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ABSTRACT: As organizations increasingly adopt Azure DevOps (ADO) for managing their development
lifecycles, securing access to critical resources has become paramount. Authentication mechanisms,
particularly those relying on secrets (such as tokens and passwords), are highly vulnerable to attacks if not
managed properly. Manual rotation of secrets is prone to human error, leading to prolonged exposure of
compromised credentials. Automatic secret rotation — an approach that regularly and programmatically
changes secrets—offers enhanced security by limiting the window of opportunity for attackers. This paper
explores how automatic secret rotation can strengthen the security of Azure DevOps authentication
mechanisms, mitigating the risks associated with static credentials while streamlining the management of
secrets. Additionally, this paper will delve into industry compliance requirements and the comparative strengths
of different secret management tools, such as Azure Key Vault and HashiCorp Vault.
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I. INTRODUCTION

With the rapid rise of cloud-based DevOps platforms, the importance of securing DevOps workflows
has never been greater. As organizations embrace automation and continuous integration/continuous delivery
(CI/CD), the need for robust security controls has increased, particularly in credential management. Azure
DevOps (ADO) has become a central hub for managing development workflows, including source control,
pipelines, and artifact management. However, this convenience also makes it a high-value target for attackers.
Most notably, they target authentication credentials such as personal access tokens (PATS), service connections,
and other secrets stored within pipelines and repositories. Mismanagement of these secrets poses a significant
security risk.

To combat this, organizations are increasingly adopting DevSecOps principles that embed security
throughout the DevOps lifecycle. This includes more sophisticated credential management techniques like
automatic secret rotation. Manual secret rotation is not only labor-intensive but also prone to errors that can lead
to extended windows of exposure for compromised secrets. Static secrets, which remain unchanged for extended
periods, create a vulnerability that can be exploited via phishing, social engineering, or brute-force attacks. The
adoption of zero-trust security models has further emphasized the need for continuous credential validation
and rotation.

This paper investigates how implementing automatic secret rotation in Azure DevOps can mitigate
security risks, ensuring compliance with industry standards such as GDPR, HIPAA, and PCI DSS, and
providing a seamless, automated solution for credential management.

Il. AUTHENTICATION METHODS IN AZURE DEVOPS
Azure DevOps supports several authentication mechanisms, including:

1. Personal Access Tokens (PATS):

o Used to authenticate API calls and other operations, PATSs are typically associated with a user's identity and
have defined expiration periods. However, long-lived tokens may be exposed if compromised.
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2. Service Connections:

o Service connections facilitate access to external resources such as Azure services, GitHub,
Docker registries, and other environments. These connections rely on stored secrets (keys,
certificates, or tokens) that authenticate access.

3. OAuth2 Tokens:

o OAuth2-based authentication enables fine-grained access control through delegated
permissions. However, the tokens still require secure handling and periodic renewal.

4, SSH Tokens:

o Often used for Git repository access, SSH keys authenticate a user or service and may have
long validity periods, which presents a potential security risk if not rotated regularly.

Comparative Analysis of Secret Management Tools

While Azure DevOps natively integrates with Azure Key Vault for secret management, other tools such as
HashiCorp Vault provide cross-platform support. Choosing between these tools depends on whether your
infrastructure is fully in Azure or spans multiple cloud providers.

Feature Azure Key Vault HashiCorp Vault
Platform Integration Azure Multi-cloud, hybrid
Automatic Secret Rotation Yes Yes
Event-Driven Automation Supported Supported

Auditing and Compliance

Native integration with Azure Monitor
and Microsoft Defender

Extensive auditing and logging capabilities across
platforms

Cost

Integrated into Azure services, lower

Flexible, but potentially higher for multi-cloud
environments

cost for Azure-native apps

I11. CHALLENGES WITH MANUAL SECRET ROTATION

Manual secret rotation involves developers or administrators updating secrets periodically, which presents
several challenges:

Human Errors: Mismanagement of credentials, including failing to rotate them on time or incorrectly

System Downtime Risks: Mistakes during manual secret updates can cause CI/CD pipelines or

