AMENDMENT NO. 1 TO TASK ORDER NO. 4

This attachment is to the AGREEMENT between CH2M HILL, INC., (“CONSULTANT"), and
North Davis Sewer District “"OWNER"), for
a PROJECT generally described as:

Great Salt Lake Water Quality Studies

The purpose of this Amendment is as follows:

The objective of this amendment is for the University of Utah to provide additional sampling and laboratory
services to verify, by direct measurement, the estimates for selenium removal from the Great Salt Lake via
volatilization.

ARTICLE 1. SCOPE OF SERVICES
ENGINEER agrees to furnish OWNER the following specific services:

See Attachment A. Scope of Work

ARTICLE 2. COMPENSATION

Compensation by owner to ENGINEER will be as follows:
3.1 raw labor multiplier plus expenses, 5% markup on subcontract and laboratory services

Task order amount shall not exceed $44,475 without written authorization.

OTHER PROVISIONS
The following provisions shali apply to this amendment:

Work shall be completed by December 31, 2007 as defined in Attachment A.
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This amendment to Task Order No. 4 will become a part of the referenced AGREEMENT when executed by
both parties.

IN WITNESS WHEREOF, the parties execute below:

For OWER, _ Nor#th Davis Sewer Disprrecf
datedthis /377 oyt _[Uavets L2007

M, Distvict Maviage.

Name Sighature Title W/
Name Signature Title
Name Signature Title

For ENGINEER, CH2M HILL INC.,
dated this day of , 20

Name Signature Title
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Attachment A: Scope of Work

Conduct Flux Chamber Measurements
Project 4, Measurement of Selenium Flux

This proposal was received by UDWQ from Drs. W.P. Johnson and D.L. Naftz and reviewed
by UDWQ and the Science Panel for technical merit. Their comments were addressed and
included herein and approval received to proceed. This work will be completed as a
subcontract to University of Utah. The Principal Investigators are Bill Johnson/University of
Utah and Dave Naftz/ United States Geological Survey (USGS). The USGS is working as a
subconsultant to the University of Utah. CH2M HILL will provide oversight of this task as
defined in Task Order 2.

Introduction

This proposal concerns direct measurement of volatile selenium flux from the Great Salt
Lake. We propose to make monthly measurements from April through September 2007 at
two locations in the South Arm in order to examine seasonal trends, and to provide in-
season replication of results for a range of values. The resulting fluxes will be used to
confirm or refine flux estimates made based on measured volatile selenium concentrations
and literature-based values for mass transfer. The literature-based mass transfer coefficients
indicate that volatilization is the dominant permanent selenium removal mechanism from
the Great Salt Lake. Estimated times necessary to directly measure volatile selenium flux
indicate that the measurement is feasible using a commercially available flux hood
combined with cryo-trapping-ICP-MS analyses.

The soon-to-end project concerning measurement of volatile selenium flux resulted in the
successful development of analytical capability to measure dissolved volatile selenium to
concentrations in the picomolar range. The dissolved volatile selenium concentrations
measured at 12 locations and several depths in the South Arm of the Great Salt Lake yield
an average volatile selenium concentration of 0.7 ng/L. This average represents conditions
with different wind speeds and different temperatures. A more detailed report concerning
these variations will be provided this spring.

Table 1 shows the expected maximum volatile selenium fluxes from the GSL, using the
average volatile selenium concentration equal to 0.7 ng/L. These estimations were
performed using models that were developed for fresh and sea waters. These models are
based on wind velocity, water temperature, viscosity, diffusivity, and concentrations in
water and air of the volatile species. The viscosity, diffusivity, and estimated concentration
in air (Henry’s constant) each were corrected for the salinity of the Great Salt Lake, which is
3-5 times saltier than the ocean. These corrections were made using established methods.
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PROJECT 4, MEASUREMENT OF SELENIUM FLUX

