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Andy Waldera

From: Andy Waldera

Sent:  Thursday, May 05, 2011 12:54 PM

To: Andy Waldera

Subject: Portneuf Litigation Memo (Updated/Supplemented from 5/3/11 Version)

Scott,

The purpose of this e-mail is to document several of my observations in the Portneuf
matter now that | have reviewed the documents produced by both sides to date, and the
City of Pocatello's discovery responses. | am reducing the following thoughts to writing so
that | do not lose them to the ether. The following are things that caught my eye and want
you to be aware of. oo

The e-mail is typed in 14-point font so that you do not go blind reading it.
1. Rapidly approaching (and other) deadlines:
(a) May 2, 2011--written discovery service deadline

Pocatello used all of its ROGS, so we will not see any more of those. Unless we see
some new RFPs (which | do not expect to see) we will be in "supplement" mode as
necessary.

On the other hand, we do have one remaining ROG. We used that last ROG and a
corresponding, follow-up RFP to seek information regarding the advent of the PMVCC
storage water shrink free delivery status. That ROG and RFP went out the door on May 2.

(b) May 16, 2011--initial disclosure of "potential” witnesses, both fact and expert

For purposes of this deadline, we will re-package the witnesses we already identified in
our prior discovery responses, including Christian Petrich.

(c) May 201 1--deposition of Watermaster Steve Hebdon

The scheduling order requires the parties to coordinate the deposition of Steve Hebdon
so that it takes place by the end of May. | think that it would be worth our while to
Interview him at a bare minimum, and we likely want to depose him regarding operations
and measurement of the Portneuf, and any concerns he might have regarding the transfer
(I know that he has some concerns regarding accounting, measurement, and
administration based upon some notes | have reviewed from Pocatello expert Greg
Sullivan...though Sullivan's notes do not fully explain the nature of Hebdon's

concerns. See Pocatello 81).

(d) June 3, 2011--expert witness report production
Self explanatory.

(e) June 24, 2011--expert witness deposition deadline
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Remains to be seen if a deposition of Pocatello expert (Greg ‘Sullivan) is necessary. Have
to review forthcoming report, and defer to Christian in large part. In the meantime,
Christian does have some difference of opinion regarding river channel conveyance
losses.

(f) July 1, 2011--pre-hearing motions/motions in limine filing deadline
Self explanatory.
(9) July 13, 2011--rebuttal expert report disclosure deadline

Interesting that this deadline is after the expert witness deposition cut-off, but expert
deposition may be necessary in order to better draft any rebuttal report. Again, Christian's
input will be necessary in determining whether rebuttal report is necessary.

2. Pocatello's positlons/view of the appropriateness of its proposed transfer:

(a) Pocatello is entitled to shrink free/without conveyance loss delivery of the 3,100
AF for two reasons: (1) the partial decrees for water right nos. 29-53 and 29-589
provide for such delivery down to the PMVCC canal heading; and (2) because the
reach of the Portneuf River downstream of the PMVCC canal heading to Pocatello
is a gaining reach..To be clear; Pocatello Is not seeking decree-based shrink free
~delivery all the way to Pocatello. Instead, Pocatello is seeking decree-based shrink
free delivery only to the PMVGC canal heading. See Response to Interrogatory Nos.
1.and 8. The requested shrink free delivery status from the PMVCC canal heading to
Pocatello is based solely upon Pocatello's contention that that reach of river is a
gaining reach. :

-+ PWUA's position is that: (1) the decree-based shrink free status applies only.to
protect/foster the beneficial use of irrigation, not other uses of the water: (2) the shrink

. free status extends only to the irrigation of 5,103 acres of land located within the PMVCC
_.service area; and (3) the operation and administration of the pertinent partial decrees are
subject to the provisions of the Portneuf River Settlement Agreement, which contemplates
only the “irrigation" use of the applicable water rights, and applies only for the benefit of
the parties.to the agreement. Pocatello was not a party to the Agreement and, therefore,
does not benefit from the agreement. Further, Pocatello is bound by the partial decrees
and by the Agreement having been a party to the SRBA (i.e., the irrigation nature of use
within the PMVCC service area, and limitation that benefits of the Agreement extend to
Agreement signatories only).

(b) The transfer will not cause any additional or-atypical flooding because it does
not seek to alter historic operations of the river or Chesterfield Reservoir. The
storage component under water right nos. 29-53 and 29-589 provides for the
storage of 16,410 AF in Chesterfield Reservoir, and the transfer does nothing to
change the storage and release of that volume of water. See Response to
Interrogatory Nos. 2, 3, and 7.

PWUA's position is that the transfer-will require the alteration of historic river and reservoir
- operations. This is largely because the 3,100 AF of storage water purchased by Pocatello
is "new" water. | say "new" because it is a quantity of water above and beyond the _‘4 10
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AF stored in the reservoir that has been recaptured through the lining of the PMVCC
canal. Historically, Pocatello's 3,100 AF was lost through the bottom of the canal. The
canal lining will (or is anticipated to) negate this former loss...which makes sense because
PMVCC should be leery of selling any of its water given that its supplies are tight.
However, PMVCC probably figures that the sale of the water to Pocatello is a wash. While
PMVCC is losing 3,100 AF of Chesterfield storage water, it is picking up at least that
much water (3,100 AF) through the canal lining. Thus, PMVCC really is not losing any
water though the sale at all (if all goes as the NRCS estimates...which is an interesting
aside in and of itself because NRCS estimates peg potential water savings from the lining
to exceed 7,000 AF), PMVCC still gets 16,410 AF of water under the rights, and Pocatello
- gets the "new" 3,100 AF of water resulting from the canal lining. In my mind, the true
arithmetic in this case under the water rights is 19,510 AF of water under the subject .
water rights (16,410 from the reservoir + 3,100 AF of "new" water developed out of
reservoir and off river channel via the canal lining). This math should, in my opinion,
provide a compelling case for expansion of the water rights, at least in volume, if not flow
rate..To date, we have no evidence that PMVCGC will be drying up 3;100 AF of
gonsumptive use within its boundaries to off-set the 3,100 AF recaptured from canal Iininz
7

~

“

and conveyed to Pocatello. 4 As cirep chliret ud‘o.j vnclids f o MeC1oge

In putting a finer point on the concept that there is no evidence suggesting that PMVCC is
going to reduce its consumptive use of water by 3,100 AF to off-set

Pocatello’s downstream use is Pocatello's Application for Transfer itself. Part 1, Section 5
(d) of the application asks Pocatello to: "Describe the effect on the land now irrigated if the
place or purpose of use is changed pursuant to this transfer?" In addition to referring to
the Sullivan/Spronk Report, Pocatello responded: "No effects are anticipated.” To me, this
statement confirms that PMVCC will continue to operate and irrigate "business as usual,"
and that PMVCC will not be reducing its consumptive use to off-set that of Pocatello,

A related point to PMVCC's recapture of a "new" block of water, as hinted above, is the
fact that the NRCS estimates that the "Realistic water savings" from reconstructing and
lining the PMVCC canal is "7,000 ac-ft." Assuming this estimate is correct, this transfer
proceeding arguably implicates a greater enlargement than just 3,100 AF. If PMVCC
recaptures (really creates or frees up) 7,000 AF annually from canal lining within its
system, that water has to go somewhere. 3,100 AF will be used by Pocatello, leaving
3,900 AF of additional water per year for PMVCC use. This extra water raises a few of
possibilities: (1) PMVCC can use the water to irrigate additional acres that do not currently
have water; (2) PMVCC can supplement existing per-acre water allotments with the extra
water; and/or (3) PMVCC can effectively extend its irrigation season because the 3,900

.AF of extra off-channel/off-reservoir water will likely allow the company to delay (and,

* therefore, extend) storage water releases. Extending the storage release season would
extend/exacerbate problems attributed to storage releases (flooding, mossing,
sedimentation, shrink-free delivery/natural flow carriage water demand). If the NRCS
estimates prove correct (and, at this point, Christian is somewhat skeptical due to lack of
data), then PMVCC's consumptive use of water will expand by 7,000 AF annually (3,100

AF used by Pocatello + 3,900 AF used by PMVCC within its delivery system).

Pocatelio's view that the transfer is not seeking to alter historic storage and river flow
regimes does make sense, at least initially. Pocatello argues that its 3,100 AF of water is
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part of the 16,410 AF authorized for storage under the subject water rights...which it is
because the 3,100 AF of "new" water is recaptured off stream down in the PMVCC canal.
Consequently, Chesterfield will still only store 16,410 AF of water under the water rights,
and only 16,410 AF of water under the rights will be conveyed/delivered down the
Portneuf River. PMVCC will pick up the extra 3,100 AF off channel and in its canal for use
within its service area (i.e., the 3,100 AF of "new" water will never be stored in the
reservoir or conveyed through the river; therefore, historic storage and conveyance
burdens in the reservoir and river, respectively, will remain unchanged). However, the
timing and flow rate of Pocatello stored water releases are where reservoir and,‘riveiv__ &
operations will likely ?Sverge from historical pattergs. ~ CounspT ¢ "awd © Wr— 0

MOTEL  Couri4qowey Z.) Aarwsa A f20ey o
First, Pocatello's storage releases will be year-round if the transfer is approved, as
opposed to irrigation season only (based upon the current irrigation use configuration of
the subject water rights). This alone is a difference in reservoir/river operations. Year-
round delivery of water to Pocatello raises at least.two valid and interrelated concerns: (1)
the added expense and administration that year-round operation of Water District 29, and
its watermaster, would bring from a financial standpoint (burden); and (2) the necessary
_creation and implementation of a complicated water
measurement/allocation/administration framework that does not already exist. It is well
“known that Water District 29 water users grouse annually about the financial expense
they bear in supporting district operations during the irrigation season. Year-round
administration will bring only more expense and financial burden. Further, winter (or out of
irrigation season) storage releases for Pocatello will require careful measurement and
accounting of reservoir storage operations so that storage limitations within the reservoir
are not exceeded. For example, water right nos. 29-53 and 29-589 authorize the one-time
fill of 16,410 AF in any given year. If Pocatello requests a storage release during storage
season, that release must be debited against that season's storage allotment. Put
differently, Pocatello releases cannot be allowed to create a storage "hole" that is
subsequently filled in and masked by ongoing storage during the storage season. This
potential outcome of the transfer will require additional measurement/accounting oversight
than presently exists in Water District 29.

Second, the Storage Water Agreement ("Agreement") between Pocatello and the
PMVCC (Transfer Attachment Nos. 2a and 3) provides that the PMVCC "shall convey . . .
a share of the outlet capacity and conveyance capacity of the Company's Water System
from Chesterfield Reservoir to the point of delivery to the City on the Portneuf River
sufficient to deliver up to a maximum flow rate of 50 cubic feet per second," and to "have
the 3,100 acre-feet of water released . . . [and] delivered at a rate of up to 50 cubic feet
per second . . . in the amounts and at the times as requested by the City." Agreement at
Section 1. The Agreement further provides that "at the City's request" the water "shall be
released . . . up to a maximum rate of 50 cubic feet per second for purposes designated
by the City in its sole discretion." Agreement at Section 10.C. Consequently, river
operations under the Agreement will require one of two scenarios: either (1) the
displacement of PMVCC water conveyance within the river channel during the height of
irrigation season in order to make room (free up river channel capacity) for the delivery of
Pocatello water; or (2) the simultaneous delivery of both PMVCC and Pocatello water
which would likely quickly exceed river channel capacity and promote flooding.

swron “CONFIDENTIAL
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- Whether PMVCC realizes it or not, | contend thatthe Agreement requires PMVCC to
“make space" in the river channel by subordinafing its own stored water conveyances
within the river in favor of Pocatello water delivery up to 50 cfs at a time. Pocatello likely
interprets the Agreement in a similar fashion given its discovery responses claiming that
historic reservoir and river operations will not be altered. Typical storage release flows in
_ the summer (based upon watermaster records). appear to range between 105 and 125
- ¢fs. These flow rates already cause some localized flooding. If Pocatello demanded
delivery of 50 cfs for a couple of days, or even a week, that means PMVCC would only be
able to convey between 55 and 75 cfs of its water in-channel...a subordination of between
40-48% of PMVCC water delivery to make enough space in the river channel to
accommodate Pocatello water. This is significant because Pocatello could take delivery of
water at a rate of 50 cfs for over 31 days before exhausting its 3,100 AF storage
allotment. If Pocatello were to demand delivery in one 31 consecutive-day block, PMVCC
would likely have difficulty meeting its own storage water delivery needs if the Agreement
requires delivery subordination like | think it does. Maybe PMVCC does not care because
it figures that the canal lining savings within its system will cover times of delivery
subordination, or maybe PMVCC does not care because it does not believe that it needs
to subordinate its deliveries to implement the Agreement. Regardless, delivery of water to
Pocatello under the Agreement will alter historic reservoir and storage operations, and

approval of the transfer will require sufficient conditions to guard against PWUA injury and
property damage.

T D e —
Greg Sullivan's notes also include references to flooding: o

--Pocatelio 19 ("Flood prone area between Topaz Dempsey and Lava caused by
travertine build up in the channel has raised channel [and] moss in river");

--Pocatello 84 ("Flood problem mostly between Topaz Ditch/Dempsey Ditch and Lava
Canal; interferes with haying; running reservoir water at time when they are haying").

(c) Suitable accounting, measurement, and administration procedures are already
in place to protect existing, senior water rights. The Chesterfield Reservoir outlet is
monitored and adjusted daily to account for storage releases and the pass-through
of reservoir in-flows during the irrigation season. Also, adequate measuring
devices already exist both above and below the reservoir for accounting purposes.
See Response to Interrogatory Nos. 5 and 6.

PWUA's position is that current measurement and accounting procedures are not
sufficient to properly/confidently administer water supplies on the Portneuf River and its
tributaries. As a threshold matter, there is ho permanent measuring device Installed above
the reservoir measuring reservoir in-flows. This fact is confirmed via: (1) telephone
conversations between Christian Petrich and watermaster Steve Hebdon; (2) from the
notes of Pocatello expert Greg Sullivan (the reservoir “inflow gage was removed by
someone from the tribe” (see Pocatello 80) and "Steve H eyeballs" river and tributary
flows into the reservoir (see Pocatello 15)); and (3) Pocatello's concession that the
Portneuf River channel upstream of the reservoir is "wide and braided and is generally
unsuited for installation of a permanent measuring device. Further, the area upstream of
Chesterfield Reservoir is located on the Fort Hall Indian Reservation making construction
access to the site difficult” (see Response to Interrogatory No. 3).
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Overall lack of administration and detailed water measurement within Water District 29 is
well documented. In addition to the lack of a measuring device above the reservoir, water
users and the IDWR have long questioned the accuracy and adequacy of the
Chesterfield Reservoir elevation gage and other measuring devices throughout the
system which suffer from mossing, sedimentation, scaling, and general poor condition.
See, e.g., PWUA 67-71; 410-427; 1340-41; 1342-43; 1344-45; 1875-78; 1899-1903; and
2391-92. Greg Sullivan field notes also raise accuracy concerns over the Topaz gage.
See Pocatello 19 ("If the gage was accurate . . .").

PWUA is also very concerned with the lack of measurement provided at Pebble, above
the Topaz Gage. The USGS used to maintain an active gaging station at Pebble where
the the 8-mile drainage canal (the channelized section of the river immediately
downstream of the reservoir) discharged back into the original river channel. The Pebble
gage is an important measurement location that used to capture spring flows and shallow
groundwater flows tributary to the river, but that where intercepted by the 8-mile (i.e.,
Downey) canal after its construction in conjunction with Chesterfield Reservoir. The
Pebble gaging station operated from 1911 to 1913, and then gain from 1969 to 1977.
PWUA members are convinced that these flows, captured upon the construction of the
Downey Canal (channelization of the river), is what led to shrink-free delivery status of the
PMVCC storage rights, and amount to natural background flows that otherwise belong to
natural flow water rights...not to PMVCC or Pocatello.

(d) Approval of Pocatello’s proposed transfer is in the public interest because the
transfer will maximize the beneficial use of water, augment necessary municipal
water supply, and improve Instream flows during those times when Pocatello is
calling for storage water releases. See Response to Interrogatory No. 11.

PWUA's position is that the proposed transfer is not in the local public interest due to
increased flooding risks, enlargement of the underlying water rights, risk of injury to
senior, natural flow-based water rights, and negative impacts upon the local agricultural
base due to injury to senior natural flow-based water rights. The proposed transfer also
threatens to reduce the local agricultural base through the change in use of the water
from ag-based irrigation to municipal-based irrigation, as well as the overall change in
nature of use from irrigation to other non-irrigation-based uses (municipal, aesthetics,
wildlife, aquifer recharge, etc.).

PWUA is also concerned that increased releases of storage water from Chesterfield
Reservoir will exacerbate moss and sediment conditions in the river channel during
irrigation season. These conditions further decrease channel capacity and threaten
additional flooding through lost capacity and through the injection of greater quantities of
storage water discharged into the river channel as a means of compensating for, and
overcoming, decreased in-channel conveyance efficiencies. Decreased river channel
conveyance efficiency also places greater carriage water demand upon natural river flows
in order to satisfy the shrink-free delivery of water to the PMVCC canal. Finally, lining of
the PMVCC canal in order to recapture the 3,100 AF of water sold to Pocatello has the
potential to increase conveyance losses within the river channel by decreasing canal
seepage contributions to local groundwater flows tributary to the river. The
diminishment/negation of potential groundwater and/or spring water-fed river reach gains
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via canal lining would require the use of even more natural river flow for carriage
purposes in order to maintain shrink-free water deliveries.

Documents demonstrating mossing and seasonal flooding include PWUA 67-71, 410-27,
454-59, 1152-53, and 3122-133. Though Pocatello's discovery responses state that it
"has no direct knowledge of the sources or causes of alleged physical impairment or
interference with Portneuf River channel capacity in the reaches adjacent to the lands of
the PWUA members" (see Response to Interrogatory No. 10), the field and interview
notes of Pocatello expert Greg Sullivan provide otherwise. For example, Sullivan's notes
state that "stored water makes the moss worse" (see Pocatello 81). Unfortunately,
however, Sullivan's notes do not elaborate any further on the statement.

3. Miscellaneous:

(a) According to Greg Sullivan's notes, Eric Olson is the Superintendent and ditch rider for
the PMVCC. Eric relayed to Greg that PMVCC canal losses are estimated to be as high
as 50% ("divert 120 cfs to deliver 60 cfs"; "Eric knows where the losses occur"). See
Pocatello 28.

(b) At this year's Water District 29 meeting, a PMVCC member told PWUA members that
if they wanted to know where all of their water was going that they should go up above the
old Pebble Gage site and watch how river/spring flows diminish once groundwater users
start operating their irrigation wells. This premise is seconded by Dan, though out of
priority groundwater pumping is largely a matter for a separate administrative proceeding
for another day. However, the negative implications of groundwater pumping are also
contained within Greg Sullivan's notes where he scribbled that most irrigation between the
reservoir and Topaz/Dempsey canal heading is from "wells in the alluvial aquifer." Sullivan
further noted that Eric Olson told him that "they notice" when the wells start pumpmg

Pocatello 18, QD!Q , M%ku& MQ,,M a.iu, Ay

(c) Greg Sullivan's notes also relay-that the Portneuf River Valley "pinches down near
[the] intersection of Kelly Toponce Road and Highway; aquifer ends and ‘sprin __s-com up
and.contribute 80-100 cfs to river; -as low as 50 cfs."-See Pocatello 18.

(d) Sullivan's notes state that water travel time from the reservoir to the PMVCE ' canal =
headgate on river equals between 30 and 42 hours. l 2

(e) Sullivan's notes refer to a section on the river known as “the faIIs " He states that the
river dries up at the falls, but that, according to Steve Hebdon, the river has never been
dry below the falls. See Pocatello 82-84.

(f) On Sullivan's field visit on 8/19/10, PMVCC personnel expressed concern that
Pocatello had yet to file its transfer appllcatlon (which was subsequently filed on 8/30/10)
because without Pocatello's money from the storage right purchase, PMVCC would not
have the necessary matching funds for the canal lining project to secure the federal

- NRCS dollars. See Pocatello 14.

(g) The Sullivan report (Attachment No. 9 to transfer application) ("Report") states that
Chesterfield Reservoir storage volumes are measured using staff gage elevation
measurements via a stage/capacity relationship, last updated by IDWR In 1997. Report at
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4-5. As discussed above, IDWR, amor;g/oﬂ‘\{s, has questionem‘;&racy of the

reservoir elevation gage as a threshgld'matter. Moreover, the fact that the stage/capacity
relationship was last updated in 1997 (over 13 years ago) suggests that the PWUA's
measurement concerns are valid.

(h) The Sullivan Report acknowledges that the transfer proposes to change "the times
when the Acquired Storage Water Rights may be released from storage for the City's
use." Report at 6. As discussed above, this raises concern over the need for more
detailed, and now year-round, storage and release accounting to prevent injury. This
additional administration will also bring additional expense that will have to be borne by
the Water District 29 water users, unless Pocatello agrees to cover non-irrigation

watermaster/administration expenses on its own and without irrigation water user
contribution.

(i) The Sullivan Report states: "The proposed Pocatello place of use . . . is subject to
change in the future, and Pocatello will submit GIS shape files to IDWR reflecting any
changes to the place of use as they occur." Report at 6-7. Though it is not entirely clear to
me, | presume that Pocatello's transfer seeks an overall permissible place of use, with
actual locations of use contained within the larger PPU. If its does not, and the POU
proposed does actually change in the future, | would contend that Pocatello would have to
complete a subsequent transfer to track the changes.

(i) The Sullivan Report details that "Pocatello proposes to use and reuse return flows from
initial municipal use of the Acquired Storage Water Rights to extinction.” Report at 8-9.
Translation, whatever municipal use Pocatello makes of any portion of the 3,100 AF will
be 100% consumptive. Consequently, and because one of the transfer's proposed uses is
“municipal” use, IDWR needs to.evaluate this transfer under the premise, that Pocatello's
use of the 3,100 AF will be entirely consumptive. =F g - L:M {M‘ As.

o ok Z/ 5 N,/
(k) Though a contested issue in this transfer proceeding, Sullivan' I!Report notes that—
"Pocatello’s legal counsel has advised that the City should be entitled to the benefit of {the
shrink-free] delivery of the Acquired Storage Water Rights to the vicinity of the Portneuf-
Marsh Valley Canal headgate." Report at 15-18.

(1) With respect to the stretch of river downstream from the PMVCC canal headgate to
Pocatello's proposed points of diversion, Sullivan opines that: "the Portneuf River from the
Topaz gage to the Pocatello gage is a galning stream, therefore, it is expected that there
would be little or no transit loss in delivering the Acquired Storage Water Rights to
Pocatello except for temporary bank storage." Report at 17. However, Sullivan does
concede that this same stretch of river did LOSE water (832 AF) in 1992. Report at 16-17.
This supposedly gaining reach, coupled with the decreed shrink-free delivery status to the
PMVCC canal headgate, is why/how Pocatello seeks full delivery of its 3,100 AF of water
free from conveyance loss. However, in the Storage Water Agreement between Pocatello
and PMVCC, Pocatello agrees/acknowledges that it "shall bear any conveyance losses
that might be imposed by the District 29 Watermaster in delivering the Acquired Storage
Water Rights downstream of the [PMVCC canal heading]." Agreement at Section 10.E.

| have not shared this e-mail with Christian yet because | wanted you to see it first in case
there are things that you would like to add or omit.
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No. 248100000 s B Transfer No. 76779
CDR In The Name Of
The City Of Pocatello

Disk 1 of 2

SPF WATER ENGINEERS
PRODUCTION

PET00001




Directory of D:\*.*
Page1 06/21/2011 1:13pm Sorted by Long Name
Levels: All Disk Label: 110616_1246

D:\
File 272.0170.pdf Adobe Acrobat Docume 18,000,637 R
1 file; 18,000,636 bytes

D:\Background

Seepage Loss Estimate (NRCS).pdf Adobe Acrobat Docume 88,011 R
Spronk Expert Report w attachments.pdf Adobe Acrobat Docume 3,863,294 R
Sullivan notes dated 8-18-10 and 8-19-10.pdf Adobe Acrobat Docume 14,074,265 R
Transfer No 76779.pdf Adobe Acrobat Docume 14,287,404 R
Various PWUA letters and docs.pdf Adobe Acrobat Docume 2,854,738 R

5 files; 35,167,712 bytes

D:\Background\JACK BARNETT CONSULTING
0 files; O bytes

D:\Background\JACK BARNETT CONSULTINGAINCOMING

01 update.htm HTML Document 3,290 R
Hearing Outline.doc Microsoft Word Docume 88,576 R .
Portneuf River 1-24-2007 .htm HTML Document 2,382 R

RE Hearing Next Tuesday 4-27-07.htm . HTMLDocument = 120,345 RT
RE Hearing Next Tuesday 4-28-07 7_26 pm.htm HTML Document 20,328 R

RE Portneuf Water Settlement 1-8-2007.htm HTML Document 19,156 ° R
Update 4-6-07.htm HTML Document ' 1,452 R
Update on efforts 1-29-2007.htm HTML Document 2,766 R

8 files; 158,295 bytes

D:\Background\JACK BARNETT CONSULTINGAINCOMING\Graphical Drop Analysis

Graphical Drop Analysis 4-25-07.htm HTML Document 14,140 R
Graphical Drop Analysis 4-25-07.xls Microsoft Excel Worksh 728,576 R
Graphical Drop Analysis 4-27-07 .xls Microsoft Excel Worksh 728,576 R
Ideas 4-27-07 .htm HTML Document 17,203 R

4 files; 1,488,495 bytes

D:\Background\JACK BARNETT CONSULTING\INCOMING\Graphical Drop Analysis\Topaz Guage Dat
a Analysis

FW Topaz Gage Data Analysis.xls.htm HTML Document 7896 R
Tlopaz Gage Data Analysis'4-27-07.xls _ Microsoft Excel Worksh = © 6,026,752 R |

2 ﬁles; 6,034,648 bytes '

D:\Background\JACK BARNETT CONSULTINGAINCOMING\Water Out of Priority
FW WATER OUT OF PRIORITY 40 OF 80 YEARS4-

30-07 6_12 pm.htm HTML Document 24250 R
OUT OF I?RIORITY WATER 40 OF 80 YEARS 4-30- ' '_ $ '_ 55
07 .xls Microsoft Excel Worksh 481,792 R

2 files; 506,042 bytes
PET00002



Directory of D:\*.*
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06/21/2011 1:13pm  Sorted by Long Name

D:\Background\JACK BARNETT CONSULTING\OUT GOING

01 Jack B 1-8-07.doc
01 Jack. doc

39 cfs | junior users and Tuthills memo on the juniors p
roblem.pdf

Basin 29 Settlement Agreement Options- Lava & De
mpsey lrriga.doc

Data for 20 day average.doc

Data for 20 Day Comparison.doc

FW Portneuf River and Topaz Gage 3-2-07.htm
Jack1 -24- 07.doc

Jack B 1-5-07.doc

MASTER to 17.4 cfs Drop 4-18-07 For Jack & Dan.xl
s

OUT OF PRIORITY WATER 40 OF 80 YEARS .xls
Portneuf River and Topaz Gage 2-23-07 2nd time.ht
m

Portneuf River and Topaz Gage 2-23-07. htm

Pnor to 9-15 water letter revi.doc

SUMMARY OF DATA WORKSHEETS 4-26-07 DON.
xls

15 files; 3,303,667 bytes

D:\Data
0 files; 0 bytes

D:\Data\Flow Data
Portneuf flow data.xlsx
1 file; 3,331,292 bytes

D:\Data\Water Right

Export_Output_pou.txt

Portneuf_PODs_ (upstream_McCammon)2 xls
PWUA Water nghts xlsx

schema’ini® = i

4 files; 91,190 bytes

D:\Data\Water Right\McCammon Water Right pdfs
29-13311.pdf

29-13317. pdf

29-57 .pdf

29 58. pdf

4 ﬁles, 88,900 bytes

Microsoft Word Docume
Microsoft Word Docume

Ado_be Acrobat Docpme

Microsoft Word Docume
Microsoft Word Docume
Microsoft Word Docume
HTML Document

Microsoft Word Docume

Microsoft Word Docume

MiCrosoft Excel Worksh
Microsoft Excel Worksh
HTML Document
HTML Document
Microsoft Word Docume

Microsoft Excel Worksh

Microsoft Office Excel 2

Text Document
Microsoft Excel Worksh
Microsoft Office Excel 2

Conf‘ guratlon Settlngs 5

Adobe Acrobat Docume
Adobe Acrobat Docume
Adobe Acrobat Docume
Adobe Acrobat Docume

30,208
37,376

95,744

25,600
29,184
29,696
13,563
31,744

30,208 |

715,264
479,744

1,788

1,788
28,672

1,753,088

3,331,292

22,662
52,736
14,784

1,008

21,953
21,899
22,517

22,531
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Directory of D:\*.*
Page3 06/21/2011 1:13pm Sorted by Long Name
Levels: All Disk Label: 110616_1246

D:\Data\Water RightiPMVCC Water Right pdfs

29-53.pdf Adobe Acrobat Docume 24,134 R
29-589.pdf Adobe Acrobat Docume 23,170 R
2 files; 47,304 bytes

D:\Data\Water Right\PWUA Water Right asp files

29-147.asp.htm HTML Document 5,100 R
29-180.asp .htm ' HTML Document 6,600 R
29-36.asp.htm HTML Document 6,453 R
29-37.asp.htm HTML Document 6,507 R
29-47A.asp.htm HTML Document 5,307 R
29-481asp.htm’ ' ~_HTML Document = 5081 R
29-53.asp.htm ' - HTML Document 7459 R

7 files; 42,507 bytes

D:\Data\Water Right\tPWUA Water Right asp files\29-147.asp_files
pm.js JScript Script File 6,581 R
1 file; 6,581 bytes

D:\Data\Water Right\PWUA Water Right asp files\29-180.asp_files
pm.js JScript Script File 6,581 R
1 file; 6,581 bytes

D:\Data\Water Right\iPWUA Water Right asp files\29-36.asp_files
pm.js JScript Script File 6,581 R
1 file; 6,581 bytes

D:\Data\Water RightiPWUA Water Right asp files\29-37.asp_files
pm.js JScript Script File 6,581 R
1 file; 6,581 bytes

D:\Data\Water Right\iPWUA Water Right asp files\29-47A.asp_files
pm.js JScript Script File 6,581 R
1 file; 6,581 bytes

D:\Data\Water Right\PWUA Water Right asp files\29-48 asp_files
pm.js JScript Script File 6,581 R
1 file; 6,581 bytes

D:\Data\Water Right\PWUA Water Right asp files\29-53.asp_files

pm.js JScript Script File 6,581 R
1 file; 6,581 bytes

D:\Data\Water Right\PWUA Water Right pdfs

PETO0004



Directory of D:\*.*

Page 4 06/21/2011 1:13pm Sorted by Long Name

Levels: All Disk Label: 110616_1246

29-11773.pdf
29-147.pdf

29-180. pdf

29-361pdf

29-37.pdf

29-4467.pdf
29-47A.pdf

29-48.pdf

8 files; 171,630 bytes

D:\Data\Water Use Projections
Pocatello Water Demand.xIsx
1 file; 10,861 bytes

D:\Docs
0 files; O bytes

D:\Docs\Correspondence

PWUA Concerns memo (orig w notes) docx
PWUA Concerns memo.docx

s Campbell (1-6-2011) .docx

TC! Greg Sullivan:2- 7-2011 .docx

4 files; 2,133,297 bytes

D:\Docs\Figures

Downey Canal & Portneuf Valley (report).jpg
Size: 1700x2200; DPI: 200

PMVCC POU (report).jpg
Size: 1700x2200; DPI: 200

PMVCC WRs (report).jpg
Size: 1700x2200; DPI: 200

PMVCC WRs (report).pdf

Portneuf Water Users PODs-POUs,| Jpg
Size: 1700x2200; DPI: 200

;PWUA ‘Water. nghts(report) Jpg
" Size: 1700x2200; DPI: 200

Tenmile area water levels.jpg
Size: 3193x2006; DPI: 200

7 files; 12,706,073 bytes

D:\Docs\Notes
Pre-hearing conference notes.docx
Task Llst docx

2 fi Ies, 57,244 bytes

Adobe Acrobat Docume
Adobe Acrobat Docume

Adobe Acrobat Docume
Adobe Acrobat Docume
Adobe Acrobat Docume
Adobe Acrobat Docume
Adobe Acrobat Docume
Adobe Acrobat Docume

Microsoft Office Excel 2

Microsoft Office Word 2

" Microsoft'Office!Word 2!

