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Hart Mine Marsh:

Existing Conditions Report

1. INTRODUCTION

The United States Fish and Wildlife Service (Service) is evaluating the potential of
restoring marsh habitat on the Cibola National Wildlife Refuge’s Hart Mine Marsh Unit.
This document is an interim product that details the work done thus far to characterize the
Hart Mine Marsh unit’s existing conditions. As data collection and analyses will
continue through the summer of 2007, this report will be updated and modified as more
information becomes available. Additionally, the final version of this report will be
incorporated into the Service’s Comprehensive Conceptual Restoration Plan for Hart
Mine Marsh, due to be finalized on September 7, 2007.

1.2 Primary Report Objectives:

Goal 1: Determine if the restoration of the Hart Mine Marsh is compatible with
both the objectives of the LCR MSCP and objectives, with available resources, to
the Cibola NWR.

Goal 2: Describe data gathered to inform the design of the restoration plan and
identify opportunities and constraints for restoration.

Goal 3: Describe data gathered that will provide the baseline for the development
of success criteria for the restoration project and long-term monitoring of the
project.

1.3 Background

The Service is collaborating with the U.S. Bureau of Reclamation (Reclamation) on this
project, as both these sister agencies are members of the Lower Colorado River Multi-
Species Conservation Program (LCR MSCP). The LCR MSCP is a state/federal/private
partnership that, when implemented over the next 50-years, hopes to “ensure long-term
compliance with applicable federal and state the environmental laws, while permitting the
continued utilization of lower Colorado River water and power resources”. Reclamation
is the implementing agency for the LCR MSCP, and is interested in the potential for this
on-refuge project to produce marsh habitat mitigation credit for the program.
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The LCR MSCP is committed to restore 512 acres of marsh habitat along the lower
Colorado River. Reclamation is approaching landowners, including wildlife refuges, to
assess their willingness to dedicate their land and water for restoration or creation of
these specific habitats. Reclamation hopes to be able to claim marsh mitigation credit
under the LCR MSCP for the Hart Mine Marsh project, when the habitat meets the
appropriate performance criteria. The Service is working with Reclamation to determine
if the Hart Mine Marsh project will work within this context.

According to the terms of the LCR MSCP, certain biological requirements need to be met
for mitigation credits to be produced. For marsh habitat, these requirements are specified
in terms of four target species of interest. These species are: the Yuma Clapper Rail, the
California Black Rail, the Least Bittern, and the Colorado River Cotton Rat.

Requirements specific to the Yuma Clapper Rail, the Least Bittern, and the Colorado
River Cotton Rat are: mosaic of marsh vegetation species and open water in greater-
than-acre patches with emergent vegetation at varying water depths (for the Yuma
Clapper Rail, water depths not to exceed twelve inches.) Marsh habitats created for
California Black Rail will also provide habitat for these species.

In addition, the California Black Rail requires moist

soil marshes in greater-than-acre patches with a
predominance of three-square bulrush at water depths
not to exceed one-inch.

1.4 Hart Mine Marsh

Hart Mine Marsh is a decadent marsh located on

Cibola NWR (Figure 1). The entire marsh occupies I Gioota Netionel Viidite
646 acres, 123 acres of which are estimated to be Foioe -
upland habitat (and would not apply to marsh .

restoration activities). Currently, drainage water from -

the refuge’s agricultural fields enters Hart Mine Marsh

through gated structures in the Arnett Ditch, and

culverts from Farm Unit 2. There is limited outflow
from the marsh, therefore drain water typically “dead
ends” in the marsh to stagnate and evaporate, resulting )
in poor water quality, marginal marsh habitat, and Management Unit
saline upland areas, some completely devoid of
vegetation. A

Figure 1. Location of Cibola NWR and the Hart Mine Marsh.

2.0 TOPOGRAPHY

A topographic map of the site was developed based on
Reclamation survey data. According to the data
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received from Reclamation and field observations, much of the proposed area was not
accessible for survey due to heavy tamarisk growth. Narrow openings were cleared
through the brush using heavy equipment to allow cross section surveys at near random
intervals. Those portions of the project area that were accessible were thoroughly
surveyed.