Lack of Visibility and Control: Without proper tracking and audit logs, it becomes difficult to ensure that

1.
updating them, can leave systems vulnerable.
2.
deployments to fail, leading to service downtime.
3.
all secrets are regularly rotated.
4,

Compliance Risks: Static credentials may not comply with security policies and standards, such as GDPR,
HIPAA, and PCI DSS, that require periodic key rotations and timely expiration

1V. BENEFITS OF AUTOMATIC SECRET ROTATION:

Automatic secret rotation addresses the vulnerabilities associated with static secrets by implementing regular
and automated updates to these credentials. Key benefits include:

Reduced Exposure Time: Secrets are rotated at regular intervals, minimizing the duration in which a

Elimination of Human Error: By automating the process, the risk of human error is reduced, ensuring that

1.

compromised secret could be exploited.
2.

secrets are always updated on schedule.
3.

Compliance: Automatic rotation helps meet the credential management requirements in compliance
standards such as NIST 800-53, 1SO 27001, and others
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Reduction of Human Effort: Automating secret rotation allows developers and managers to focus on more
complex and creative tasks, improving productivity and developer satisfaction.

Continuous Security Assurance: Automated rotation ensures that the security posture remains strong
without manual intervention, adhering to best practices and compliance requirements.

Reduced Downtime: Properly implemented automatic secret rotation ensures seamless updates to
credentials, preventing disruptions to critical workflows or services.

V. IMPLEMENTING AUTOMATIC SECRET ROTATION IN AZURE DEVOPS:

To implement automatic secret rotation in Azure DevOps, the following methods are typically involved

1.

Use of Managed lIdentities: Azure DevOps can leverage managed identities when connecting to Azure
services. Managed identities eliminate the need for developers to manage secrets manually. Instead, Azure
automatically handles the lifecycle of the service identity, including secret rotation, making this approach
both secure and efficient.

Benefits:
e No need to store credentials in repositories or pipelines.

e Automatic credential rotation managed by Azure ensures regular updates without developer
intervention.

Integration with Azure Key Vault: Azure Key Vault can be used to store and manage secrets, keys, and
certificates securely. Azure DevOps can pull secrets dynamically from Key Vault during pipeline
execution, ensuring that only the most up-to-date secrets are used.

Automatic Secret Rotation in Azure Key Vault:

Azure Key Vault supports automatic key and secret rotation, enabling organizations to define rotation
policies for each secret. For example, a secret can be automatically regenerated every 30 days, ensuring that
even if one secret is compromised, the window of vulnerability is limited.

Pipeline Integration:

Secrets can be fetched at runtime within ADO pipelines by using the azure-keyvault task, allowing
developers to reference the latest version of secrets dynamically, without hardcoding them.

Automation Using Azure DevOps Extensions: There are several Azure DevOps extensions and scripts
that can facilitate automatic secret rotation. For example, PowerShell scripts or custom pipeline tasks can be
created to interface with Azure Key Vault or other secret management systems. These scripts would:

e Check if a secret needs to be rotated based on defined policies.
e  Generate a new secret automatically.
e Update Azure DevOps service connections or pipeline variables with the newly generated secret.

Using HashiCorp Vault for Cross-Platform Secret Management: For teams working in hybrid
environments, HashiCorp Vault provides a flexible option for secret management. It supports dynamic
secret generation and automatic rotation for various platforms and services, including Azure, AWS, and
GCP. Integrating HashiCorp Vault with Azure DevOps ensures that secrets are not only automatically
rotated but also centrally managed across multiple platforms.

Event-Driven Automation for Secret Rotation: Using Azure Event Grid and Logic Apps, an event-
driven automation flow can be established to rotate secrets whenever a specific event occurs (e.g., a secret
nearing expiration). Event-driven architecture ensures that secret rotation is triggered without manual
intervention, ensuring security and compliance are maintained.
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Compliance and Security Standards

Automatic secret rotation not only enhances security but also ensures compliance with stringent industry
standards. For example:

GDPR and HIPAA require strict control over credentials, including key rotation and access logging.
PCI DSS mandates that keys must be rotated regularly to protect cardholder data. Automatic secret rotation
can streamline compliance with these requirements by maintaining audit logs and minimizing the risk of

human error.