TABLE 1. ESTIMATED FLUX OF VOLATILE SELENIUM COMPOUNDS FROM THE GSL

Wind velocity
1 MPH (0.45 m/s) 5 MPH (2.2 m/s) 25 MPH (11.2 m/s)
T Kw Flux Flux Kw Flux Flux Ky Flux Flux

°c cm/h | ng/im*h | Kglyr | cm/h | ngim?h kglyr cm/h | ng/m*h kglyr

2 1.03 7.18 115.8 1.58 11.08 178.8 16.07 112.50 1815.4

6 1.15 8.02 129.5 1.77 12.38 199.8 17.96 125.72 2028.8

10 1.28 8.96 1446 1.98 13.83 2231 20.06 140.40 2265.6

17 1.54 10.77 173.8 2.38 16.63 268.3 2412 168.84 27245

25 1.86 12.99 210 2.86 20.05 3236 29.09 | 203.61 3286

The estimated selenium removal from the Great Salt Lake via volatilization ranges from

115 kg/yr (low temperature-low wind conditions) to 3,286 kg/yr (high temperature-high
wind conditions) indicating that volatilization may be the dominant permanent removal
mechanism from the Great Salt Lake. The estimated loss rate via permanent sedimentation
is approximately 203 kg/yr based on a combination of recently measured selenium
concentrations in lake sediment cores and sedimentation rates estimated from 21°Pb profiles.
The loss rate via brine shrimp harvest is 26 kg/yr (Marden, 2006).

The estimated flux of selenium from the Great Salt Lake points toward volatilization as the
predominant permanent removal mechanism. However, it is important to understand the
assumptions built into these flux estimations. From Tessier, et al (2003) the following
expression was modified to calculate the selenium flux from the Great Salt Lake:

VSe
VSe Cai

T

Flux density = ak,, (mol/m’yr)

water

Hes

where: a is a unit correction factor (= 0.24); Ky is the transfer velocity in the air-water

interface (cm/h); C. is the concentration of volatile selenium in water (mol/m3); C."* is

water ar

the concentration of volatile selenium in air (mol/m3); K'HGSL is the dimensionless Henry’s

constant corrected for temperature and salinity.

Correction of values for salinity and temperature was performed as follows (Guo et al 2000;
Schwarzenbach et al, 2003), where K}, . is the salinity constant for dimethyl sulfide:

K'HGSL =0.0248 exp(0.0418-T)- 10X usl )

Dimethyl sulfide was determined to have a similar chemical behavior to dimethyl selenide
(Amouroux 1995), allowing use of the salinity constant for dimethyl sulfide to correct the
dimensionless Henry’s constant for dimethyl selenide.

To calculate the air-water transfer velocity, an approximation used in the Hudson Bay by
Clark et al (1995), corrected via the Schmidt number from Schwarzenbach et al (2003), is:
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PROJECT 4, MEASUREMENT OF SELENIUM FLUX

k = (ﬁrj(m 0 24u2)
L1600 s

Seavae = 2674.0—147.12T +3.726T % — 0.038T"°

where Sc is the Schmidt number of dimethyl sulfide (as a function of temperature)
(Saltzman et al,1993); and u,, is the wind velocity measured 10 m over the surface of the
lake.

The estimated flux measurements therefore assume the following: 1) that negligible volatile
selenium concentrations occur in the vapor phase immediately above the water surface; 2)
that the air-water transfer velocity expression developed for Hudson Bay applies to the
Great Salt Lake; 3) that temperature and salinity corrections for the air-water transfer
velocity and the Henry’s constant reasonably capture actual influences on these parameters.

The estimated flux measurements suggest the dominance of volatilization for permanent
selenium removal from the Great Salt Lake; however, significant assumptions are built into
the flux estimates, indicating a need to directly measure volatile selenium flux via a floating
flux chamber. The feasibility of direct measurement of volatile selenium flux is described
below.

Flux Chamber

Fortunately, a floating flux chamber is commercially available that will stand up to the
rigors presented by the Great Salt Lake. The AC’SCENT Flux Hood is shown below with
specifications.