A topographic map was generated using Reclamation data and Autodesk LDD software,
converting survey points and 3D polylines to form a triangulated irregular network (TIN),
and finally elevation contours using a utility software that interpolates the TIN.
Typically, generating a topography map would start with an even distribution of survey
point data covering the project area, and 3D polylines connecting some of these points to
define linear features. The Reclamation survey had neither. 3D polylines were created
by digitizing over photo images and estimating the Z values based on nearby survey
points, vegetation types, visual observations in the field, and at times, educated guessing.
In some areas, no survey points were available, so the Z values are estimated. The
overall result is a surface (Appendix 1) that is conceptual, but provides a sufficient
starting point for conceptual designs. The field data has insufficient point density to
produce a map truthful to the ground (e.g., one that could be used for engineering
designs.)

The topographic data shows that the project area falls on average about 2° from north to
south, and relatively flat from east to west, sloping slightly toward the river. The
southeast corner of the project area is higher in elevation than other areas, rising steeply
as a result of alluvial fans created by washes to the east, and mine tailings. The lowest
elevations are associated with historical channels created by high river flows prior to the
construction of dams and levees, averaging about 1’ to 2’ below the surrounding grade.

Most of the area (80% +) is relatively flat, and conducive to flood irrigation or ponded
water conditions, although the existing infrastructure presents a severe limitation. Some
earthwork would be required to create units for greater irrigation efficiency and
management. The amount of earthwork required cannot be quantified at this time,
requiring first the completion of a conceptual design(s) and additional survey work once
the area is cleared of brush.

3.0 EXISTING HYDROLOGY AND WATER QUALITY

3.1 Overall Water Budget for the Cibola Refuge
3.11 Water Use -- General

Water used at the refuge broadly falls into two categories: (1) water that is mechanically
diverted from the Colorado River and applied to actively managed lands, and (2) water
that is passively used by native and non-native vegetation on refuge lands that are not
actively managed. The refuge has annual water entitlements that allow the active
diversion of water from the Colorado River of 27,000 acre-feet, plus 7,500 acre-feet for
circulation purposes. The refuge’s consumptive use entitlements (which are legally
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defined in the Arizona vs. California Supreme Court Decree as being “diversion minus
measured return flow”) equal 16,793 acre-feet.

Water is diverted in three locations through the use of pumps to irrigate three primary
habitat management areas. These include Farm Unit 1, Farm Unit 2, and the Island Unit.
Each primary management area has a pumping station that lifts water from the river to
lined ditches for conveyance of water to the individual habitat units. Pumps consist of
vertical turbine pumps mounted on platforms located in the river.

There are several factors that influence the amount of the Colorado River water used by
the refuge. These include the area of actively managed lands, the type of habitat (i.e.,
moist soil vs. native riparian), management practices, and refuge water entitlements.
Long-term climate change could also have a significant impact on water use, but is
speculative and beyond the scope of this report.

3.12 Cibola NWR Water Entitlements and Water Accounting

Congress established the Cibola NWR on August 21, 1964, by Public Land Order 3442.
The enabling legislation concisely described the refuge’s purpose as being ". . . reserved
for use of the United States Fish and Wildlife Service, as the Cibola National Wildlife
Refuge™ and "subject to their use for reclamation or wildlife refuge purposes.”

In order for the refuge to meet these congressionally defined purposes, the refuge was
granted rights to divert and use water from the lower Colorado River. In 1982, the
Secretary of the Interior reserved a specified amount of Colorado River water for use on
the Cibola NWR based on the date that refuge lands were withdrawn (August 21, 1964).

These “entitlements” to Colorado River water were designed to allow the refuge to meet
its land management responsibilities, in support of wildlife habitats, in the form of a
“Secretarial Reservation” as published in the Federal Register, Vol. 17, No. 237,
December 9, 1982, pp. 55430-31:

Consistent with the February 9, 1944, contract between the United States and the State
of Arizona, notice is given that the following amount of Colorado River water is
reserved for the United States for use on the Cibola National Wildlife Refuge in
Arizona: The diversion of 27,000 acre-feet annually from the mainstream or the
consumptive use of 16,793 acre-fee annually from the mainstream, which ever is less,
with a priority date of August 21, 1964.