VI. SECURITY ENHANCEMENTS THROUGH AUTOMATIC SECRET ROTATION

By adopting automatic secret rotation, organizations can realize several key security benefits:

1.

Mitigation of Credential Leaks: Automatic rotation limits the potential impact of a secret leak. Even if a
credential is exposed, it will be short-lived and automatically replaced, minimizing the risk of exploitation.

Compliance with Security Standards: Many industry regulations (such as GDPR, HIPAA, and PCI DSS)
require strict control over credential management. Automatic secret rotation ensures compliance with these
standards by providing audit logs and ensuring timely updates.

Improved Auditing and Accountability: Automatic secret rotation tools provide built-in auditing
capabilities that log every rotation event. This ensures that any unauthorized access or modifications are
easily detectable and traceable.

Resilience against Insider Threats: Regularly rotating secrets makes it difficult for malicious insiders to
exploit long-standing credentials, reducing the threat of insider attacks.

VIl. CASESTUDY - PAT ROTATOR TOOL FOR ADO PIPELINES

The PAT Rotator Tool is a custom solution developed to facilitate Personal Access Token (PAT) rotation in
Azure DevOps pipelines. Through integration with Azure Key Vault, this tool ensures that PATs are rotated
automatically, without developer intervention

Steps to enable PAT Rotation in an Azure DevOps (ADO) org

1.

Setup Azure RG and secrets in KV: Automatic rotation limits the potential impact of a secret leak. Even
if a credential is exposed, it will be short-lived and automatically replaced, minimizing the risk of
exploitation.

Create and Configure Azure App Registration: Many industry regulations (such as GDPR, HIPAA, and
PCI DSS) require strict control over credential management. Automatic secret rotation ensures compliance
with these standards by providing audit logs and ensuring timely updates.

Create Config Files: Automatic secret rotation tools provide built-in auditing capabilities that log every
rotation event. This ensures that any unauthorized access or modifications are easily detectable and
traceable.

Onboarding to PAT Rotator tool: Regularly rotating secrets makes it difficult for malicious insiders to
exploit long-standing credentials, reducing the threat of insider attacks.

Updating/Configuring pipelines: Once linked to KV, PATs will be displayed in the variable group, and it
can be used as a regular pipeline variable directly in the pipeline or in the yaml/yml files
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Library > (& pat-rotator-tool-sample-keyva

@ Variable group

Properties

Variable group name

ult-pipel...

O Security

| pat-rotator-tool-sample-keyvault-pipeline-variables

Description

Variable Group to hold PATs from Key Vault updated by PAT Rotator Tool ‘

Azure subscription * | Manage 12

Pat-Rotator-Wif-SvcConnection

Key vault name *  Manage 2

0 Link secrets from an Azure key vault as variables ()

Org-Pat-Rotator-KV

Variables

Delete Secret name

-+ Add

Content type

Status Expiration date

PAT Rotator Tool Workflow

Team Azure
Subscription

Onboard and / or
Update PAT Config

1. Get account
Creds

PAT Rotator Tool

(Scheduled or Manual

trigger of the Tool)

F

»
P

3. Update PAT

Logs &
Telemetry
Data

I 2. Generate PAT

l 4. Retrieve
PAT *

C

Azure
DevOps
Org

AV
I

Alert
Motifications in
case of Tool
Failures

5. Authorize
using new PAT

| e

* Managed Identity (MSI) is used
to Authorize between Azure Key
Vault and ADO, to read and
generate PATs
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Rotation & Hydration Scenarios Supported

Secret Rotation Hydration
Multiple Key Vaults

PAT Yes Service Connections
Github Repo Secret

Sample PAT Rotator Config

"AccountMame" :

“AccountOwnerEmail™:
“owneremailf

1,

"AccountSecretUri™:

"AccountSecretName™ :

"PATTasks™: |

"PATIdentifier™: "build-pat™,
"PATScopes™: [“vso.build™],
"PATMaxUsageDuration™ : 60,