Specifications:
Diameter: 16 in (40 cm)
Area: 0.13 m?

Stainless steel

Includes:
SS chain, 50-ft rope & inner tube (could be Teflon)

Requires:
Pump (sweet air supply) and flow regulator
Recommended to use with a vacuum chamber.

Extra:
Extra fitting on hood for adding a thermocouple probe

The sweep rate in the flux chamber will be set to match environmental conditions. The
volatile selenium swept from the flux chamber will be cryo-focused onto a trap as
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PROJECT 4, MEASUREMENT OF SELENIUM FLUX

performed for the volatile selenium measurements. However, the sweep times used for flux
measurements are expected to be much longer (4-8 hours) than those used for the volatile
selenium measurements (15 minutes). The trapped volatile selenium will be digested with
nitric acid 2% and made up to a volume of 10 mL prior to analysis via inductively couple
plasma mass spectrometry (ICP-MS).

The total cost for the flux hood and ancillary equipment is approximately $5000, including
the flux hood itself, vacuum chamber and pump for sweep and sampling, and temperature
controller for the cryo-focusing trap. The system lay-out is shown below:

Flowmeter

Exit gas
Heli Water trap U glass trap
CEM L ASTISSs (2000) (-1700C)
orai Flux hood acetone/dry ice  liquid nitrogen

Collection Time

Fortunately, equipment is commercially available to perform the flux measurement;
however, the equipment is not designed to be deployed independent of operators. Hence,
the expected times necessary to measure flux must be demonstrated to be less than
approximately 8 hours. To estimate the on-lake collection time for measurement of actual
flux, we can use the estimated flux in ng/m?h calculated above. The mass of volatile
selenium that can be collected per hour is estimated from the lake-vapor interfacial area in
the flux hood (0.13 m2).

Determination of the expected sweep time for flux measurements depends on expected
background signals. The background concentration of volatile selenium obtained (during
measurement in the concentrated solution) during volatile selenium measurements (using

7 liters of pure water, sparged for 15 minutes) is 116 ng Se/L. Using the background level,
and assuming that this background would not increase with increased sparging time, the
minimum concentration needed for the flux measurement can be set to five times above this
background (= 580 ngSe/L).

The estimated sampling time needed to measure Se volatilization flux under these
conditions would therefore be:

() _{ 5 x background ngSebkg,dI Lh ]
- L estimated flux ngSe

Table 2 presents the estimated sweep times for flux measurements for three wind velocities
and three temperatures. The vast majority of sweep times are less than 8 hours, permitting
the measurement of volatile selenium fluxes via the commercially available equipment.
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PROJECT 4, MEASUREMENT OF SELENIUM FLUX

TABLE 2. TIME REQUIRED FOR AIR SAMPLING (SAMPLING WON'T BE PERFORMED AT 25 MPH).

Wind velocity
1 MPH (0.45 m/s) 5 MPH (2.2 m/s) 25 MPH (11.2 m/s)

T | Flux [Se] Time Flux [Se] Time Flux [Se] Time
°C sampling | ng/m’h sampling sampling

ng/m’h | ng/L/h (h) ng/L/h (h) ng/m’h | ng/L/h (h)
2 7.18 66.3 8.7 11.08 103.1 5.6 112.50 | 1046.6 0.6
10} 8.96 83.3 7.0 13.83 128.6 4.5 140.40 | 1306.1 04 |
25§ 12.99 | 1209 4.8 20.05 186.5 3.1 203.61 | 1894.1 0.3

Extra Requirements

Because the sweep times are large (several hours), special precautions are required to avoid
clogging the cryo-focusing trap with condensed nitrogen or oxygen. This concern can be
met by careful control of the trap temperature via a commercially available temperature
regulator. The temperature that was estimated to be safe to avoid those condensations is
160°C + 10°C.