A secretarial reservation of water is allowed through Section 5 of the Boulder Canyon
Project Act, authorized by Congress in 1928. The Act allows the Secretary of the
Interior to enter into contracts for the storage and delivery of river water for beneficial
uses. Since a public agency cannot enter into a contract with itself, the Secretary can
“reserve” water for use by a federal agency. A secretarial reservation is considered a
“second priority” (sixth being the lowest), meaning that it is only subordinate to first
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priority rights, also known as present perfected rights, which were established at the
time the Act was authorized. In years when water supplies are insufficient, water is
first withdrawn from those with a lower priority (as opposed to other federal water
project contracts where shortages are shared among contractors). Thus, Cibola NWR’s
water entitlements are of relatively high priority and would only be subject to
reductions during the most extreme shortages. As such, reductions in deliveries due to
periods of low precipitation were not assumed.

In addition, the refuge also has 7,500 acre-feet for providing circulation, as published in
the Senate Report 408, 90th Congress, First Session: “The annual water requirement
for the refuge is (1) 7,500 acre-feet diverted from the main stream for circulation water
with minimal consumptive use, and (2) 27,000 acre-feet diverted from the main stream
or the consumptive use of 16,793 acre-feet of main stream water, whichever is less,
with a priority date of August 21, 1964.”

This additional entitlement of 7,500 acre-feet has typically been tied, in concept, to
Cibola Lake, although the Service would maintain that the establishing authority is
sufficiently broad to merit the consideration of applying this circulatory water to
support Hart Mine Marsh as well. At the present time, the refuge does not have a
dedicated diversion associated with this circulatory water right.

Reclamation represents the Secretary of Interior on the lower Colorado River and in
this capacity is often referred to as the “Water Master”. The Water Master has the
arduous responsibility of accounting for Colorado River water use. As part of their
accounting process, the Water Master tracks diversions from the river by water
entitlement holders, and return flows if a portion of the diverted water is unused and
returned to the river for the benefit of downstream users. Again, the consumptive use
represents diversions less measured return flows.

As part of Reclamation’s water use accounting system, some water entitlement holders
also receive an unmeasured return flow credit. This credit represents diverted river
water that makes its way back into the river system, primarily in the form of subsurface
percolation and seepage. Reclamation applies said credit by applying a multiplier
against the measured diversion value, the resultant of which is then used to reduce the
entitlement holder’s consumptive use. Cibola NWR currently receives a 38%
unmeasured return flow credit.

As of 2003, Reclamation has instituted the practice of directly applying the unmeasured
return flow credit to a given diverter, thus providing significant relief to entitlement
holders like Cibola NWR. Prior to 2003, Reclamation provided the unmeasured return
flow credits at the lower basin states (NV, CA and AZ) level, and no direct relief was
provided to individual diverters within a given state. The Service has requested that
Reclamation provide written confirmation that this new practice is now the official
policy of the Water Master, which the analysis within this report assumes is the case.
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3.13 Past Water Use

Water diverted from the Colorado River for use at Cibola NWR is used for a
combination of wildlife habitat and cooperative farming: both farms units (#1 and #2)
have lands that are leased to private farmers who grow crops, of which a portion is
dedicated to wildlife. Habitats actively managed that use river water include woody
riparian (cottonwood and mesquite), moist soils, and seasonal wetlands.

All water diverted for actively managed lands at Cibola NWR is measured to ensure the
refuge is within its legal entitlement. To date, the maximum diversion for the refuge is
approximately 14,000 acre-feet. In the recent past, no measured return flow has
occurred. Table 1 shows measured diversions for each of the three diversion points
since 1998 (as measured by the Service). Table 1 also shows the consumptive use
amount charge to the refuge, as published by Reclamation in their water accounting
reports.

As there are currently no measured return flows associated with the refuge, prior to
2003 the Service has used a conservative interpretation that consumptive use is equal to
diversions. As shown in the table, if “diversion” equates to “consumptive use” for the
refuge, then the refuge’s annual consumptive use approaches the consumptive use limit
of 16,793 acre-feet. However, when an unmeasured return flow credit is directly
applied (assumed from 2003 and beyond), and assuming no measured return flows, it is
anticipated that the refuge will not exceed its consumptive use entitlement before it
reaches its diversionary cap of 27,000 acre-feet.