Microsoft Office Word 2

- Microsoft Qfﬁce Word 2

JPEG Image
JPEGImage
JPEG Image

Adobe Acrobat Docume
JPEG Image

JREGITagel il

JPEG Image

Microsoft Office Word 2

‘Microsoft Office Word 2

22,168
21,188

23,433
21,400
22,853
21,903
19,476
19,209

10,861

2,032,521
46,281

27,615

26,880

1,766,995
2,075,789
793,168

704,647
607,131

2,243,649

4,514,694

28,207

29,037
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Page 5 06/21/2011 1:13pm Sorted by Long Name

Levels: All Disk Label: 110616_1246

D:\Docs\Reports
0 files; 0 bytes

D:\Docs\Reports\Final

Attach A PWUA Water Rights.pdf
Petrich PWUA Report (Final).docx

Petrich PWUA Report (Final).pdf
3 files; 10,808,798 bytes

D:\Docs\Reports\Final\Figures_report
0 files; O bytes

D:\Docs\Telephone_Logs

TC Chuck Brockway 2-11-11.docx
TC Steve Hebdon.docx

2 fi Ies, 56 674 bytes

D:\Email
Portneuf.pst
1 file; 190,989,312 bytes

D:\GIS
0 files; O bytes

D:\GIS\ArcMap_Projects
Chesterfield-Pebble CP.mxd
Inkom - Pocatello CP.mxd

Lava HS - McCammon CP.mxd
McCammon - Inkom CP.mxd

Misc small scale. mxd '

Overview CPimxd "

Overview LG.mxd

Pebble ='LavaltiS CPimxd

PMVCC POU (report).mxd
rPMVCC WRs (report) mxd
PMVCC WRs.mxd

PMVCC WRsZ mxd

Portneuf Rlver water rights.mxd
P(___)__r__t‘nue_uf.‘}/alley area (report).mxd
Portneuf Water Users GIS - CP.mxd
Portrreuf Water Users GIS.mxd

Portneuf \ Water Users PODs-POUsD.mxd _'

PWUA Water nghts(report) mxd
PWUA Water Rights.mxd

Adobe Acrobat Docume
Microsoft Office Word 2

Adobe Acrobat Docume

Microsoft Office Word 2

“Microsoft Office Word 2

Office Data File

MXD File
MXD File
MXD File
MXD'File
MXD File
MXD File
MXD File

" MXDiFile "
 MXD File

" MXDIFile T T
~ MXD File
TMXDEile ™

MXD File
MXD File -
MXD File

MXD File
MXD File

MXD File™
MXD File

1,400,832

1,440,256

70,067
4,559,672

6,179,059

A A0

27,235 R
29/439"R

190,989,312 R

712,704
1,226,240
1,229,312

709,120
1,392,640

713,216
1,467,392

1,312,256

1,548,288
1,635,840
1,346,048
1,350,656
1,271,296
5,643,776
1,283,584
1,374,208
1,563,648

m:uzommmm'xm;ij"m'mmw'xl:um:um
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Report POD Map (Ig)mxd.mxd
20 files; 29,463,552 bytes

D:\GIS\Figures_nonreport
Portneuf Water Users GIS.jpg
Size: 2125x2750; DPI: 250

1 file; 724,173 bytes

D:\GIS\GPS
CP May 2011 Trackpoints.xlsx

Waypoints 2011_05_23 Portneuf.dbf

Waypoints 2011_05_23 Portneuf.prj
Waypoints 2011.05_23 Portneuf.shp
Waypoints 2011_05_23 Portneuf.shx
5 files; 151,319 bytes

D:\GIS\Property
0 files; O bytes

D:\GIS\Shapes
0 files; 0 bytes

D:\GIS\Shapes\Downey Canal
Downey Canal.dbf

,Downey Canal. P,

Downey Canal.sbn

'Downey Canal sbx

Downey Canal. shp

Downey Canal.shx

6 files; 1,898 bytes

D:\GIS\Shapes\Hydrography
Portneuf_River.dbf
'Portneuf River. prj
Portneuf Rlver sbn
Portneuf Rlver shp
jPortneuf River. shp xml
Portneuf River.shx
Selected Hydrography dbf
Selected. _Hydrography.prj
Selected._Hydrography.sbn
Selected_Hydrography.sbx
Selected_Hydrography.shp

MXD File

JPEG Image

Microsoft Office Excel 2

DBEF. File

PRJ File
SHP File
SHX File

DBF File
PRU File
SBN File
SBXFile" ™
SHP File
SHX File

DBF File

- PRJFile

SBN File

SBX File

SHP File

XML Document

SHX File
DBF F|Ie
PRJ File
SBN File
SBX File
SHP File

842,240 R

724173 R

123,266
26,340
145
1,164
404

A0 003D

73
513
132
116
956
108

A 0000

48,468
4187
1,012
152,076
159,654
844
231674
418
-
s
31,876

Sl ] I 1 1 B o
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Selected_Hydrography.shp.xml
Selected Hydrography shx

Selected _Hydrography_Lakes.dbf
Selected_Hydrography_Lakes.prij
Selected_Hydrography_Lakes.sbn
Selected_Hydrography. Lakes.sbx
Selected_Hydrography_Lakes.shp
Selected Hydrography_Lakes.shp.xml
Selected_Hydrography_Lakes.shx

21 files; 555,967 bytes

D:\GIS\Shapes\Incorporated Areas 2000
Pocatello.dbf

Pocateliolpi

Pocatello.sbn

Pocatello sbx

Pocatello. shp

Pocatello.shp.xml

Pocatello.shx

7 files; 128,414 bytes

D:\GIS\Shapes\PLSS
0 files; 0 bytes

D:\GIS\Shapes\Roads
0 files; 0 bytes

D:\GIS\Shapes\Water Rights
29-147_POU.dbf

29 147 POU prj

29-147_ POU sbn

29 147 POU sbx
29-147 POU shp
29-1471POU shpixml =
29-147_POU.shx '
29- 180 POU dbf_'_
29-180_POU.prj

29- 180 _POU’sbn’

29- 180 POU.sbx

29- 180_POU.shp

29- 180 POU.shp.xml

29 180 POU shx 2
29-36 and 29-37_POU. dbf
29:36 and29:37_POU.prj

XML Document
SHX File

DBF File
PRJ File
SBN File
SBX File
SHP File
XML Document
SHX File

DBF File
PRJFile
SBN File

- SBX File

SHP File
XML Document
SHX File

DBF File
PRJ Flie
SBN File

- SBXFile

SHP File
XML Document
SHX File
DBF File’

PRJFile

SBN'File”™ 7
SBX File

SHP File

XML Document
SHX File
DBF File

PRJ Fll_e '

159,654
452

1,018
418
164
124

51,488

23,193
116

AW 0N 0 A0 A AD0D

482
418
132
116

2,524

124,634

108

XD 0D 0 Ao

598
418
132
116

1,772

133,688

108
598
418
-
116
2,640

133,683

108
598
418

T 00 DD mi;ulm";Ujml';U: D3 0T D
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29-36 and_29-37_POU.sbn
29-36'and_29-37_POU.sbx
29-36 and_29-37_POU.shp
29-36 and_ 29-37_POU . shp.xml
29-36 and_29-37_POU.shx
29-47A ‘and_29-48 POU.dbf
29-47A_and_29-48_POU.prj
29°47A ‘and  29-48 POU.sbn
29-47A_and_29-48_POU.sbx
29-47A” and_29-48 POU.shp
29-47A and_29-48_POU.shp. xml
29~47A and 29-48 POU.shx
29-53_and_29-589_POU.dbf
29%531and29-589_ POU.prj
29-53_and_29-589_POU.sbn
29:537and[ 297589 POU.sbx
29-53_and_29-589_POU.shp
729 53 and 1 29- 589 POU :shp. xml
29-5 53 and_ 29 589 POU.shx
29557,
29- 57 _29-58,_29-13317_29-13317_POD.prj
29757,129758/129-13317.29-13317_POD:sbn
29-57,_29-58, 29-13317_29-13317_POD.sbx
29%7,129758129-13317_29-13317_POD.shp
29-57, 29-58, 29-13317_29-13317_POD.shx
29°57,129-58,729-1331729-13317_POU.dbf
29-57,_29-58, 29-13317_29-13317_POU.prj
29°57,.29-58,129-13317_29-13317_POU.sbn
29-57, 29-58, 29-13317_29-13317_POU.sbx

29 57 129-58,.29- 13317_29-13317_POU. shp'_
29- 57 _29-58,_29-13317_29-13317_POU.shx

D__‘ergpsay__&_qupaz_POD.dbf

Démbéey & 'poaz POD.prj

FDempsey & Topaz POD.sbn,
Dempsey_&_Topaz_POD.sbx |

IDémpsey & Topaz PODIshp

Demp§ey & _Topaz_| POD.shx

Portneuf PODs! _(upstream_McCammon).dbf
Portneuf PODs _(upstream_McCammon).prj
Portneuf PODs (upstream ‘McCammon).sbn

Portneuf PODs (upstream McCammon).sbx

Portneuf PODs (upstream McCammon) shp '.

Portneuf PODs _(upstream_McCammon).shx
Portneuf PODs (upstream McCammon).xls

B4 29 -58,729-13317_29-13317 POD. dbf

SBN File
SBX File
SHP File
XML Document
SHX File
DBF File
PRJ File
SBN File
SBX File
SHP File
XML Document
SHX File

" DBF File

PRJ File
SBN File

SBX File

SHP File

XML Document

- SHX File
DBF Flle_ _
PRJ File

SBN File
SBX File
SHP File
SHX File
DBF File
PRJ File
SBN File
SBX File
SHP File
SHX File
DBF File™
PRJ File

SBN File
SBX File

SHP'File! ™
SHX File
DBF File ™
PRJ File
SBN File
SBX File
SHP File'
SHX File

: Microsoft Excel Worksh

|
|

‘0 T/'W T D DA O D

7 4_3,003_

132
116

5,644
133,683
108
598
418
132
116
4,344
133 683
108
598
418
132
116"
2,412
133,683
108
2,730
418
72
116
55
132
4,046
418
156
116
16,468
132
17606
418
5T
116
e
116
67,922
418
1,212
132
3,460
1,060

2 0 X 0D DD DA DD DDA D DD :u-:uxl.;u:mlm':u:um':um:umm;m:u

£
i
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Portneuf_PODs_(upstream_McCammon)2.xls

61 files; 870,775 bytes

D:\GIS\Water_Rights

_Docsimages_2401_.ZIP
2953 _pod dbf:
29 53 _pod.prj
29 537 pod.sbn
29_53_pod.sbx
29.53 pod.shp.
29 53 __pod.shx
dempseyic.dbf.
de_rﬁpseyic prj
dempseyic.sbn’
dempseylc sbx
dempseyic.shp' ©
dempseyic.shx

Export_ Outputifxt =

McCammon Ditch_to_| Pocatello wrpod dbf

McCammon Ditch_to' Pocatello. wrpod. prj
McCammon Ditch_to_ Pocatello _wrpod.sbn
McCammon_| Dltch . to_ Pocatello. wrpod.sbx
lVlcCammon Ditch, to Pocatello _wrpaod.shp

IMc€ammon_Bitch_to_Pocatello_wrpod.shx

McCammon_ Ditch _to_Pocatello _Wrpou. dbf
McCammon Ditchto_| Pocatello L WIpouU.prj
McCammon Ditch _to_| Pocatello _wrpou.sbn
McCammon Ditch_to. Pocatello_wrpou.sbx
McCammon Ditch_to_| Pocatello _wrpou.shp
McCammon Ditch_to. Pocatello_wrpou.shx
PMVCC _pod_users.dbf

PMVCC pod users.prj

PMVCC_ _pod_users.sbn

IPMVCC pod! users.sbx

PMVCC _pod_users.shp

PMVCC podiusers.shx

PMVCC pod users. xls

schema inil ™

Selected PODs.dbf

Selected PODs.prj

Selected PODs.sbn

Selected PODs:! sbx

Selected PODs. shp

Selected P@Ds. shx

Microsoft Excel Worksh

WinZip File
DBF File
PRJ File
SBN File
SBX File
SHP File
SHX File
DBF File
PRJ File

“ SBNFile’

SBX File
SHP File
SHX File
Text Document
DBF File
PRJFile
SBN File
SBX File
SHP File
SHX File’
DBF File

~ PRIFile

SBN File
SBX File:
SHP File
SHX File
DBF File
PRUFile
SBN File
SBX File
SHP File

SHX File
Microsoft Excel Worksh
~ Configuration Settings

'DBF File

PRIFile
SBN File

SBX File™

SHP File
SHXFile "

33,792 R

2,466
2159
418
172
124
184
124
570
429
132
116
3,780
108
38,851
128,493
S
2,212
164
6,512
17932
95,626
418
1,172
180
105,288
988
4 978
418
204
116
324
164
13, 824

_;U;U-‘:U:U:U:U;U:U:UIJ%U:&:U:U;U:UJU:UJU':U;u:u;uaus.;u._:u:u:u;uxl-;us:u:U:U’JUJUJU:U::U’:U
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Selected_POUs.dbf
Selected POUs.prj

Selected POUSs.sbn
.Selec_t_e_d_POUs.sbx
Selected_POUs.shp

Selected POUs.shx
Topaz_&_Dempsey_Co_Boundaries.dbf
Topaz_ & Dempsey_Co_Boundaries.prj
Toeaz & _Dempsey_Co_Boundaries.sbn
Topaz & Dempsey Co_Boundaries.sbx
Topaz & | Dempsey Co_ Boundaries. shp
Topaz & Dempsey_Co_ Boundaties.shp.xml
Topaz_&_Dempsey_Co_Boundaries.shx
53 files; 603,862 bytes

D:\GIS\Wells
0 files; 0 bytes

D:\Legal

2011-02-16 Affidavit of Brent Orton.pdf
IC'Section 42-222/htm

IC Section 42-222. pdf

[Pocatelloiresponse to PWUA 2nd discovery.pdf’

Pocatello response to PWUA first discovery.pdf
5 files; 2,836,064 bytes

D:\Resources

Addendum agreement to Portneuf River Settlement.p

df

Geochem_l_stry Portneuf Aquxfer - recharge and conta

mination (Meehan). pdf
JackABarnettAffidavit.pdf

Loss Estlmates of PMVCC Canal (srgned) 2011 Feb .

pdf

NRCS approved project (includes Portnefu) 8-14-09.p

df
NRCS fundlng news release 7-31-2009! htmI

Onentatlon of stream feds to Portneuf RlverbyIASCD

doc

Portneuf Wtr Resource Recon (Norvitch Larsen 1970.

pdf

Surface ground water interaction in Portnefu River Va

lley (USGS).pdf

Water Balance in Pumplng Capacity (Welhan - 2001):

pdf
10 files; 19,772,428 bytes

DBF File
PRJ File
SBN File
SBX File
SHP File
SHX File
DBF File
PRJ File
SBN File
SBX File
SHP File
XML Document
SHX File

Adobe Acrobat Docume
HTML Document

Adobe Acrobat Docume
Adobe Acrobat Docume
Adobe Acrobat Docume

Adobe Acrobat Docume

Adobe Acrobat Docume
Adobe Acrob_at Docume

Adobe Acrobat Docume

Adobe Acrobat Docume -

HTML Document

Microsoft Word Docume
Adobe Acrobat Docume
Adobe Acroba_t_ Docume

Adobe Acrobat Docume

7,482
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Executive Summary

The Lower Portneuf River Valley (LPRV) aquifer supplies the entire water needs
to rural and urban residents of Pocatello and Chubbuck, Idaho. Several localized areas of
groundwater have been impacted by nitrate and salts such as sulfate, chloride, sodium,
and calcium, which are usually associated with non-point sources like septic leachate,
road salting, and runoff from agriculture and ranching operations.

Inorganic groundwater chemistry was examined from more than 80 sites in a 40
km? portion of the southern lower Portneuf River valley in an attempt to identify the
source(s) of contamination. Water samples were collected during several sampling
events over a year-long period from June of 1993 through July of 1994. Many of these
locations were re-sampled in the summer of 2004 to evaluate changes in aquifer
chemistry that may be due to anthropogenic sources.

Wells producing water {from near the water table tend to have higher
concentrations of nitrate and salts, suggesting a near-surface source is responsible for
impairing groundwater quality. At a vast majority of sample sites, all major ions in
groundwater, including nitrate, show strong positive correlations with chloride,
suggesting a mixing relationship with a common source is responsible for adding these
salts to groundwater.

Proportions of chloride/nitrate and chloride/sulfate in groundwater fall within a
Very narrow range, consistent with a single source whose chemical signature is similar to
septic drain field effluent. The spatial relationship between septic drain fields and
groundwater elevated in salts and nitrate also suggests that seplic effluent may be the

principal factor impairing groundwater quality in the LPRV.

Xiil
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On the order of 670 septic drain fields lie on or adjacent the municipal aquifer, the
vast majority of them situated above the aquifer's principal recharge areas, potentially
discharging more than 50 million gallons of septic effluent annually. Models were
created to evaluate the mixing relationships in the southern portion of the municipal
aquifer between septic effluent, background recharge water, and potential river leakage
from the Portneuf River. The models demonstrated that at concentrations of nitrate
typical of septic effluent (30-60 mg/1), the cumulative impact of septics could reproduce
the observed trends of increasing nitrate and chloride concentrations along the flowpath
of the aquifer.

Similar mixing models were also constructed for Mink Creek, a tributary drainage
whose principal potential source of ground water contamination is only septic effluent.
The Mink Creek models also verified that impacts from septic fields account for the
trends observed in groundwater.

This study represents the first systematic, quantitative evaluation of
contaminant sources in the LPRV aquifer that are responsible for observed major ion
trends. It provides the strongest evidence to date for the cumulative impact that septic
sewage is exerting on this aquifer, even where dilution by ground water flow is so
effective. With further refinement, the mixing models can be used as a management tool
to predict future water quality trends under various development scenarios involving

septic-based growth in the southern LPRV and evaluating emerging septic technologies.
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In presenting this thesis in partial fulfillment of the requirements for an advanced
degree at Idaho State University, I agree that the university library may make it freely
available for inspection to the public. I further state that permission for extensive
copying of this thesis for scholarly purpose may be granted by the Dean of Graduate
Studies and Research, Dean of Arts and Sciences, or by the University Librarian. It is
understood that any copying or publication of any portion of this thesis for financial g in
shall not be allowed without my written permission.
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Abstract

Inorganic groundwater chemistry was examined from more than 80 sites in a 40
km? portion of the southern lower Portneuf River valley (LPRV) in southeast Idaho.
Wells producing water from near the water table tend to have higher concentrations of
nitrate and salts, suggesting a near-surface anthropogenic source is responsible for
impairing groundwater quality. Proportions of chloride/nitrate and chloride/sulfate in
groundwater fall within a VEry narrow range, consistent with a single source whose
chemical signature is similar to septic drain field effluent.

On the order of 670 septic drain fields lie on or adjacent to this portion of the
aquifer, the vast majority of them situated above the aquifer’s principal recharge areas.
Statistically significant increases in nitrate and chloride were observed along a 12 km
length of the LPRV aquifer (the increase in sulfate concentration along the flow path was
not statistically significant). A five-compartment box mode] was used to evaluate the
mixing relationships between septic effluent, background recharge water, potential river
leakage, and aquifer throughflow to determine if septic effluent alone can account for the
observed concentration increases along the flow path.

The models demonstrated that at concentrations of nitrate typical of septic
effluent (30-60 mg/I) and the magnitude of fluxes calculated independently for the
aquifer water balance, the cumulative impact of septics could reproduce the observed
trend of increasing nitrate, chloride and sulfate concentrations along the flowpath of the
aquifer. These models also indicate that Portneuf River losses to groundwater are
insignificant.

Similar mixing models were also constructed for Mink Creek, a tributary drainage

Xi
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whose principal potential source of ground water contamination is only septic effluent.
The Mink Creek models also verified that impacts from septic fields account for the
trends observed in groundwater.

Septic effluent appears to be the principal factor impairing groundwater quality in
the LPRV. Other potential sources such as road salt, chemical fertilizers and animal

manure appear to have minor impacts on groundwater quality.

X1l
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Executive Summary

The Lower Portneuf River Valley (LPRY) aquifer supplies the entire water needs
to rural and urban residents of Pocatello and Chubbuck, Idaho. Several localized areas of
groundwater have been impacted by nitrate and salts such as sulfate, chloride, sodium,
and calcium, which are usually associated with non-point sources like septic leachate,
road salting, and runoff from agriculture and ranching operations.

Inorganic groundwater chemistry was examined from more than 80 sites ina 40
km’ portion of the southern lower Portneuf River valley in an attempt to identify the
source(s) of contamination. Water samples were collected during several sampling
events over a year-long period from June of 1993 through July 0f 1994. Many of these
locations were re-sampled in the summer of 2004 to evaluate changes in aquifer
chemistry that may be due to anthropogenic sources.

Wells producing water from near the water table tend to have higher
concentrations of nitrate and salts, suggesting a near-surface source is responsible for
impairing groundwater quality. At a vast majority of sample sites, all major ions in
groundwater, including nitrate, show strong positive correlations with chloride,
suggesting a mixing relationship with a common source is responsible for adding these
salts to groundwater.

Proportions of chloride/nitrate and chloride/sulfate in groundwater fall within a
very narrow range, consistent with a single source whose chemical signature is similar to
septic drain field effluent. The spatial relationship between septic drain fields and
groundwater elevated in salts and nitrate also suggests that septic effluent may be the

principal factor impairing groundwater quality in the LPRV.
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On the order of 670 septic drain fields lie on or adjacent the municipal aquifer, the
vast majority of them situated above the aquifer's principal recharge areas, potentially
discharging more than 50 million gallons of septic effluent annually. Models were
created to evaluate the mixing relationships in the southemn portion of the municipal
aquifer between septic effluent, background recharge water, and potential river leakage
from the Portneuf River. The models demonstrated that at concentrations of nitrate
typical of septic effluent (30-60 mg/l), the cumulative impact of septics could reproduce
the observed trends of increasing nitrate and chloride concentrations along the flowpath
of the aquifer.

Similar mixing models were also constructed for Mink Creek, a tributary drainage
whose principal potential source of ground water contamination is only septic effluent.
The Mink Creek models also verified that impacts from septic fields account for the
trends observed in groundwater.

This study represents the first systematic, quantitative evaluation of
contaminant sources in the LPRV aquifer that are responsible for observed major ion
trends. It provides the strongest evidence to date for the cumulative impact that septic
sewage is exerting on this aquifer, even where dilution by ground water flow is so
effective. With further refinement, the mixing models can be used as a management tool
to predict future water quality trends under various development scenarios involving

septic-based growth in the southem LPRYV and evaluating emerging septic technologies.

X1v
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Chapter 1: Introduction
1.1 Problem Statement

Groundwater is an important natural resource widely used for drinking, irrigation,
and industrial uses. Normally groundwater is of suitable quality for drinking unless it has
been impaired by various human activities in urban and agricultural environments.
Management and development of groundwater resources requires knowledge of the
quality and quantity of water in urban aquifers and the waters recharging those aquifers.

The Lower Portneuf River Valley (LPRV) aquifer supplies the entire water needs
to rural and urban residents of Pocatello and Chubbuck, Idaho. It is located in the lower
drainage basin of the Portneuf River, one of the major tributaries to the Snake River
watershed in southeastern Idaho (Figure 1-1). The LPRV aquifer system is comprised of
two very different subsystems: the northern aquifer system and the southern aquifer
system (Welhan et al., 1996) (Figure 1-3). Gravity surveys and lithology from well logs
indicate the northern aquifer is several thousand feet deep, and is hydraulically confined
by two or more aquitards (CH2MHill 1994c; Welhan et al., 1996; Reid, 1997). The
southern aquifer is a narrow, relatively thin strip aquifer consisting of very permeable,
coarse gravels, and characterized by high linear flow velocities. These two sub-systems
are separated by a prominent subsurface bedrock high in the vicinity of Red Hill.

This research focuses on the southern sub-system, hereafter referred to as the
southern aquifer. Previous research in the southern aquifer has focused on hydrologic
and water-balance models with only limited geochemical evaluation. The southern
aquifer is the main source of recharge to the northern aquifer so it is therefore vital to
understand mechanisms that may be influencing groundwater chemistry. Recognizing

how and where the aquifer’s water chemistry is influenced by natural recharge and
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contaminant fluxes will help facilitate proper resource management.

Groundwater quality in the LPRV has been degraded by a plume of
trichloroethylene (TCE) that extends along most of the southern aquifer and into the
northern aquifer (CH2MHill, 1994b). Several localized areas have also been impacted by
nitrate and salts such as sulfate, chloride, sodium, and calcium. Groundwater quality
issues such as the TCE plume are being addressed by local agencies; however, no
proactive programs have been implemented to locate sources or define the nature and
extent of the nitrate and salt impacts. Such contaminants are usually associated with non-
point sources like septic leachate, road salting, and runoff from agriculture and ranching
operations (Panno et al., 2002; Wilhelm et al., 1996).

Of particular concern is septic leachate as a source of nitrate contamination;
unincorporated areas with high spatial densities of households using septic systems have
the potential to impact groundwater quality. Portions of the southern aquifer and its
recharge areas in the Bannock Range and upper Portneuf watershed are overlain by
unincorporated areas where most households have septic systems and private wells.
While municipal wells are tested frequently for nitrate, there has been no broad
assessment of the potential impact of septic tanks on groundwater that serves the
unincorporated areas.

This thesis attempts to address this question and to identify the sources of
inorganic salts in the southern Pocatello aquifer by summarizing and evaluating the best
available information on the inorganic geochemistry of the southern aquifer and its
recharge sources.

The spatial distributions and temporal trends of certain inorganic chemical tracers

were assessed to determine natural recharge and contaminant fluxes. This provided a
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first order assessment of areas that are the most vulnerable to anthropogenic
contamination of groundwater. The data were also used to determine the relative
contributions of aquifer recharge by chemical mass balance models, the results of which
were also used to test an existing water balance model (Welhan et al., 1996).
1.2 Scope and Objectives

This study focuses primarily on the geochemistry of water in the southern aquifer
and the adjacent recharge areas of the system. Chemical constituents in groundwater that
were examined include calcium, magnesium, sodium, alkalinity, sulfate, chloride, and
nitrate. These constituents were used to characterize naturally occurring background
water chemistry, as well as impacts from anthropogenic sources like septic leachate, road
salting, and agricultural/animal waste leachate.

The southern aquifer was chosen because of its importance as a source of water
to the communities in the LPRV, and because this investigation can build upon and test
some of the assumptions and conclusions of previous investigations that have focused on
the southern aquifer.

This thesis research first began in 1993 as part of a hydrogeologic study of the
LPRYV aquifer. Groundwater and surface water samples were collected from the southern
aquifer and its recharge areas during several sampling events over a year-long period
from June of 1993 through July of 1994. These samples were used to characterize
groundwater chemistry and to develop a chemical mass balance model to determine the
relative contributions of each recharge component. Many of these locations were re-
sampled in the summer of 2004 to evaluate changes in aquifer chemistry over the
preceding decade that may be attributable to anthropogenic sources. The sampling

campaign in 2004 also included many new locations, and historical data from
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government agencies was incorporated to form a more complete picture of the spatial and

temporal trends observed in groundwater chemistry.

As defined in Welhan et al. (1996), the southern aquifer extends north from the
Portneuf Gap to Red Hill (Figure 1-3). This narrow strip aquifer is bounded on the east
by the Portneuf lava flow and on the west by the Proterozoic rocks and alluvial fan
deposits of the southern Bannock Range. Recharge to the southern aquifer is thought to
originate as underflow primarily from the southern Bannock Range watersheds (Mink
Creek, Gibson Jack, Johnny/ City/ Cusick Creeks) and from the upper Portneuf watershed
through the Portneuf Gap (Welhan et al., 1996) (Figure 1-4). The Portneuf River and an
alluvial aquifer east of the Portneuf Lava may also contribute to recharge but only as
minor components. For this investigation, I evaluated all of the available groundwater
and surface water inorganic chemistry that was available for the southern aquifer, the
southern Bannock Range watersheds, the Portneuf River, and the aquifer east of the
Portneuf lava flow. To determine the influence of groundwater underflow through the
Portneuf Gap from the upper Portneuf watershed, groundwater samples collected in the
area of the Portneuf River valley that extends from the Portneuf Gap to the City of Inkom
were also examined.

The specific objectives of this study were to:

1. Characterize the groundwater chemistry in the southern aquifer and its
tributary areas of recharge. Prior to 1993, the only water chemistry data available
in the southern aquifer was from five City of Pocatello municipal wells. Groundwater
samples collected in 1993 and 1994 for this study represented the first comprehensive

look at aquifer chemistry and its recharge systems.
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2. Analyze the spatial distribution and seasonal variations in groundwater
chemistry to characterize sources that affect groundwater quality. Water
sampling was conducted in four separate time periods from the summer of 1993
through the summer of 1994. This provided information on the relationship between
seasonal fluctuations in the southern aquifer chemistry and fluxes from recharge
sources. The data identified areas affected by contaminants and helped identify
potential sources, and how hydrologic and geologic conditions may affect
contaminant transport.

3. Conduct a water sampling event a decade later to evaluate temporal changes in
groundwater chemistry and to identify areas where land use (such as high
density of septic tanks) may be affecting groundwater quality. A fifth water
sampling event was conducted in the summer of 2004 at most of the previously
sampled locations as well as many new locations to determine the impacts of septic
effluent,

4. Apply a chemical mass balance model to evaluate the relative contributions of
chemically distinct recharge components to groundwater. The chemical mass
balance approach utilized chemical tracers in the components of aquifer recharge in
an attempt to determine their relative contributions to portions of the southern aquifer.
The mixing models incorporated fluxes of septic effluent that mix with natural
recharge fluxes to match the observed chemistry in the southern aquifer.