“"PATRotationDuration™: 4320

"OutputSecretUri™: "ht t.vault.a =
"OutputSecretiame”:
“"PATOrganization™:

“"SecretTags™: {"Tagl":

"SecretDescription™:

"PATIdentifier™: "MultiO
"PATScopes™: [“"vso.build”,
“PATRotationDuration™: 432
"OutputPasswordStoreType™:
"OutputSecretUri™:
"OutputSecrethlame™:
"PATOrganizationIDs"
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Results Chart

> 9/10/2024, 5:01:16.659 PM
> 9/10/2024, 5:01:16.507 PM
> 9/10/2024, 5:00:02.194 PM
> 9/10/2024, 4:31:13.402 PM

> 9/10/2024, 4:31:13.286 PM

> 0/10/2024, 4:30:00.849 PM

timestamp [Pacific Time (US and Canada) Tijuana]

EventName

Rotation completed

ERRCR Hydration task failed

Rotation start

Rotation completed

ERRCR Hydration task failed

Rotation start

SveConnectionGuid

5d45fe09-2468-4deb-9c2b-f6a...

5d45fe09-2468-4de6-9c2b-f6a...

Reason

UsernamePasswordCredential authentication failed

UsernamePasswordCredential authentication failed

Measurements and Metrics

As can be seen from the screenshot above, the whole process takes just more than a minute, 1 min and 15 secs
on an average, to rotate 8 PATSs (each belonging to a different org) and hydrate 21 service connections.

Source Target Task count Time Duration (Average)
PATSs from Single Org iF;Oat\agi%g Iae ng ngydration IF—JajrrSat_ioOnB— 21 35 secs
PATs from Multiple Org ﬁloéaéii?]gfe ngllrlgydration E);\c-jl—rsat_ioonB— 1 75 secs
PATSs from Single Org ﬁloltitd?{; I;Zdoﬂégraﬂon E);\c-jl—rsat_ioons— 21 60 Secs
PATSs from Multiple Org ﬁoﬁtd?{;lj\lgdoliégraﬂon E);\c-jl—rsat_ioonB— 21 88 Secs

Future Scope of PAT Rotator Tool
With a robust and scalable framework in place, the PAT Rotator Tool can be expanded to accommodate the

below:
Secret Rotation Hydration
. Single Key Vault
Service Deployment Pipelines
Account Yes -
Passwords On-Demand Machines
On-Prem Machines
AAD App Multiple Key Vaults
Yes - -
Secrets Service Connections
11S Web Server
Certificates | Yes AAD App
Service Connections

VIIl. CHALLENGES AND CONSIDERATIONS

While automatic secret rotation enhances security, implementing it in Azure DevOps comes with its own set of

challenges:

1. Integration Complexity: Organizations need to ensure seamless integration between Azure DevOps
pipelines, service connections, and secret management tools, which can add complexity.
2. Potential Pipeline Disruptions: If not carefully managed, automatic secret rotation could inadvertently

cause pipeline failures or service outages due to invalid or expired credentials.

3. Coordination Across Multiple Environments: For teams managing secrets across multiple environments,
coordinating automatic secret rotation becomes more complex, requiring synchronization across various

systems.

4. Multi-Cloud Complexity: For hybrid and multi-cloud environments, coordinating secret rotation across
multiple systems requires a robust synchronization strategy.
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IX. FUTURE TRENDS IN SECRET MANAGEMENT
As security threats evolve, future developments in secret management will likely focus on zero-trust
architectures and the use of Al-based threat detection. These trends will further automate and enhance
security controls in CI/CD environments.

X. CONCLUSION
Automatic secret rotation represents a significant advancement in enhancing the security of Azure
DevOps authentication mechanisms. By reducing the exposure of static credentials and minimizing human error,
organizations can better safeguard their CI/CD pipelines, repositories, and service connections from
unauthorized access and attacks. With the proper implementation of tools such as Azure Key Vault, managed
identities, and event-driven automation, organizations can secure their DevOps environments while maintaining
continuous and seamless operations.
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