Since 1998, the refuge has added several acres of new habitat, primarily in Farm Unit 1
and the Island Unit. New habitat projects have included riparian vegetation and moist
soil units. Predictably, the annual use of water at Cibola NWR has generally increased
during that period. Figure 2 illustrates a trend of steadily increasing water
consumption.

3.14 Future Water Use

An important objective of this analysis is to determine the amount of water available, if
any, for new habitat improvements at Hart Mine Marsh. The basis of the analysis is to
quantify the amount of water necessary to operate and maintain habitat and farming
operations, and project the water that will be used once the refuge completes
development of habitat areas already in process or currently planned.

In the past several years, the refuge has made substantial progress improving lands and
irrigation systems to develop new habitats, primarily in Farm Unit 1 and the Island
Unit. For example, approximately 600 acres of new lands * have been cleared, leveled,

! Habitat units include Hippy Burn, Long Pond, and Crane Roost.
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Table 1. Cibola NWR River Diversions & Consumptive Use Charges (acre-feet per annum)

‘ Year ‘ Farm Farm Island ‘ Total Reclamation’s
Unit 1 Unit 2 Unit Diversion Consumptive Use

11998 | 6,609 | 1,690 | 2150 | 10,449 | 6,435

11999 | 4,980 | 1,228 | 3030 | 9,238 \ 8,161

| 2000 | 5,004 | 1,244 | 2831 | 9,079 \ 14,567

12001 | 4,276 | 1,913 | 4339 | 10528 | 11,025

2002 | 8,112 | 1,591 | 4135 | 13838 | 13,339

| 2003 | 7,562 | 1,456 | 4425 | 13443 | 8,335

| 2004 | 6,824 | 1,300 | 3,140 | 11264 | 6,982

| 2005 | 6,494 | 1,188 | 3,803 | 11,485 | 6,812

2006 | 7,122 | 2,779 | 3903 | 13804 | n/a

*Farm Unit 2 diversions include Cibola Sportsman Club diversions
Data Source: Consumptive Use values: USBR--Colorado River Accounting and Water Use
Reports (Arizona, California and Nevada) (1998-2005), while all other data comes from
Service gages at each refuge units (note: all 2006 values are provisional).

Diverted Water (ac-ft)

Cibola NWR's LCR Diversions: 1998-2006 Trend Analysis

16,000

14,000 H

12,000

/N

77

10,000 H

8,000

6,000

4,000

13,500 acre-feet / year

is the predicted current volume of water
diverted annually by Cibola NWR
(based on historical trend of =

1998-2006)

2,000

——e— Annual Diversions
= = =Linear Fit (Annual Trend)
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Figure 2. Cibola NWR’s lower Colorado River water diversions from 1998 to 2006 showing an
overall increase in use due to the addition of new habitat units.
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and water systems constructed to develop new habitat areas, but are either not
functioning or not fully functioning at this time. Once these areas are planted or
seeded, water will be required to develop and manage the units.

Assumptions used to estimate the amount of surplus water that may be available for new
projects are listed as follows:

Water Reservations — Some lands on the refuge have been improved (i.e.
cleared, earthwork, irrigation systems, etc.), but have not been placed into
operation. In addition, some lands associated with a habitat unit are part of a pre-
existing plan for future development. Estimates for water use of said areas were
accounted for and “reserved”, thereby reducing available entitlements for new
projects (i.e. Hart Mine Marsh) accordingly. ? Since resources were previously
dedicated to develop selected areas, and the completion of all planned habitat
units (avoiding fragmentation) is important to the habitat value of adjacent units,
water for said areas was given first priority.

Unmeasured Return Flow Credit — The current unmeasured return flow credit
of 38% was used in determining the amount of water that can be diverted and
used for refuge objectives without exceeding the consumptive use entitlement.
This value was calculated at 27,292 acre-feet annually.