1.3 Location

The LPRYV is an elongate, northwest-trending valley located in Bannock County,
southeastern Idaho (Figure 1-1). It is bounded to the southwest by the Bannock Range

and to the northeast by the Pocatello Range. The valley opens to the north to merge with
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Figure 1-1: Location Map for the Lower Portneuf River Valiey. The southern
Pocatello aquifer is outlined with a dashed line.

the volcanic province of the eastern Snake River Plain (ESRP), and is separated from the
upper Portneuf Valley on its southern end by a narrow bedrock gorge, known as the
Portneuf Gap. The primary drainage in the valley is the Portneuf River which originates
from the Gem Valley and Marsh Creek watersheds of the upper Portneuf basin. The river
enters the LPRV through the Portneuf Gap and flows through the valley, entering
American Falls reservoir and the Snake River drainage a few miles northwest of

Pocatello.
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The valley floor is relatively flat and sits at approximately 4,500 feet above
mean sea level (amsl) with mountaijn ranges to the south rising abruptly to elevations
greater than 7,000 feet amsl. The climate is considered to be semi-arid with annual
precipitation varying from less than 15 inches in the lower valley to more than 30 inches
in the higher elevations of the Bannock Range (> 6,000 feet amsl). Most of the
precipitation falls in the form of winter snow with lesser amounts as spring and autumn
rains,

The Cities of Pocatello and Chubbuck form the major municipalities in the valley
and have a combined population of more than 60,000. Land use in the northern part of
the valley is primarily commercial and urban-residential. The southern portion of the
valley floor is dominated by rural-residential property with minor agricultural use.
Residential development has encroached onto many of the benches and tributary
drainages of the Bannock Range on the western flank of the valley. Most of the land in
the higher elevations of the Bannock Range is federal property maintained by the U.S.
Forest Service and Bureau of Land Management.

1.4 Geology
1.4.1 Structural and Topographic Development of the LPRV

The most recent geologic mapping for the Pocatello area was completed by Link
and Stanford (1999) and Rodgers and Othberg (1999). The most recent and
comprehensive study of the geologic evolution of the Pocatello Valley can be found in
Osier (2004), whose work formed the basis for the following geologic summary of the
study area.

The Bannock Range consists predominantly of Late Proterozoic Brigham Group

quartzite and younger Cambrian limestone, and the Pocatello Range consists almost
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entirely of the older Late Proterozoic Pocatello Formation: diamictite, argillite, shale, and
greenstone-metamorphosed basalt (Trimble, 1976; Link et al., 1987; Link and Stanford,
1999; Rodgers and Othberg, 1999; Osier, 2004). These formations were deposited in a
west facing, continental shelf-slope setting (Armstrong and Oriel, 1965) following late
Proterozoic continental rifting (Stewart, 1972). During the early Mesozoic, they were
thrust faulted eastward as a portion of the Paris-Putnam thrust sheet during the Sevier
Orogeny (Link et al., 1987; Kellogg, 1992). F ollowing compression, the region was
eroded and became an area of subdued topography during much of Cenozoic time
(Rodgers and Janecke, 1992; Osier, 2004).

Beginning in the Late Cenozoic, much of the western continental plate was
subjected to coeval uplift and east-west extension (Christiansen and McKee, 1978).
Extension created horst-graben and tilt-block/half-graben structures that resulted in the
development of the Basin and Range Province, an area typified by long, linear ranges
separated by broad, flat valleys (Stewart, 1998). As the horsts were typically faulted
along north-trending normal faults, the adjacent grabens (basins) that formed between
them accumulated detrital material from the rising horsts (Stewart, 1998). Extension in
the Pocatello Valley began approximately 7 to 10 million years ago along the basin’s
major range-bounding normal fault, the Fort Hall Canyon fault, to create a tilt block/half
graben structure (Figure 1-2). This fault strikes generally north-south, dips west 60°
beneath the valley floor and has an estimated 6 km of offset (Osier, 2004).

Several transverse east-west striking faults were also formed to accommodate
north-south extension (Osier, 2004). These include the Gibson Jack and City Creek
faults, which dip to the south, and the Trail Creek fault, which dips to the north (Osier,

2004). In addition, several smaller west-dipping normal faults have been recognized as
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Figure 1-2: East-west cross section through the southern portion of the Pocatello
valley (Rodgers and Othberg., 1999). Geologic units represented are: Zpb, Pocatello
Formation-Bannock Volcanic Member; Zpsd, Pocatello Formation-Scout Mountajn
Member; Zbe, Blackrock Canyon Limestone; Zcu, Caddy Canyon Quartzite; Zm,
Mutual Formation; CZc¢ Camelback Mountain Quartzite; Cg, Gibson Jack
Formation; Tsu, Starlight and Salt Lake Formations; Qao, older Pleistocene
alluvium of the Portneuf River; Qp, Basalt of the Portneuf; Qfp, Alluvial fan gravel;
Qbg, Bonneville flood deposits; Qal, Alluvium.
having splayed off the northern stretch of the Fort Hall Canyon fault. Osier (2004)
hypothesized that these splayed-faults may have accommodated the conflict in directions
of motion (transverse) that occurred between the basin’s major faults, to create an
intrabasinal bedrock-high in the area that is now Red Hill. This initially separated the
basin into two sub-basins, north and south.

These basins were filled with clastic sediments and rhyolitic tephra that make up a
portion of the Late Miocene upper member of the Starlight Formation. Rhyolitic ash fall
tuffs are thought to have originated from the ancestral Yellowstone hotspot just to the

north. The differences in sedimentary trends found in the basin fill sequence, with

fanglomerate to the north and lacustrine sediments to the south, suggest that basin filling
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occurred generally from north to south (Osier, 2004). This style of filling is inferred to
have occurred because as the basin was being rifted east-west along the Fort Hall Canyon
fault, it was subsequently being tilted southward away from the volcanic edifice forming
to the north in response to the migrating hotspot (Osier, 2004).

At the cessation of extensional faulting approximately 7 Ma ago, the Pocatello
basin had filled across its footwall and hanging wall, integrating southward drainage with
Marsh Valley to the east and Arbon Valley to the west (Osier, 2004). As the ESRP
subsided with the migration of the hotspot farther to the north and east, it created a
northward-dipping flexure of the bedrock. This initiated a reversal of the ancestral
Portneuf River’s drainage from southward to northward, and a long period of fluvial
degradation (Osier, 2004). With the superposition of the ancestral Portneuf River across
the basin’s footwall, the down cutting developed the Portneuf Gap and captured the
Marsh Valley drainage to the north and eventually Gem Valley drainage further east
(Osier, 2004). Capturing these drainages increased both the discharge capacity of the
river and the rate at which basin fill was exhumed, with more than 2,500 feet of basin-fill
eventually removed. The Mink Creek drainage at the southern end of the LPRV
remained protected against the erosive actions of the river, and contains the only
significant amount of pre-Pleistocene basin fill in the Pocatello Valley (Osier, 2004).

During the early to middle Pleistocene, the drainage dynamic in the valley
changed from one of northward cutting to southward backfilling. This reversal occurred
in response to changes in base level on the ESRP and climatically induced effects of
glacial to interglacial evolution. Base level changes on the ESRP were controlled by
lateral shifts of the Snake River's position, subsidence and uplift in response to the

hotspot migration, and impoundment of the Snake River from basalt flows to form
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pluvial lakes during glac}al times, causing aggradation in the valley by widespread
alluvial fan deposition along the valley’s relict hanging wall slope on the western flank
and the creation of piedmont slopes across the valley (Osier, 2004).

Eventually the valley drainage reversed once again from one of transverse
drainage and aggradation of alluvial fans to one of longitudinal through-flow of the
Portneuf River. This may have occurred in response to another change in base level on
the ESRP due to downcutting of the Snake River, decrease in sediment load available
from the already heavily eroded mountain ranges, and increase in drainage discharge
from ensuing glaciation. The effect was to incise the piedmont and pediment slopes and
to establish the Portneuf River’s now dominant fluvial regime. With the cessation of
erosion on pediment slopes, these paleo surfaces were buried by several differing loess
layers during the last 100,000 years (Osier, 2004).

Following the drainage reversal, two basalt flows originating from Gem Valley,
50 miles to the east, flowed down the Portneuf Valley to a point just south of Red Hill.
This Portneuf lava flow has been dated at 430 +/-70ka. The emplacement of the basalt
south of Red Hill restricted the Portneuf River to flow through a much narrower area,
between the basalt and the west benches, than before. North of Red Hill the Portneuf
could meander over a much wider area (Osier, 2004).

1.4.2 Aquifer Development

Municipal wells completed in the northern and southern aquifers derive water

from the ancestral American Falls Lake deposits and the Bonneville Flood deposits.
The American Falls Lake formed when the ancestral Snake River was dammed
by basalt flows (~ 72ka: Scott et al,, 1982), 15 miles west of the City of American Falls,

depositing thick sequences (> 500 feet) of lacustrine sediments north of Red Hill in the

11
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LPRV.

In late Pleistocene time (~14,500 ybp), pluvial lake Bonneville in northern Utah
overflowed at Red Rock Pass, 40 miles south of Pocatello (O’Conner, 1990). The
ensuing flood discharged ~1,500 cubic miles of water over several months’ time
(O’Connor, 1990, 1993). The event plucked the sides and scoured the Portneuf Basalt
and truncated alluvial fans along the western margins of the valley (Osier, 2004).
Waning flood waters deposited well-sorted coarse gravels and sands in much of the lower
Portneuf River valley. These Bonneville flood gravels have been designated as Michaud
gravels by Trimble (1976). South east of Red Hill, much of the valley fill west of the
basalt in the southern portion of the valley was scoured to depths of 200 feet (Reid, 1997)
(Figure 1-2). North of Red H ill, as the flood debouched onto a wider area and water
velocities rapidly decreased, large boulders were deposited on the valley floor (Osier,
2004).

In the northern part of the valley, Michaud gravels comprise a 40-60 foot thick
layer that overlies clay units deposited in the ancestral American Falls Lake. Osier
(2004) hypothesized that the American Falls Lake was not at full capacity and flood
gravels and boulders were deposited into a deeply eroded channel that had been incised
by the Portneuf River into the lake sediments.

The extensive gravel deposits from the flooding raised the local base level and
inhibited the erosive potential in the valley. The Holocene epoch has been marked by
minor deposition in the modern stream channels and upon the small alluvial fans at the

mouths of tributaries drainages that debouch onto the valley floor (Osier, 2004).
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1.5 Hydrogeology
1.5.1 Sources of Information

Several studies have been conducted in the LPRYV related to the hydrogeology of
the southern aquifer. Norvitch and Larson (1970) reported on a reconnaissance of the
water resources in the Portneuf River Basin. Kindel et al. (1991) and Brown & Caldwell
(1994) reported on the hydrogeology of Fort Hall Canyon, a tributary at the southern end
of the valley in which a landfill is situated. CH2MHill (1994b) performed an assessment
of the hydrogeology and TCE contamination in the southern aquifer. CH2MHill also
completed a test well drilling program for the City of Chubbuck in the northern aquifer
(CH2MHIll, 1994¢). Welhan (2001a) discussed groundwater interactions in a portion of
the southern aquifer referred to as the Highway Ponds, where pits excavated for gravel
expose the water table during times when groundwater elevations rise.

The most comprehensive source of information on the hydrogeology of the LPRV
can be found in Welhan and Meehan (1994) and Welhan et al. (1996). These
investigations summarized hydrogeologic information in the LPRYV, with considerable
focus on the southern aquifer, to create a conceptual model of the system and to design a
wellhead protection strategy for the municipal well field. Welhan et al. (1996)
incorporated a gravity survey later published in Reid (1997), which helped define the
base of the Bonneville gravels and depth to bedrock in the LPRYV.

1.5.2 Subsystems and the Southern Aquifer

The LPRYV aquifer can be geographically divided into three subsystems whose
borders reflect changes in subsurface geology (Figurel-3). Reid’s (1997) gravity survey
confirmed that a bedrock high does exist in the Red Hill area that separates the basin into

two sub basins (southern and northern aquifers). Sediments in the southern basin are

13

PWUAOQ03579



approximately 2,500 feet thick at its deepest points, whereas sediments in the northern
basin are at least 4,400 feet thick (Reid, 1997).

Wells in the northern basin are completed to depths of up to 500 feet in an aquifer
system comprised of multiple, confined silty gravel and sand units. This stratigraphy is
characterized by poorly-sorted sediments (silty clay-rich gravels and sands) and is in
sharp contrast to the southern aquifer, which is characterized by coarse, clean Bonneville
flood gravels. Wells that tap the southern aquifer gravels have very high water yields at
depths ranging from 100-150 feet. Wells in the northern aquifer are drilled deeper to

obtain adequate yields from the less permeable strata (Welhan et al., 1996).
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The major lithologic units in the southern aquifer are 1) bedrock that is
predominantly quartzite, shale, or argillite, predominantly of Proterozoic age; 2) Middle
to Late Tertiary indurated sediments and volcaniclastics of the Salt Lake Group and
unindurated silty gravels of Pleistocene age; and 3) coarse, clean Holocene gravel in the
uppermost part of the valley section, hereafter referred to as the Upper Gravels. These
Upper Gravels are considered to be the most prolitic water bearing unit in the southern
aquifer. Water yields from wells completed in indurated Tertiary sediments and bedrock
indicate that these units have hydraulic conductivities that are orders of magnitude lower

than the Upper Gravels (Welhan et al., 1996).
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The lateral boundaries of the southern aquifer are defined by low permeability
bedrock and indurated Tertiary sediments to the west, and by low permeability clay-rich
Tertiary sediments beneath the Portneuf basalt to the east. The base of the southern
aquifer is defined by the top of the Tertiary section (Reid, 1997). Gravity surveys and
well logs indicate the top of the Tertiary unit varies considerably at depths from less than
70 feet to more than 250 feet below ground surface. It is assumed that the thickness of the
Upper Gravels also varies considerably. Reid (1997) also suggested that the Tertiary
units and bedrock high in the Red Hill area may have been channelized and incised by

either the Bonneville Flood or the ancestral Portneuf River.
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The Upper Gravels can be grouped into two principal units that represent a
composite of Bonneville Flood depositional environments: an upper sandy gravel and a
coarse, clean gravel (Welhan et al., 1996). The coarse, clean, well-sorted gravels were
most likely deposited as a homogenous unit at or soon after peak Bonneville Flood stage.
This unit comprises more than half of the upper gravels in the southern aquifer and
represents the unit that can be most closely correlated with the Trimble’s (1976) Michaud
gravels to the north. The top sandy-gravel unit shows variable vertical stratification of
gravel, sands, and fines. This stratified material may have been deposited in the
recessional stages of the flood or during post-flood fluvial deposition and reworking. In
the southern valley, Portneuf River flooding events have capped these Upper Gravels
with a 5 to 20 foot layer of silt. On the western margin of the valley, the Upper Gravels
interfinger with alluvial fan deposits, which slumped into the valley after being truncated
by the Bonneville F lood, or aggraded over time in contemporaneous deposition with the
Upper Gravels (Welhan et al., 1996).

The mean hydrautic conductivity (K) estimated from specific capacity and pump
tests of wells in the southern aquifer is 2400 fi/d, with a range of 200-8200 fi/day
(Welhan et al., 1996; CH2MHil 1994b). The overall hydraulic gradient along the axis of
the valley is of the order of 0.0015, but varies significantly in places. In the vicinity of
the bedrock high near Red Hill, the gradient appears to increase abruptly as groundwater
moves through this constriction in the aquifer. At an effective porosity of 0.3, measured
from grab samples of gravels from the Highway Ponds borrow pits, linear groundwater
flow velocity is estimated to be of the order of 5-25 ft/day (Welhan et al., 1996).
CH2MHIll (1994b) determined comparable linear flow velocities ranging from 3.4 to

16.2 ft/day.
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Wﬁmmssibly due to moderate vertical/horizontal anisotropy (of the order of

.001; Welhan et al., 1996) due to stratification of facies in the top of the Upper Gravel

unit. A pump test performed on municipal well 36 showed an instantaneous response in
observation wells 2500 fi away, which is more characteristic of confined conditions.
Fluctuations of water levels in municipal wells 13, 28, and 36 in response to barometric
pressure variations also suggests the possibility of partjal confining conditions.

1.5.3 Water Balance
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conditions, respectively. The normalized average during this time period was therefore

considered to be a good approximation of the water balance for long-term, average

conditions.
Groundwater levels meaSired i1 1995 and 1994 suggested that underflow from

the Bannock Range may be more significant than underflow through the Portneuf Gap.
In autumn of 1993 through spring of 1994, water levels measured in the aquifer
upgradient of Mink Creek and Squth of the gap were in a decline while water in the
aquifer downgradient of Mink Creek stayed at a steady state. Water levels in the aquifer

downgradient of Mink Creek did not begin to decline until late summer, which seemed to
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Figure 1-4: Sources of recharge to the southern Pocatello aquifer. Sources include
underflow from the upper Portneuf Valley through the Portneuf Gap, Portneuf
River seepage losses, underflow from the Bannock Range watersheds, and
underflow from the eastern aquifer.

correspond to a drop in groundwater levels in the Mink Creek watershed one month
earlier. This suggests that groundwater recharge from the Bannock Range watersheds

was responsible for maintaining aquifer storage at near steady state through early summer

in 1994 (Welhan et al., 1996).
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Norvitch and Larson (1970) measured the river’s base flow discharge in 1968 just
west of the Portneuf Gap (247 cf5) and in downtown Pocatello (252 cfs). The 5 cfs gain
over this reach of the river can be attributed to Bannock Range tributary contributions,
and does not indicate significant river loss. Considering that the Portneuf’s mean annual
discharges for the years 1993 and 1994 were comparable to the measurements Norvitch
and Larson measured in December 1968, Welhan et al. (1996) inferred that river loss was
not a significant component of recharge in the 1993-94 water balance. These conclusions
were corroborated by pump tests that indicated there is limited hydraulic influence on the
Upper Gravels when the river is at or near base flow (CH2MHill, 1994b). However,
during periods of high river discharge, river losses may be significant (Norvitch and
Larson, 1970).

The terms in the water balance equation were calculated from direct
measurements and from physical constraints imposed by the geometry of the aquifer.
The water balance equation is:

AS=Qg+Qb+Qe+Qr-Qo-Qp
The change in aquifer storage (AS) was determined from water level measurements.
Production records from city wells provided information for pumping withdrawals (Qp).

Estimates of Portneuf Gap underflow (Qg) and southern aquifer outflow at Red Hill (Qo)
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were made from cross-sectional aquifer geometry, hydraulic conductivity, and hydraulic
gradient. As stated above, river losses (Qr) were considered negligible, leaving Bannock
Range inflow plus eastern aquifer inflow (Qb + Qe) as a residual unknown term. A direct
input from precipitation was not considered to be significant since annual potential
evapotranspiration is much higher than annual precipitation on the valley.

Southern aquifer outflow was determined at a point just south of Red Hill where
the cross sectional area is well defined from well logs and gravity modeling. Applying
the measured hydraulic gradient to transmissivity estimates derived from pump tests, the
annual average outflow (Qo) in 1993-94 was approximately 5.3 billion gallons (Bgal). A
similar method was applied to determine inflow through the cross sectional area of the
Gap, producing an annual average inflow (Qg) of 1.06 Bgal. After accounting for annual
pumpage (Qp = 1.26 Bgal) and storage changes (AS = -0.34 Bgal), the residual
component, namely annual inflow from the Bannock Range and east aquifer (Qb+Qe)
was calculated to be 6.1 Bgal (Welhan et al,, 1996).

Welhan et al. (1996) surmised that the eastern aquifer’s contribution (Qe) was
considerably less than the Bannock Range (Qb). Groundwater in the eastern aquifer is
highly elevated in salts, specifically nitrate, sulfate, and chloride (see section 1.6). A
preliminary chemical mass balance evaluation for the aquifer indicated that contributions
from the eastern aquifer were less than 10% of the Bannock Range (Welhan et al., 1996).
Based on this, the Bannock Range’s annual contribution was estimated to be greater than
90% of the water balance residual (5.5 Bgal), and the eastern aquifer’s, less than 0.55
Bgal (Welhan et al., 1996).

These water balance calculations indicate that the southern aquifer is heavily

dependent on recharge from the Bannock range during winter and spring to replenish
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storage lost during peak pumping periods, and that pumping has a significant impact on
the aquifer, especially during drought periods (as documented in 1994). As previously
stated, the southern aquifer is thought to be the primary source of recharge to the northern
aquifer. Total municipal pumpage from the northern and southern aquifer was 8.3 Bgal
during the 510 day period of the water balance budget. Total calculated recharge to the
system for the same time was 10 Bgal, indicating that some 85% of available recharge
was withdrawn and consumed through pumping (Welhan et al., 1996). This excludes
private and commercial withdrawals.

Welhan (2001b) updated the water balance model for the entire LPRV (northern
and southern aquifers) using the 1993-94 water balance results in combination with
precipitation/evapotranspiration accounting to estimate potential recharge from other
important tributary drainages, namely Pocatello Creek, to the northern aquifer. Modeling
indicated that annual average inflow from Pocatello creek was no more than 0.4 Bgal,
and that the southern Bannock Range was the predominant recharge source area,
contributing an estimated 7.5 Bgal annually. Pumping withdrawals by the Cities of
Pocatello and Chubbuck accounted for 80-85% of this recharge, leaving approximately a
1.1to 1.5 Bgal annual capacity in normal water years. However, pumping withdrawals
from domestic, industrial, and irrigation wells may account for more than 1.2 Bgal/yr
(BBC Research and Consulting, 2001), suggesting that groundwater use in the aquifer
may be near full capacity, possibly exceeding capacity during dry years.

Appendix C contains data and calculations used in this study to update the water
balance model for the period from June 1994 through October 2003. These updated
models show that the pumping withdrawals in the southern aquifer are in a delicate

balance with aquifer recharge potential, and are currently depleting water from the
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aquifer due to drought conditions in the past seven years.

Based on current growth projections, water demand in the LPRV could be more
than 9 billion gallons annually by the year 2020, exceeding the estimated 7.5 billion
gallon capacity for recharge (BBC Research and Consulting, 2001).

1.6 Water Quality

Information related to groundwater quality in the LPRV can be found in many of
the investigative reports referred to in section 1.5.2 (Kindel et al., 1991; Brown &
Caldwell, 1994; CH2MHill, 1994b; Welhan et al., 1996; and Welhan; 2001a). The Idaho
Department of Environmental Quality (IDEQ) characterized the groundwater quality and
the impact of nitrate in the eastern aquifer (Winter et al,, 1994), and a report by the USGS
describing concentration trends of nitrate in some of Idaho’s Groundwater-Quality
Management areas includes some discussion of the Pocatello area (Parliman, 2002).
Chen (2001) defined the hydrogeochemistry of the Portneuf River in the LPRV for part
of 1999 and 2000.

Welhan et al. (1996) summarized information on temporal and spatial trends of
inorganic constituents in the southern and northern aquifer systems and suggested
possible sources of the observed salt contamination trends, and BBC Research and
Consulting (2001) estimated future economic impacts of aquifer protection strategies for
the LPRV in relation to projected growth.

As of 1996 much of the aquifer had shown little or no trends in dissolved salt
concentrations. Historical records from municipal wells 33, 16, 12, and 10 in the
southern and central portions of the aquifer suggested that impact from salts was minimal
(Figure 1-5). One single deep well completed in a deep confined gravel unit in the

northern aquifer (Well 18) also showed no increase over time, suggesting that the deep
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Figure 1-5: Temporal trends in chloride concentrations in Pocatello municipal
production wells as presented in Welhan et al.,, 1996.
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Figure 1-6: Correlation of major jonic constituents in municipal well water based on
1994 data as presented in Welhan et al., 1996.
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aquifers were not impacted (Welhan et al., 1996).

In those areas where salt concentrations had increased, coupled proportions of Cl
and SO4 were consistently observed, indicating their enrichment may be from a common
source (Figurel-6). One area displaying salt impacts in the shallow system (in municipal
wells 22 and 26) was in the northern aquifer downgradient of Pocatello Creek. Temporal
trends indicated that salt concentrations in municipal wells had gradually increased since
about 1970 (Figure 1-5). The coupled increases of Cl, SOy, Na, Ca, Mg, and NO;-N
suggest that septic leachate may be responsible. Alternatives include combined sources
of dissolved salt from road salting, and nitrate and other salts derived from
agricultural/animal waste sources. A landfill located in the Pocatello Creek drainage was
ruled out on the basis of a site-specific groundwater investigation (CH2MHill, 1994a),

The second area where substantial salt impacts have been observed is in the
southern aquifer adjacent to the northern terminus of the Portneuf lava flow in the
vicinity of municipal wells 2, 3, and 28. These wells have shown chronic elevated levels
of nitrate and other salts, most likely due to capture of contaminated groundwater from
the eastern aquifer. The eastern aquifer is known to be heavi ly contaminated with these
constituents and has been designated as a nitrate priority area (Winter et al., 1994). A
study to determine the source of nitrate in the eastern aquifer showed that there was a
strong correlation between nitrate and chloride, and concluded that the source of
contamination was local septic tanks (Winter et al., 1994). Municipal well 15, which is
located in the eastern aquifer, was abandoned shortly after it was installed, due to nitrate
contamination.

The southern aquifer has also been impacted by trichloroethylene (TCE)

contamination, which was first detected in several municipal wells in 1991 (CH2MHill,
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1994b). The source of the TCE is generally believed to originate from the old Fort Hall
Canyon landfill (Figure 1-7). An elongated plume of TCE extends along the western
boundary of the southern aquifer, and terminates in the southern portion of the northern
aquifer. A total of nine municipal wells have been impacted by the plume, with one well
requiring closure due to exceedence of EPA’s drinking water standards.

Of particular interest is how the geometry of the plume, acting as a tracer, may
reflect hydrodynamic controls on contaminant dispersion. The TCE plume is very
elongated and narrow and hugs the western boundary of the southern aquifer for most of
its length. Due to the high linear velocities in the aquifer, longitudinal dispersion should
be significantly greater than lateral dispersion (Welhan and Meehan, 1994; Welhan et al.,
1996). Notably the TCE plume begins to migrate away from the western margin of the
aquifer in the Red Hill area (Figure 1-7), to follow the central axis of the valley. One
possibility for this change in direction is that the plume is following channelized features
cut into the paleo-valley by the ancestral Portneuf River and/or by the Bonneville Flood
(Welhan, pers. comm., 2004). In his gravity survey, Reid (1997) hypothesized that a
channel may have been cut through the bedrock high in the Red Hill area, very close to
the location where the plume begins diverging from the western margin of the valley.
Alternatively, the plume may be responding to hydraulic sinks created by pumping
withdrawals in municipal wells 12, 16, and 30.

1.7 Management Issues

The economic implications of additional measures to protect groundwater in the
LPRV were outlined in a recent study (BBC Research and Consulting, 2001). One of the
primary recommendations was to begin managing storm water runoff and septic leachate

impacts, The City of Pocatello and Bannock County have made efforts to address water
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Figure 1-7: Plume of TCE contamination in the southern and northern Pocatello
aquifer. The plume most like originates from the Fort Hall Canyon landfill at the
southern end of the valley. * Locates the point where the TCE plume begins to
migrate away from the western margin of the aquifer possibly due to channelized
features cut into the paleo-valley.

quality issues such as TCE, but, proactive programs have not been implemented to
address the impact of other contaminants like nitrate and salts from non-point sources
such as septic leachate, road salting, stormwater runoff, and runoff from agriculture and
ranching operations

Nearly 90% of homes in unincorporated areas of the LPRV use septic systems.

The 1990 census indicated that approximately 1,600 homes on septic overlie the aquifer
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and its recharge zones; this grew to 2,000 homes by the year 2000. At this rate of
growth, another 1000 households could be on septic by the year 2020 with the potential
to affect groundwater quality.

The maximum contaminant level (MCL) allowed in drinking water by the U.S.
Environmental Protection Agency is 10 mg/] of nitrate-nitrogen (NOs-N). Human health
risks associated with nitrate levels above 10 mg/l include methemoglobinemia in infants
(blue baby syndrome), non-Hodgkin’s lymphoma, gastric cancer, thyroid disorder,
hypertension, and birth defects (West, 2001).

Portions of the southern aquifer, and more particularly some of the major recharge
areas in the Bannock Range and south of the Portneuf Gap, are unincorporated areas
where many households have septic systems. Most of these households also have their
Own water supply well or are connected to a local community well. To date, there has
been no systematic assessment of the potential impact of septic tanks on groundwater in

the LPRV.

27

PWUA003593



Chapter 2: Methodology

2.1 Selection of Historical Data

Historical groundwater chemistry data was available from several local and state
government agencies. The City of Pocatello provided chemical analyses from municipal
supply wells dating back to 1952, though only analyses later than 1970 were considered
sufficiently reliable. The city also provided information on monitor wells sampled in
1996 as part of a sewer extension study (Montgomery Watson, 1996).

Water analyses for local community wells and the City of Inkom’s municipal
wells were obtained from IDEQ. The Idaho Department of Water Resources (IDWR)
supplied water quality data for domestic wells in the Portneuf River Valley sampled from
1990 to 2003. Water analyses from monitoring wells and domestic wells in the vicinity
of the Fort Hall Canyon landfill were provided by Bannock County.

Several data quality problems associated with the municipal well analyses
provided by the City of Pocatello were discovered in this study. Some years (1966-1976)
appeared to have elevated levels of nitrate, but the analytical reports for those years
indicated that nitrate had not been reported as nitrate-N (NOs-N), as it had been for other
years. Other problems included sampling dates that didn’t match dates on city reports,
and some constituents that had exceedingly high or low concentrations, possibly due to
decimal errors. Analytical results and sampling dates that could not be verified by the
reported values on the laboratory analytical reports were omitted from the data set.

The inorganic water chemistry data collected from the agencies outlined above
were incorporated into a single data set (provided as Appendix A and in digital format on

the accompanying CD-ROM). Geographically, well locations in the data set extend from
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the upper LPRV a few miles south of the City of Inkom, to parts of the northern Pocatello
aquifer system. Water analyses from wells and streams in drainages of Mink Creek,
Gibson Jack Creek, Johnny Creek, Cusick Creek and City Creek are also included in the
data set.

2.2 Selection of Sample Locations

2.2.1 1993-1994 Sampling

The selection of sampling locations for the samples collected in 1993 and 1994
were based on meeting three of the study’s objectives: I) characterizing groundwater
chemistry in the southern Pocatello aquifer, 2) identifying chemistry of various
components recharging the aquifer, and 3) defining spatial and seasonal changes in
chemistry.

Four sampling events over a one-year interval were performed in June-July, 1993,
December, 1993, March-May, 1994, and July-August, 1994. Seventeen wells were
sampled from the main aquifer in the first sampling event. By the summer of 1994 the
number of sampling locations in the main aquifer had grown to 75. Most of these
groundwater samples were from domestic wells but included eight municipal wells and
ten monitor wells (Figure 2-1). Surface water samples were also collected from the
“Highway Ponds”, where pits excavated for gravel periodically expose the water table
(Welhan, 2001).

To characterize the chemistry of recharging groundwater, water samples were
collected from the east aquifer (three locations), south of the Portneuf Gap (three
locations), West Bench tributaries of the Bannock Range (28 locations) and the Portneuf

River (1 location) (Figure 2-1). Water samples collected from the West Bench drainage
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Figure 2-1: Locations of water samples collected in 1993 and 1994. The boundary of
the southern Pocatello aquifer is outlined with a dotted line. The locations of
surface water samples collected at the Highway Ponds are also shown.
basins included surface water samples from each tributary stream.
2.2.2 2004 Sampling

In the summer of 2004, another suite of water samples was collected to determine
changes in groundwater chemistry since 1994 and to evaluate water quality in areas
where high densities of septic tanks may impact groundwater quality. Forty of the main
aquifer wells sampled in 1994 were re-sampled in 2004. Declining water levels in the
main aquifer since 2000 left many wells inoperable, which precluded them from being

resampled. An additional 22 wells in the main aquifer were sampled in 2004 that had not

been previously sampled (Figure 2-2). More than 80% of the locations that had been
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Figure 2-2: Locations of water sam ples collected in 2004. Notice that there are
many more samples collected in Mink Creek drainage as compared to the 1993-1994
sampling period.

used to define the chemistry of recharge components in 1994 were re-sampled.
Figure 2-3 shows the inferred locations of septic tanks in the LPRV as obtained fiom
IDEQ (Byrd, M., written comm., 2004).