The electronic equipment and parts required are:

» temperature controller
e temperature probe

e heater
e power adapter to 12V battery
e Dbattery

e plastic hermetic box to keep the electronic sensible connections from being
exposed to the saline water.

Expected prices for a commercially available temperature controller range from $2000 to
$3000, including the heating system and temperature probe.

It will be necessary to have an extra set of traps, dewars and Teflon tubing, to purge and
trap collected water samples at the same location. The cost for it would be around $250.

Project Objective

The objective of this project is to verify the above estimates for selenium removal from the
Great Salt Lake via volatilization by direct measurement. It is expected that the measured

values will differ from the estimates, but that these measured values will demonstrate the
same trend as the theoretical measurements, allowing them to serve as corrections for the

estimated volatile selenium flux from the Great Salt Lake.

Activities

1. Prior to executing work, Data Quality Objectives (DQOs) will be prepared and reviewed
by the Great Salt Lake (GSL) Science Panel, Utah Division of Environmental Quality,
technical advisors, and GSL Steering Committee. DQOs should address how this
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PROJECT 4, MEASUREMENT OF SELENIUM FLUX

experiment will address DQOs for Project 4. Principal investigators will participate in
study team meetings and conference calls on an as-needed basis.

Prepare Standard Operating Procedures defining sampling and analytical protocol to be
followed. The SOPs should be forwarded for review via defined communication lines.

Air samples will be collected at two sites in the GSL: One at the north part of the South
Arm and one at the south. Since the equipment should be deployed for several hours, it
is convenient to attach it during the collection time to a buoy. Hence, the locations will
be at sites 3510 and 2267 in the South Arm. Air samples will be collected monthly April
through September 2007 (6 months).

This experiment will only address selenium flux and is not intended to address other
potential contaminants, i.e., mercury.

All work will follow UDWQ’s Quality Assurance Plan protocol. Air samples will be
processed with all analytical work to be completed at the University of Utah laboratory.
All associated costs are included in project budget.

Deliverables

1.
2.
3.

Data Quality Objectives (see example from Project 4)
Standard Operating Procedures (see examples from Project 4)

Preliminary report summarizing results from sampling in April and how field
measurements affect selenium flux estimates previously reported in final report for
Project 4. The objective of this report is to provide an update that the Science Panel can
use during evaluation of the Project 4 report this summer. Preliminary report will be
completed by 05/31/2007.

Progress updates in the form of data graphs and statistical summaries will be provided
to UDWQ or designee as requested. Data requests cannot exceed 2 requests for study
period. Any questions or results that could materially impact conclusions included in
the Project 4 final report will be reported right away via defined communication lines.

Final report on estimate of selenium flux to atmosphere. Report will include seasonal
maps showing areas of potential selenium vapor flux in open water of GSL and
estimated annual selenium loss to the atmosphere from this process. Report will
document activities, methods, assumptions, data, recommendations, and conclusions
completed as part of this task (completed by 11/30/2007).

Budget

The USGS will be contributing a 40% USGS match of $6,348 on USGS salaries, boat rental
and maintenance, and vehicle use towards this project. USGS cooperative funds designated
for this project are subject to annual changes in the Congressional allocation to the U.S.
Geological Survey. It is the intention of the USGS to allocate the agreed upon funds to this
project; however, there is the potential that these funds will not be available in future
Federal fiscal years. In the event of a funding decrease, the UDWQ will be notified and in
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PROJECT 4, MEASUREMENT OF SELENIUM FLUX

cooperation with UDWQ, this scope of work will be revised to reflect the decrease in
Federal funds.

R Project Costs Cost
Salaries 28,272
Analytical costs 3,485
Boat operations 5,920
Vehicle/fuel 700
Sampling supplies 1,000
Communication costs 200
Equipment 5,000
USGS Matching Funds 6,348

Subtotal 48,368

Project costs = $48,368

USGS matching funds = $6,348
SUBTOTAL PROJECT COST = $42,025
CH2M HILL Cost = $2,450

TOTAL PROJECT COST = $44,475
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