Return Water — Neither the drain water from irrigation activities conveyed in the
Arnett Ditch, nor the 7,500 acre-feet circulation flow water entitlement were
included in the estimates of available supplies.

Water Use — A unit water use value (acre-feet per acre) was calculated based on
existing uses (recorded diversions) and refuge lands that are actively managed
(irrigated). Although ET values are available for various types of vegetation,
historical use patterns based on actual management practices may be the best
indicator of future demands. Water use can vary depending on the type of
habitat/vegetation of a given area. However, since water use on individual units
was not measured, and the actual types of all proposed habitats are unknown, an
overall average unit demand was calculated for water demand projections that
include planned developments.

For purposes of this study, actual demands (recorded diversions®) were divided by
the area of actively managed lands (1,867 acres), equating to an annual unit
demand of 7.23 acre-feet per acre. This value is greater than accepted ET
estimates for crops and habitats that exist at the refuge, which generally range
from approximately 4.5 to 5.5 acre-feet per acre. However, ET values do not
account for other factors that can raise water use, such as irrigation efficiency,

2 Includes approximately 800 acres in the north and northwest section of Farm Unit 1, and approximately
270 acres of “fill in” areas within the existing Island Unit.
¥ Based on predicted current diversions from 1998-2006 period of record shown in Table 2.
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conveyance losses, salt management, habitat objectives, etc. Thus, an average
unit demand of 7.23 acre-feet per acre is within the range of plausible values that
could be used for planning exercises. It should be noted that extensive
development of new riparian habitat (and associated management for special
status species) could result in unit demands substantially greater than the
estimated value used in this study.

Table 2. Cibola NWR -- Water Use Projections (ac-ft/yr)

| Status | FarmUnitl | FarmUnit2 | Island Unit | Total | Water Use”
| Actively Managed | 1,120 \ 362 . 385 | 1,867 | 13,500
| Proposed \ 796 \ - . 268 11,064 | 7,693
| Other (private) ° | | 92 | | | (665)
\ \ \ | Projected Use | 20,526
|
Maximum allowable DIVERSION that would not exceed Consumptive Use | 27,292
Entitlement (with unmeasured return flow credit applied)
| Diversion Entitlement (maximum diversion allowable per entitlement)® | 27,000
|
| Available Water for Other Projects (Surplus) | 6,474

Based on the surplus water calculated of 6,474 acre-feet and the unit water demand
estimate of 7.23 acre-feet/acre, it is estimated that a total of 895 additional acres can be
developed at the refuge using diverted lower Colorado River water without exceeding
the refuge’s entitlements.

In the event that there are changes in the assumptions used to develop these estimates,
the amount of surplus water could vary significantly. For example, if the unmeasured
return flow credit were to be reduced or eliminated, it is doubtful that any surplus water
would remain available. Average unit water demands greater than the 7.23 ac-ft/acre
projected would also adversely impact surplus supplies

* Water use = acres x 7.23 ac-ft (where 7.23 ac-ft is the water duty associated with the refuge’s actively
managed lands)(e.g., 1,867 acres * 7.23 acre-ft/acre = 13,500 acre-feet)

® Private lands (north of Farm Unit 2) whose water diversions are included in the records of diversions, but
are not counted against refuge entitlements.

® Since the diversion entitlement is greater than the consumptive use entitlement (with the unmeasured
return flow credit applied), the diversion allowance dictates.
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3.2. Hydrology and Water Quality at the Hart Mine Marsh

3.21 Surface and Ground Water Hydrology

The greatest controls on the surface water hydrology of the lower Colorado River and its
effects on the Cibola NWR and the Hart Mine Marsh are Parker Dam releases,
channelization, and the extensive series of levees. Of these, Parker Dam releases
arguably play the most significant role in controlling the refuge’s hydrology, while the
others play a lesser, yet still important role. Parker Dam’s most notable changes to the
hydrograph in the Cibola reach are the dampening of peak flood levels, removal of the
annual spring flood pulse and diurnal hydroelectric pulses. Channelization and levees
have removed important overbank flood processes that were historically coincident with
these flood events, including sheet flow, sediment deposition and transport, and seasonal
fluctuations in ground water elevations.