The methodology for determining septic locations was based on Bannock County
parcel and address data bases and city sewer information. Where an address was
associated with a county land parcel, it was assumed that there was a residence on that
plot. Ifthe residence was outside of an area serviced by sewer, or the residence was more
than 200 feet from a municipal sewer line, it was assumed that the residence relied on
septic disposal. Although the accuracy of this assessment has not been quantified, the

IDEQ map is the best and most representative depiction of residential septic use that is
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Figure 2-3: Inferred locations of septic tanks in the lower Portneuf River valley.
Septic location data was obtained from IDEQ and the Idaho Geological Survey.
Areas of high septic density in the Johnny Creek subdivision, Wild Horse Divide
subdivision, Mink Creek residential area, and the residential area that overlies the
east aquifer are identified.

currently available. IDEQ is planning a quality control check to determine the accuracy
of this information.

Figure 2-3 depicts several areas of high septic density in the LPRV, most
notably in the east aquifer, the Johnny Creek subdivision, and in the Mink Creek and
Gibson Jack drainages. Groundwater quality in the east aquifer has been previously
studied by IDEQ and was determined to be heavily impacted by septic effluent (Winter et
al,, 1994). This study focused on evaluating septic impacts in the West Bench drainages,

due to their importance as major recharge pathways to the southern aquifer. Most
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residences in the Mink Creek and Gibson Jack areas rely on localized residential and
community well service that may be impacted by septic effluent.

An additional 32 locations in Mink Creek and three in Gibson Jack (Wild Horse
Divide subdivision) that had not been sampled during the 1993-1994 study were sampled
in 2004. Only three domestic wells and two monitor wells were sampled in the Johnny
Creek subdivision because it is served by the municipal water system.

2.3 Sampling Methods

All water samples were collected, transported, and stored in I-liter polyethylene
plastic bottles. Samples from domestic wells were collected from spigots closest to the
wellhead to ensure that the sample had not passed through a water softener. Wells were
purged for 5 to 15 minutes and measurements of temperature, specific conductance, and
PH were monitored during each purge. A sample was collected when these constituents
stabilized.

Samples collected from monitor wells were collected with a 2.5-foot long
stainless steel “thief sampler” that was lowered to the middle of the screened interval in
each monitor well. A weighted messenger was then sent down the well to activate the
spring loaded mechanism on the sampler, capturing a 1-liter sample at that depth. The
thief sampler was decontaminated with de-ionized water after each use.

Surface water samples were collected directly into 1-liter polyethylene plastic
bottles.

All samples were stored in ice coolers and refrigerated until analyzed.

2.4 Laboratory Methods and Quality Control

Samples collected in 1993-1994 were analyzed for calcium (Ca), magnesium
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(Mg), sodium (Na), potassium (K), sulfate (SO,), chloride (CI), nitrate-N (NO3-N), silica
(81), total alkalinity (HCO3), and total hardness (CaC03). Total alkalinity and NO3-N
analyses were performed within 24 hours of sampling and prior to filtration. Total
alkalinity was obtained by titration with standardized acid. NO;-N was analyzed on
unfiltered samples using a HACH DR/2000 spectrophotometer (HACH method 8039;
HACH, 1991).

After filtering samples through a 0.45 micron filter, a HACH DR/2000
spectrophotometer was used to analyze sulfate (HACH method 8051), chloride (HACH
method 8113), and silica (HACH method 8189). Total hardness and calcium (calcium
hardness) were analyzed by EDTA titration (HACH, 1988; HACH method 8226).
Magnesium was calculated by subtracting calcium’s contribution to total hardness.

Sodium and potassium were analyzed at the Idaho Sate University geochemistry
laboratory using flame atomic absorption spectroscopy.

Samples collected in 2004 were analyzed for Cl, SO4, and NO;-N using the same
procedures as described above. A split set of 46 samples was sent to Intermountain
Analytical Services Inc. (IAS) in Pocatello, 1daho, for analysis of CI, S04, NOs-N, Ca,
and total hardness (as CaCO3).

Multiple analyses were performed to check the precision of the HACH
spectrophotometer and the EDTA titration methods. HACH standards were used for SO,
(50 ppm), C1 (50 ppm) and NO3-N (2 and 10 ppm). No standards were available for Si,
Ca, Mg, or Alkalinity so laboratory tap water was used. Table 2-1 shows the analytical
precision for each analyte as the relative standard deviation (equivalent to a 68%

confidence level). The standard deviations for SO4, NOs-N, and Si were all less than I
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Table 2-1: Analytical precision of HACH analyses for samples collected in 1993-

1994 and 2004. Multiple analyses were performed on standards and tap water

(Tap*) to identify the precision of the HACH spectrophotometer and EDTA
_titration methods. All results are represented as ppm (mg/l).

Alk.
S04 CI  NOsN NO+N S Ca Mg (HCO3)

1993-1994 Data Precision
Standard 50ppm  50ppm 2ppm 10ppm  Tap* Tap* Tap* Tap*

Median 49 47.8 2.1 10.7 23.8 77.9 33.9 343

Std Dev.  0.57 2.99 0.14 0.18 0.84 6.32 4.02 6.48
2004 Data Precision

Standard 50ppm  SOppm 2 ppm 10 ppm

Median 51.0 51 2.1 10.7

Std Dev. 0.92 3.02 0.11 0.99

Table 2-2: Analytical precision as a function of sample dilution.
Sample Conc. (ppm) CI<100 Cl100t0250 Cl> 250 SO4<70 SO4>70

1993-1994 Std. Dev. 2.99 7.45 29.9 .57 2.9
2004 Std. Dev. 3.02 7.55 30.2 0.92 4.6

mg/l, and for Cl, Ca, Mg, and total alkalinity (HCO3), ranged from 3 — 6.5 mg/l.

In some cases, dilution with deionized water was necessary to bring a sample to
within the absorption limits of the spectrophotometer. When this became necessary,
several analyses were made at varying dilution ratios and the deionized water itself was
tested to ensure integrity. Table 2-2 shows the standard deviations for Cl and SO,
determined from multiple dilutions, over the range of sample concentrations.

Two different test statistics were used to determine whether analytical results of
duplicate samples sent to the 1AS laboratory in 2004 were statistically equivalent to
results from the HACH spectrophotometer.

A paired Student’s t-test was performed between the 46 pairs of HACH and 1AS
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measurements for Cl, SO, and NO;-N. At the 95% confidence level, the duplicate sets of
analyses for Cl, SO, and NOs-N all passed the t-test, indicating that HACH and 1AS
analytical accuracies are comparable.

The duplicate lab analyses were also compared using the Z-statistic as defined by
Williams (1997). When the analytical standard deviations are known, it is possible to
determine, at a specified confidence level, whether the results of a replicate pair of

analyses are statistically equivalent. The Z-statistic is defined as:

Px-y]

Z=—xt_ J 1
VSX)? +(Sp)h) W

where

X is the result of the HACH analysis, in ppm

y is the result of the IAS laboratory analysis, in ppm
Sx is the standard deviation of x

Sy is the standard deviation of y.

The standard deviations for the HACH analyses were taken from Tables 2-1 and
2-2. Standard deviations for 1AS lab analyses were approximately 5% of the reported
concentration of each analysis (Ryan Pattie, personal comm., 2005)

The analytical results of replicate samples can be considered statistically
equivalent at the 95-percent confidence level if the Z-statistic is less than or equal to 1.96.
Calculated Z-values for the 46 duplicate lab analyses indicated that only three chloride,
three sulfate and nine nitrate-N sample pairs failed the comparability test at the 95%
level. Comparability tests at the 99-percent confidence level (Z-statistic < 2.575),
indicated no chioride, one sulfate and five nitrate-N samples pairs failed.

Figures 2-4 (a) (b) and (c) compare the paired of HACH and 1AS lab analyses for

Cl, SO4 and NO3-N. The paired T-test and Z-value comparisons indicate that the
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Figures 2-4 (a) (b) and (c): Sample pairs of the HACH analyses and IAS lab analyses
for Cl, SO, and NOs-N. The solid line represents a 1:1 graphic ratio. Larger open
squares (_/) represent samples pairs with Z-values greater than 1.69. Error bars are
displayed for sulfate and chloride for the standard deviations due to dilution affects
as shown in Table 2-2,
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duplicate laboratory analyses can be said to be statistically equivalent to the HACH
analyses with a high level of confidence.
2.5 Chemical Mass Balance Modeling

Welhan et al. (1996) developed a water balance model for the southern Pocatelio
aquifer based on the physical hydrogeologic constraints of the aquifer (see section 1.5 3).
In this study a chemical mass balance approach was used to determine the relative
contribution of multiple recharge components to the southern aquifer. The following
assumptions were made:

* The chemical tracers are conservative (no chemical reactions).

All the recharge components have significantly different concentrations of at least
one tracer.

¢ Tracer concentrations are temporally constant or their variations are known.

¢ Other, unknown recharge components do not contribute significantly to the
chemical mass balance.

* There must be complete mixing of all recharge components in the aquifer.

A chemical mass balance equation representing the relative contributions of

components can be written as:
Cafa + beb + Ccfc = Caquifer 2)

Where C is the tracer concentration in recharge components a, b, ¢, and the

aquifer, and f is the recharge fraction of each component such that:

fa+fb+fc=] 3)
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The inorganic chemical tracers that were considered most conservative and have
the best data coverage are Cl, NO3-N, and SO,. NO;-N was assumed to behave
conservatively because all groundwaters in this system are believed to be oxidizing and
chemical or microbial nitrogen transformations are considered negligible for the short
residence time of water and nitrate in the southern aquifer.

2.6 Mixing Cell Models

Mixing models were created using spreadsheet software to determine how well
the fluxes of septic effluent and naturally recharging groundwater account for observed
concentrations of chemical tracers in the southern aquifer. Cl, SO4, and NO3-N were
used for this evaluation due to their conservative nature in groundwater, and because they
are common contaminants associated with septic effluent.

Analyses of water samples collected in 2004 were used to characterize the
concentration of tracers in the southern aquifer. Linear regression analysis was used to
evaluate if there was an observed trend of tracer concentrations along the groundwater
flow path from the Portneuf Gap to Red Hill. Regression analyses were performed with
StatMost® statistical software. A Student’s t-test was applied to evaluate the statistical
significance of the linear regression coefficient at the 95% confidence level.

The southern aquifer was split into five “cells”, M1 through MS5 (Figure 2-5).
The boundaries partitioning each cell were drawn to separate areas potentially impacted
by major influxes from adjacent tributary drainages (i.e. Mink Creek, Gibson Jack Creek)
and to reflect high septic densities in the West Bench area (i.e. Johnny Creek
subdivision). The water balance results of Welhan et al. (1996) (see section 1.5.3) were

used to constrain the magnitude of groundwater recharge through the five mixing cells.
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Figure 2-5: Boundaries of cells used for septic mixing models. The boundaries
partitioning each cell were drawn to separate areas potentially impacted by major
influxes from tributary drainages (i.e. Mink Creek, Gibson Jack Creek) and high
septic densities in the west bench area (i.e. Johnny Creek subdivision).

Progressively more complex models were constructed in three stages starting with
the simplest mixing scenario. The first model assessed the mixing of septic effluent and
main aquifer water. The second modcling approach incorporated an influx of West
Bench recharge water in addition to septic effluent contribution. The third modeling
scenario considered the impact of recharge from the Portneuf River in addition to the

West Bench. Figure 2-6 shows a flow diagram for the third modeling scenario.
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Figure 2-6: Flow diagram of third modeling scenario for septic mixing models.
This scenario considers the impact of recharge from the Portneuf River in addition
to the West Bench.
2.7 Variogram Methods

Variogram analysis is a statistical technique that characterizes the variability of
data values as a function of intersample distance. Samples collected close together tend to
show less variability than samples collected farther apart. The term autocorrelation
describes this correlation of a single variable with itself in space. A measure of the
spatial autocorrelation as a function of distance and direction can be inferred via a
semivariogram plot.

Semivariogram plots were constructed using Variowin® statistical software. The

semivariogram statistic is defined as:

_ z (Vi = Vo)’
y(r)= By )

where N, is number of pairs of samples separated by a distance h. V(x) and V(x+h)

represent a pair of data values at a separation distance, h. When the semivariogram
statistic at a separation, h, is independent of direction, y(h) defines the omnidirectional

semivariogram. Figure 2-7 depicts the general form of the semivariogram plot,
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Figure 2-7: General form of a semivariogram for a spatially autocorrelated

variable,

Variogram shape is characterized by model type; its range, nugget, and sill; and
the presence or absence of drift (Isaaks and Srivistava, 1989; Long et al., 1997). The
model type is the mathematical function that describes the shape of the variogram. Two
of the most commonly used functions are the spherical and exponential models. The
nugget indicates the amount of uncorrelated variation at the smallest separation. This
variation may be intrinsic to the data or may reflect sampling error. The range is the
distance over which the variable is autocorrelated. Beyond this distance, the variogram
ceases to increase; the sill is equivalent to the sample population variance (Tsaaks and
Srivistava, 1989; Long et al., 1997).

Autocorrelation statistics may be calculated with several estimators, including the
semivariogram, covariance and correlogram statistics in order to best infer the nature of

the autocorrelation. Further information regarding these measures of statistical

42

PWUAO003608



variability may be found in Isaaks and Srivistava (1989).
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Chapter 3: 1993 — 1994 Water Quality Results

3.1 Major Ton Chemical Composition

Analytical results of water samples collected in 1993 and 1994 identified by their
Location IDs in this chapter can be found in Appendix B. Figure 3-1 shows locations for
samples collected in 1993 and 1994, with certain sites referred to in this chapter
identified by their Location ID. Seventy five wells were sampled in the southemn aquifer,
including eight municipal wells. To characterize the chemistry of recharging
groundwater, water samples were collected from the east aquifer (three locations), south
of the Portmeuf Gap (three locations), West Bench tributaries of the Bannock Range (28
locations) and the Portneuf River (1 location).

Figure 3-2 is a Piper (trilinear) plot showing the composition of major ions in
water samples from the southern aquifer and its recharge sources. The term “West
Bench” identifies samples collected in the Bannock Range drainages (Mink Creek;
Gibson Jack, Johnny Creek, Cusick Creek and City Creek).

The Piper plot reveals that, except for the nitrate and salt-contaminated eastern
aquifer, the compositional fields for these waters overlap to a large extent. The West
Bench waters display the largest compositional diversity which may reflect the varied
geologic setting of the Bannock Range, which includes such chemically diverse rock
types as limestone, shale, volcanic ash, and quartzite.

Figure 3-3 shows the chemistry of these waters in the form of Stiff diagrams
overlain on a map of the southern LPRV. Major ion values displayed as milliequivalents
per liter (mEq/1) were calculated from the median concentrations for all the samples

collected in each area. The standard deviations are also displayed. A separate Stiff
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@ South Gap
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Figure 3-1: Locations of water samples collected in 1993 and 1994. Sample locations
referred to in Chapter 3 are identified by their location 1Ds.

diagram was made for Mink Creek to show its differing chemistry from other West
Bench waters.
These Stiff diagrams clearly show the high concentrations of salts in the eastern

aquifer. Major 10n concentrations south of the Portneuf Gap and the Portneuf River are
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Figure 3-2: Piper plot showing the composition of major ions in water samples from
the southern aquifer and its recharge sources. The term “West Bench” identifies
samples collected in the Bannock Range drainages. Except for the nitrate and salt-
contaminated eastern aquifer, the compositional fields for these waters overlap to a
large extent.
very similar to those of the southern aquifer. Aside from the minor compositional
diversity displayed in the Piper plot, essentially all West Bench waters are low in TDS,
and chemically distinct from the main aquifer. Mink Creek groundwater also is lower in
TDS than main aquifer water, but has double the ion concentrations compared to other
West Bench waters.

As stated in section 2.5, chemical mass balance modeling requires that recharge
components and the southern aquifer should have significantly different concentrations of
at least one tracer in order to solve for unknown fluxes. The close similarity in water

chemistry in the southern aquifer and water entering through the Portneuf Gap made for

dubious solutions to the chemical mass balance (see section 6.1).
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Figure 3-3: Stiff diagrams displayed by locations of water types. Major ion values
are in milliequivalents per liter (mEq/1) calculated from the median concentrations
for all the samples collected in each area. Note the similarity of water chemistry
between the main aquifer and waters south of the Portneuf Gap and Portneuf River.,
West Bench waters tend to be low in TDS, with Mink Creek waters showing
relatively elevated concentrations of salts. Eastern aquifer waters have the highest
salt concentrations.

3.2 Water Quality Trends

Figures 3-4(a) through (e) show correlations of hardness (CaCO3), Ca, Mg, Na, Si
and their relationship to Cl. Evident in these plots is the consistently increasing
proportions of all constituents relative to chloride. Sodium concentrations in the eastern

aquifer do not increase in the same proportion, possibly reflecting cation exchange
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processes (Figure 3-4(d)). The dashed line in Figure 3-4(d) represents the expected
sodium trend for the addition of pure NaCl, which indicates a deficit of sodium in the
eastern aquifer.

Silica concentrations in most waters plateau at concentrations of 20 to 30 mg/1
(Figure 3-4(e)). Although this has not been tested by chemical equilibrium calculations,
silica is likely buffered by precipitation reactions due to Si saturation with respect to
amorphous silica or clay minerals in these waters.

Figures 3-5(a) and (b) display correlations of chloride with sulfate and nitrate
respectively, indicating a strong correlation among these constituents.

Several water samples collected in an area known as the Highway Ponds (section
2.2.1 and Figure 2-1) were elevated in sulfate (expanded scale, Figure 3-5(a)). An
investigation of this sulfate contamination indicated that road aggregate stockpiled in the
area was the probable source (Meehan and Welhan, 1994, see appendix D). Leach tests
performed on the aggregate revealed that sulfate, calcium, and potassium were the major
soluble components. Analyses of a groundwater sample directly down gradient of the
stockpile (Location MA-24) showed significant increases in sulfate and potassium levels
above background (Location MA-19). Calcium did not show a significant increase,
suggesting that its concentration was chemically buffered (e.g. by precipitation or ion
exchange).

Several samples from the main aquifer, West Bench, and Mink Creek display a
trend of increasing chloride without the coupled increase in nitrate (Figure 3-5(b)). This
trend may reflect a contaminant source high in chloride and other salts with a low-nitrate

component, or a depletion of nitrate selective to Cl, such as by denitrification (discussed
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Figures 3-4 (a) through (e): Plots showing correlations of hardness (CaCO03), Ca,
Mg, Na, Si and their relationship to Cl. Evident in these plots is the consistently

increasing proportions of all constituents with chloride.

Sodium concentrations in

the eastern aquifer do not increase in proportion to other waters, which may reflect
cation exchange processes. The dashed line in Figure 3-4(d) represents the expected
sodium trend for the addition of pure NaCl, indicating a deficit of sodium in the
eastern aquifer. Silica concentrations plateau at high chloride concentrations likely
due to saturation with respect to amorphous silica in these waters,

49

PWUAO003615



"

. (b) NO3 .

. .

. * 5o Coupled CI-NO3
S e, Legend Eﬂ Increases
.ot o East Aquier g
® Main Aquier 2
s Mink Crook
8 Portneud River
* South Gap
® Wast Banch
200 %0 4“0 500
Cl {mgh)
195
a
. 14
Increased N ..
g™ S04 al -
g Highway ° .
§ Ponds [. = - N N

., R
5 '.ﬁ’:" LA
THH: L.

.
.
:
PR L N VL ) .
:

Cl(mgiL) Climaty

Figures 3-5(a) and (b): Plots showing correlations of chloride with sulfate and
nitrate respectively. The boxed areas outlined in the upper plots are shown in
expanded views in the lower plots. These plots also indicate a strong coupled
correlation of increasing trends for Cl, SOy, and NO;-N. Two other trends are also
noted. Figure 3-5(a) shows the effects of increased SO, concentrations due
contamination from road aggregate stockpiled near the Highway Ponds area.
Another trend of increasing ClI without coupled nitrate increases can be seen in
Figure 3-5(b).
further in Section 5.3.2). Additional sample locations in Mink Creek and the West Bench
from the 2004 sampling event (Section 4.1) showed that high-chloride, low- nitrate
walters are comumon in these areas.

With the exception of the high-chloride/low-nitrate type water and high-sulfate
water at the Highway Ponds, Figures 3-4 and 3-5 show strong coupled correlations
among all major ions in the vast majority of sample sites. The fact that the main aquifer

and its recharge waters are all characterized by similar anionic ratios suggests that a

common source may be responsible for adding these salts to groundwater.
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3.3 Evidence for Contaminant and Recharge Contributions to the Southern Aquifer
Figure 3-6 displays histograms of Cl, SO4, and NO;-N for samples collected in the
southern aquifer in May through July of 1994. Samples cluster relatively tightly around
mean concentrations of Cl, SOy, and NO;-N of 53.5 mg/l, 47 mg/l, and 1.9 mg/l
respectively, A small number of samples show concentrations at the high and low
ranges, indicating impacts from the types of water found in recharge and contaminant
sources described in the previous section.

Figure 3-7 shows cross plots of chloride with sulfate and nitrate for all samples
collected in the southern aquifer in 1993 and 1994, Shaded and hatched areas indicate
locations _where impacts from recharge and contaminant fluxes reflect mixing trends.
Figure 3-8 shows the geographical locations of these impacts.

Low-TDS waters are found in wells completed in the Tertiary Starlight Formation
(Figure 3-1, locations MA-17, MA-34, PA-2, and PA-7) that defines the base of the
southern aquifer (see section 1.4.2 and 1.5.2). These waters are chemically similar to
low-TDS waters sampled in the Bannock Range (Figure 3-5), suggesting that the same
source is involved. Several samples in the Bannock Range with low TDS are associated
with flowing-artesian conditions (locations WB-05, WB-19, WB-21, and WB-23). A
paired set of shallow and deep monitor wells (locations PA-7 and PA-8) also shows a
small but significant upward vertical hydraulic gradient between the Tertiary sediments
and Upper Gravels (CH2MHill, 1994(b)). The strongest evidence for upward vertical
migration of low-TDS Bannock Range waters into the base of the municipal aquifer
comes from two flowing-artesian wells (Locations MA-100 and MA-1 15) recently drilled

in the southern aquifer and completed in the Tertiary sediments that have low-TDS
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Figure 3-6: Histograms of Cl, SOy, and NO;-N concentrations for samples collected
in the southern aquifer in May through July of 1994, Samples cluster relatively
tightly around the mean concentrations of Cl, SO4, and NOs-N at 53.5 mg/l, 47 mg/l,
and 1.9 mg/] respectively.
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Figure 3-7(a) and (b): Cross plots of chloride with sulfate and nitrate for all samples
collected in the southern aquifer in 1993 and 1994, Shaded and hatched areas
outline locations where impacts from recharge and contaminant fluxes reflect

possible mixing trends. Geographical locations of impacted areas are shown in
Figure 3-8.

waters (discussed further in section 4.2).

The above evidence confirms that Bannock Range waters are entering the
southern aquifer from below, as well as recharging laterally from the west.

Except for the sulfate contamination at the Highway Ponds, which was due to a
localized source of stockpiled road aggregate, elevated salt concentrations tend to occur

near the margins of the aquifer, possibly reflecting influence from adjacent recharge
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Figure 3-8: Map of the southern aquifer showing areas where groundwater samples
in 1993 and 1994 indicated impacts from salt contamination. The coupled trends of
increasing Cl, SO4, and NOs-N concentrations associated with these locations are
shown in Figures 3-7(a) and (b). Location IDs identify municipal wells (Well 2, Well
3, and Well 28) and a monitor well (PMW-3) impacted by high-TDS/high-NO;
waters from the eastern aquifer. Also identified are samples where high-Cl/low-NO,
type waters were observed at the head and mouth of Johnny Creek (WB-06 and
WB-14 respectively) and a domestic well (WB-07).

waters.

Salt contamination reflected in the coupled increases of Cl, SO,, and NO3-N
(Figure 3-7 and Area A, Figure 3-8) along the north eastern boundary of the southern
aquifer indicates impacts from the eastern aquifer. The area of contamination is defined

by three municipal wells (Locations Well 2, Well 3, and Well 28) and one monitor well
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(Location PMW-3). Large pumping withdrawals from these municipal wells are likely
drawing contaminated waters under the Portneuf Basalt from the eastern aquifer.

Two localized plumes of high-TDS/Low-NO3 waters were observed in the areas
of Grant Street (Area B, Figure 3-8, Locations MA-59, MA-62, MA-63, MA-64, and
MA-67) and Tech Farm Road (Area C, Figure 3-8, Locations MA-44, MA-46, MA-49,
MA-50, MA-52, MA -53) on the western border of the aquifer. These plumes may result
from localized sources of contamination originating near the surface, like road de-icing
salts, septic leachate, fertilizers, or animal manure, Another possibility is that they
emanate from waters in the West Bench area of Bannock Range that are already elevated
in salts. Surface water samples collected from the head and mouth of J. ohnny Creek
(Locations WB-06 and WB-14) and from a domestic well in the Gibson Jack area
(Location WB-06), had similar types of high-TDS/low-NO; waters (Figure 3-8).

Samples collected from one domestic well (Location MA-06) located in the main
aquifer near the mouth of Mink Creek had hi gh-TDS/high-NO; type water (Figures 3-
7(a) and (b), and 3-8). The source of this contamination may be localized (such as old
cattle holding pens located directly adjacent to the well) or from elevated salts and nitrate
observed elsewhere in Mink Creek groundwater (Figures 3-4 and 3-5).

Further discussion of potential contamination sources is reserved until 2004 water
quality data have been presented.

3.4 Seasonal Variations in Water Chemistry

Time series plots depicting variations in concentrations of Cl, SO, and NO3-N for

the four sampling events in 1993 and 1994 are shown for the aquifer recharge source

waters in Figures 3-9(a) through (j), and for the southern aquifer in Figures 3-10(a)
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through (c).

The plots do not depict consistent coupled trends between Cl, SOy, and NO3-N
that one might expect given the correlation of these constituents shown in bivariate plots
in sections 3.2 and 3.3. However, there does appear to be a trend of increasing chloride
concentrations in most of the sample locations for the period spanning February-March
1994 to May-July 1994. A Student’s t-test of the summer 1993 and summer 1994 Cl|
concentrations in the main aquifer shows that the increase is significant at the 95%
confidence interval.

For the same time period, a few of the 804 and NOs-N concentrations also
increased slightly, but at most locations concentrations remained steady with a few that
decreased. A Student’s t-test for the summer 1993 and summer 1994 804 and NO;3-N
concentrations showed that SO4 and NOs-N did not increase at the 95% confidence
interval.

It should be noted that these variations are, for the most part, outside the range of
analytical precision. As discussed in Section 2.4, the analytical precision of Cl ranges
from about 3 mg/l for concentrations less than 100 mg/] to more than 30 mg/] at
concentrations over 250 mg/l. The precision for sulfate is less than 1 mg/] at
concentrations less than 70 mg/l to more than 3 mg/l at higher concentrations. Nitrate
precision is about 0.15 mg/l at concentrations less than 10 mg/l.

The lack of clear ionic correlations in the time-series plots does not discredit the
assumption that a single source may be responsible for the coupled trends of Cl, SOy, and
NO;3-N in LPRV groundwater. It is possible that a separate source of chloride may be

involved (such as from road de-icing salt or brines discharged from water softeners), but,
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Figures 3-9(a) through (j): Time series plots depicting variations in concentrations of Cl,
SOy, and NO3-N in aquifer recharge sources for the four sampling events in 1993 and 1994.
Location IDs for sample locations are displayed on the right side of each plot. There is no
consistently clear coupled trends between Cl, SOy, and NO;-N. Cl appears to show a trend
of increasing concentrations in most of the sample locations for the period that spans from
February-March 1994 to May-July 1994.
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Figures 3-10(a) through (c): Time series plots depicting variations in concentrations of Cl,
S0y, and NO3-N in the southern aquifer for the four sampling events in 1993 and 1994,
Location IDs for sample locations are displayed on the right side of each plot. A Student’s
t-test of the summer 1993 and summer 1994 Cl concentrations in the main aquifer
shows that the increase is significant at the 95% confidence interval. While there were
fluctuations in SO4 and NO3-N concentrations remained relatively steady. A Student’s t-
test for of the summer 1993 and summer 1994 SO, and NOs-N concentrations
showed that there was no significant increase at the 95% confidence interval.
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Figure 3-11: Depths to groundwater measured in wells located in the southern
aquifer (Locations Well 13, Well 2, Well 14, and Well 33), south of the Portneuf Gap
(SG-01 and SG-03) and Mink Creek (MC-106). This figure shows that from March
through July 1994, groundwater levels dropped about seven feet in the southern
aquifer and about 15 feet in Mink Creek. Water levels south of the Portneuf Gap
declined about seven feet from September 1993 through July 1994,
the lack of a clear pattern and the magnitude of the decoupled variations shown in
Figures 3-9 and 3-10 suggest that noise may preclude any conclusion from being drawn
from such relatively short time series plots.

The increases in Cl concentration may also reflect variations in the strength of
groundwater recharge. Figure 3-11 displays depths to groundwater measured in wells
located in the southern aquifer (Locations Well 13, Well 2, Well 14, and Well 33), south
of the Portneuf Gap (SG-01 and SG-03), and Mink Creek (MC-106). This figure shows
that from March through July 1994, groundwater levels dropped about seven feet in the
southern aquifer and about 15 feet in Mink Creek. Water levels south of the Portneuf

Gap declined about seven feet from September 1993 through July 1994. Declining water

levels were in part a response to an increase of pumping withdrawals from wells during
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the spring and summer of 1994, but also by below-average snow pack the previous winter
(Nov. 1993 through Mar. 1994; Welhan et al., 1996).

The snow pack in November 1992 through March 1993 was above average
(Welhan et al., 1996). The lower concentrations of Cl observed in June-July 1993 may
reflect dilution by a larger flux of low-Cl recharge water. In contrast, snowpack (and
hence recharge) in the spring of 1994 was much smaller decreases in recharge may have

amplified any contributions from contaminant sources.
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Chapter 4: 2004 Water Quality Results

4.1 2004 Water Quality Trends

Water samples in the summer of 2004 were collected to determine changes in
chemistry since 1994 and to evaluate whether areas with high densities of septic tanks
may be affecting groundwater quality. The 2004 sample locations are shown in Figure
4-1. Analytical results of water analyses identified by their location ID in this chapter
can be found in Appendix B. Sample locations specifically mentioned in this chapter are
shown in Figure 4-1.

Forty southern aquifer wells including almost all of the locations sampled in
1993-1994 were re-sampled. Additional sample locations not previously sampled
included 22 wells in the southemn aquifer, 32 in Mink Creek, and 3 in Gibson Jack (Wild
Horse Divide subdivision).

Samples were analyzed for Cl, SOy, and NO3-N with a split set of 46 samples
sent to a commercial laboratory for analyses of CI, SO, NO;-N, Ca, and total hardness
(as CaCO3) (see section 2.4).

