ‘0_3 — 30 2315 Q ~ o 15 1 - 2290 —
G  Value biased low by water leakage from casing 2 S g S § S
(the actual gradient is greater than indicated) 9 40 1 - 2240 9 40 F 25152 8 .
£ £ 0 = o = o E o
. . [ > » >
P Well pumping during water level measurement eﬁ § g\: ’/. g =z E = g8 §
= = © = « © A ©
. R © — - = - D _._L_-_ ——
R Well recently pumped, water level recovering § 25 A - 2230 @ é 3 § 20 - - 23108 S \\// \ﬁ 3 o 10 - - 2280 8
£ € E T E T E =t =
* To accommodate graph scale limitations, the streamflow values shown in graphs g 5 g é g é 8 R é § _§
P1-P15, W3-W8, and S1 depict only ten percent of the actual daily mean streamflow n T H R S & S h S o
measured at the S. Fk. Palouse R. gage at Pullman (USGS 13348000). i 20 4 L 2935 % % 20 4 L 9510 % 5 %
The streamflow values shown in graphs P16-P17 depict only 10 percent of the actual > 5 8 o} g [9)
daily mean streamflow measured at the Paradise Ck. gage near Moscow (USGS 13346800). % © [ T 2 ©
s E 10 + - 2305 2 = E 5 L 2270 2
= g 2 ge E
=] 3 <] 3 S
FIGURE 2 - Inst ' ter and ° 2 5 © 5 5
- Instream piezometer an g 5 5 5
off-stream well thermographs, by map ID
0 — e AN Y e 2925 0 ——ee e ey ; ; ; 2230 0 —— e e, . ; . 2300 0 A — . ; ; 2505 0 e e e e 2260
Mar-06 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07 Mar-06 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07  Sep-07 Mar-06 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07  Sep-07 Mar-06 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07  Sep-07 Mar-06 May-06 Jul-06 Sep-06 Nov-06 Jan-07 Mar-07 May-07 Jul-07 Sep-07
Colfax
Piezometer Map 1D
Map ID Station ID Station Location Period of Record Map ID Well tag ID Station Location FIGURE 3 - Plot of vertical hydraulic gradients 0.2 . - - - v o1 517 28
Streamflow Gages Instream Piezometers and daily mean stream temperatures measured at | 1 i
. . . +
G1 34B065 S. Fk. Palouse R. at RM 1.2 at Colfax May 2006 - May 2007 P1 AKY496 S.Fk. Palouse R. at RM 1.2 monitoring sites along the South Fork Palouse ] I !
Reach 6 G2 34B072 S. Fk. Palouse R. at RM 9.2 at Parv.in Rd May 2006 - May 2007 P2 AKY495 S. Fk. Palouse R. at RM 3.4 River and Paradise Creek, during August 2006 0.0 1 : v 5 24
G3 34B080 S. Fk. Palouse R. at RM 15.8 at Albion May 2006 - May 2007 P3 AKY493 S. Fk. Palouse R. at RM 5.4 1 i
G4 13348000 S. Fk. Palouse R. at RM 22.8 at Pullman 1934-42, 1960-81, 2001-present P4 AKY494  S. Fk. Palouse R. at RM 7.3 . 1 4 G i
§ G5 34C060 Paradise Ck. at RM 0.1 May 2006 - May 2007 P5 AKY488 S. Fk. Palouse R. at RM 9.3 FIGURE 3 EXPLANATION § 1 + D i .
Q G6 34C100 Paradise Ck. at RM 6.6 at WA/ID border May 2006 - May 2007 P6 AKY497 S. Fk. Palouse R. atRM 11.4 < -0.2 : + 20 %
é G7 13346800 Paradise Ck. at RM 8.1 at Moscow 1978-present pP7 AKY498 S. Fk. Palouse R. at RM 15.0 Site ID Tributary or WWTP Name 2 | +E I S
E P8 AKY499 S. Fk. Palouse R. at RM 17.7 e C g ] i o
P9 AKY490 S.Fk. Palouse R. at RM 20.1 A Fourmile Creek _ £ | PN =
P10 AKY489  S.Fk. Palouse R. at RM 21.9 (no data graph) B City of Pullman WWTP discharge = 04 \D 16 ]
P11 AKY500 S. Fk. Palouse R. at RM 22.2 C Missouri Flat Creek 2 | c I £
FIGURE 1 EXPLANATION P12 AKY492  Missouri Flat Ck. at RM 0.0 D WSU stormdrain No. 1 8 1 . : g
P13 AKY491 S.Fk. Palouse R. at RM 23.6 E  WSU stormdrain No. 2 ° o6 | O [, 8
o™ Instream piezometer with map 1D P14 ALB689 S.Fk. Palouse R. at RM 26.7 F Airport Creek R ) Bl
. P15 ALB688 S. Fk..Panuse R. at RM 33.8 G City of Moscow WWTP discharge ] | | S
__________ Instream piezometer sampled P16 ALB691 Paradise Ck. at RM 3.8 T £
o for water quality P17 ALB692 Paradise Ck. at RM 6.6 -®- \Vertical hydraulic gradient measured at piezometer S o8 ' . 8 =
S4 . S .o, :
% . . T a
rousa® .81 Spring site with map ID Domestic wells and springs sites between August 14 and 17, 2006 3 | |
o +  Individual hydraulic gradients measured in ] t !
reach? 1 : 3 e Wi AHTO32 - 16N/44E-19G (no data graph) iezometerg durin tghe 2006-2007 study period )
1 1 1 1 1 . . - | |
WASHINGTON = —————1 oW1 Domestic well with map 1D W2  AAW651 16N/44E-20G (no data graph) P 9 ypP P114
0 5 10 Kilometers o1 W3 ABL694 16N/44E-33D = Daily mean stream temperature August 15, 2006 -1.0 4
] ™ — I
Study Area 1 1 - . . .
Location < N / Streamflow gaging station, and w"’ 'XHTOZQ 15“/225 ;55 Daily mean tributary or WWTP discharge ] g 5 i
. _ @
associated seepage reach 5 GJ767 15N/ 3 temperatures on August 15, 2006 ] Reach 6 Reach 5 Reach 4 e Reach 2 8 !
w ; W6  AGJ770  15N/44E-23F . ) _ o - 0
! W7 AGJ768 15N/45E-31P Hydraulic gradients rneasu.red ina pleZQmeter : . ;; 1‘0 1‘5 2‘0 2‘5 3‘0 o
w8 AHJ874  14N/46E-17H near the mouth of MISSOl;rI Flat Ck,) during the
. . . - 2006-2007 study period (projected
FIGURE 1 - Well and instream piezometer locations by map ID S1  AHTO033  15N/44E-25P Site location by river mile

STUDY WELL LOCATIONS, IN-STREAM PIEZOMETER AND OFF-STREAM WELL THERMOGRAPHS, AND NEAR-STREAM GROUNDWATER LEVELS
FOR THE SOUTH FORK PALOUSE RIVER AND PARADISE CREEK WATERSHEDS, WHITMAN COUNTY, WASHINGTON

By
K.A. Sinclair and J.D. Kardouni
2009