To characterize the surface water hydrology of the LCR at the Cibola NWR, the Service
used water surface elevation data from the Reclamation’s gage referred to as Colorado
River at Cibola. Initial analysis of the groundwater hydrology at the Hart Mine Marsh
was based upon data from an array of 12 groundwater wells drilled into the shallow
alluvial aquifer (see Figure 3). Each well was instrumented with a pressure transducer
datalogger to obtain water surface elevation (WSEL) and temperature data. Additionally,
surface water elevations at the Arnett Ditch and Hart Mine Marsh are being recorded
using dataloggers (See Figure 4). It is important to note that the equipment at the Arnett
Ditch and Hart Mine Marsh have not yet been surveyed for elevation, removing our
ability to assess relative water surface elevations. This work will take place early spring,
2007.

At this initial stage of data collection, hourly data from an approximately two week
period, from December 13 — 27, 2006, were analyzed. The LCR’s role as a control on
ground water hydrology was examined using regression analysis. The reader should note
that while regression analysis is often used as a statistical model to examine surface and
ground water interactions, the approach does suffer from limitations as a statistical
model. Hydrologic efficiency, or the “dampening” of surface water fluctuations as
reflected by ground water elevations, often creates a scenario where the multiple
coefficient of determination (R?) values may suggest that there is not a link between
dependant and independent variables when one actually exists. With that said, regression
analysis of WSEL data from the LCR and ground water monitoring wells indicates that
for the period of time examined, the river is a dominant control on groundwater levels
between the LCR and the Arnett Ditch. Monitoring wells HMM_01 and HMM_09,
located between the LCR and the Arnett Ditch, closely track WSEL of the LCR, with R?
values of 0.94 and 0.98, respectively.

Furthermore, regression analysis indicates that the LCR river levels exert a control on

groundwater levels to the east of the Arnett Ditch: monitoring well HMM _10 tracks
WSEL of the LCR with an R? of 0.90. Statistical models for monitoring well HMM_06
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Figure 3. Location of monitoring wells and surface water dataloggers. The USBR’s
Cibola Gage is located at the lower extent of the image.
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visa-vie the LCR did not produce as good a fit (R?=0.70). The general shape of the
WSEL curve for monitoring well HMM_06 suggests that it is also tracking the WSEL of
the LCR, but that there is an overall dampening of the curve. This dampening may be the
result of some hydrologic property related to the subsurface matrix. Wells HMM_02 and
HMM_08 follow the overall WSEL trend, suggesting further dampening of the LCR
WSEL curve. The properties of wells HMM_02, HMM_06, and HMM_08 discussed
here are mostly speculative and will be subject to further analysis.

The overall trend revealed by this initial analysis is that the Hart Mine Marsh is
hydrologically connected to the lower Colorado River, suggesting that Parker Dam
operations will figure into future restoration considerations. Additionally, the effects of
the Arnett Ditch and Hart Mine Marsh water levels on the hydrology of the study area
have not been examined (an effort that awaits the 2007 irrigation season). It is probable
that the Arnett Ditch in particular is influencing not only the ground water hydrology of
the Hart Mine Marsh, but may be a potential source of elevated levels of salinity,
nutrients and contaminants in both the soils and the waters of the Hart Mine Marsh.

3.22 Water Quality

As an aquatic ecosystem, water quality conditions at the Hart Mine Marsh management
unit play a significant role in the functioning of existing habitat. To assist with site
characterization, water quality conditions were sampled at multiple points in time at the
Arnett Ditch, the Farm Unit 2 drain, and the Hart Mine Marsh. The Arnett Ditch is an
agricultural drain, and serves as a main source of surface water at the Hart Mine Marsh
(precipitation, alluvial fan runoff are other contributors). The ditch originates outside of
the Hart Mine Marsh; it forms the western boundary as it flows through the Marsh, and
terminates at the southern end of the Hart Mine Marsh. The Farm Unit 2 drain forms the
northern boundary of the Hart Mine Marsh.