Figures 4-2(a) and (b) show correlations of the same strong coupled correlation of
chloride with sulfate and nitrate, respectively, that were observed in the 1993-1994
sampling (see Section 3.2). The increased number of sample locations in Mink Creek
and Gibson Jack revealed that more of the groundwater in these areas is elevated in salts,
as indicated by the relatively high Cl, S04, and in some cases high NOs-N concentrations.
As discussed in Section 3.2, the 1993-1994 analytical resulls suggested that most of the
waters in the West Bench tributaries of the Bannock Range were low in TDS with very

few locations having elevated salt concentrations.
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Figure 4-1: Locations of water samples collected in 2004, Sample locations referred
to in the text of this thesis arc identified by their Location IDs.
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Figures 4-2(a) and (b): Correlations of chloride with sulfate and nitrate for water
samples collected in 2004. The boxed areas in the upper plots are shown in
expanded views in the lower plots. These plots show the same strong coupled
correlation of increasing trends of these constituents that was seen in the 1993-1994
trend analyses (see section 3.2). The solid arrows in Figure 4-2 (b) represent
coupled increases of Cl and NO3-N. The dashed arrows represent increases in Cl
concentrations without NO;-N.

The trend of high-chloride/low-nitrate type waters in the Mink Creek and West
Bench areas is more obvious in 2004 (compare Figures 3-5(b) and Figures 4-2(b)).
Sixteen samples had concentrations of chloride greater than 100 mg/] with nitrate levels
at about 2 + 1 mg/l. Two samples (locations MC-102 and WB-102) had chloride
concentrations greater than 800 mg/] with nitrate levels about 5 mg/1 (Figure 4-2(b)).
These results indicate there may be a contaminant source high in chloride and sulfate but

not nitrate, or a depletion of nitrate, possibly by denitrification (discussed further in

section 5.3.2).
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Figures 4-3(a) and (b): Cross Plots of chloride with sulfate and nitrate respectively
for all samples collected in the southern aquifer in 2004. Shaded and hatched areas
outline sample locations where impacts from recharge and contaminant fluxes
reflect mixing trends similar to those shown in Figures 3-7(a) and (b).

4.2 Evidence for Mixing in the Southern Aquifer

Figures 4-3(a) and 4-3(b) are cross plots of chloride with sulfate and nitrate,
respectively for all samples collected in the southern aquifer in 2004. Shaded and
hatched areas highlight impacts from possible recharge and contaminant fluxes and
reflect mixing trends similar to those shown in Figures 3-7(a) and (b).

Absent from Figure 4-3(a) are high-sulfate waters that were observed in 1993 at
the Highway Ponds area possibly due to stockpiled road aggregate (Appendix D). This
stockpile was removed following the 1993-1994 sampling. Samples collected in the
Highway Ponds area in 2004 showed no significant sulfate contamination (locations HP-
02, HP-03, MA-102, MA-104), corroborating the inference that the stockpiled aggregate
was responsible,

Wells sampled in the areas of Grant Street and Tech Farm Road (locations MA-

44, MA-46, MA-59, MA-62, and MA-67) indicated that these two localized plumes of

high-TDS/low-NO; waters on the western margin of the aquifer are still present and with
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similar levels of contamination. One domestic well (location MA-62) on Grant Street
sampled in 2004 had much lower levels of chloride and sulfate. Chloride and sulfate
dropped from 77 mg/l and 54 mg/l, respectively, to 58mg/l and 32 mg/l. However, this
well was deepened by sixty feet in 2001. If the lower levels of contamination reflect this,
then the source of contamination in these wells is most likely near the surface. Evidence
for a near-surface contaminant source also comes from two of the wells at Grant Street
and four of the wells on Tech Farm Road that were contaminated in 1994 and that are
now dry due to lower groundwater levels. These wells were producing water from near
the groundwater table in 1994, and therefore were reflecting near-surface sources of
contamination,

The sample identified as a localized source in Figures 4-3(a) and (b) (Location
MA-03) is the only well sampled in the main aquifer in 2004 that had a relatively high
concentration of nitrate (5.6 mg/L). This well is located within a horse corral and may be
contaminated due to a combination of an animal manure source and poor well
construction.

Other wells reflecting impacts from high-TDS eastern aquifer water in Figures 4-
3(a) and (b) may also be affected by animal waste (Locations MA-103 and MA-105).
They are within close proximity to the boundary of the eastern aquifer, but are also in
areas where residents are raising cattle. It is difficult to identify a source, though,
because nitrate was not elevated as would be expected from animal manure or eastern
aquifer septic impacts.

As was found in 1993/94, most wells completed in the Tertiary Starlight

Formation exhibit low-TDS type waters that reflect recharge from the Bannock Range

64

PWUAO003630



(see Section 3.3). Two wells recently drilled in the southern aquifer and completed in the
Tertiary sediments are flowing-artesian wells and have low-TDS type waters (Locations
MA-100 and MA-115). These wells are in close proximity to each other (Figure 4-1) and
encounter flowing water under artesian pressure between depths of 250 and 280 feet.
This provides the strongest direct evidence that low-TDS Bannock Range waters are
recharging the aquifer from below the Upper Gravels.

4.3 Mink Creek Water Quality

Figure 4-4 shows the locations of the thirty seven groundwater samples and two
surface water samples collected in the Mink Creek drainage in August and September of
2004. Also shown are the inferred locations of septic tanks in this area. Additional
sampling was conducted in the Mink Creek area in 2004 to evaluate possible impacts on
groundwater quality from septic effluent. Residences in Mink Creek are not served by
the Pocatello municipal water System and must rely on local residential and community
wells for drinking water.

An abandoned poultry farm located in the Mink Creek drainage (the old Frazier’s
egg farm, Figure 4-4) was also considered to be a potential contaminant source in this
area. This farm went out of business in 1998, but residual chicken manure in the soil
could still be leaching nitrates and other salts to groundwater.

Groundwater samples were collected along the entire reach of the drainage, from
below the U.S. Forest Service boundary, at the first residential properties, to the valley’s
terminus at the boundary of the southern aquifer. Several groundwater samples were also
collected in the tributary drainage of Campbell Creek (Figure 4-4). Surface water

samples were collected above the Forest Service boundary and at the mouth of the

65

PWUAO003631



@ Groundwater Samples

. Surface Water Samples

Septic Tanks

 ——

Figure 4-4: Locations of the thirty seven groundwater samples and two surface
water samples collected in the Mink Creek drainage in 2004. Also shown are the
locations of septic tanks which number greater than 200 in this area. Frazier’s Egg
Farm went out of business in 1998, however, residual animal manure could still
potentially leach nitrates and other salts to groundwater.
drainage near the boundary of the southern aquifer.

Figures 4-5(a), (b), and (c) show the concentrations of Cl, SO4, and NO;-N

respectively in water samples collected in the Mink Creek drainage. The surface water

samples show an increase in Cl, SO, and NOs-N, in the downstream direction, as do
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groundwater samples between the Forest Service boundary and the old poultry farm.
Septic tank effluent is the only likely source for the observed increases. There are no
other agricultural or animal manure sources in this reach of the creek. Downgradient of
the poultry farm, salt concentrations show much greater variability along the length of the
valley. No clear trends were evident in the lower part of the drainage below the poultry
farm. There was no statistical significance in any regression trend in Cl, SOy, or NO3-N
along the groundwater flow path in the lower part of the drainage.

Above the poultry farm, Student’s t-tests indicated that the observed increases of
Cl and NO;3-N were statistically significant at the 95% confidence interval. The linear
regression performed for sulfate did not represent a statistically significant trend with
distance, though this is based on only four data points.

All of the samples collected in the Campbell Creek tributary drainage were high-
Cl, SO4/low-NOj; type of waters.

4.3.1 Autocorrelation of Mink Creek and Main Aquifer Chemistry

The large dispersion in groundwater chemistry downgradient of the poultry farm
may be a reflection of fracture-controlled groundwater flow. Domestic well logs indicate
that very few wells in the Mink Creek drainage are completed solely in alluvium; most
are completed in bedrock, with a few in both bedrock and alluvium.

In fractured media, permeability can vary by orders of magnitude over short
distances, and the three-dimensional configuration of transmissive fractures and fracture
zones can exert complex controls on fluid mj gration pathways. The heterogeneity of the
fractured medium would have considerable mmpact on the fate and transport of

contaminants introduced to groundwater.
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Variogram plots were constructed to compare the spatial autocorrelation of Cl,
S04, and NO3-N in Mink Creek groundwater relative to their spatial distribution in the
southern aquifer. Wells in the southern aquifer are completed in alluvium, where
transport characteristics should be more homogeneous than a fracture-dominated flow
system. Mink Creek and southern aquifer groundwater show similar correlations among
Cl, S04, and NO;-N (see section 3.1 and 4.1). If these contaminants are being introduced
from similar sources in both areas (i.e. septic tanks), then differences in their spatial
autocorrelation properties might be expected due to their different scales of transport
heterogeneity (fracture vs. porous intergranular).

All semivariograms were created as omnidirectional statistics (independent of
direction) using the methodology of Section 2.7. Both spherical and exponential models
were evaluated in describing the spatial autocorrelation structure. When comparing a
chemical constituent in Mink Creek groundwater to the southern aquifer, the same model
type was used for both. Variogram statistics were calculated using the semivariogram,
standardized semivariogram, covariance and correlogram estimators to ensure that the
nature and structure of the autocorrelation was properly inferred. Variogram results are
summarized in Appendix E.

Table 4-1 summarizes the variogram ranges estimated at different lag sizes. The
variogram range values for nitrate and sulfate tend to be lower in Mink Creek, but are
similar for CI.

The higher range values observed in the southern aquifer for nitrate and sulfate
would be expected given a more homogeneous alluvial aquifer in comparison to fractured

flow in Mink Creek. That is, the variability of water chemistry should be greater at

69

PWUAOQ03635



smaller intersample distances in a fractured media.

The fact that chloride’s autocorrelation may be weaker in the main aquifer
suggests that other, perhaps localized, sources of chloride may be impacting groundwater
in the main aquifer. This was also hypothesized in section 3.4 to explain some seasonal

changes in chloride chemistry that are de-coupled from sulfate and nitrate.

Mink Creek Main Aquifer
Chloride 1000 +200 800 +200
Sulfate 800 £200 > 2500
Nitrate < 600 1600 = 400

Table 4-1: Best estimates of autocorrelation ranges for Cl, SO; and NO;-N
concentrations in Mink Creek and the main aquifer. Range values for nitrate and
sulfate tended to be greater in the southern aquifer; Range values for chloride were
similar in both Mink Creek and the southern aquifer. Variogram results are
summarized in Appendix E.
4.4 Temporal Changes in Water Quality from 1994 — 2004
4.4.1 Southern Aquifer and Groundwater South of the Portneuf Gap

Forty-two locations in the southern aquifer were sampled in both 1994 and 2004.
Figures 4-6(a), (b), and (c) summarize the changes in groundwater chemistry as a
function of each location’s spatial distance from the Portneuf Gap, including three sample
locations south of the Portneuf Gap (SG-01, 8G-02, and SG-03). Shaded areas represent
the 95% confidence level of analytical precision for each constituent (see Section 2.4).
Measurements outside of these shaded areas represent a potentially significant temporal
change.

Figure 4-6(a) shows that CI differences at most locations lie within the 95%

confidence level of analytical precision, and equal numbers of positive and negative
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temporal shifts. The median C1 concentration of all samples in 1994 (51.5 mg/1) and
2904 (49.1 mg/l) are correspondingly similar. Most locations also showed no significant
change in NO3-N concentrations (Figure 4.6(c)), although twice as many locations
showed positive shifts, with the median concentration increasing only slightly from 1.84
in 1994 to 1.95 in 2004.

In contrast, sulfate concentrations decreased on average by about 10 mg/l at most
locations (Figure 4-6(b)). The median concentration changed from 46 mg/1 in 1994 to
36.4 mg/l in 2004, and negative shifts outnumbered positive shifts ten to one.

Considering that most locations showed no discernible changes in Cl or NO3-N
concentrations but that SO levels decreased by about 10 mg/l, suggests that impacts to
groundwater may be attributable to different sources. The decoupled nature of changes in
Cl and SO, has been suggested on the basis of seasonal variations (see section 3.4) and in
autocorrelation behavior (see Section 4.3.1).

However, another possibility for the decrease in sulfate concentration must be
considered. Sulfate standards were made by diluting a 500 mg/l SO4 HACH standard
solution with laboratory deionized water to concentrations of 20 mg/l, 40 mg/l, and 60
mg/l. These standards were made in the ISU geochemistry lab with no way to ensure
their absolute accuracy. In contrast, samples collected in 2004 had 45 duplicate analyses
performed by an outside laboratory, adding a level of quality assurance to the 2004 data
that was unavailable in 1994 (see Section 2.4).

Two wells completed in the Tertiary sediments beneath the southern aquifer, MA-
17 and PA-07, showed significant increases in Cl and SO, concentrations (Figures 4-6(a)

and (b)). In 1994, these wells had low concentrations of Cl and SOy, typical of wells
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completed in the Tertiary sediments. Monitor well PA-07 was sampled with a thief
sampler in 1994 and 2004. Well MA-17 was sampled with a thief sampler in 1994, but
the well has since had a pump installed for urigation use. Pumping withdrawals in the
well could now be pulling additional water from the overlying southern aquifer,
accounting for the increased concentrations observed in 2004.

MA-62 is a domestic well located in the Grant Street plume that had elevated Cl
and SO, in 1994. This well was deepened sixty feet in 2001 and now shows much lower
salt concentrations suggesting a greater contribution from West Bench waters and/or
diminished near-surface influence (see Section 4.2).

Well MA-06 showed significant decreases in Cl, SO, and NOs3-N. MA-06isa
domestic well located adjacent to abandoned cattle holding pens and had elevated salts
and nitrate in 1994, possibly due to a local source (see Section 3.3 and Figure 3-8). This
source may no longer be impacting local groundwater in 2004.

The increased NO;-N observed in MA-03 (Figure 4-6(c)), may also represent
impacts from a local source. This well is located within a horse corral and is possibly
contaminated by animal manure (see section 4.2 and Figures 4-3(a) and (b)).

4.4.2 West Bench and Mink Creek Groundwater

Figures 4-7(a) through (f) display graphs representing difference in Cl, SO,, and
NO;-N concentrations in West Bench and Mink Creek groundwater from samples
collected in 1994 and 2004. The graphs show that higher Cl concentrations were
observed in 2004 at most sample locations, whereas SO, levels tended to be lower at
many locations, similar to the trend observed in the southemn aqutifer (Section 4.5.1).

Nitrate concentrations in 2004 were only slightly higher or similar to the levels
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found in 1994.
4.4.3 Eastern Aquifer Groundwater

The three wells sampled in the eastern aquifer (Locations EA-01, EA-02 and EA-

03) in 1993 showed no significant changes in Cl, SO4, or NO3-N between 1994 and 2004.
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Figures 4-7 (a) through (f): Changes in groundwater chemistry from 1994 to 2004

in West Bench and Mink Creek groundwater.

The graphs show that at most sample

locations higher CI concentrations were observed in 2004, while SO, levels tended to

be lower at many locations.
or similar to the levels found

Nitrate concentrations in 2004 were also slightly higher
in 1994, Shaded areas represent the 95% confidence

level of analytical precision for each constituent.
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Chapter 5: Discussion
5.1 Temporal Trends in the Southern Aquifer
5.1.1 Decreasing Salt Trends

Temporal trends of chemistry in the southern aquifer have been monitored in Just
a few wells with any frequency. These include municipal wells 02, 03, 13, 28, and 36,
and two domestic wells monitored by IDWR (DWR-55 and DWR-58). Concentrations
of Cl, SO4, and NO; in these wells from 1991 through 2004 are summarized in F igures 5-
1 (a) through (). Note that wells 02, 03, and 28 are likely impacted by seepage of
contaminated water in the eastern aquifer (see Section 3.3), whereas wells 13, 36, DWR-
55 and DWR-58 are not.

~ Wells 13, 36, DWR-55 and DWR-58 are located along the western margins of the

southern aquifer (Figure 4-1). Figures 5-1(a) and (c) display decreasing trends of Cl and
SO for these wells; nitrate levels remained fairly steady at background concentrations 2
mg/l; Fig. 5-1(e)), chloride levels decreased by 10 to 15 mg/l between 1994 and 2001 and
sulfate concentrations decreased by 4 to 14 mg/l.

The magnitude of decreasing sulfate concentrations (4-14 mg/l observed in wells
13, 36, and DWR-55) is consistent with the decrease observed in samples collected for
this thesis between 1994 and 2004 (section 4.4.1, Figure 4-6(b)), where sulfate appeared
to decrease on average by about 10 mg/l. The same data showed the median
concentration of chloride in the southern aquifer decreasing by 2.4 mg/l (Figure 4-6a,
Section 4.4.1)) between 1994 and 2004. However, decreases between 6 to 20 mg/l were
observed in 10 wells (Figure 4-6(a)), and are comparable to the 10 to 15 mg/l decreases

seen in the wells of Figure 5-1(a).
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Figures 5-1 (a) through (f): Temporal trends of Cl, SO4, and NO; in wells in the
southern aquifer which include municipal wells 02, 03, 13, 28, and 36, and two
domestic wells monitored by IDWR, DWR-55 and DWR-58. Wells 13, 36, DWR-55
and DWR-58 are located along the western margins of the southern aquifer and
seem to show decreasing trends of Cl and S04 Wells 02, 03, and 28 are located
along the eastern boundary of the southern aquifer. The higher concentrations of
Cl, SO4 and NO; observed in these wells indicate impacts from groundwater in the
eastern aquifer contaminated with salts and nitrate.
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The steady background nitrate concentration of about 2 mg/l in Figure 5-1(e) is
consistent with that observed in the 1994 - 2004 comparison shown in Figure 4-6(c).

It is difficult to hypothesize a likely cause for the Cl and SOy decreases observed
over the past decade. Poor analytical precision of the 1994 sulfate analyses was posed as
a possible explanation, but the sulfate trends shown in Figure 5-1(c) suggest that the
decreases may be real.

Anaerobic reduction of SO, could not account for the decrease in Cl, which is
unaffected by redox chemistry. F urthermore, nitrate would be reduced before SO4 due to
its higher energy yield {McQuillan, 2004).

Figures 4-6(a) and (b) show that the three wells sampled south of the Portneuf
Gap in 1994 and 2004 all showed decreases in sulfate, and two showed significant
decreases in chloride, indicating that recharge waters from the upper Portneuf Basin may
have been involved. The Portneuf River is known to have gaining and losing reaches in
the upper Portneuf Basin (Barton, 2004). Groundwater levels in the southern aquifer and
in the City of Inkom (10 miles south of the Portneuf Gap) have dropped 21 feet since
1997 due to drought conditions (see Appendix C). As groundwater levels decline, more
of the Portneuf River upstream of the LPRV may become a losing stream. Sulfate and Cl
concentrations in the Portneuf River tend to be lower than in the southern aquifer,
especially during high river stages (see Section 6.2.3, Figure 6-9). More surface water
may contribute to groundwater recharge during high river stage and thus dilute
groundwater chemistry. Nitrate concentration in the river appears to be independent of
river discharge, which could also explain why nitrate levels in groundwater have

remained fairly steady.
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At high river stage both chloride and sulfate concentrations are around 20 mg/1
(Figure 6-9). At these concentrations, the ratio of main aquifer water to river water
necessary to decrease Cl and SO, in the main aquifer by 10 mg/l would be approximately
2to 1, and the contribution of river water to the southern aquifer would be greater than 2
billion gallons per year. This is highly unlikely given the hydrologic evidence that the
Portneuf River is not a significant source of water to the aquifer (see section 1.5.3).
However, in the upper parts of the Portneuf River and Marsh Creek drainages, river
seepage likely comprises a larger component of groundwater recharge (Barton, 2004;
Norvitch, and Larson, 1970) and could have proportionally greater impacts on
groundwater chemistry, as evidenced by the similarity of river and aquifer chemistry
upgradient of the Portneuf Gap.
5.12  Eastern Aquifer Impacts and Trends

Wells 02, 03, and 28 are located along the eastern boundary of the southern
aquifer. The higher concentrations of Cl, 504 and NO; (Figure 5-1(b), (d), and (f))
observed in these wells are consistent with impacts from the eastern aquifer (see sections
1.6, 3.1 and 4.2). The large fluctuations observed in these wells may be related to
temporal changes in groundwater chemistry in the eastern aquifer and/or variations in the
mixing ratio of eastern aquifer water in these wells. One well in the eastern aquifer,
DEQ-82, has been monitored periodically since 1981 and shows large fluctuations in
NOj; concentrations over time. These temporal changes are plotted in Figure 5-2,
together with a five year running average of snowpack (as inches of water) in the Wild
Horse Divide area in the Bannock Range. There appears to be an inverse relationship

between NO; concentrations and snowpack, such that during wet periods (1 983-1985,
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1996-1998) nitrate levels in the eastern aquifer are low, increasing during dry periods
(1988-1990, 2000-2001).

The IDEQ has determined that salt and nitrate contamination in the eastern
aquifer is due to septic effluent (Winter et al., 1994). The temporal relationship in Figure
5-2 may reflect the dilutional effect due to enhanced groundwater recharge during wet
periods. Since the eastern aquifer consists primarily of poorly sorted, silt- and clay-rich
sediments (see Section 1.4), its hydraulic conductivity is expected to be much lower than
the main aquifer. Hence, its temporal groundwater quality variation would be more
sensitive to the balance between septic effluent and groundwater recharge than in the

southern aquifer.
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Figure 5-2: Temporal changes in NO; concentrations in well DEQ-83, located in the
eastern aquifer. A five year running average of snowpack (as inches of water) in the
Wild Horse Divide area in the Bannock Range is also displayed. This graph shows
an inverse relationship of NO; concentrations in this well with levels of
precipitation. Note that the 1992 data point may be suspect. It is the only value less
than 5 mg/l; if it were a decimal-point error (10 instead of 1.0), its value would be
very similar to 1991 and 1993 measurements.
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5.2 Spatial Relationships
5.2.1 Summary of Spatial Distribution of Water Types

As described in sections 3.2, 3.3, 4.1, and 4.2, mixing trends in the southern
aquifer provide evidence for three types of groundwater composition found in the West
Bench tributary drainages of the Bannock Range and eastern aquifer. These have been
described as high-TDS/high-NO; water, high-TDS/low-NO; water, and low-TDS/low-
NO; water. Figure 5-3 summarizes the spatial distribution of these water types for
samples collected in 1993-1994 and 2004, as well as septic system locations. Note that
some sample locations are from the IDEQ database (Appendix A).

Figure 5-3 shows a clustering of similar water types at a few locations, but over
all there is a fairly high degree of spatial variability with sharp changes in water
chemistry over small distances. In the Mink Creek drainage downgradient of DEQ-04,
this variability may be due to the heterogeneous nature of groundwater transport due to
fracture-dominated flow, as discussed in section 4.3.1.

All of the wells with low-TDS/low-NOj type water in the main aquifer are
completed in the Tertiary sediments that comprise the base of the municipal aquifer. All
of the artesian wells in the West Bench areas of the Bannock Range have low-TDS/low-
NOs; type water. Well logs indicate these artesian wells are completed in the Late
Proterozoic Caddy Canyon Quartzite of the Brigham Group. Groundwater associated
with pure quartz formations can be among the lowest in dissolved solids (Hem, 1980),
which may explain the low TDS chemistry observed in these artesian wells. Low TDS
waters, in general, may reflect little rock-water interactions in the Bannock Range,

consistent with the inference that this is the principal recharge source area and that flow
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Figure 5-3: Spatial distribution of high-TDS/high-NO; water, high-TDS/low-NQ,
water, and low-TDS/low-NO- water in samples callected in 1993-1994 and 2004.
Several sample Location IDs referred to in the text are identificd. The area of a 150
acre farm, which grows alfalfa and Potatoes scasonally, is highlighted. Johnny
Creek is the only surface water in the West bench elevated in salts.
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paths and travel times are short,

Several areas are characterized by high-TDS/low-NO; waters. In the main aquifer
there are two localized “plumes” near Grant Street and Tech Farm Rd (see sections 3.3
and 4.2). These types of waters (high in salts and low in NOs) can also be found in the
Campbell Creek area and the Wild Horse Divide subdivision in the Bannock Range.
Surface water samples collected from the head and mouth of Johnny Creek are also high-
TDS/low-NOs. Surface water in all other West Bench tributaries of the Bannock Range
are low-TDS/low-NO;.

Groundwater contaminated with NOs and other salts (high-TDS/high-NO; waters)
are found in the eastern aquifer, where septic tank effluent was responsible for
contamination (Winter et al., 1994) and in Mink Creek upgradient of the poultry farm and
directly below the Caribou Acres subdivision. The spatial relation between septic tanks
and areas impacted by NO; in the Mink Creek drainage suggests that septic effluent may
also be responsible for groundwater contamination in that area.

5.2.2 Spatial Changes Along the Flow Path of the Southern Aquifer

Figures 5-4(a) through (c) summarize the concentrations of Cl, SOy, and NOs in
the southern aquifer in 2004. Values are plotted as a function of each sample location’s
spatial distance along the groundwater flow line from the Portneuf Gap. Data locations
that reflect localized contaminant impacts (i.e. eastern aquifer and Tech Farm Rd.
samples) and wells that are completed in the Tertiary sediments (low TDS) are not shown
(see Section 3.3 and 4.2).

A regression analysis was performed on each constituent along the groundwater
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Figures 5-4(a) through (c): Concentrations of Cl, SOy, and NOj in the southern aquifer

in 2004. Values
Portneuf Gap to

are plotted as a function of each sample location’s spatial distance from the
identify changes in chemistry along the groundwater flow path. A t-test

was applied to each to evaluate the statistical significance of each linear regression
coefficient at the 95% confidence interval. Only the chloride and nitrate data have t-
statistic values greater than t-critical values. Dashed lines represent the 95% confidence

bands around th

e regression slopes.
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flow path from the Portneuf Gap to Red Hill. A Student’s t-test was applied to evaluate
the statistical significance of each linear regression coefficient. The t-statistic is defined

as (Till, 1974);
t=|r] /% with degrees of freedom (DF) = (n-2)

where n is the number of sample data plotted in each regression.

Both the Cl and NO; regression slopes are significant at the 95% confidence level
whereas the sulfate regression slope is not.

Groundwater samples collected in the summer of 1994 showed similar increasing
trends along the aquifer flowpath for Cl and S04, whereas NO; concentrations remained
steady. However, a Student’s t-test applied to each regression indicated that none were
statistically significant at the 95% confidence level, possibly due to smaller sample
populations than the 2004 sampling event.

Chemical mass balance models will be developed in Chapter 6 to determine if
these trends in chloride and nitrate observed in 2004 can be attributed to suspected
contaminant sources.

5.2.3 Evidence for a Near-Surface Source of Salt Contamination

As described above, artesian wells completed deep in the aquifer and West Bench
reflect upwelling recharge waters that are not contaminated with near-surface-derived
salts. All these wells have low-TDS/low-NOj; waters,

Domestic well WB-07 (Figure 3-8 and 4-1) is an important sampling location for
discriminating shallow sources of groundwater salt contamination. When sampled in
1994, concentrations of Cl, 804, and NO; in this well were 248 mg/l, 100 mg/], and 2.6

mg/l, respectively, indicating high-TDS/low-NO; type water. The well at that time was
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less than 180 feet deep. In 2001, the well went dry and another well was drilled 30 feet
away to a depth of 565 feet. This well is flowing-artesian and exhibits low-TDS/low-
NO; type water typical of West Bench waters and artesian wells in the area: Cl, SO, and
NO; concentrations in 2004 were 33 mg/l, 20 mg/l, and 0.8 mg/l, respectively.

Evidence for near-surface contamination can also be found in the localized
plumes on Grant Street and Tech Farm Road. Domestic well MA-62 on Grant Street had
levels of chloride and sulfate more than 20 mg/] lower in 2004 (see section 4.2). In 2001,
this well was deepened by sixty feet. If the lower salt levels are attributable to this
deepening, then a shallow contamination source is implicated. Two of the wells at Grant
Street and four of the wells on Tech Farm Road that had elevated salt levels in 1994 are
now dry due to lower groundwater levels. This suggests that these wells were producing
water from near the water table in 1994 and, therefore, would have been sensitive to near-
surface sources of contamination.

In summary, groundwater chemistry in the LPRV is the result of a combination of
factors which include: depth of well completion, proximity to sources near the surface,
and the lithology of the water bearing unit(s).

5.3 Sources of Salt Contamination

An overview of potential sources of inorganic salts and nutrients (NO3) in
groundwater is provided in Appendix F. Potential sources include landfills, chemical
fertilizers, animal waste, road salt, road aggregate, water softeners, natural sources, and
sewer and septic tank effluent. The appendix includes examples of typical chemical
concentrations of leachate from these sources and what is known of their chemical

evolution during transport in the vadose zone and in groundwater.
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The approach used to determine the most likely source(s) of contamination was to
first exclude sources that could not account for the spatial distribution and trends
observed in water chemistry presented in Chapters 3 and 4.

As shown in Figures 3-4, 3-5, and 4-2, concentrations of Cl in groundwater have
strong correlations with all major ions, including hardness (CaCO03), Ca, Mg, Na, K, Si,
SOy, and NOs. This suggests that a single source is responsible for most of the variability
in these constituents in groundwater.

Figures 3-5(b) and 4-2(b) also indicate that a second source high in salts but low
in NO; may be involved, or that nitrate is being attenuated substantially by some
chemical process such as denitrification.

5.3.1 Least Likely Sources of Salt Contamination
LANDFILLS

The Fort Hall Canyon landfill is the only landfill in the study area (see Figure 1-
7). Some monitor wells at the landfill have elevated concentrations of salts and NOs;
however, groundwater samples collected during this study, as well as by Bannock
County, downgradient of the landfill indicate that the southern aquifer is not impacted by
Cl, 8Os, or NO; from landfill leachate (Bannock County, 2004). Also, landfill leachate
could only affect the southern aquifer and not the West Bench drainages. Furthermore,
any salt plume deriving from the landfill would be just as narrow as the TCE plume (see
Figure 1-7); so a landfill source cannot account for contamination on the east side of the
aquifer.

CHEMICAL FERTILIZERS

Chemical fertilizers can impair groundwater quality with salts and NO;,
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especially when over-applied or over-irrigated (Minnesota Pollution Control Agency,
2000). Agricultural activities in the LPRV are restricted to a single 150 acre farm on the
valley floor between the Mink Creek and Gibson Jack drainages (Figure 5-3) which
grows crops of alfalfa and potatoes seasonally. Seven monitor wells installed to
characterize the TCE contamination in the southern aquifer are located directly down
gradient and within the area of this irrigated cropland. All monitor wells that are
completed close to the water table show background concentrations of salts and nitrates,
suggesting no impact from fertilizers.

Currently, there is no major agricultural activity in the West Bench or adjacent
areas. The only fertilizer use would be for domestic gardens and turfgrass. In this semi-
arid climate, losses of fertilizers past the root zone would tend to be minimal, and would
only occur if there were significant over-irrigation. Nitrogen losses tend to be low (< 5%
of applied fertilizer) from established turfgrass that is not over-irrigated (Barton and
Colmer, 2004).

Well established alfalfa crops do not require nitrogen fertilizers while potato
crops typically need more nitrogen and amendments compared to other crops grown in
Idaho (Stark et al., 2002; Stark et al., 2004)). Potatoes require 200 to 240 pounds of
nitrogen (principally as ammonia) per acre for each growing season and up to 600 pounds
of potassium chloride (KCI) may be applied (Stark et al., 2004). At these application
rates, the ratio of Cl to N applied to crops would be less than 2:1 » Which is much lower
than the C] to NOs-N ratio of 27:1 observed in groundwater (Figure 4-2(b)).

Sulfur (S) amendments in potato crops typically range from 18 to 24 pounds per

acre, which could yield 54 to 72 pounds of SO after complete oxidation. The ratio of Cl
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(from KCI) to SOy in fertilized soils would be approximately 4.5:1, which is almost
double the 2.5:1 CI:SO4 ratio observed in groundwater.

Nitrogen losses to groundwater under irrigated agriculture range from 70 to 150
pounds per acre per year, depending on cropping practices and climate (Minnesota
Pollution Control Agency, 2000). Assuming the worst case scenario of 150 pounds per
acre of N loss, approximately 10 metric tons of NOs-N could impact groundwater
annually from the 150 acre farm in the LPRV. In comparison, this farm would contribute
about 20 metric tons of Cl if all of the CI from the application of 600 pounds per acre of
KCI (288 Ibs. per acre Cl) were lost to groundwater.

ANIMAL WASTES

Significant volumes of animal manure enriched in nutrients and inorganic salts
can be found on dairies, poultry farms, feedlots, stockyards and other facilities used to
raise and hold animals. Currently there are no such facilities in operation in the LPRV.
Frazier’s poultry farm, located in Mink Creek (see Figure 5-3), went out of business in
1998. It is not known whether residual manure at this facility may continue to impact
local groundwater (see section 4.3).

Though many residents maintain small corrals and holding pens for horses and
other livestock, it would be difficult to mobilize significant amounts of manure leachate
through the vadose zone to the water table in a region where evapotranspiration exceeds
precipitation.

Two domestic wells (MA-03 and WB-1 8) may have elevated salts and nitrate that
are derived from local sources of animal waste. MA-03 is located within a horse corral

and the only well in the main aquifer with nitrate levels greater than 3 mg/l in 2004 (see
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Section 4.2). WB-18 is located in the Johnny Creek subdivision on a property that was
formerly a poultry farm. In both cases, surface contaminants may be reaching the aquifer
via leakage along poorly sealed well casings.

Table F-2 in Appendix F shows average concentrations of Cl, SO, and N (as NO;
and NH4) found in leachate from cattle manure. The ratio of Cl to NO;3 and total N (NO;
+ NH4) in manure leachate ranges from 3.3:1 to 6.5:1. These values are much lower than
the 27:1 ratio of Cl to NO; observed in groundwater. The ratio of Cl to SO, in manure
leachate is 3.5:1, which is slightly higher than the 2.5:1 ratio observed in groundwater.

An average 1,000 pound horse or cow can produce 50 to 60 pounds of manure a
day with a nitrogen content of 0.5% by weight (Davis and Swinker, 2004; Queensland
Government, 2004; Ecochem, 2005). The number of livestock in the LPRV is unknown,
but for every one hundred animals, approximately 5 metric tons of nitrogen would be
available annually from such a source.

ROAD AGGREGATE

Meehan and Welhan (1994) proposed that leachate from local roadways may be a
source of contamination, reflecting the combination of road-deicing salts (NaCl) and
leachable-sulfate found in road aggregate (see Section 3.2 and Appendices D and F).
Leach tests performed on samples from a stockpile of road aggregate revealed that SOq,
Ca, and K were major soluble components, and geochemical modeling indicated that ion-
exchange of sodium with Ca and Mg in clays could explain the deficit of sodium
concentrations compared to Cl (see Section 3.2), and the observed coupled increases of
Mg with other salts (Appendix D).

It is not known where and for what time period such road aggregate was used in
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the LPRV. Its use would have had to have been ubiquitous throughout the study area and
other parts of the Portneuf River valley to account for the spatial distribution of salts
found in groundwater. This is unlikely considering that most road construction projects
use local material for road aggregate that would probably not contain significant amounts
of leachable sulfate. Furthermore, leachate derived from road-aggregate does not contain
NO; or Si, both of which are positively correlated with groundwater Cl and SOy (see
Sections 3.2 and 4.1).

SEWER EFFLUENT

Domestic waste distributed to municipal sewers can have high concentrations of
all salts and nitrate (Wilhelm et al., 1994, 1996). Within the study area, only residences
inside the city limits of Pocatello and a few small sections of the Johnny Creek
subdivision are serviced by municipal sewer. Furthermore, municipal sewage could not
account for the salt and nitrate contamination found in the West Bench drainages of the
Bannock Range, the eastern aquifer and most of the southern aquifer, where domestic
waste is treated by septic technology (see Figure 5-3).  In the LPRV municipal sewage
is treated at a facility six miles north of the study area and would not impair local
groundwater unless a sewer line broke.

In this regard, exceedingly high concentrations of nitrate (that did not correlate
with the trends displayed in Figure 4-2) were found in one groundwater sample (MW-01)
that could reflect a broken sewer line. Monitor well MW-01 was installed as part of an
investigation for a city sewer extension project (Montgomery Watson, 1996). Depth to
groundwater is only 36 feet and the total well depth is 45 feet, indicating that a near-

surface source was responsible for the contamination.
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Four samples were collected from this well. Bailed and pre-bailed nitrate
concentrations ranged from 48 mg/l to 111 mg/l. Chloride and sulfate concentrations
varied from115 mg/l to 124 mg/l and 45 mg/l to 54 mg/l, respectively. At these chloride
and sulfate concentrations, high-TDS/high-NO; type waters observed elsewhere in the
valley typically have nitrate concentrations around 4 to 5 mg/1 (see Figures 4-2(a) and
(b))

As shown in Figure 5-3, this well is located up gradient of most of the septic
tanks in the Johnny Creek subdivision. Personnel from the City of Pocatello Waste
Operations Division were on site during the second round of sampling at this well and
indicated that almost all residences in this section of J ohnny Creek are serviced by
municipal sewer. It is possible that the high levels of nitrate in this well reflect raw
sewage emanating from a break in a sewer line that Ppasses within tens of feet of this well
location.

A sample collected from this well in 1996 only had 4 mg/l of NO;, with chloride
and SO concentrations at 107 mg/l and 37 mg/l, respectively. If a sewer line is
responsible, it must have ruptured after 1996,

5.3.2 Most Likely Sources of Salt Contamination

After excluding sources that could not account for the spatial distribution and
trends observed in groundwater chemistry, the most likely sources remaining are: natural
salts, septic effluent, and water softener and road de-icing salt. Septic tanks, and de-icing
salts applied seasonally to local roads, in particular, represent potentially significant

sources of chloride and nitrate.
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NATURAL SQURCES

The chemistry of groundwater is influenced by the composition of recharge water,
aquifer mineralogy, groundwater flow path, and residence time. With longer flow paths
and residence times, there is a higher probability that groundwater will come into contact
with soluble minerals, thereby increasing its salinity and TDS (Hem, 1985).

Some sample locations in this study had concentrations of Cl, SOy, and especially
NO; that are atypical of background groundwater, However, there are lithofacies present
in the LPRYV that could elevate the levels of these constituents. The natura] geochemical
processes outlined below are discussed in more detail in Appendix F.

The northern Bannock and Portneuf Ranges consist of chemically diverse
lithofacies which include limestone, shale, argillite, volcanic ash, and quartzite (Trimble,
1976; Link et al., 1987; Link and Stanford, 1999; Rodgers and Othberg, 1999, Osier
2004). Many of these were deposited in Late Proterozoic through early Mesozoic marine
environments.

High levels of salts in groundwater are typically associated with sedimentary
rocks, particularly evaporites (Hem, 1985). Deposition of evaporites could have been
contemporaneous with many of the other sedimentary lithofacies found in the LPRV;
however, it is not likely that such soluble minerals would persist.

Sedimentary and metasedimentary deposits formed in a sea or enclosed basin, or
submerged in such environments after their formation, may become impregnated with
soluble salts (Hem, 1985). Redox reactions can also increase salinity of groundwater
(e-g. sulfate, produced from the oxidation of pyrite and other sulfide minerals; Hem,

1985).
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Two areas in the West Bench drainages of the Bannock Range that have high
concentrations of salts in groundwater are the Wild Horse Divide subdivision and the
Campbell Creek area in the Mink Creek drainage (see Figure 5-3). Wells in the Wild
Horse Divide subdivision are completed in Quaternary-Tertiary pediment gravels and
underlying Cambrian Elkhead Limestone (IDWR, 2003). Wells in the Campbell Creek
area are completed in black shales, possibly of the Gibson Jack Formation. Well logs
from both areas show that groundwater rises by as much as 365 feet above the point
where water is first encountered, indicating that groundwater at these locations originates
under confined conditions. Since the thick sequences of clays and shales and the
confined groundwater conditions offer some degree of protection from near-surface
contaminants such as septic effluent, the implication is that at least some of the salts in
these deep groundwaters may be naturally derived.

An investigation conducted by CH2MHill(1 994(a)) at the Pocatello Creek landfill
concluded that some of the elevated salts in groundwater were naturally derived. The
Pocatello Creek landfill is located east of Pocatello in the Pocatello Creek drainage (see
Figure 1-3). Shale facies in the upper member of the Pocatello Formation were found to
contain pyrite (2 to 3 percent) and wells completed deep in the Pocatello Formation
tended to have sulfate as the major ion (60 to 85%), suggesting that pyrite oxidation is
responsible. Other minerals may be released into solution to buffer the acidity produced
in the pyrite oxidation process (CH2MHill, 1994(a)).

It is less likely that elevated nitrate levels are due to a natural source such as
evaporitic minerals because of lack of evidence of their presence and the relative scarcity

of nitrate rich evaporate minerals in evaporate deposits. Nitrogen in rocks can be present
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in large quantities in the form of ammonia (NH4+) and organic-N derived from the decay
of buried organic material (Hem, 1985), both of which may become oxidized to NO;.
However, naturally occurring levels of NOs above 3 mg/l in groundwater are rare (see
appendix F).

The highest levels of salts and nitrate in groundwater tended to be in shallow
wells (see Section 5.2.3). Of the ten wells completed in the Wild Horse Divide
subdivision, the wells with the highest TDS and NO; values are the four completed in the
pediment gravels and not the deeper limestone unit. Investigations at the Pocatello Creek
landfill and the eastern aquifer also determined that shallow wells had higher
concentrations of Cl and NO; (CH2MHill, 1994(a), Winter et al., 1994). No natural
source of Cl was found during the landfill investigation and the strong coupled
correlation of Cl and NOjs in shallow waters suggests an anthropogenic surface source.

In summary, natural sources may contribute minor amounts of salts to
groundwater, but they are unlikely a major source.

ROAD DE-ICING SALTS

De-icing salts are applied seasonally to local roads throughout the entire LPRV.
Stockpiles maintained by Bannock County, the City of Pocatello, and the Idaho
Transportation Department, typically contain about five percent by weight of NaCl (City
of Pocatello, 1993; Bannock County, 1993; ITD, 1993).

The amount of road salt applied to roadways in the southem LPRV by the City
of Pocatello and Bannock County is unknown. However, the Idaho Transportation
Department applies approximately 50,000 cubic yards of gravel over 1,800 lane miles in

the State of Idaho each winter season (E. Bala, personal communication 2005). Witha
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salt content of 5% at 25% porosity, approximately 1 cubic yard of salt per lane mile is
applied each year. There are approximately 25 lane miles on Interstate I-15 between the
Portneuf Gap and Red Hill in the LPRYV, so that 43 metric tons of salt are applied to this
section of roadway seasonally. At this application rate, 26 metric tons of chloride would
be available for leaching to groundwater from Interstate I-15 alone.

SEPTIC EFFLUENT

Septic tanks are commonly associated with impacts of salts and nitrates in shallow
groundwater (Wilhelm et al., 1994, 1996). Septic effluent is typically high in salt
content, which may even increase as leachates migrate beyond the drain field. Aerobic
oxidation of ammonia (NHy) to NO; and of organic S to SO4 below the vadose zone also
increases the acidity of effluent, releasing additional solutes through buffering reactions
such as mineral dissolution or cation exchange (Wilhelm et al., 1994, 1996).

Table F-3 in Appendix F shows ionic concentrations found in septic tank effluent
from five studies. The table shows that for some constituents, particularly Cl and SO,
concentrations in effluent are lower than those found in some groundwater samples in the
LPRV. However, levels of Cl and SO, in effluent can vary widely due to additions from
water softeners, detergents, solvents, and other household products.

Some studies have shown that sulfate concentrations can increase as effluent
travels through the vadose zone due to oxidation of residual reduced S (Wilhelm et al.,
1994, 1996). The highest observed groundwater sulfate concentration was 262 mg/l;
typical concentrations in septic effluent are much lower (12 to 60 mg/l).

If pyrite is present in the vadose zone below a septic leach field, the intrinsic

acidity of septic effluent would tend to increase the rate of pyrite oxidation, thereby
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releasing additional SO,. Initially, pyrite (FeSy) is oxidized to ferrous iron (Fez"), sulfate
(SO4™), and acidity (H"). Bacterially-mediated conversion of ferrous to ferric iron (Fe**,
which remains soluble in acidic solutions), acts to enhance further pyrite oxidation. Thus
pyrite oxidation coupled with ferric iron production can become the principal mechanism
for generating acidity and releasing additional SO, (Younos et al., 1999; Brady et al.,
2000).

Concentrations of NOjs in septic effluent typically range from 30 to 60 mg/I after
complete oxidation of ammonia, (Bauman and Schafer, 1985; Hantzsche and Finnemore,
1992; Wilhelm et al., 1994, 1996; ITRC, 2000). Table 5-1 shows the concentrations of
NO; in septic effluent as determined in five studies. This table was adapted from Table
F-3 in Appendix F, assuming 20% of ammonium in leachate is adsorbed and 80%
oxidized to nitrate (Wilhelm et al., 1994, 1996).

Table 5-1: Concentrations of NO; in septic effluent as determined in five studies.
This table was adapted from values in Table F-3 in appendix F, assuming 20%

adsorption of ammeonium ions below the septic leach field (Wilhelm et al., 1994,
1996).

Robertson  Harmanet Wilhelmet Lowe et al., McQu_iilal_n,_

PArameler o1 al 1991 a1, 1996  al, 1996 2004 2004
NO;-N
24 102 46 5-128 0-28
(meg/l) -

The highest nitrate concentrations found in LPRV groundwater are less than 30
mg/l, indicating that if septic effluent is a source of nitrate, it is being diluted by ambient
groundwater.

As discussed in Appendix F, high-TDS/low-NO, type groundwaters may be the
result of denitrification. However, denitrification requires anaerobic conditions as well as

an electron donor such as labile organic C (Wilhelm et al., 1994, 1996), the latter being
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the most common limitation to denitrification in groundwater settings. Most organic C in
waste water is consumed by aerobic oxidation at the same time that NOsj is created
(Bauman et al., 1985; Wilhelm et al., 1994, 1996).

Another possible mechanism for nitrate attenuation is via oxidation of reduced
sulfur by NO3 (Molenat et al., 2002; Robertson and Blowes, 1995). Shales found in the
Bannock Range may provide sources of both reduced carbon and reduced sulfur. This
may explain why many of the high-TDS/low-NO; type waters in the Bannock Range are
associated with these types of lithofacies.

Water softeners can significantly increase the Cl concentration of septic effluent,
in some cases, to more than 5,000 mg/l (Panno et al., 2002). The highest chloride
concentration in LPRV groundwater exceeds 800 mg/l.

The amount of salt (NaCl) used for regeneration of water softener ion exchange
resin ranges from as little as 200 pounds per year to over 4,000 pounds per year per unit
depending on the level of hardness, water usage, and the type of water softener (Kuntz
and McBride, 2004). A distributor of water softeners in Pocatello stated that the newest
water softeners use as little as 250 pounds a year, while older models can use more than
1500 pounds per year.

A resident in the Johnny Creek subdivision stated that for a family of four, they
use approximately 480 pounds of salt a year. If this were considered as the average use
in this area, each home would generate 293 pounds of Cl a year, with more than 80
metric tons of Cl annually discharged from the more than 600 homes using septic tanks in
the LPRV.

At a rate of 293 pounds of Cl discharged a year, and average water usage ranging
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from 150 to 300 gallons per day per household (Bauman and Schafer, 1985; BBC
Research and Consulting, 2001: Hantzsche and Finnemore, 1992; ITRC, 2000; Panno,
2002; Thomas et al., 1999; Wilhelm et al., 1994), the concentrations of Cl in septic
effluent would range from 320 mg/] to 640 mg/l. Water softeners that use as much as
1500 pounds of salt per year would produce Cl concentrations from 1000 mg/1 to 2000
mg/l.

Based on the above Cl concentration estimates and NOj concentrations of 30 to
60 mg/l, the ratio of CI to NO; in septic effluent could range from 5:1 to greater than
60:1, depending on the amount of salt derived from water softeners. The 27:1 Cl to NO;
ratio observed in groundwater suggests that, if Cl is predominantly derived from water
softening, then homes on septic systems annually use approximately 1300 pounds of salt.

A comparison of Cl, SOy, and NOj3 concentrations in outfall from the Pocatello
Waste Water Treatment facility and concentrations in LPRV groundwater is discussed in
Section F.8 of Appendix F. Figure F-1 shows that the ratios of Cl, SOy, and NO; in
treated sewage (outfall) are similar to groundwater that is suspected to be impacted by
septic effluent, and strongly suggests that the elevated concentrations of these
constituents found in groundwater reflect the influence of sewage effluent from septic
systems.

Table 5-2 summarizes the calculated potential fluxes of and ratios of chloride and
nitrate in some of the sources discussed in this section. This table shows that the ratio of
CVNO; found in septic effluent falls within the range of 27:1 CI/NO; found in southern

LPRV groundwater, while the ratio observed in other sources is much lower.
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Table 5-2: Summary of potential fluxes to groundwater and ratios of chloride and
nitrate from sources in the southern LPRYV. This table shows that the ratio of
CUNO3 found in septic effluent falls within the range of 27:1 CUNO3 found in
southern LPRYV groundwater.

Cl1 NO,

(metric tons yr.) (metric tons yr.) Cl:NO3
i’f’z:iig?}:e?:r: > 80 6-11 5:1 to 60:1
(one 150 sre 20 10 21
(peﬁl;)nl;aclol\\v{[;?l:i:es) 25 5 5:1
Road Salt > 26 o

NA* = not applicable because of no nitrate component in road salt

5.4 Summary of Source Evaluation

Landfills, road aggregate, chemical fertilizers, animal waste, and sewer effluent
are considered the least likely sources of salts and nitrate impacting LPRV groundwater.
There is only one landfill, and it could not account for the groundwater contamination
observed in the West Bench drainages or for contamination in the eastern aquifer. Road
aggregate containing leachable sulfate is a possible but unlikely source, and by itself
could not account for the positive correlation of NOs3 with SOy in groundwater. Chemical
fertilizers and animal manure are potentially important sources of NO;, but, the ratio of
Cl to NO; typically associated with these sources is more than an order of magnitude
lower than the ratio observed in LPRV groundwater (Table 5-2). In addition, agricultural
activities involving fertilizer use are limited, and animal waste is restricted to small
corrals and holding pens for horses and other livestock. Municipal sewer lines within the

city limits, could not account for salt and nitrate impacts observed in rural areas.
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After eliminating sources that cannot account for the spatial distributions and
trends observed in groundwater chemistry, the most likely remaining sources are natural
sources, road de-icing salts, and septic effluent.

Natural sources may contribute to groundwater salinity, but the strong coupled
correlation of Cl and NOs; in shallow groundwater indicates an anthropogenic, near-
surface source. The amount of road salt applied seasonally in the LPRV could be a
potential source of sodium and chloride, but cannot explain the coupled nitrate
contamination.

Septic effluent typically contains high concentrations of NO; (30-60 mg/1), and
can also have high concentrations of Cl derived from water softening, as well as elevated
SO; concentrations.

There are approximately 672 residences in the southern LPRV with septic tanks
(Figure 5-3). Assuming an average water usage of 225 gallons per day per residence and
NO;-N concentrations in septic effluent ranging from 30 mg/1 to 60 mg/l, approximately
6 to 11 metric tons of NOs-N is discharged via septic tanks each year in the LPRV. The
spatial relationship between septic tanks and groundwater high in TDS and NO, (Figure
5-3) suggests that septic effluent may be the principal factor in impairing groundwater

quality, a hypothesis that will be tested in Chapter 6.
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Chapter 6: Modeling
6.1 Simple Chemical Mass Balance Modeling

The chemical mass balance modeling approach uses chemical tracers in the
components of aquifer recharge to determine the relative contribution of each component
to the southern aquifer. Mass balance computations require the solution of a set of
simultaneous equations. Sections 2.5 and 2.6 summarize the assumptions and
methodology involved in chemical mass balance modeling.

Two types of software were used for modeling: Microsoft Excel ® and IsoSource
(U.S. EPA, 2003). Microsoft Excel ® can be used to solve for a system of simultaneous
equations using matrix inversion. Matrices were constructed using tracer concentrations
for geochemically distinct components of recharge from three sources: the Bannock
Range, east aquifer, and inflow through the Portneuf Gap. Welhan et al. (1996) surmised
that the Portneuf River was not a significant recharge source to the southern aquifer;
therefore, the river was not considered.

IsoSource (U.S. EPA, 2003), a software package developed by U.S. EPA
calculates the ranges of source proportional contributions to a mixture based on chemical
or stable isotope tracer chemistry when the number of recharge sources exceeds the
number of tracers available to permit unique solutions. Mass balance solutions calculated
by IsoSource were compared to the matrix models constructed with the Excel
spreadsheets.

Table 6-1 summarizes the concentrations of tracers defining end-members in one
matrix model and the resulting calculated contributions to the southern aquifer from each

end-member recharge source. The chemistry in domestic well WB-102 was used to
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End Members

High TDS/ Low-TDS/ High TDS/ Portneuf Main
LowNO; LowNO; High NO; Gap Aquifer

Cl (mg/L) 897 35 1200 47.3 56.6
SO, (mg/L) 262 20 450 35.7 37
NO; (mg/L) 4.3 0.8 45 1.8 2.18

T

Contribution (%) G5 20054

Table 6-1: Concentrations of tracers used to define end-members in one matrix
model and the resulting end-member contributions to the southern aquifer.

define the high-Cl/low-NOs type water, which had the highest Cl and SO, concentrations
for these water types. Low-TDS/low-NO; water was defined by the chemistry of one
artesian well (MA-115) in the southern aquifer that was assumed to represent low-TDS
recharge water from the Bannock Range. The average concentrations in the three wells
south of the Portneuf Gap were used to characterize inflow through the Gap.

The high-TDS/high-NOs type end-member is hypothesized to result from septic
effluent (see section 5.3.2), whose NOs-N concentrations typically range from 30 to 60
mg/l; 45 mg/l was used as an average concentration. Chloride and sulfate concentrations
in septic effluent were derived by extrapolating their expected concentrations from the
trends observed in Figures 4-2(a) and (b) for waters contamninated with nitrate.

The southern aquifer’s ionic chemistry was derived from the regression analyses
that showed increasing trends of each constituent along the aquifer flow path (see Figures
5-4a,b, and c). Concentrations predicted by the regression equations for the Red Hill
area were used to represent the outflow from the model, with the assumption of complete

muxing of all end-member sources within the aquifer.
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The results of this simple model indicate that the relative contributions of
Portneuf Gap inflow and recharge from the Bannock Range were 77.4% and 21.7%,
respectively, whereas septic effluent contributes only 1.4%. In this model, high-
TDS/low-NOj type waters make a negligible contribution.

Several models were evaluated with different concentrations of tracers in the
recharge components. The results were similar, with Bannock Range recharge
contributions ranging from about 5% to 22%, and inflow from the Portneuf Gap ranging
from 77% to 95%. Similar results were also obtained using IsoSource software,

Welhan et al. (1996) developed a water balance model for the southern Pocatello
aquifer based on physical hydrogeologic constraints (see section 1.4.2) in which inflow
from the Portneuf Gap accounted for only about 10% to 20% of recharge and Bannock
Range recharge contributing more than 80%. The chemical mass balance results
contradict this substantially, suggesting that certain assumptions in the chemical mass
balance modeling may be incorrect. First, the chemical tracers must be conservative (no
chemical reactions). However, as discussed in Section 5.3.2, denitrification and sulfate
production may be occurring at some locations. Secondly, there should be complete
mixing of all chemical components in the aquifer. Due to the high linear velocities in the
aquifer, however, longitudinal dispersion is significantly greater than lateral dispersion
and would inhibit lateral mixing of recharge components across the width of the aquifer
(Welhan and Meehan, 1994; Welhan et al,, 1996). Also, most sample locations in the
main aquifer are near the western margin and from wells at shallow depths that may not
sufficiently characterize its chemistry.

Third, and most importantly, all end-members components must be characterized
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by substantially different concentrations of at least one tracer. In the example shown in
Table 6-1, the chemistry of inflow through the Portneuf Gap is similar to the main
aquifer, which introduces an automatic bias in the chemical mass balance.

This mass balance model is also inherently weak due to the fact that it is an under-
determined model. Ideally there should be at least as many chemical tracers as there are
components of recharge to solve for unique solutions. In this case there are more
recharge components than tracers.

Due to these limitations, the water balance model of Welhan et al. (1996) is
considered to be more reliable. An updated version of the water balance for a period
from June 1994 through October 2003 (Appendix C) and spanning periods of below- and
above-normal precipitation indicates that annual recharge from the Bannock Range is of
the order of 5 to 6.5 Bgy. This range was used to constrain groundwater recharge in the
mixing models described in the following sections.

6.2 Segmented Mixing Models

In order to overcome the limitations of the above chemical mass balance
modeling approach, segmented mixing models were developed along the direction of
flow in the southern aquifer (see Figures 5-4(a) and (c)). The southern aquifer was split
into five mixing “cells”, M1 through M5 (Figure 6-1), their boundaries drawn to separate
areas potentially contributing major influxes from adjacent tributary drainages (i.e. Mink
Creek, Gibson Jack Creek) as well as areas of high septic densities in the West Bench
area (i.e. Johnny Creek subdivision). The water balance results of Welhan et al. (1996)
(see section 1.5.3) and Appendix C were used to constrain the flux of groundwater

recharge through the mixing cells.
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Figure 6-1: Southern aquifer cell boundaries for septic mixing models. The
boundaries partitioning each cell were drawn to scparate areas potentially impacted
by major influxes from adjacent tributary drainages (i.e. Mink Creek, Gibson Jack
Creek) and high septic densities in the west bench area (i.e. Jolinny Creek
subdivision). The flux of septic effluent (Qseptic) to each cell was cstimated as 225
gallons per day multiplied by the number of septics that overlie each cell in the main
aquifer and in the adjacent West Bench drainage areas between the dashed lines.
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Progressively more complex models were constructed in three stages. Conceptual

diagrams for the three types of models are illustrated in Figures 6-2, 6-5, and 6-7 for

NO3-N
clowr,

Estimates for septic effluent fluxes and concentrations of NOs-N in effluent came
from literature reviews (Bauman and Schafer, 1985; BBC Research and Consulting,
2001: Hantzsche and Finnemore, 1992; ITRC, 2000; Panno, 2002; Thomas et al., 1999;
Wilhelm et al., 1994). An average household generates between 150 — 300 gallons per
day of waste water. The average flux of septic effluent (Qseptic) to each model cell was
assumed to be 225 gallons per day multiplied by the number of septics that contribute to
each cell in the main aquifer or the adjacent West Bench drainage area (shown by the
dashed lines in Figure 6-1). For example, cell M2 is potentially impacted by the septics
that are located over it (5 septics, Figure 6-1) plus all of the septics in the Mink Creek
drainage upgradient of M2 (199 septics, Figure 6-1). The total septic effluent recharge
flux to the southern aquifer is approximately 49 million gallons per year.

All mixing models were run with septic NO5-N concentrations (C¥*"") of 30,
45, and 60 mg/l. Some studies have found NO3-N concentrations in septic effluent as

high as 100 mg/l (Hantzsche and Finnemore, 1992), so models were also run with

C2o%¥ values of 75 and 100 mg/l.

seplic
Concentrations of Cl in septic effluent were constrained by their linear
relationship to NO3-N in groundwater (Figure 4-2(b)). The ratio of CI to NOj in high-
Cl/high-NOs type groundwater assumed to be contaminated by septic effluent is
approximately 27 to 1. At this ratio, C., concentrations ranged from 800 to 2700 mg/l,

NO3~-N
Cs!pli(‘

corresponding to the concentrations of 30 to 100 mg/1.
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6.2.1 Model A: Incremental Increase in Aquifer Flux

The simplest model scenario (Figure 6-2) assessed the mixing of only septic
effluent from drain fields located over the main aquifer and the adjacent contributing
West Bench area. The water balance of Welhan et al. (1996) (see section 1.5.3) required
that 1.1 billion gallons a year (Bgy) enter through the Portneuf Gap, with approximately
6.6 Bgy of outflow at Red Hill. In this model, 1.1 Bgy enters cell M1 through the
Portneuf Gap with a flux increase of 1.1 Bgy at each cell, so that a total of 6.6 Bgy

eventually leaves as outflow from cell MS. The tracer concentrations of water flowing
through the Portneuf Gap ( Cp¥and CZ ) was determined from the linear regression
analyses in Figures 5-4(a) and (c).

The first model was run with septic effluent concentrations of NO; at 30 mg/l and
60 mg/l, and cormresponding Cl concentrations of 800 mg/l and 1600 mg/1 (from the 27:1
ratio observed in groundwater). Figures 6-3(a) and (b) summarize the results of Model

A, which show that in this mixing scenario, Cl and NO; concentrations in the main

Qseplic = west bench + Qseptic = west bench +
main aquifer septics main aquifer septics
NO 3-N NOI-N
l Cseplic l Csephc

Qgap=1.1bgy | Cell M1 QM1 + 1.1 bgy Cell M2 QM2 + 1.1 bgy

CMo3-N _Observed omplete C No3-¥ omplete | ~ Observed
@ = Trend Mixing Mi Mixing [C ", = Trend

Figure 6-2: Septic mixing model A flow diagram. In this model, 1.1 bgy enters cell
M1 through the Portneuf Gap with a flux increase of 1.1 bgy at each cell, so that a
total of 6.6 bgy eventually leaves as outflow from cell MS. The tracer concentrations

of water flowing through the Portneuf Gap (Cp " and Cy,,) was determined from

the linear regression analyses in Figure 5-4.
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Figures 6-3(a) and (b): Results of Septic Mixing Model A representing a total septic
recharge flux of 49 million gallons per year. The model results show that in this
mixing scenario, Cl and NOj concentrations in the main aquifer would be greater
than the observed trend.

354 (a) Nitrate 80, {b) Chloride
Observed Increase Observed Increase
3.0 In Nitrate 70 ] In Chioride
g ---p-.. Septic Efluent farg -..p-.. Septic Effiyent
E NO3=17 mgn S C! = 459 mgh
= 2.5 4 E 60
3 =
g . 5
2,0 w 5
1.5 +— = - v T —r — 40 L T T T —
Gap M1 M2 M3 M4 M5 Gap M1 M2 M3 M4 M5
Aquifer Cells Aquifer Cells

Figures 6-4(a) and (b): Matching the spatial trend predicted by the model requires
septic effluent at 17 mg/l NO; and a Cl concentration of 459 mg/l, as constrained by
its linear relationship to NOs-N in LPRV groundwater. Figure 6-4(b) shows the
model matches very closely with the observed 27:1 CVNO;j ratio in LPRV

groundwater.
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aquifer would be greater than the observed trend.

The model was recalculated a number of times by decreasing the concentration of
NO; in septic effluent incrementally until the trend predicted by the model matched the
observed trend. Figure 6-4(a) shows that with septic effluent at 17 mg/l NO;, the
modeled trend and observed trend match very closely. Concentrations of Cl in septic
effluent at this NO; concentration was estimated to be 459 mg/l, as constrained by the
27:1 ratio observed in groundwater. Figure 6-4(b) shows that the model matches the
observed Cl trend very closely at this CI/NOj ratio.
6.2.2 Model B: West Bench Groundwater Contributions

The model results of Section 6.2.1 indicate that NO; and Cl in septic effluent
could account for the observed trends of increasing concentrations of these constituents in
the southern aquifer. However, the concentration of 17 mg/l NO3-N needed to make the
model fit the observed trend is lower than the 30 to 60 mg/] range that is typical of septic
effluent, suggesting that septic effluent is being diluted by a natural recharge component.