One water quality sample was taken at the northern extent of the ditch’s path through the
marsh. A second sample was taken in the Farm Unit 2 drain’, and a third sample was
taken in the marsh itself (see Figure 5). In August and October of 2006, dissolved
oxygen (DO), pH, and conductivity were measured using a Hydrolab H20 water quality
sonde. Grab samples were taken in August 2006 for laboratory analysis (see Appendix 3
for water quality results). Flow velocities at the time of sampling were negligible,
suggesting that the upstream agricultural fields were not being actively irrigated and that
flushing was not taking place.

Initial analysis of water quality parameters suggest that conditions in the Arnett Ditch are
consistent with water bodies that have agricultural influences. For all parameters
discussed in this section, elevated concentrations can also be attributed to evaporation.

" At the time of sampling, the Farm Unit 2 drain was not hydrologically connected to the Hart Mine Marsh.
However, a culvert connecting the two water bodies suggest that the two may be connected at certain water
levels.

Hart Mine Marsh- Existing Conditions Report: Pre Design Data Collection and Analysis - Page 14



Feet Above Mean Sea Level

Hart Mine Marsh Water Surface Elevations:
Monitoring Wells and Colorado River
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Figure 4. Relative elevations of Hart Mine Marsh ground water monitoring wells and lower Colorado River (at Cibola Gage)
demonstrate a clear connection between the LCR and groundwater between the LCR and the Arnett Ditch.
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The minimum value of pH was 6.95 and the maximum was 9.45, with a mean value of 8,
in the moderately alkaline range. Nutrient levels of nitrogen and phosphorous were
elevated, and salt content was high (measured both by conductivity, and levels of sodium
and chloride). Nitrogen concentrations as nitrate+nitrite — N were low (0.01 — 0.08
mg/L), while ammonia — N levels were high (0.09 — 0.88 mg/L) (U.S. EPA 2000).

High levels of ammonia — N can be toxic to aquatic life, and toxicity is increased
depending upon temperature and pH. Thus, the warmer temperatures and higher pH of
the Hart Mine Marsh further increase the toxicity of the ammonia — N concentrations in
Hart Mine Marsh. Additionally, ammonia — N can be associated with mine tailings. This
complicates tracing the source of ammonia — N in the Hart Mine Marsh. It is possible
(and still undetermined) that during precipitation events of sufficient intensity, Hart Mine
Marsh’s namesake mine may be a source of ammonia via runoff.

Additionally, total phosphorous concentrations (0.114 — 0.541 mg/L) were high relative
to other arid land water bodies (Ibid). This data suggests that upstream nutrient inputs are
flushed into the Arnett Ditch and when water levels drop, remain in the ditch. While DO
levels at the benthic interface were not measured, it is likely that hypoxic or anaerobic
conditions exist. This would create reducing conditions where nitrate+nitrite — N could
be metabolized by benthic biota and converted to gaseous form and ammonium-N.
Phosphorous measured as total P would be released as a byproduct of benthic metabolism
(Wetzel 2001).

Salt concentrations were also consistent with the effects of agricultural activity.
Conductivities were high for a fresh water system (2,520 uS/cm — 23,900 uS/cm)
indicating significant salt loading. Laboratory analysis of surface water grab samples
bore this out (see Appendix 3). In the Arnett Ditch and Farm Unit 2 drain, chloride levels
were at a minimum of 707 mg/L, a maximum of 2,150 mg/L, and sodium levels were at a
minimum of 414 mg/L and a maximum of 1,140 mg/L. The values of chloride and
sodium were significantly higher in the Hart Mine Marsh, 10,700 mg/L and 4,860 mg/L
respectively. These concentrations meet or exceed toxicity thresholds for a variety of
plants and invertebrates (U.S. Department of Interior 1998).

4.0 SOILS BASELINE CONDITIONS

Soils result from the weathering of geologic material. Rainfall and surface runoff can
chemically breakdown rock, as well as transport and deposit rock particles elsewhere.
Once in place, water continues to break down and chemically alter minerals and organic
matter into different soil types. The type of soil is dependent on the type of parent
material, the climate, the topography, the vegetation, time, and management.

Soils vary continuously over the surface of the earth; to map soils a range of

characteristics to be included in a mapped unit and a scale must be determined. The scale
of the NRCS Soil Survey maps is 1:24,000. At this scale the minimum size of a
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