Model A does not explicitly account for any recharge flux other than septic
effluent, and also arbitrarily increases the aquifer flux between each cell without
identifying another recharge source besides septic effluent. To address these
shortcomings, a second modeling approach incorporated an influx of West Bench
recharge in addition to septic effluent (Figure 6-5).

In model B, the flux of water and tracer into cell M1 from contributing septic

tanks and the Portneuf Gap was the same as in model A. A West Bench tracer
concentration (C,;”>"") was assigned and used to solve for the flux of West Bench

recharge (Qwb) to cell M1 that was necessary to fit the tracer concentration in M1
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(Ci7*™") to the regressed NO; and Cl trend concentrations at that point (Figure 5-4).

The flux of water entering cell M2 therefore, was the sum of the fluxes added to cell M1

(Qseptic + Qwb + Qgap). This process continued for each cell, keeping CX**" constant,

Each model could then predict, for a specified %> the total flux of West Bench

water that was necessary to fit the observed trends in aquifer chemistry. These models
where used to constrain the tracer concentrations that would be necessary in West Bench
water to match the 5.5 bgy of West Bench flux predicted by Welhan et al. (1996).
Figures 6-6(a) and (b) summarize the relationships between computed West
Bench flux, West Bench background recharge concentration, and the average
concentration of septic effluent. The dashed lines identify the 5.5 + 1 bgy of West Bench

recharge flux as constrained by the water balance of Welhan et al. (1996). This range

Qseptic = west bench + Qseptic = west bench +
main aquifer septics main aquifer septics
CYoI-w NO 3-N
septic septic

Qgap=1.1bgy |Cell M1 [ QM1+ Qsep+ Qwb | Cell M2 Qm2 + Qsep + Qwb
—_—— —_—— —_—cct...

CVos- _Observed Complete C Mos3-w Observed Complete  #03-n Observed
gop  — Trend Mixing M1 =~ Trend Mixing M2 = Trend
Qub =272 T Quwb =277 1
NO3-N NO3-N
Cu‘b C“‘b

Figure 6-5: Septic mixing model B flow diagram. This modeling approach
incorporated an influx of West Bench background water in addition to septic
efflucnt to each cell. A West Bench tracer concentration (C"**) was assigned and
used to solve for the flux of west bench water (Qwb) necessary to mix in cell M1 so
that the tracer concentration in M1 (C,}%") fit the observed NO; and Cl trend in

Figure 5-4. The flux of water entering cell M2 was the combined sum of the fluxes
added to cell M1 (Qseptic + Qwb + Qgap).
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was chosen to represent possible uncertainty in the water balance calculations as well as
changes in West Bench fluxes between wet and dry periods that were determined in the
updated water balance in Appendix C.

The shaded areas bracket the most likely ranges of West Bench fluxes and

groundwater recharge concentrations corresponding to septic effluent NOs levels from of

(a) Nitrate

- -
=] -]
i 1

"

-
N

West Bench NO3 (mg/)
-
ES

Y
2
s
5
5 Assumed CI/NO3
§ Ratio = 27 : 1
g 30
25 . : ; : .
2 3 4 5 6 7 8

West Bench Flux (Bgy)

Figures 6-6(a) and (b): Results of mixing calculations incorporating West Bench
recharge. Solid lines reflect the relationship between West Bench flux, background
recharge concentration and average concentration in septic effluent. The dashed
lines identify the 5.5 + 1 bgy of West Bench groundwater flux as constrained by the
water balance in Welhan et al. (1996). The shaded areas represent the most likely
ranges of West Bench background concentrations and fluxes for septic effluent NOs-
N concentrations of 30 to 60 mg/l.
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30 to 60 mg/l, the most typical range documented in septic effluent. Some studies have
found NOjs concentrations in septic effluent as high as 100 mg/l (Hantzsche and
Finnemore, 1992), which represent possible, but less likely, mixing scenarios.

These model results restrict the range of possible West Bench background NO;
concentrations to less than 1.9 mg/l and Cl concentrations less than 47 mg/l. These are
the concentrations observed at the Portneuf Gap as determined by the linear regression
model in Figures 5-4(a) and (c) and that are required to ensure that West Bench
groundwater is able to dilute the contribution from septic effluent.

The model indicates that background NOj3 concentrations in West Bench waters
most likely range from 1.7 to 1.9 mg/l at a 5.5 bgy flux. If septic effluent were as high as
100 mg/l NOs, West Bench recharge would have to be as low as 1.2 - 1.4 mg/l NOs-N.
Corresponding C1 concentrations in West Bench recharge (Figure 6-6(b)) could range
from 44 to 47 mg/I for typical effluent and as low as 33 mg/l if septic effluent Cl
concentrations were substantially higher.

For the range of West Bench fluxes considered most plausible (5.5 + 1 Bgy,
Appendix C), concentrations of NO; in West Bench recharge are constrained to better
than 10% for the most likely concentrations expected in septic effluent.

To test the model’s sensitivity to the magnitude of septic discharge flux, Model B
was rerun assuming fluxes of 150 gpd and 300 gpd per septic tank at a NO; effluent
concentration of 45 mg/l. At 150 gpd, the relationship between West Bench flux and
West Bench NO; concentrations would be very similar to the 30 mg/l effluent model

shown in Figure 6-6(a). At 300 gpd, results were very similar to the 60 mg/] effluent
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model in Figure 6-6(a). These results indicate that uncertainty in the assumed average
septic discharge flux does not change the model predictions substantially.
6.2.3 Model C: Portneuf River Contributions

The third and most complex mixing scenario considered the impact of recharge

a3

ST TSR
SiSeepage;c

A
¥

B SBmET0SRIE Fiver Waler 1o the aquttery

Stream flow data from the reach of the Portneuf River that extends from the

Portneuf Gap to the Carson Street-USGS gauging station were evaluated to estimate river
losses to the southern aquifer (Figure 6-8). Table 6-2 shows stream discharge

measurements in this reach of the river made by the ISU Biology Dept. (Inouye, R.,

Qseptic = west bench + Qseptic = west bench +
main aquifer septics main aquifer septics
NO3-N NO 3= N
l C Sepric 1 C:epllc
M1+ + b + + +
Qoep=1.1bgy |Cell M1 [QUT+Qsep+Qubl ooy o QM2 + Qsep + Qud
Qriv Qriv ect
e ———- —_’. en
Co3-n _Observed Corpplete ¢ o3-n Observed Corpplete r03-y Observed
gp T Trend Mixing M = Trend Mixing  |C """ = Trend
Qwb =777 Qriv Qwb =277 1 Qriv
NOI-N NO3-N NO3-N =
Cl:bm N C:‘fn C“\;'os N C::os v

Figure 6-7: Septic mixing model C flow diagram. This modeling scenario
considered the impact of recharge from the Portneuf River in addition to West
Bench water. An estimate of 1 bgy was used to constrain the river recharge.
Concentrations of NO; and Cl in the Portneuf River were determined from U.S.
Geological Survey analyses made at the in Pocatello gauging station from 1966
through 2002 (Figures 6-9(a) and (b)).
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Table 6-2: Portneuf River and tributary discharge measurements in the Pocatello
Valley. Measurements made in this study *, by Chen (2001)", and by the ISU
Biology Dept. °. Values designated with an (*) indicate tributary discharges that
were estimated from previous tributary measurements ratio to Portneuf River
discharge.
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written comm., 2004), Chen (2001), and this study. Relative flows for the Mink Creek,
Gibson Jack, and City Creek tributaries were estimated based on measurements made in
1994 in those streams.

Several discrepancies are apparent in Table 6-2. Measurements collected by
Chen in August 2000 indicated that the river was losing a large amount of water between
Cheyenne Road and Carson USGS gauging station (-8.4 cfs). Measurements collected by
the ISU Biology Dept. in 2002 and 2004 at Rainey Park and Carson Street suggest that
part of this section is actually gaining water (-++4.9 to +20.79 cfs). This reach of the
Portneuf has been modified with riprap and concrete, which would make such a transfer
of water difficult. Furthermore, groundwater levels are below the river level in this part
of the valley, which would make gains from groundwater impossible. Stream
measurements in the reach from Fort Hall Road to the Century Well in August 2002

indicate a loss of river water, but in September 2002 there was a large gain for the same

reach.

‘Such discrepancies indicate thiat I

orresgonding reack distarces o yield the average apphrent gaid per kilometer of reach’
(Table 6-3). The average gain for all pairs of flow measurements was -0.48 cfs/km, This
value suggests that the river may beé a losing stream in this part of the valley; however, its
95% confidence interval (-1.44 cfs/km to .48 cfs/km) brackets both gains and losses.

The reach of the Portneuf River between Portneuf Gap and Red Hill is

approximately 9.1 km. At an infiltration rate of 0.48 cfs/km, the river would contribute a
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little more than 1 Bgy to groundwater recharge. This estimate was used to constrain the
maximum possible river recharge in the third mixing model (Figure 6-7). The amount of
river flux contributing to each mixing cell was determined by the reach distance covered
by that cell.

Concentrations of NOj; and Cl in the Portneuf River were determined from U.S.
Geological Survey analyses made at the Pocatello gauging station from 1966 through
2002. Figures 6-9(a) and (b) show the relationship between river water concentrations
and river discharge. Chloride and sulfate show clear trends of decreasing concentrations
with greater discharges, whereas nitrate concentrations appear to be independent of river
discharge (Figure 6-9(b)).

The annual mean flow for the river at Pocatello usually ranges between 150 and
400 cfs (USGS, 2005). Chloride concentrations at these flow rates would range between
30 and 45 mg/l, which were the concentrations used for modeling along with nitrate
concentrations of 0.5 and 1.5 mg/l.

Figures 6-10(a) through (d) summarize the results of the mixing calculations. The
model was run with septic effluent NO3 concentrations of 30, 45, 60 and 100 mg/! and
corresponding septic Cl concentrations as in previous models. The dashed lines in the
figures represent the 4.5 + 1 Bgy range of West Bench recharge necessary to maintain the
water balance (after accounting for one Bgy of contributions from the river). The shaded
areas represent the most likely range of West Bench background concentrations and
fluxes for the range of NO; concentrations that are most typical of septic effluent.

Figures 6-10(a) and (b) indicate that for higher river concentrations of NO; (1.5

mg/1) and Cl (45 mg/l), the most likely septic effluent are > 45 mg/l NO;-N and > 1200
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Figures 6-9(a) and (b): Relationship between Portneuf River water concentrations of
(), S04, and NO; and river discharge in Pocatello (USGS, 2005). Chloride and
sulfate show clear trends of decreasing concentrations with greater discharges.
Nitrate concentrations appear to be independent of river discharge.
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Figures 6-10(a) through (d): Septic mixing model results considering Portneuf River
contributions. Solid lines represent septic effluent NOj; concentrations of 30, 45, and
60 mg/l and corresponding septic Cl concentrations as in previous models. The
dashed lines in the figures represent 4.5 + 1 bgy of West Bench recharge after
accounting for one bgy of contributions from the river. The shaded areas represent
the most likely range of West Bench background concentrations and fluxes that
explain the septic tracer data.
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mg/1 Cl. Models with lower concentrations of NOj; and CI (corresponding to high flow
conditions) in the river do not meet the constraints of the mass balance.
6.2.4 Discussion of Main Aquifer Septic Mixing Models

Mixing models B and C indicate that if NO; in septic effluent is 30 to 60 mg/l,
which is the range typically found, the average NO; and Cl concentrations in West Bench
groundwater would have to be greater than 1.6 mg/l and40 mg/l, respectively. All
models show that the constraints of the water balance can be achieved with an adequate
flux of Bannock Range groundwater with NO3 concentrations less than 2 mg/l, which is
within the natural background range.

The concentrations of Cl and NO; in West Bench water calculated in the mixing
models are summarized in Figure 6-11(a) and compared to the observed concentrations in
West Bench groundwater. The modeled results represent the average concentration in

West Bench groundwater; as Figure 6-11(a) shows, these are within the range of

observed values.
‘. (a) CI/NO3 0 {b) CI/SO4 Model
[ Results
4 4 é "
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Figures 6-11(a) and (b): Comparisons of West Bench Cl, NO3, and SO4
groundwater concentrations calculated by the models (hatched areas) and observed
concentrations. These figures show that the model predicted values fall within the
range of observed concentrations in West Bench groundwater.
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The same modeling approach used for NO; and CI (Model B) was used to test if
septic effluent could explain the observed trend of SO, increases shown in Figure 5-4(b).
Septic effluent was assumed to have a Cl/SO4 ratio of 2.5, as observed in LPRV
groundwater (Figure 4-2(b)). Figure 6-11(b) summarizes the model calculated
concentrations of SO4 and Cl in average background West Bench groundwater compared
to the observed concentrations in West Bench groundwater. As for NOs and ClI, the
mixing model also reproduces observed SO, trends from a septic source, with
background concentrations that fall within those observed in West Bench groundwater,

In contrast, river mixing models do not reproduce as coherent results. The fact
that the river mixing models (Model C) require higher septic effluent concentrations to
account for a river contribution also reinforces the hypothesis that the Portneuf River is
not a significant component of the southern aquifer’s water balance (see section 1.4.2).
For example, if most river recharge occurs at high discharge (and hence lower CI
concentrations than shown in Figure 6-10 (b) and (d)), then no reasonable solution to the
mass balance equations exists within the model constraints.
6.3 Mink Creek Septic Mixing Models

Septic mixing models were also used to test if elevated groundwater
concentrations of NO; and Cl in the Mink Creek drainage can be attributed to septic
effluent (see Figures 4-5(a) and (c)). One model was created for the upper part of the
drainage where NO; concentrations rose steadily from 1.1 just below the Forest Service
boundary to 6.6 just above the poultry farm (see Figure 4-5(c)). Another model
evaluated if groundwater concentrations observed at the mouth of the drainage could be

attributed to impacts from all septic tanks upstream. These models considered only that

121

PWUAO003687



groundwater which flows through the alluvium and not the bedrock.

Table 6-4 shows the parameters used to estimate the valley groundwater
underflow. Cross sectional areas were estimated from surface topography and geology;
gravity-derived profiles from Reid (1997) were used to define the cross-sectional
geometry of alluvium at the mouth of the drainage. The hydraulic gradient (i) was
assumed to be similar to the topographic gradient just above each cross sectional area
being modeled. Hydraulic conductivities (K) were estimated from specific capacity
measurements obtained from domestic wells completed in the allavium in Mink Creek
using methods for partial penetration correction as described in Walton (1987). Table 6-4
shows the mean K and maximum K estimated for the aquifer thickness at each cross
section.

It was assumed that each septic tank upstream of each cross section was

contributing 225 gpd of effluent. Models were run with effluent NO; concentrations of

Mink Creek Groundwater Flux Estimates

. Area Flux Flux
K (fday) ' (f2)  (ft3/iday)  (May)
Upper Mink _ Mean K 44 0.025 11752 1203 35
Creek .
Drainage Maximum K 17.5 0.025 11,752 5,142 14
l\inouth ofk Mean K 25 002 155086 7,799 213
Mink C
D','ain;; Maximum K 10 002 155086 31,017 847

Table 6-4: Parameters used to estimate annual groundwater fluxes in Mink Creek mixing
models. Cross sectional areas were estimated from surface topography and geology, in the
case of the mouth of the drainage, gravity profiles in Reid (1997) were also used. The
hydraulic gradient (i) was assumed to be similar to the topographic gradient just above
each cross sectional area being modeled. Mean and maximum hydraulic conductivities
{mean k and max k) were calculated from specific capacity measurements from domestic
wells completed in the alluvium in Mink Creek.
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30, 45, and 60 mg/l. Chloride effluent concentrations were, respectively, 800, 1200, and
1600 mg/l, as constrained by their linear relationship to NO; in groundwater.

Background concentrations were taken from a domestic well (MC-130) sampled
just below the Forest Service boundary.

Tables 6-5(a) and (b) display the results of septic mixing models for the upper
section of the Mink Creek drainage above the poultry farm. The first models run with the
mean hydraulic conductivity value predicted that levels of NO; and Cl in
groundwater would be much higher than the observed concentrations of 6.6 mg/l and 180
mg/l. When the maximum hydraulic conductivity values were used, with concentrations
of 60 mg/l of NO3 and 1600 mg/1 of Cl, the predicted concentrations matched more
closely with observed concentrations.

In the adjusted flux model, the ground water flux was adjusted to force the
predicted concentration to equal the observed concentration, assuming an average septic
concentration of 45 mg/l NO;. This yielded a groundwater flux estimate of 9.8 million
gallons per year. This flux estimate was then used in the chloride mixing model with a
septic effluent CI concentration of 1200 mg/l, based on the CI/NO;s ratio observed in
groundwater of 27 to 1. This gave a modeled Cl concentration (184 mg/1) that was also
very close to the observed (180 mg/l).

The mouth of Mink Creek drainage was modeled in a similar way (Table 6-6). In
these scenarios, model results were compared to the range of NOj3 (1.8 to 5.9 mg/1) and
C1(63 to 140 mg/l) concentrations observed in groundwater at the mouth of the drainage

as displayed in Figures 4-5(a) and (c).
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Upper Mink Creek Drainage

Septic Flux = 17 septics x 225 gpd = 1.4 mgy; background NO3 = 1.1 mg/l,
Observed NO3 = 6.6 mgli

(a) Nitrate Models

Ground -
Septic Predicted
Model Type ng‘:ir NO; Concentration Ol(arsner/\ll)e d
(Mgy) (Mol (mg/) e
35 30 9.3
( ﬂeg}:,;) 35 45 13.6 6.6
3.5 60 17.8
Maximum K ;l: Zg g;’ 6.6
17.5 fi/d ) )
( V), 60 6.4
Groundwater
Flux Adjusted
for Observed ] 45 5% B8
Concentration
of 6.6 mgl/l

Septic Flux = 17 septics x 225 gpd = 1.4 mgy:; background NO3 = 1.1 mgll,
Observed NO; = 6.6 mg/t

(b) Chioride Models

Ground . .
Water Septic Predicted

Model Type Cl Concentration Observed
(mgy) (mam  (mghy (mal)
35 800 254
(4'Y'4e;/':1:y) 35 1200 368 180
35 1600 482
. 14 800 107
Maximum K
14 1200 143 180
(17.5 fday) 14 1600 180
Groundwater
Flux Adjusted
for Observed a8 1200 {54 784
Concentration
of 6.6 mg/l

Tables 6-5(a) and (b): Results of septic mixing models for the upper section of the Mink
Creek drainage above the poultry farm. Models using the mean hydraulic conductivity
estimate predicted much higher levels of NOs and Cl in groundwater than were observed.
Predicted values matched very closely with observed concentrations when maximum K
values were used. An adjusted groundwater flux of 9.8 million gallons per year was
required to match the observed NOj3 concentrations for a septic effluent concentration of 45
mg/l. This lies within the range of flux values (3.5 to 14 million gallons per year) estimated
from the mean and maximum hydraulic conductivity estimates.
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Mouth of Mink Creek Drainage

Septic Flux = 199 septics x 225 gpd = 16.3 mgy; background NO3 = 1.1 mgi,
Observed NO; = 1.8 - 5.9 mg/l (median = 3.4)

(a) Nitrate Models

Ground
Septic Predicted
Model Type Vglal::r NO3; Concentration Olz;zrl\ll;a d
(Mgy) (mall) (mgh)
21.3 30 13.6
Mean K
21.3 45 20.2 18-5.9
2.5 ft/d .
( M 93 s 26.7
Maximum K 84.7 30 58
84.7 45 8.2 1.8-59
(ofiday) 207 &0 10.6
Groundwater
Flux Adjusted
for Observed
Median 809 45 i Ei
Concentration
of 3.4 mg/l

Septic Flux = 199 septics x 225 gpd = 16.3 mgy; background NO3 = 1.1 mgll,
Observed NO; = 1.8 — 5.9 mg/l (median = 88)

(b) Chloride Models

Ground .
Septlc Predicted
Model Type v:ﬁ:ir Cl Concentration O?;Z%ed
(Mgy) _(ma/) (mgll)
21.3 800 369
(zhgefi’,';:y) 213 1200 543 63- 140
) 213 1600 716
Maximum k 84.7 800 161
(10 fday) 847 1200 226 63 - 140
84.7 1600 291
Groundwater
Flux Adjusted
for Observed SRR
Median 860 1200 88 88
Concentration
of 88 mg/l

Tables 6-6(a) and (b): Results of septic mixing models for the mouth of the Mink C reek drainage.
The mean conductivity model results had higher concentrations of both NO; and CI than was
observed in groundwater. Maximum conductivity models also tended to have higher than observed
concentrations, with the exception of NO, in septic effluent at 30 mg/l, which was close to the
observed high range. The adjusted flux models for NO; and CI were comparable to each other (300
and 360 mgy), but indicated that the groundwater flux would be much greater than those estimated
from the mean and maximum hydraulic conductivities.
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The mean hydraulic conductivity estimate produced higher concentrations of both
NOjs and Cl than were observed in groundwater, as did maximum hydraulic conductivity
estimates, with the exception of NO; in septic effluent at 30 mg/l, which was close to the
observed high range.

The adjusted ground water flux models were run with the median NOs (45 mg/)
and Cl (1200 mg/1) septic effluent concentrations. These models show the range of
groundwater fluxes necessary for modeled results to match the median concentrations of
NO; and Cl observed in groundwater (3.4 and 88 mg/l, respectively). Both adjusted
groundwater flux models show comparable results with 300 to 360 million gallons per
year necessary to match the median concentrations.

6.3.1 Discussion of Mink Creek Models

Results of mixing models in upper Mink Creek suggest that septic effluent is
likely responsible for the observed trend of increasing Cl and NOs groundwater
concentrations in this part of the drainage (see Figure 4-5(a) and (c).

The adjusted flux models for NOj; and Cl at the mouth of the drainage indicated
that the groundwater flux would be much greater than those estimated from the mean and
maximum hydraulic conductivities. There may be several possibilities for these
discrepancies. Conductivity estimates from specific capacity tend to underestimate
aquifer transmissivities due to the effects of well loss and partial penetration. Also, these
models considered only groundwater flowing through the alluvium, and not bedrock. As
discussed in section 4.3.1, fracture flow in Mink Creek is likely important. The higher
flow estimates are more comparable to the water balance estimate of about 5.5 billion

gallons a year from the southern Bannock Range determined in Welhan et al. (1996).
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Mink Creek is the largest drainage in the LPRV and likely makes up a large portion of
recharge from the Bannock Range.

The main aquifer septic mixing models in Section 6.2 also suggest that recharge
from the Mink Creek drainage would be greater. The flux of West Bench recharge into
cell M2, the cell at the mouth of Mink Creek, was generally greater than two billion
gallons per year for models that met the constraints of the water balance. To achieve a
cross sectional area along the western boundary of Cell M2 that was large enough to
accommodate a West Bench recharge of approximately 2 billion gallons per year and a
flux that is areally proportional to the 300 to 360 million gallons a year calculated for the
cross sectional area of alluvium used in Table 6-6, the depth of the main aquifer would
have to be approximately 150 feet. This depth is within the range of aquifer thickness in
the southern LPRV, and indicates that the mode! flux calculations can be reconciled with

physical constraints as well as chemical mass balance.
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Chapter 7: Summary and Conclusions
7.1 Summary

The Lower Portneuf River Valley (LPRV) aquifer supplies the entire water needs
to rural and urban residents of Pocatello and Chubbuck, Idaho. This aquifer system is
comprised of two very different subsystems: the northern aquifer system and the southern
aquifer system (Welhan et al., 1996) (Figure 1-3). This study focused primarily on the
geochemistry of water in the southern aquifer and the adjacent recharge areas of the
system in the context of what sources may be responsible for impacting water quality.

Several localized areas of groundwater have been affected by nitrate and salts
such as sulfate, chloride, sodium, and calcium, which are usually associated with non-
point sources like septic leachate, road salting, and runoff from agriculture and ranching
operations (Panno et al., 2002; Wilhelm et al., 1996). Of the order of 672 septic drain
fields overlie portions of the southern aquifer and its recharge areas in the Bannock
Range and upper Portneuf watershed, and there has previously been no broad assessment
of their impact on LPRV groundwater. This thesis attempted to address this question and
to identify and quantify the sources of inorganic salts contributing to the southern LPRV
aquifer by summarizing and evaluating the best available information on the inorganic
geochemistry of the southern aquifer and its recharge sources.

Groundwater and surface water samples were collected from the southern aquifer
and its recharge areas during several sampling events over a year-long period from June
of 1993 through July of 1994. Many of these locations were re-sampled in the summer of
2004 to evaluate changes in aquifer chemistry that may be due to anthropogenic sources.

Historical data from government agencies was incorporated in this analysis lo form a
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more complete picture of the spatial and temporal trends observed in groundwater
chemistry.

Groundwater recharge to the southern LPRV aquifer ori ginates from the upper
Portneuf River basin, the eastern aquifer system, and the southern Bannock Range. The
chemistry of groundwater originating from the upper basin through the Portneuf Gap is
very similar to the chemistry of groundwater in the southern aquifer. Groundwater in the
eastern aquifer is elevated in salts and nitrates, and is believed to be impacted by septic
effluent (Winter et al., 1994). Groundwaters in the Bannock Range are the most
chemically diverse, with ionic concentrations that range from the lowest to some of the
highest concentrations found in the LPRV.

At a vast majority of sample sites, all major ions in groundwater, including NO;,
SO, hardness (CaCOs), Ca, Mg, Na, and Si, show strong positive correlations with Cl,
suggesting that mixing with a common source is responsible for adding these salts to
groundwater. At some sample locations, NO3-N concentrations remained at near-
background levels (=2 mg/l), independent of Cl and other salts, possibly reflecting
depletion of nitrate in anaerobic groundwaters by denitrification reactions.

In this work, an emphasis was placed on evaluating Cl, SO4, and NO3 mixing
relationships, due to the conservative nature of these anions in groundwater, and because
they are commonly associated with the contaminant sources described above. While
concentrations of these constituents at most sample locations in the southern aquifer
cluster relatively tightly around their respective mean concentrations, a number of sample
locations show concentrations at the high and low ranges, indicating mixtures of water

representing recharge and contaminant sources. Mixing trends in the southern aquifer
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provide evidence for three types of groundwater found in the West Bench drainages of
the Bannock Range and eastern aquifer. These have been described as high-TDS/high-
NOs water, high-TDS/low-NOs water, and low-TDS/low-NO; water.

Most wells completed in the Tertiary Starlight Formation that forms the basement
of the southern aquifer, exhibit low-TDS/low-NO; type waters. Two wells recently
drilled in the southern aquifer and completed in the Tertiary sediments are flowing-
artesian wells and have low-TDS type waters, providing strong evidence that low-TDS
Bannock Range waters are recharging the aquifer from beneath the Upper Gravels, as
well as laterally along the western margin of the aquifer.

Sample locations with elevated salt concentrations (high-TDS type waters) in the
southern aquifer tend to occur near the margins of the aquifer, possibly reflecting
influence from lateral recharge. Salt contamination observed along the north-eastern
boundary of the southern aquifer indicates impacts from the eastern aquifer, as reflected
in coupled increases of Cl, SO4, and NO3-N. The area of contamination is most
pronounced at three municipal wells in Ross Park where large pumping withdrawals may
be drawing contaminated waters from the eastern aquifer.

Small plumes of high-TDS/Low-NOs type water near the western margin of the
aquifer may result from localized sources of contamination originating near the surface,
or possibly from waters in the West Bench area that are already elevated in salts.

Aside from a few areas of clustered similar water types, there is a fairly high
degree of spatial variability in water composition over the study area, with sharp changes
occurring over short distances. 1n the Mink Creek drainage, this variability may be

related in part to the heterogeneous nature of groundwater transport in fracture-dominated
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flow, but in general, groundwater chemistry in the LPRYV is the result of a combination of
factors which include: depth of well completion, proximity to near-surface sources of
contamination, and the lithology of the water bearing unit(s).

Wells producing water closer to the water table tend to have higher
concentrations of nitrate and salts than deeper wells. Potential sources include landfills,
chemical fertilizers, animal waste, road salt, road aggregate, water softeners, natural
sources, and sewer and septic tank effluent. The spatial relation between septic tanks and
groundwater with high TDS and NOs-N concentrations suggests that septic effluent may
be the principal factor impairing groundwater quality in the LPRV.

A comparison of more than 80 locations sampled in 1994 and 2004 showed no
discernable temporal trends of NOs-N concentrations in groundwater. Concentrations of
Cl and SO appear to have decreased as much as 10 mg/l in the southern aquifer at many
locations, possibly due to increased river losses in the upper basin due to drought
conditions.

Spatial trends along the groundwater flow path of the southern aquifer were
identified, where statistically significant increases in NO3 and Cl were observed along the
12 km length of the aquifer (the increase in SO, concentration was not statistically
significant). A five-compartment box model was used to evaluate the mixing
relationships in the southern aquifer between septic effluent, recharge water, river
leakage, and aquifer throughflow to determine if septic effluent could account for the
observed concentration increases along the flow path.

Reasonable solutions to the mixing models were constrained by the water

balance for the LPRV (Welhan et al. (1996) and updated in Appendix C). At typical
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septic effluent NO3-N concentrations (30 to 60 mg/1), and corresponding Cl in septic
effluent (constrained by the 27:1 ratio observed in groundwater), the cumulative septic
impacts in the LPRV match the observed concentration increases along the aquifer flow
path.

The mixing models demonstrate that constraints on the water balance can be met
with an appropriate flux of Bannock Range recharge having NOs-N concentrations less
than 2 mg/l, which is within the natural background range. Models that incorporated
contributions from the Portneuf River required higher septic effluent concentrations, and
reinforced the hypothesis that the river is not a significant contributor to the southern
aquifer’s water balance.

Similar mixing models were completed for two reaches of Mink Creek, a
tributary drainage having no potential sources of ground water contamination other than
septic effluent. The Mink Creek models showed comparable results and verified that
impacts from septic fields account for the trends observed in groundwater within the
range of expected fluxes of recharge water.

7.2 Conclusions

Approximately 672 septic fields are located in the southern LPRV, annually
contributing about 50 million gallons of effluent to groundwater, 6 to 11 metric tons of
NO;-N and more than 80 metric tons of Cl. The spatial relation between septic tanks and
groundwater impacted by salts and NO;, and the similarity in the chemical signatures of
septic effluent to that of impacted groundwater, indicates that septic impacts are
cumulative and that septic effluent is the principal factor impairing groundwater quality

in the southern LPRYV.
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Mixing models demonstrate that the cumulative impacts of septic tanks in the
LPRYV account for the observed trends of NO;-N and Cl in groundwater in the southern
LPRV and indicate that such models could be used to predict the impacts on wastes of
future septic-ba.sed growth and/or management policies.

7.3 Recommendations for Further Study

The results of this study provide the strongest evidence to date of the magnitude
of the cumulative effects of septic effluent on groundwater in the LPRV, and may be used
to predict future water quality trends in the management and development of water
resources in this aquifer.

Future work on the impact of septic effluent in the LPRV could involve
evaluating tracers not available in this thesis investigation. Nitrogen isotopes ('*N /'*N)
can be useful diagnostic parameters of septic source investigations. Groundwater
impacted by septic effluent is typically enriched in '°N due to biological fractionation,
while NO; originating from chemical fertilizers is depleted in '*N.

Other tracers used to fingerprint septic effluent in groundwater include volatile
organic compounds, pharmaceuticals, phosphorous, caffeine, and bromide, and could be
evaluated with mixing models similar to those developed in this study, to refine current
and future estimates of septic impact and principal pathways of groundwater recharge to
the system.

The box models presented in Chapter 6 may also be refined to further investigate
the spatial pattern of principal recharge zones in the southern aquifer. The models
presented in this study relied on the regression analyses that revealed linear increasing

trends of Cl, NO3, and SO4 along the flow path of the southern aquifer. Future modeling
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work could include segregating the southern aquifer longitudinally, in parallel flow tubes,
which may reveal non-linear trends in water chemistry along flow paths that could be

used to define spatial variations in West Bench recharge and contaminant fluxes.
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Appendix A: Database of Inorganic Groundwater Chemistry from Wells in the
Lower Portneuf River Valley

The database for this appendix is included on to the CD-Rom that accompanies this
thesis. Data were obtained from the City of Pocatello, the Idaho Department of
Environmental Quality, and the Idaho Department of Water Resources, cross-checked
and verified where possible.
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Appendix C: Updated Southern Pocatello Aquifer Water Balance, 1994
through 2003
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A detailed water balance of the southern Pocatello aquifer was completed in
1993-94 by Welhan et. al. (1996) (see section 1.5.3). This appendix includes data and
calculations used to update the water balance for a period from June 1994 through
October 2003.

The water balance in Welhan et al. (1996) covered a 510 day period in 1993 and
1994 (grey area in Figure C-1). This period spanned above- and below-normal water
years so that the normalized average was considered to be a good approximation of the
water balance for average conditions.

Table C-1 shows the data and calculations used to solve for the water balance
equation:

Qresidual = AS — Qgap + Qout + Qpumping,
where AS is the change in aquifer storage, Qgap is underflow through the Portneuf Gap,
Qout is underflow out of the aquifer at cross section C-C near Red Hill, and Qpumping
represents pumping withdrawals from the southern aquifer. Welhan et al. (1996)
assumed that 90% of Qresidual was Bannock Range recharge and that the Portneuf River
was a negligible source of recharge.

Figure C-1 shows static water levels for four wells in the southern Pocatello
aquifer through October 2003. In the first period shown, June 1994 - November 1997,
static water levels rose about 7.1 feet, in the second period, November 1997 - QOctober
2003, water levels declined an average of 21.2 feet. The third period, from June 1994 —
October 2003, saw a net decrease in water levels of about 14 feet. These static water

levels were used to calculate changes in aquifer storage (AS) for each time period.
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In recalculating the underflow through the Portneuf Gap and outflow from the
aquifer, it was assumed that the hydraulic gradients and transmissivity estimates from the
original water balance were the same. The areas of saturated flow for each time period
were adjusted based on the difference in the average change in static water levels for each
period and the water level in June of 1994, which is when water levels for the original
water balance were at their midpoint.

Pumping withdrawals were calculated for all of the municipal wells in the
southern aquifer. Pumping withdrawals from domestic wells were also estimated for the
120 residences that overlie the aquifer; however, their combined pumpage is only about
10 million gallons per year, which is insignificant compared to the 1.5 billion gallons a
year withdrawn by municipal wells (Table C-1).

Results were normalized to 365 days to compare to the water balance of Welhan
et. al. (1996)(Table C-1). These normalized annual results show that for each of the three
time periods, underflow through the Portneuf Gap did not vary considerably, ranging
from about | to 1.1 bgy. Similarly, underflow from the southern aquifer (Qout) varied
less than 15%, ranging from 5 to 5.7 bgy. Pumping withdrawals were also steady for all
three time periods at about 1.5 bgy.

Since pumping withdrawals, underflow through the Portneuf Gap, and underflow
out of the aquifer showed little variation, the model results indicate that larger
fluctuations in Qresidual are required to account for the observed changes in aquifer
storage. The normalized Qresidual values ranged from 5 to 6.5 bgy.

Welhan et al. (1996) assuned that the recharge from the Bannock Range

comprised of more than 90% of the Qresidual component of the water balance. F igure C-
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2 shows snowpack in the Wildhorse Divide area of the Bannock Range in relation to the
three periods for the updated water balance calculations. Comparing Figures C-1 and C-2
shows that there is a strong correlation between static water levels and snowpack,
providing further evidence that recharge from the Bannock Range is a the major
component of recharge to the southern aquifer. Figures C-1 and C-2 also show that
pumping withdrawals are in a delicate balance with aquifer recharge potential and are

currently depleting the aquifer due to drought conditions over the past seven years.
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Figure C-1: Static water levels for four wells in the southern Pocatello aquifer for
the three time periods in the updated water balance. The grey area represents the
510 day period covered in the water balance in Welhan et. al. (1996).
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Figure C-2: Snowpack in the Wildhorse Divide area of the Bannock Range in
relation to the three periods in the updated water balance calculations. This figure
shows that there is a strong correlation between snowpack and static water levels in
Figure C-1, providing further evidence that recharge from the Bannock Range is a
significant component of recharge to the southern aquifer.
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Table C-1: Data and calculations used for the southern Pocatello aquifer water
balance. The water balance was updated for three periods from June 1994 through
October 2003. Results were normalized to 365 days to compare to the water balance
in Welhan et. al. (1996) completed in 1993-94 (bg = billion gallons, bgy = billion
gallons per year, SWL = static water level, i = hydraulic gradient, K = hydraulic
conductivity).

Water Balance Equation Qresidual = AS - Qgap + Qout + Qpumping
Time Periods Total Time
1993 - 1994 = 365 days
Period 1  6/94 to 11/97 = 1278 days
Period 2 11/97 to 10/03 = 2130 days
Period 3 6/94-10/03 = 3408 days
Change in Aquifer Storage ( AS )
Aquifer Area = 8.80E+07 ft2
Porosity = 0.3
Nommalized
A SWL Annual AS
(feet) AS (ft3) AS (bg) {bgy)
1993-94 -0.34 -0.34
Period 1 7.1 1.87E+08 1.40 0.40
Period 2 -21.2 -5.6E+08 -4.19 -0.72
Period 3 -14 -3.7E+08 -2.76 -0.30

Portneuf Gap Underflow (Qgap)
Area Calculations - as function of a triangle (.5 base x height)
Base (ft.) Height (ft.) Area (ft2)

1993-94 600 100 30,000
Period 1 600 103.6 31,065
Period 2 600 96.6 28,980
Period 3 600 93 27,900
Flux Calculation
Normalized
Annual
Total Q Total Q
K {ft/day) i area (ft2) Q (ft3/day) {bg) (bgy)
1993-94 10,000 0.0013 30,000 390,000 1.06 1.06
Period 1 10,000 0.0013 31,065 403,845 3.86 1.10
Period 2 10,000 0.0013 28,980 376,740 6.00 1.03
Period 3 10,000 0.0013 27,900 362,700 9.25 0.99
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Table C-1 (continued): Water Balance Calculations for the Southern

Pocatello Aquifer

Underflow Out of Aquifer (Qout)
Area Calculations for xsection C-C

Average
A Height
from
1994(ft)
1993-94 0
Period 1 3.55
Period 2 -3.45
Period 3 -7
K (ft/day)
1993-94 8,000
Period 1 8,000
Period 2 8,000
Period 3 8,000

Aquifer
Width (ft)

3,100
3,100
3,100
3,100

1
0.001
0.001
0.001
0.001

Pumping Withdrawa! (Qpumping)

Municipal Withdrawals

Domestic Withdrawals
120 Households=

1993-94
Period 1
Period 2
Period 3

A Area
0
11,005
-10,695
-21,700

area (it2)
250,000
261,005
239,305
228,300

1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

bg
1.26
5.30
8.77
14.10

Area (Ft2)
250,000
261,005
239,305
228,300

Q (ft3/day)
2,000,000
2,088,040
1,914,440
1,826,400

—_(bg)

1.51
1.3
1.56
1.47
1.06
1.32
1.72
1.93
1.44
1.52

Normalized

Annual
Qpumping
(bgy)
1.26
1.51
1.50
1.51

Total Q
(bg)
5.46
19.96

30.50
46.56

{300 gpd x 7 months) + (150 gpd x 5 months) = .01 bgy

Normaiized
Annual
Total Q

(bgy)
5.46
5.70
5.23
4,99
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Table C-1 (continued): Water Balance Calculations for the Southern
Pocatello Aquifer

Water Balance Results Qresidual = AS - Qgap + Qout + Qpumping
Normaiized
Annual
Qpumping Qresidual  Qreslidual

AS(bg) Qgap (bg) Qout (bg) (bg) (bg) (bgy)

1993-94 -0.34 1.06 5.46 1.26 6.32 5.32

Period 1 1.40 3.86 19.96 5.30 22.80 6.51

Period 2 -4.17 6.00 30.50 8.77 29.10 4.99

Period 3 -2.76 9.25 46.56 14.10 48.65 5.21
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Appendix E: Autocorrelation of Mink Creek and Southern Aquifer
Groundwater Chemistry
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Figure E-1: Southern Aquifer Groundwater: Chloride
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Figure E-1: Variograms displaying the spatial autocorrelation of chloride
concentrations in the southern aquifer in 2004. Variograms statistics are displayed
using the standardized semivariogram estimator at lag spacings of 350, 500, 600,
and 800 feet. Semivariogram, covariance, and correlogram statistics were also
calculated to ensure the antocorrelation structure was adequately inferred. The
semivariogram scale is shown for comparison. A spherical model with a nugget of
0.2 was used to characterize the autocorrelation structure, with range values
between 600 and 1000 feet.
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Figure E-2: Mink Creek Groundwater: Chloride
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Figure E-2: Variograms displaying the spatial autocorrelation of chloride
concentrations in Mink Creek groundwater in 2004. Variograms statistics are
displayed using the semivariogram estimator at lag spacings of 200, 400, 600, and
800 feet. Standardized variogram, covariance, and correlogram statistics were also
calculated to ensure the autocorrelation structure was adequately inferred. The
standardized variogram scale is shown for comparison. A spherical model with a
nugget of 0 was used to characterize the autocorrelation structure, with range
values between 800 and 1200 feet.
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Figure E-3: Southern Aquifer Groundwater: Sulfate
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Figure E-3: Variograms displaying the spatial autocorrelation of sulfate
concentrations in the southern aquifer in 2004. Variograms statistics are displayed
using the semivariogram estimator at lag spacings of 400, 600, 800, 1000, and 1500
feet. Standardized variogram, covariance, and correlogram statistics were also
calculated to ensure the autocorrelation structure was adequately inferred. The
standardized variogram scale is shown for comparison. A spherical model with a
nugget of 3 was used to characterize the autocorrelation structure, with range
values between 1500 and 2500 feet.
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Figure E-4: Mink Creek Groundwater: Sulfate
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Figure E-4: Variograms displaying the spatial autocorrelation of sulfate
concentrations in Mink Creek groundwater in 2004. Variograms statistics are
displayed using the standardized semivariogram estimator at lag spacings of 400,
500, 600, 800, and 1000 feet. Semivariogram, covariance, and correlogram statistics
were also calculated to ensure the autocorrelation structure was adequately
inferred. The semivariogram scale is shown for comparison. A spherical model
with a nugget of 0.2 was used to characterize the autocorrelation structure, with
range values between 600 and 1000 feet.
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Figure E-5: Southern Aquifer Groundwater: Nitrate
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Figure E-5: Variograms displaying the spatial autocorrelation of nitrate
concentrations in the southern aquifer in 2004. Variograms statistics are displayed
using the standardized semivariogram estimator at lag spacings of 200, 400, 600,
800, 1000, and 1500 feet. Semivariogram, covariance, and correlogram statistics
were also calculated to ensure the autocorrelation structure was adequately
inferred. The semivariogram scale is shown for comparison. An exponential model
with a nugget of 0.4 was used to characterize the autocorrelation structure, with
range values between 1200 and 2000 feet.
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Figure E-6: Mink Creek Groundwater: Nitrate
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Figure E-6: Variograms displaying the spatial autocorrelation of nitrate
concentrations in Mink Creek groundwater in 2004. Variograms statistics are
displayed using the standardized semivariogram estimator at lag spacings of 400,
500, 600, and 800 feet. Semivariogram, covariance, and correlogram statistics were
also calculated to ensure the autocorrelation structure was adequately inferred. The
semivariogram scale is shown for comparison. An exponential model with a nugget
of 0.2 was used to characterize the autocorrelation structure, with range values
between 600 and 1000 feet.
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Appendix F: Potential Sources of Salt Contamination to Groundwater
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This appendix presents an overview of potential sources of inorganic salts and
nutrients impacting groundwater. Empbhasis is placed on chloride, sulfate, and nitrate
chemistry. As presented in Chapters 3 and 4, these chemical constituents have strong
linear relationships that indicate impacts from a single source. Due to their conservative
nature they are also good tracers for evaluating mixing relationships between natural
recharge and contaminant fluxes to groundwater.

Chapter 5, Section 5.3.2 discusses the most likely of these sources that may be
responsible for salt and nitrate contamination.

F.1 Landfill Leachate

Precipitation falling on landfills tends to infiltrate readily due to the relatively
porous nature of solid waste. Infiltrating water will mix with landfill fluids and solid
waste resulting in contaminated leachate. Leachate from municipal landfills is typically
enriched in all inorganic salts including nitrate (Panno et. al., 2002). The chemical
composition of landfill leachate can vary greatly from site to site, and within a particular
site. Table F-1 (from Lee and Jones, 1991) presents a compilation of chemical

concentrations of several constituents in leachate from 83 municipal landfills in the U.S.

Table F-1: Concentration ranges for several constituents in leachate from 83
municipal landfills (from Lee and Jones, 1991).
“Typical” Concentration

Parameter Range (mg/l) Average (mg/lI)
Chloride 100 - 2,000 980
Sulfate 10 - 1,000 380
Nitrate-N 0.1-10 4
Calcium 100 - 3,000 1,000
Sodium 200 -1,500 700
190
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F.2 Chemical Fertilizers

Chemical fertilizers are commonly used in agricultural practices and maintaining
turfgrass in residential areas. Salts and nutrients can infiltrate beyond the root zone when
fertilizers are over-applied or crops are over-irrigated (Minnesota Pollution Control
Agency, 2000). Chloride, sulfate, and nitrate are commonly found in fertilizers and
amendments applied to crops and turfgrass (Barton and Colmer, 2004; NDSU Extension
Service, 2004; Panno et. al., 2002).

Chloride concentrations in triple phosphate fertilizers can be as high as 6.18% by
weight (Panno et. al., 2002). Potash (KCl) is also commonly used to amend crop fields.
The application of KCI for Potato crops in Idaho can be as high as 600 pounds per acre
per year (Stark et al. 2004).

To correct or prevent sulfur deficiencies, amendments added to soils include
ammonium sulfate, elemental sulfur, calcium sulfate, polysulfides and thiosulfates
(NDSU Extension Service, 2004). Potassium sulfate is also commonly used for potato
crops grown here in Idaho (NDSU Extension Service, 2004).

Nitrogen is the most common nutrient found in fertilizers and is sufficiently
mobile in the subsurface when in the form of NO; (ITRC, 2000). Typical annual
nitrogen application rates for turfgrass range from 100 to 300 pounds per acre (Barton
and Colmer, 2004). Nitrogen losses tend to be low (< 5% of applied fertilizer) from
established turfgrass that is not over-irrigated (Barton and Colmer, 2004). Nitrogen
losses to groundwater under irrigated agriculture range from 70 to 150 pounds per acre
per year, depending on cropping practices and climate (Minnesota Pollution Control

Agency, 2000).
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F.3 Animal Waste

Dairies, poultry farms, feedlots, stockyards and other facilities for raising and
holding animals can produce significant volumes of animal manure enriched in nutrients
and inorganic salts. Table 5-2 displays concentrations of salts and nutrients in lagoon
waste water from swine and cattle feedlots (Ham et. al., 1999; Libra et. al., 1998) and
from cattle manure leachate (Gellenbeck, D.J., 1994). This table shows that much of the
nitrogen in animal waste is in the form of ammonia (NH,). Ammonia may be oxidized to
nitrate in a process called nitrification. This oxidation process is described in more detail
in the discussion of septic tank effluent in section F.7.
Table F-2: Concentrations of salts and nutrients in lagoon waste water from swine

and cattle feedlots (Ham et. al., 1999; Libra et. al., 1998) and from cattle manure
leachate (Gellenbeck, D.J., 1994).

IV(I: attle Lagoon Wastewater (mg/l)
Parameter anurem
Le?;l;;lt)e Swine® Swine!® Cattle®

Calcium 130 80 —_ 145
Sodium 110 270 - 148
Chloride 460 276 490-1,100 569
Sulfate 130 - 5-190 37
Nitrate-N 71 1 0.1-1.7 0.5
Ammonia-N 66 673 1,600-4,400 98

() Gellenbeck, D.J., 1994
(b) Ham et. al., 1999
(c) Libraet. al., 1998

F.4 Road Salt

Bannock County, the City of Pocatello, and the Idaho Sate Transportation
Department mix sodium chloride (NaCl) and calcium chloride (CaCl) into their sand

stockpiles used for anti-skid and road-deicing. Sand mixtures typically contain about five
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percent NaCl and two to four percent CaCl (City of Pocatello, 1993; Bannock County,
1993; IDTP, 1993).

Soil analyses from two sanding stockpiles at the Bannock County maintenance
facility revealed that the molar ratio of Cl to SOy in the coarse fractions was about 1100
I and in the fine fractions was about 1700:1 (CH2MHill, 1994(a)).

During this thesis research, samples were collected from road salt stock piles at
the City of Pocatello maintenance facility. These samples were dissolved into deionized
water for a period of forty eight hours. The resulting waters were analyzed for Cl, SO,
and NOs. Molar ratios of chloride to sulfate in these samples ranged from 41:1 to 126:1.
Nitrate in all samples was less than 0.8 mg/I.

These results indicate that deicing salts could potentially provide large amounts of
leachable Cl to groundwater, while sulfate and nitrate additions would be insi gnificant.
F.5 Road Aggregate

Groundwater samples collected in 1993 revealed that a stockpile of road
aggregate was leaching sulfate to groundwater in the southern aquifer (see section 3.2).
A detailed description on the investigation and potential implications on the fate and
transport of leachable sulfate in road building materials can be found in Meehan and
Welhan (1994), which has been attached as Appendix D of this thesis.

Leach tests performed on the road aggregate revealed that SO,, Ca, and K were
the major soluble components. Geochemical modeling indicated that ion-exchange of
sodium with Ca and Mg in clays could explain the deficit of sodium concentrations
compared to Cl (see Section 3.2), and the observed coupled increases of Mg with other

salts.
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Meehan and Welhan (1994) hypothesized that leachable sulfate from road
aggregate and chloride from road salt may be responsible for the coupled trends of Cl and
S04 observed in local groundwater. However, it is not known to what extent road
aggregate of this type (containing leachable sulfate) has been used in the LPRV.

F.6 Water Softeners

Water softeners remove hardness (calcium and magnesium) from potable water
via an ion exchange resin. The resin beads are periodically regenerated through
immersion in a sodium chloride (NaCl) brine, which is discharged to a sewer or septic
tank (SCVIJSS, 2002).

The average volume of brine waste discharged during each regeneration cycle is
typically 47 gallons with Cl concentrations from 7,000 to 13,000 mg/l (SCVISS, 2002).
A family of three or four using a water softening system (per manufacturer’s
recommended use) can discharge more than 390 kg/year of Cl in brine waste (Panno et.
al,, 2002). In Santa Clarita Valley, California, water softeners were responsible for 70%
of the Cl contributions in residential waste water (28% was from laundry soaps and
human waste) (SCVISS, 2002).

F.7 Natural Sources

All inorganic salts and nutrients found in ground water can be derived from
naturally occurring minerals in rocks and soils. This section discusses the natural sources
typically associated with high concentrations of Cl, SO, and NO; in ground water.
F.7.1 Natural Chloride Sources

High levels of Cl in groundwater are typically associated with sedimentary

rocks, particularly evaporites. Chloride salts are generally in the form of NaCl (halite)
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with lesser amounts of KCI and CaCl (Hem, 1985).

Chloride can also be incorporated in sedimentary and metasedimentary rocks
formed in a sea or enclosed basin as a result of inclusion of connate brine and in the
cementing material (Hem, 1985). Porous rocks submerged by seawater may also become
impregnated with soluble chloride salts. Some of this chloride may persist in fine-
grained marine shale for long periods of time (Hem, 1985). Billings and Williams (1967)
computed an average Cl content for deeply buried shales as 1,466 ppm.

F.7.2 Natural Sulfate Sources

Natural sources of sulfate can occur in sedimentary environments in the form of
gypsum (CaSO42H,0) and anhydrite (CaSO,). Evaporite deposits of these minerals can
produce high concentrations (> 10,000 mg/1) of sulfate in ground water (Hem, 1985).

Sulfate is also produced from the oxidation of pyrite and other sulfide minerals in
sedimentary and igneous rocks. When sulfide minerals are in contact with oxygenated
water, sulfur is oxidized to sulfate ions. Hydrogen ions are also produced in this process,
which decreases the pH of the waters and can increase the solubility of other metals and
salts. Pyrite is common in sedimentary deposits formed under strong reducing
conditions, like shale and coal (Hem, 1985).

F.7.3 Natural Nitrate Sources

Naturally occurring concentrations of NO; in groundwater are typically less than
3 mg/l, resulting mostly from atmospheric additions and decaying organic material in
soils. However, some geologic formations can contribute large amounts of nitrate to
groundwater from various nitrate-containing minerals (Hem, 1985).

The most common nitrate minerals are very soluble and rarely preserved, only
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forming as evaporites in very arid environments. Soda niter (NaNOs) and niter (KNOs)
are the most common nitrate minerals, (ISWS, 2004).

Nitrogen can be present in large quantities in sedimentary rocks (mostly in shale)
in the form of ammonia (NH4+) and organic-N derived from the decay of buried organic
material. If rocks containing significant reduced nitrogen are exposed to oxygen,
oxidation may release NO;. For example, native fixed ammonium in loess deposits in
southwestern and central Nebraska is responsible for soil nitrate c;ncentrations as high as
87 mg/kg (Boyce et. al., 1976).

Ammonium oxidation in glacial tills derived from shales in Alberta, Canada have
produced NO3 concentrations of 100 to 300 mg/l in groundwater (Hendry et. al., 1984).
Leachate from exchangeable ammonium in a shale spoils pile has led to groundwater
NO;s concentrations in excess of 500 mg/l (Zielinski et. al, 2001), and ammonium
oxidation in shales and phyllites in the Sierra Nevada Range of California have impaired
surface water quality with NO3 concentrations up to 37 mg/l (Holloway et. al., 1998).

In New Mexico, two limestone formations have been identified with naturally
occurring groundwater nitrate concentrations between 12 and 15 mg/1 (Titus, 1980).
High nitrate concentrations (60 to 90 mg/l) in ground water have also been identified in
several undeveloped basins in Arizona and New Mexico with unknown geologic sources
(Robertson, F.N., 1991).

F.8 Sewer and Septic Tank Effluent

Domestic waste water contains relatively high concentrations of organic

compounds (0.2 to 0.6 g/I) containing reduced N and C (Wilhelm et. al., 1994; Wilhelm

et. al.,, 1996). Organic nitrogen is usually found at concentrations from 20 to 70 mg/l, but
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can be greater than 100 mg/l (Robertson, W.D. et al., 1991). Lesser amounts of organic S
are also present in a molar ratio of approximately | $:35 N (Wilhelm et. al., 1994).
Levels of S and SO, can vary widely in domestic waste due to additions from detergents,
solvents, and other household products. Chloride in domestic waste water is primarily
from urea, but also from household products and water softeners (see section F .6)
(Wilhelm et. al., 1994; Wilhelm et. al., 1996).

Domestic sewered waste is typically treated at a municipal waste water facility
and should not impair groundwater unless a sewer line breaks. In contrast, all domestic
waste distributed to septic systems is discharged in the sub-surface and can impact
groundwater quality. An average household discharges between 150 to 300 gallons of
waste water per day to a septic system (Bauman and Schafer, 1985; BBC Research and
Consulting, 2001: Hantzsche and Finnemore, 1992; Panno, 2002; Thomas et. al.,

1999; Wilhelm et. al., 1994).

The evolution of domestic waste water in a septic system is driven by
microbially catalyzed redox reactions in as many as three different redox zones. The
septic tank, the first redox zone, is an anaerobic setting in which microorganisms use
electron acceptors (C, H") to oxidize organic species of C, N, and S to produce CO,, CH,
(methane), HzS (hydrogen sulfide), and ammonia (NH,). Most large particles are
removed in the septic tank and the total N content of waste water may be reduced ten to
thirty percent due to storage in sludge (Wilhelm et. al., 1994; Wilhelm et. al., 1996).

The second redox zone occurs in aerobic, unsaturated sediments of the drain field.
In this zone, microorganisms use O; as the electron acceptor in the oxidation of organic C

to CO; and NH, to NOs. In properly functioning drain fields, almost complete oxidation
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of reduced waste water components occurs because adequate O, diffuses into the
unsaturated zone (Wilhelm et. al., 1994; Wilhelm et. al., 1996). Complete NH, oxidation
can occur within a few tens of centimeters of the distribution drain field pipes and within
a few hours of exposure to O, (Robertson an& Blowes, 1995).

Another 20% of inorganic N may be lost from effluent in the vadose zone,
possibly due to denitrification on microsites and adsorption of NH, on solid surfaces
(Wilhelm et. al., 1994; Wilhelm et. al., 1996). Nitrate concentrations in septic effluent
after complete oxidation of NH4 typically range from 30 to 60 mg/l (Bauman and
Schafer, 1985; Hantzsche and Finnemore, 1992; Wilhelm et. al., 1994; Wilhelm et. al.,
1996; ITRC, 2000).

The ph and alkalinity of effluent are altered by these aerobic reactions. The
oxidation of NH, releases 2 moles of H" for every mole of N oxidized and may cause
significant decreases in pH (Equation 1). Oxidation of organic C produces CO, which
will also decrease the pH if it remains in solution (Equation 2). Sulfate concentrations
have been observed to increase as effluent travels through the vadose zone, probably due
to oxidation of reduced S which would also release H" ions (Equation 3; Wilhelm et. al.,

1994; Wilhelm et. al., 1996).

NH,;" +20, - NO,;” +2H" + H,0 )}
CH,0+20, - CO, + H,0 —» HCO,” +H* )
H,S(or organic sulfide) + 20, — SO, +2H* 3)

Calcium carbonate in drain field sediment often dissolves to buffer this acidity,
resulting in increased Ca and total hardness in the septic effluent. Other major ions may

be released during buffering reactions involving mineral dissolution and cation exchange
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(Wilhelm et. al., 1994; Wilhelm et. al., 1996).

Some septic drain field settings also include a third redox zone in which
denitrification occurs (Equation 4). Denitrification requires both anaerobic conditions
and an electron donor such as organic labile C and usually occurs in saturated or near
saturated conditions. This reaction removes NO; from waste water and produces N,
CO», and alkalinity (Wilhelm et. al., 1994; Wilhelm et. al., 1996).

4NO,” +5CH,0+4H"* — 2N, +5C0, + 7H,0 4)

A lack of labile organic C in groundwater settings is the most common limitation
to denitrification (Bauman et. al., 1985). Most organic C in waste water is consumed by
aerobic oxidation at the same time NO; is created, so that very little waste-water organic
C remains for consumption in denitrification (Wilhelm et. al., 1994; Wilhelm et. al.,
1996).

Another mechanism for attenuation of NOj is by the oxidation of reduced sulfur
present in soils or rocks (Equation 5) (Molenat et. al., 2002; Robertson and Blowes,
1995). The consumption of sulfide minerals releases SO,>and H* ions to solution.
Steinheimer et al. (1998) attributed nitrate loss to autotrophic denitrification in a loess
soil, with ferrous iron being the electron donors.

FeS, +2NO;” +2H,0 - Fe™ +250," + N, +4H*  (5)

Table F-3 compares the chemical concentrations in septic tank effluent from five
studies (Robertson et al., 1991; Harman et al., 1996; Wilhelm et. al., 1996; Lowe et al.,
2004; McQuillan, 2004). This table shows that most of the N in septic tanks is in the
form of ammonia (NH,).

Figures F-1(a) and (b) compare concentrations of chloride with sulfate and nitrate
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Table F-3: Comparisons of chemical concentrations in septic tank effluent from five
studies. All results given in mg/l.

Robertson Harman et Wilhelmet. Loweetal, McQuillan,
Parameter

etal,1991  al,1996 al., 1996 2004 2004
Ca 40 137 14 - 1-50
Na 98 107 85 96-110 8-101
cl 45 207 55 86 - 128 6 -200
SO, 27 59 35 23 -48 12-57

NOs-N 1 <0.10 0.08 <1 0.1-2

NH, 30 128 58 6-160 0-36

TKN - 152 - 35-170 26-75

TKN = Total Kjeldahl Nitrogen: a measure of the concentration of reduced forms of
nitrogen in water.
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Figures F-1(a) and (b): Comparison of chloride with sulfate and nitrate in samples
from the outfall at the Pocatello Water Waste Treatment Facility and groundwater
in the LPRV. Figure F-1(a) shows that the ratio of Cl and SO4 in domestic waste is
identical to that found in groundwater elevated in these constituents. Figure F-1(b)
shows that the concentration of NO3 varies in the outfall, but levels remain between
concentrations found in groundwater suspected to be contaminated with septic
effluent and groundwater where denitrification may be taking place. The dashed
lines represent the 2.5:1 Cl to SO4 ratio and the 27:1 Cl to NO3 ratio observed in
LPRYV groundwater.
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in outfall at the Pocatello Water Waste Treatment Facility and groundwater in the LPRV.
A study of influent (waste stream) chemistry and effluent (outfall) chemistry at the
Pocatello Water Waste Treatment facility revealed that calcium, sodium, potassium,
chloride, and sulfate chemistry do not change during the treatment process of the sewage
waste stream, while ammonium abatement typically reduces the concentration of nitrate
in the outfall (Hurt, C., personal communication).

Figure F-1(a) shows that the ratio of Cl and SO4 in treated sewage (outfall) is
similar to groundwater that is suspected to be impacted by septic effluent. Figure F-1(b)
shows that the outfall concentrations of NO3 vary but remain between those found in
groundwater suspected to be contaminated with septic effluent and groundwaters where
denitrification may be occurring (see section 5.3.2).

Figure F-1strongly suggests that elevated concentrations of NO3, SO4, and ClI
found in groundwater in the LPRV reflect the influence of domestic waste from septic
effluent. The higher concentrations of these salts in septic effluent may be due to
differential water usage rates among municipal (sewer serviced) and rural (septic-
serviced) residents.

A study conducted by the City of Pocatello revealed that single family dwellings
in the city use about 500 gallons per month per household (Orr, J., personal
communication). This is one and a half to three times as much as the 150 to 300 gallons
per day that is cited as typical septic throughput in literature reviews (Bauman and
Schafer, 1985; BBC Research and Consulting, 2001: Hantzsche and Finnemore, ITRC,
2000; 1992; Panno, 2002; Thomas et. al., 1999; Wilhelm et. al., 1994). Municipal

residents appear to use more water than rural residents with private wells, thus diluting
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the concentration of salts in the municipal domestic waste stream. Applying a dilution
correction of 3:1 to the Cl concentrations in Figure F-1 brings these Cl concentrations to
between 900 and 1200 mg/l, which falls within the range used in the septic source mixing

models in Chapter 6.
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